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Foreword

Decision making in agricultural production is a complex process in which many
risks need to be considered for an informed decision to be made. Farmers face
many types of risks related to production, marketing, legal, social and human as-
pects. In many parts of the world, weather and climate are one of the biggest pro-
duction risk and uncertainty factors impacting on agricultural systems perfor-
mance and management. Extreme climatic events such as severe droughts, floods,
cyclonic systems or temperature and wind disturbances strongly impede sustain-
able agricultural development. Hence weather and climate variability is considered
in evaluating all environmental risk factors and coping decisions.

Coping with agrometeorological risk and uncertainties is the process of mea-
suring or otherwise assessing agrometeorological risks and uncertainties and then
developing strategies to cope with these risks. There are many challenges. In many
developing countries technology generation, innovation and adoption are too slow
to sufficiently counteract the increasingly negative effects of degrading environ-
mental conditions. Even in the high rainfall areas, increased probability of extreme
events can for example cause increased nutrient losses due to excessive leaching,
runoft and water logging. Lack of attention to preparedness and response strate-
gies is a major challenge.

Currently there are many opportunities that can assist in coping effectively with
agrometeorological risks and uncertainties. One of the most important strategies
is improved use of climate knowledge and technology, which includes the devel-
opment of monitoring and response mechanisms to current weather. By provid-
ing new, quantitative information about he environment within which the farmers
operate or about the likely outcome of alternative or relief management options,
uncertainties in crop productivity can be reduced. Quantification is essential and
computer simulations can assist such information and may be particularly use-
tul to quantitatively compare alternative management and relief options in areas
where seasonal climatic variability is high and/or that are prone to extremes. Given
the current recognition of the importance of preparedness to cope with risks and
uncertainties as compared to the practice of reactive responses, it is necessary to
take stock of the opportunities that exist in coping with agrometeorological risks,
to develop suitable practices/strategies and to disseminate them widely.

It is with this background that WMO had organized the International Work-
shop on Agrometeorological Risk Management: Challenges and Opportunities in
conjunction with the 14th Session of the Commission for Agricultural Meteorolo-
gy of WMO held in New Delhi, India. The workshop was co-sponsored by the Asia-
Pacific Network for Global Change Research (APN), the Bureau of Meteorology,
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Australia; the Centre Technique de Coopération Agricole et Rurale — Technical
Centre for Agricultural and Rural Co-operation (CTA); the Food and Agriculture
Organization of the United Nations (FAO); the India Meteorological Department,
Météo-France; the Ministries of Science and Technology and Earth Sciences, Gov-
ernment of India; the UK Met Office; and the United States Department of Agri-
culture (USDA).

The workshop reviewed the components of farmers’ agrometeorological coping
strategies with risks and uncertainties in different regions of the world and dis-
cussed the major challenges to these coping strategies, such as reducing the vul-
nerability of different agro-ecosystems to weather and climate related risks and
uncertainties, access to technological advances, particularly in developing coun-
tries, and attention to preparedness and response strategies. Structural measures
such as irrigation, water harvesting etc., and non-structural measures such as use
of seasonal to inter-annual climate forecasts and improved application of medium-
range weather forecasts for strategic and tactical management of agriculture were
addressed. A special evening symposium on weather risk insurance for agriculture
reviewed the use of crop insurance strategies and schemes to reduce the vulnera-
bility of the farming communities to agrometeorological risks.

I hope that the papers presented in this book will serve as a significant source of
information to all agencies and organizations involved with designing and imple-
menting appropriate strategies and related services to farmers in their efforts cope
with weather and climate risks.

M. Jarraud
Secretay-General
World Meteorological Organization



Preface

In many parts of the world climate change and extreme climatic events such as se-
vere droughts, floods, storms, tropical cyclones, heat-waves, freezes and extreme
winds are one of the biggest production risk and uncertainty factors impacting ag-
ricultural systems performance and management. These events direct influence on
the quantity and quality of agricultural production, and in many cases adversely
affect it. Although agrometeorology particularly deals with production risks and
evaluation of possible production decisions, to solve local problems of farming sys-
tems the other risk factors have to be taken into account. Inappropriate manage-
ment of agroecosystems, compounded by severe climatic events such as recurrent
droughts, from West Africa to northern Sudan, have tended to make the drylands
increasingly vulnerable and prone to rapid degradation and hence desertification.

In the context of the need for increased agricultural productivity to meet the
food and nutritional needs of the growing populations in the world, coping with
agrometeorological risk and uncertainties is a very important issue and there are

many challenges as well as opportunities as explained in the foreword by Mr M.

Jarraud, the Secretary-General of WMO. Accordingly, the Management Group of

the Commission for Agricultural Meteorology (CAgM) of WMO recommended

the organization of the International Workshop on Agrometeorological Risk Man-
agement: Challenges and Opportunities from 25 to 27 October 2006 in New Del-
hi, India in conjunction with the 14th Session of the Commission for Agricultural

Meteorology of WMO. The workshop, hosted by the India Meteorological Depart-

ment (IMD) and the Ministry of Science and Technology and Earth Sciences of the

Government of India, was attended by 188 participants from 78 countries. The spe-

cific objectives of the workshop were:

e To identify and assess the components of farmers' agrometeorological coping
strategies with risks and uncertainties in different regions of the world, e.g. ex-
treme climatic events (droughts, floods, cyclonic systems, temperature and wind
disturbances etc.), inadequate attention to agroclimatic characteristics of a loca-
tion, lack of timely information on weather and climate risks and uncertainties,
lack of crop diversification etc;

e To discuss the major challenges to these coping strategies with agrometeoro-
logical risks, such as reducing the vulnerability of different agro-ecosystems to
weather and climate related risks and uncertainties, access to technological ad-
vances -- particularly in developing countries --, attention to preparedness and
response strategies, to agrometeorological services, to training of intermediar-
ies between NMHSs and farmers etc;
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e To review the opportunities for farmers to cope with agrometeorological risks
and uncertainties in different parts of the world, e.g. with structural measures
(irrigation, water harvesting, microclimate management and manipulation and
other preparedness strategies) and non-structural measures (use of seasonal to
inter-annual climate forecasts, improved application of medium-range weather
forecasts) for strategic and tactical management of agriculture;

e To provide on-farm examples of appropriate coping strategies for minimizing
agrometeorological risks and uncertainties and of sustainable agriculture;

e To review, through appropriate case studies, the use of crop insurance strategies
and schemes to reduce the vulnerability of the farming communities to agrome-
teorological risks;

e To discuss and recommend suitable policy options, such as agrometeorological
services for coping with agrometeorological risks and uncertainties in different
parts of the world.

Altogether there were 8 sessions (including opening and closing session) in the
workshop during which 25 invited papers were presented. In the workshop sessions,
firstly weather and climate events and risks to farming from droughts, floods, cy-
clones and high winds, and extreme temperatures were identified through risk and
risk characterization. Papers on approaches to dealing with risks highlighted pre-
paredness planning, risk assessments and improved early warning systems which
can lessen the vulnerability of society to weather and climate risks. Enterprise di-
versification, contract hedging, crop insurance, weather derivatives and weather
index insurance play a key role in developing agricultural risk management strate-
gies. A special session examined the use of crop insurance strategies and schemes
to reduce the vulnerability of the farming communities to risks posed by weather
and climate extremes.

A number of strategies were identified to cope with risks. These include the use
of seasonal forecasts in agriculture, forestry and land management to assist allevia-
tion of food shortages, drought and desertification. The use of integrated agricul-
tural management and crop simulation models with climate forecasting systems
give the highest benefits. Strategies to improve water management and increase the
efficient use of water included crop diversification and better irrigation. Especially
important was the application of local indigenous knowledge. A combination of
locally adapted traditional farming technologies, seasonal weather forecasts and
warning methods were important for improving yields and incomes. Challenges
to coping strategies were many and identified in several papers. Particularly im-
portant was the impact of different sources of climate variability and change on
the frequency and magnitude of extreme events. Lack of systematic data collected
from disasters impeded future preparedness, as did the need for effective commu-
nication services for the timely delivery of weather and climate information to en-
able effective decision making. Finally a range of policy options to cope with such
risks were presented. These included contingency planning, use of crop simulation
modelling, and use of agrometeorological services.

All the participants in the workshop were engaged in discussions on these pa-
pers and developed several useful recommendations for all organizations involved
in agrometeorological risk management, particularly the National Meteorologi-
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cal and Hydrological Services. These have been presented in the final paper in this
book.

As Editors of this volume, we would like to thank all the authors for their ef-
forts and for their cooperation in bringing out this volume in time. We are most
grateful to the India Meteorological Department (IMD) and the Ministry of Sci-
ence and Technology and Earth Sciences of the Government of India for hosting
this meeting and to the Secretary-General of WMO for his continuous support and
encouragement.

M.V.K. Sivakumar
R.P. Motha
Editors
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CHAPTER 1

Extreme Weather and Climate Events,
and Farming Risks

John Hay

1.1
Introduction

Extreme weather events, and climatic anomalies, have major impacts on agricul-
ture. Of the total annual crop losses in world agriculture, many are due to direct
weather and climatic effects such as drought, flash floods, untimely rains, frost,
hail, and storms. High preparedness, prior knowledge of the timing and magni-
tude of weather events and climatic anomalies and effective recovery plans will do
much to reduce their impact on production levels, on land resources and on other
assets such as structures and infrastructure and natural ecosystems that are inte-
gral to agricultural operations. Aspects of crop and livestock production, as well
as agriculture’s natural resource base, that are influenced by weather and climatic
conditions include air and water pollution; soil erosion from wind or water; the in-
cidence and effects of drought; crop growth; animal production; the incidence and
extent of pests and diseases; the incidence, frequency, and extent of frost; the dan-
gers of forest and bush fires; losses during storage and transport; and the safety and
effectiveness of all on-farm operations (Mavi and Tupper 2004).

Figure 1.1 illustrates how the climate influences agricultural production - spe-
cific climatic conditions, including absence of extremes, are required for optimum
production. There are major gaps between the actual and attainable yields of crops,
largely attributable to the pests, diseases and weeds, as well as to losses in harvest
and storage.

When user-focused weather and climate information are readily available, and
used wisely by farmers and others in the agriculture sector, losses resulting from
adverse weather and climatic conditions can be minimized, thereby improving the
yield and quality of agricultural products. While most emphasis should be placed
on preparedness and timely management interventions, there will always be a need
for the capacity to recover quickly and minimize the residual damages of adverse
events and conditions (Stigter et al. 2003).

This paper focuses on a risk-based approach to managing the detrimental conse-
quences of extreme weather events and climatic anomalies such as those described
above. Basic concepts related to risk and to risk management are explained, fol-
lowed by a discussion of farming risks. Details of risk characterization procedures
are provided, along with some practical examples. Given the important conse-
quences of climate change for agriculture, attention is given to projection of risk
levels into the future. Again some practical examples are provided. Finally, relevant
aspects of risk management are discussed. Overall conclusions are also presented.
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Fig. 1.1. The role

of climate in agricul-
tural production
(from Mavi and
Tupper 2004).
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Why a risk-based approach? In recent decades there have been major advanc-
es in short-term and seasonal weather forecasting, as well as in long-term climate
modelling. These have yielded major improvements in early warnings and advi-
sories as well as in longer-term planning. This is resulting in increasing emphasis
on proactive rather than reactive management of the adverse consequences of ex-
treme weather events and anomalous climatic conditions on agriculture. It is also
increasing the diversity of options available to farmers and others in the agricul-
ture sector to manage those impacts. Increasingly, farm managers and other prac-
titioners are seeking more rational and quantitative guidance for decision making,
including cost benefit analyses. As will be demonstrated in the following sections,
a risk-based approach to managing the adverse consequences of weather extremes
and climate anomalies for agriculture goes a long way towards meeting these re-
quirements. It also provides a direct functional link between, on the one hand, as-
sessing exposure to the adverse consequences of extreme weather and anomalous
climatic conditions and, on the other, the identification, prioritization and retro-
spective evaluation of management interventions designed to reduce anticipated
consequences to tolerable levels.

Finally, risk assessment and management procedures have already been em-
braced by many sectors in addition to agriculture - e.g. health, financial, transport,
energy, and water resources. As will be shown in the following section, a risk-based
approach provides a common framework that facilitates coordination and cooper-
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ation amongst various players and stakeholders, including the sharing of informa-
tion that might otherwise be retained by information “gate keepers”.

1.2
Risk and Risk Management — Some Basic Concepts

Risk considers not only the potential level of harm arising from an event or condi-
tion, but also the likelihood that such harm will occur. In the present context, risk
events include weather-related hazards such as extreme daily rainfall and frost.
Risk conditions are climate-related and include hazards such as droughts and
heat waves. Risk levels can change, including as a result of potentially detrimen-
tal changes in the climate (e.g. warming, decreasing rainfall). Changes in levels of
exposure, due to altering levels of investment, can also influence risk levels. As de-
fined above, risk combines both the likelihood of a harm occurring and the con-
sequences of it doing so. Thus, in risk terms, an unlikely hazard or condition caus-
ing considerable harm (e.g. a category 5 hurricane, such the cyclone in the state
of Orissa that devastated parts of India in 1999), may be compared to a hazard or
condition which causes less harm but has a higher probability of occurring (e.g. a
seasonal drought). By way of illustration, Figure 1.2 shows the likelihood of given
extreme daily rainfall amounts for Delhi, India. A relatively common daily rainfall
of, say, 30 mm will obviously result in far less devastation than the maximum ob-
served daily rainfall of 192 mm.
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Fig. 1.2. Probability of a daily rainfall (mm) in 25 mm bands up to the given amount. Based on
1969 to 2004 data for Delhi, India. Data courtesy of India Meteorological Department.Ebunte
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Harm may be expressed in many ways, such as loss of production in tonnes
or number of livestock fatalities. Where the harm can be due to several different
causes, use of the same units to describe the harm makes it possible to combine the
different categories of risk. The result is the total risk. Thus:

Total risk = X; (Likelihood; * Harm;)

There is a well established approach to characterizing and managing risks (Figure
1.3). As noted above, the risk-based methodology makes explicit the link between
weather- and climate-related risks and the actions required to reduce them to ac-
ceptable levels. The widely-used procedures for characterizing and managing risk
provide the basis for procedures which relate more specifically to characterizing
and managing weather- and climate-related risks of relevance to the agriculture
sector (Figure 1.4).

1.2
Step A - Risk Scoping

Through a consultative process, involving stakeholders as well as relevant experts,
as required, risk reduction targets and criteria are established. These are based on
identifying acceptable levels of risk. Existing information sources, experience and
expert judgment are used, as appropriate, to identify possible weather- and cli-
mate-related risk events and conditions. These in turn lead to identification of the
associated sources of stress and the components (“receptors”) of the agricultural
system on which the stresses act. The pathways for these interactions are also iden-
tified.

1.2.2
Step B — Risk Characterization and Evaluation

For each of the risk events identified in 1.2.1 above, scenarios are developed in or-
der to provide a basis for estimating the likelihood of each risk event, for present
conditions and into the future if change is anticipated, for example as a conse-
quence of climate change. The extent to which the climate changes into the future
will influence the probability of the risk event occurring. The consequences of a
given risk event are quantified in terms of individual and annualized costs. The
overall findings are compiled into a risk profile.

1.2.3
Step C - Risk Management

In this step a number of questions are asked - all are with reference to the targets
agreed in 1.2.1 above. Actions taken depend on the responses to a series of ques-
tions.
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Fig. 1.4. Procedures for characterizing and managing risks, and their application to the agricul-
ture sector.
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Is the risk acceptable? - If “yes”, it is appropriate to continue with current man-
agement approaches. These should include monitoring and reviewing as the ac-
ceptability of the risk may change over time into the future. If “no”, risk manage-
ment options are identified, and assessed in terms of costs and benefits.

Are the current risk management options adequate? — If “yes”, it is appropriate
to continue with the current approaches. Again, these include monitoring and re-
viewing, in part due to the possibility that the acceptability of the risk may change
over time. If “no”, one or more of the following risk management strategies should
be implemented:

e Take actions to reduce the likelihood of the risk event occurring. For example,
reduce greenhouse gas emissions by the agriculture sector and thereby reduce
the rate of climate change and the resulting increased frequency of risk events
such as drought and frosts.

e Avoid the risk. For example, avoid planting crops in areas that are exposed to
risk events of concern.

e Redistribute the risk. For example, provide access to crop insurance cover or en-
sure disaster relief programmes are in place.

e Reduce the consequences. For example, plant drought tolerant crops if drought
is a risk event of concern.

1.2.4
Step D — Monitoring and Review

The next step is to implement the risk management programme, and monitor and
review the risk management outcomes in relation to the agreed targets. If the tar-
gets are not met it will be necessary to repeat one or more of the following steps: i)
identify the problem and formulate a response plan; ii) enhance the quality of the
risk characterization procedures and findings; and iii) enhance the quality of the
risk management procedures and outcomes.

The process of risk characterization and management is iterative, to ensure that
the quality of the outcomes are always consistent with the risk reduction targets
that are established, reviewed, revised and reaffirmed through consultative pro-
cesses.

13
Farming Risks

In both the developing and developed worlds risk exposure and management are
important aspects of farming. Variations in the weather, climate, yields, prices,
government policies, global markets and other factors can cause wide swings in
farm production and, in the case of commercial agriculture, in farm income. Risk
management involves choosing among strategies that reduce the social and finan-
cial consequences of these variations in production and income.

Five general types of risk in the agriculture sector are recognized (USDA
2006a):
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e Production risk derives from the uncertain natural growth processes of crops
and livestock. Weather, disease, pests, and other factors affect both the quantity
and quality of commodities produced;

e Price or market risk refers to uncertainty about the prices producers will re-
ceive for commodities or the prices they must pay for inputs. The nature of price
risk varies significantly from commodity to commodity;

¢ Financial risk results when the farm business borrows money and creates an
obligation to repay debt. Rising interest rates, the prospect of loans being called
by lenders, and restricted credit availability are also aspects of financial risk;

e Institutional risk results from uncertainties surrounding government actions.
Tax laws, regulations for chemical use, rules for animal waste disposal, and the
level of price or income support payments are examples of government decisions
that can have a major impact on the farm business; and

e Human or personal risk refers to factors such as problems with human health
or personal relationships that can affect the farm business. Accidents, illness,
death, and divorce are examples of personal crises that can threaten a farm busi-
ness.

This paper focuses on production risks, and specifically the way extreme weath-
er events and anomalous climate conditions contribute to production risk. In this
context, production risk is the risk associated with undesirable and often unan-
ticipated weather and climatic conditions that affect the performance of crops
and livestock. The relationships between weather, climate and production risk are
well recognised (George et al. 2005). Some examples should suffice to illustrate the
strength and importance of these relationships.

Climate-based models have been used to predict the potential for soybean rust
spore production in the southern USA. This makes it possible to define regions
where the climate is more favourable for rust to develop, expressed as the frequency
of years a higher production of spores would be likely (Del Ponte and Yang 2006).

Figure 1.5 shows the likelihood that soybean rust in Texas, USA, will reach a se-
verity of over 20 percent by late June if the rust is found in late May.

Figure 1.6 shows the strong influence of rainfall on cereal production in Niger.

Figure 1.7 shows drought risk for Gujarat, which is situated on the western coast
of India. The drought risk map was obtained by integrating risk maps for both ag-
ricultural and meteorological drought. High drought risk prevails in nearly 30% of
the area. This comprises districts that are major producers of food grains as well as
oilseeds, emphasizing a critical need for drought management plans in these dis-
tricts (Chopra 2006).

Figure 1.8 shows how anomalous climatic conditions in India influence food
production.

1.4
Risk Characterization

As shown in Figure 1.3, risk characterization is an important step in the over-
all process of risk management. This section describes the methodology and pro-
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Fig.1.7. Drought risk for Gujarat, India, determined by integrating risk maps for both agricultur-
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Fig.1.8. Relationship between (a) monsoon season food production and seasonal rainfall and (b)
regional wheat yields with seasonal temperature (Government of India 2004).

vides some illustrative results for characterizing levels of risk associated with both
weather extremes and climate anomalies.

1.4.1
Weather Extremes

The return period (also know as the recurrence interval of an event) is a statistical
measure of how often an extreme event of a given magnitude is likely to be equalled
or exceeded, within a given time frame. For example, a “fifty-year rainfall event” is
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one which will, on the average, be equalled or exceeded once in any fifty-year pe-
riod. Note: it does not mean that the event occurs every fifty years.

The likelihood or probability that an event of specific magnitude will be equalled
or exceeded in any given year is the inverse of the return period, that is, 1 / Return
Period

A one in fifty-year event has one chance in fifty of occurring in any specified
year, that is, its probability is 1/50. Thus the probability equals 0.02, or 2%.

In some cases it is useful to know the probability that an event of at least a given
magnitude will occur within a specified number of years, say five years. This prob-
ability can be calculated using the following equation:

probability of occurrence in n years = 1 -
(1 - probability of occurrence in any year)"

For example, the probability that an event with a probability of 0.2 will occur in
the next five years is:

1-(1-0.2)° =0.67

Note again that this probability applies only on average, and cannot be considered
a forecast.

Table 1.1 provides return periods and probabilities for given extremes in daily
rainfall, based on observed data for Delhi and Pune, India. It is clear that extreme
rainfall events of a given magnitude at Delhi are substantially more frequent than
those observed in Pune.

Similarly, return periods and probabilities for specified values of maximum air
temperature and extreme wind speeds are given in Tables 1.2 and 1.3, respectively.
The results show that both extreme high temperatures and extreme wind gusts are
much more common at Delhi, relative to Pune.

Table 1.1. Return Periods for Daily Rainfalls of Given Amounts, for Delhi and Pune, India. Based
on Data for 1969 to 2004, inclusive. [Data courtesy of India Meteorological Department]

Daily Rainfall  Delhi Pune

of at Least

(mm) Return Period (y)  Probability Return Period (y)  Probability
50 1.1 0.94 1.2 0.80

75 1.3 0.75 2.3 0.40

100 2.0 0.49 5.8 0.20

125 3.6 0.28 16 0.06

150 6.9 0.14 48 0.02

175 14 0.07 140 0.01

200 28 0.04 >400 0.00
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Table 1.2. Return Periods for Maximum Temperatures of Given Amounts, for Delhi and Pune,
India. Based on Data for 1969 to 2004, inclusive. [Data courtesy of India Meteorological
Department]

Maximum Delhi Pune

Temperature

of at Least (°C)  Return Period (y)  Probability Return Period (y)  Probability
41 1 1 1.6 0.61

42 1 0.99 6.2 0.16

43 1.2 0.86 31 0.03

44 1.9 0.53 160 0.01

45 4.0 0.25 >800 0.0

46 9.7 0.10

47 25 0.04

Table 1.3. Return Periods for Maximum Annual Wind Gusts of Given Amounts, for Delhi and
Pune, India. Based on Data for 1969 to 2004, inclusive. [Data courtesy of India Meteorological
Department]

Daily Annual Delhi Pune
Wind Gust of at
Least (km h™) Return Period (y) Probability Return Period (y) Probability
50 1 1 1.1 0.90
75 1.1 0.92 2.2 0.46
100 2.4 0.42 6.6 0.15
125 9.1 0.11 23 0.04
150 41 0.02 83 0.01
1.4.2
Climate Anomalies

Drought has a major impact on agricultural production, making it an important
risk condition. Figure 1.9 shows the frequency of drought for Delhi, where in this
instance drought is defined as months when the rainfall is at or below the ten-per-
centile for that month. It is clear that, based on this indicator, there is a high risk of
at least a brief drought occurring in any given year. The risk of a prolonged drought
is also very real.
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Fig. 1.9. The frequency of drought for Delhi, India, for 1969 - 2004. Drought is defined here as a
month when the rainfall is at or below the ten-percentile for that month. Data courtesy of India
Meteorological Department.

1.5
Changing Risk

Agriculture is one of the main sectors likely to be impacted by climate change. This
section presents the results of analyses designed to show how risk levels for rainfall
and temperature extremes, and drought, are projected to change over the remain-
der of the current century. One such change of importance to India is illustrated in
Figure 1.10. A substantial increase in drought risk is expected during the current
century. One consequence is a major decline in irrigated wheat yields in northern
India during the coming decades (Figure 1.11). Clearly, and as would be expected,
as the time horizon increases the confidence in the projections decreases.

Future changes in risk are estimated using the outputs of selected global climate
models (GCMs)! run for a range of greenhouse gas emission scenarios (Figure
1.12). Table 1.4 lists the combination of models and emission scenarios on which
the risk projections are based.

Differences in climate projections give rise to uncertainties in the estimated val-
ues of future climate risks. There are numerous sources of uncertainty in projec-
tions of the likelihood components of climate-related risks. These include uncer-
tainties in greenhouse gas emissions as well as in modelling the complex interac-
tions and responses of the atmospheric and ocean systems. Policy and decision
makers need to be cognizant of uncertainties in projections of the likelihood com-
ponents of extreme events.
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Fig. 1.10. Areas in India prone to drought (a) today and (b) in the mid 21* century, determined
using a dryness index. The light shading indicates areas where rain exceeds evaporation. The
darker shading identifies regions where evaporation is greater than precipitation - the darker the
shading the drier the region, except that urban areas have the darkest shading (Schreiner
2004).
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Best estimates of future risk levels are based on an average of the estimates using
a multi model and emission scenario ensemble. The range in uncertainty is deter-
mined using a model and emission scenario combination that produces the maxi-
mum and minimum rate of change in future risk levels.

Projected changes in the return periods of extreme daily rainfall events (Figure
1.13) are based on estimates using a multi model and emission scenario ensemble
(see Table 1.4). It is anticipated that global warming will reduce the return periods
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Table 1.4. Available Combinations of Global Climate Models and Emission Scenarios'

CGCM CSIRO Hadley NIES GFDL See Text
AlB T, P! T, P T, P T, P S wt
AIF T, P T,P T,P T, P S w
AIT T,P,S T,P,S T,P,S T, P S w
A2 T,P,S T,P,S T,P,S T, P S w
Bl T,P,S T,P,S T,P,S T, P S w
B2 T,P,S T,P,S T,P,S T, P S w

!'T = temperature, P = precipitation, W = wind

(a) CO2 emissions (b) CO2 concentrations
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Fig. 1.12. Scenarios of CO, gas emissions and consequential atmospheric concentrations of CO,
(from IPCC 2001).

of extreme daily rainfall events for Delhi - that is, the likelihood of such extreme
events will increase in the future.

Projected changes in the return periods of extreme maximum temperature (Fig-
ure 1.14) are based on estimates using a multi model and emission scenario ensem-
ble (see Table 1.4). It is anticipated that global warming will also reduce the return
periods of extreme maximum temperatures for Delhi.

Estimates of changes in maximum wind gusts are based on the assumption that
such wind gusts will increase by 2.5, 5 and 10 per cent per degree of global warm-
ing. Thus the emission scenarios listed in Table 1.4 are explicitly included in the es-
timates. The best estimate of the increase in maximum wind gusts is determined
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Fig. 1.13. Relationship between daily rainfall and return period for Delhi, India, for present day
(black line) and 2050 (blue lines). The uncertainty envelope shows the maximum and minimum
estimates of return periods for 2050, based on all possible combinations of the available global
climate models and emission scenarios.
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Fig. 1.14. Relationship between maximum temperature and return period for Delhi, India, for
present day (black line) and 2050 (blue lines). The uncertainty envelope shows the maximum
and minimum estimates of return periods for 2050, based on all possible combinations of the
available global climate models and emission scenarios.

by averaging the ensemble of estimates for all combinations of percentage increase
and emission scenarios. As indicated in Figure 1.15, global warming will likely re-
duce the return periods of maximum wind gusts for Delhi.
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Fig. 1.15. Relationship between peak wind gust and return period for Delhi, India, for present
day (black line) and 2050 (blue lines). The uncertainty envelope shows the maximum and mini-
mum estimates of return periods for 2050, based on all possible combinations of the percentage
increases and emission scenarios.

1.6
Risk Management

Based on Clarkson et al. (2006), there are six requirements that must be met if

farmers are to manage risks related to climate extremes, variability and change.

These include:

e awareness that weather and climate extremes, variability and change will im-
pact on farm operations;

¢ understanding of weather and climate processes, including the causes of climate
variability and change;

o historical knowledge of weather extremes and climate variability for the loca-
tion of the farm operations;
analytical tools to describe the weather extremes and climate variability;
forecasting tools or access to early warning and forecast conditions, to give ad-
vance notice of likely extreme events and seasonal anomalies; and

e ability to apply the warnings and forecasts in decision making.

Farmers have many options for managing the risks they face, and most use a com-

bination of strategies and tools. Some strategies deal with only one kind of risk,

while others address multiple risks. Some of the more widely used strategies in-

clude (USDA 2006b):

¢ Enterprise diversification: this is based on the assumption that incomes from
different crops and livestock activities are not perfectly correlated, meaning that
when some activities produce low incomes other activities will likely offset this
decreased earning by producting higher income;
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¢ Financial leverage: this refers to the use of loans to help finance farm opera-
tions; higher levels of debt, relative to net worth, are generally considered riski-
er; the optimal amount of leveraging depends on several factors, including farm
profitability, the cost of credit, tolerance for risk, and the degree of uncertainty
in income;

e Vertical integration: this can decrease risk associated with the quantity and
quality of inputs or outputs since a vertically integrated firm retains ownership
or control of a commodity across two or more phases of production and/or mar-
keting, thereby spreading risk;

e Contracting: this can reduce risk by way of guaranteed prices, market outlets,
or other terms of exchange which are settled in advance; contracts that set price,
quality, and amount of product to be delivered are called marketing contracts,
or simply forward contracts; contracts that prescribe production processes to be
used and/or specify who provides inputs are called production contracts;

e Hedging: this uses futures, or options, contracts to reduce the risk of adverse
price changes prior to an anticipated cash sale or purchase of a commodity;

e Liquidity: this refers to the farmer’s ability to generate cash quickly and effi-
ciently in order to meet financial obligations; liquidity can be enhanced by hold-
ing cash, stored commodities, or other assets that can be converted to cash on
short notice without incurring a major loss.;

e Crop yield insurance: this pays indemnities to producers when yields fall be-
low the producer’s insured yield level; coverage may be provided through such
instruments as private insurance or government subsidized multiple peril crop
insurance;

e Crop revenue insurance: this pays indemnities to farmers based on gross rev-
enue shortfalls instead of just yield or price shortfalls; for example, in most ar-
eas of the United States several federally subsidized revenue insurance plans are
available for major crops; and

¢ Household off-farm employment or investment: this can provide a more cer-
tain income stream to the farm household to supplement income from the farm-
ing operation.

Most producers use a mix of tools and strategies to manage risks. Since the willing-
ness and ability to bear risks differ from farm to farm, there is usually variation in
the risk management strategies used by producers.

Specific risk management measures that can be used include irrigation and wa-
ter allocation strategies; shelter from wind or cold; shade from excessive heat; anti-
frost and anti-erosion measures, soil cover and mulching; plant cover using glass
or plastic materials; artificial climates of growth chambers or heated structures;
animal housing and management; climate control in storage and transport; and ef-
ficient use of herbicides, insecticides, and fertilizers. Weather and climatic condi-
tions often determine the type of pests and diseases that will have to be controlled
in a given growing season, as well as the efficacy of any control procedures.
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1.7
Conclusions

Variations in the weather, climate, yields, prices, government policies, global mar-
kets and other factors can cause wide swings in farm production and, in the case
of commercial agriculture, in farm income. Risk management involves choosing
among strategies that reduce the social and financial consequences of these varia-
tions in production and income.

Extreme weather events, and climatic anomalies have major impacts on agricul-
ture. In both the developing and developed worlds risk characterization and man-
agement are important aspects of farming. High preparedness, prior knowledge of
the timing and magnitude of weather events and climatic anomalies and effective
recovery plans will do much to reduce their impact. When user-focused weather
and climate information are readily available, and used wisely by farmers and oth-
ers in the agriculture sector, losses resulting from adverse weather and climatic
conditions can be minimized.

In recent decades major advances in short-term and seasonal weather forecast-
ing, as well as in long-term climate modelling, have yielded major improvements in
early warnings and advisories as well as in longer-term planning. This is resulting
in increasing emphasis on proactive rather than reactive management of the risks
to agriculture resulting from extreme weather events and anomalous climatic con-
ditions on agriculture.

There is a well established approach to characterizing and managing risks. The
risk-based methodology makes explicit the link between weather- and climate-re-
lated risks and the actions required to reduce them to acceptable levels.

Farmers have many options for managing the risks they face, and most use a
combination of strategies and tools. Some strategies deal with only one kind of
risk, while others address multiple risks. Most producers use a mix of tools and
strategies to manage risks. Since the willingness and ability to bear risks differ
from farm to farm, there is usually variation in the risk management strategies
used by producers.
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CHAPTER 2

Preparedness and Coping Strategies

for Agricultural Drought Risk Management:
Recent Progress and Trends

Donald A. Wilhite

2.1
Introduction

In many countries, drought is responsible for the greatest loss of agricultural pro-
duction. For example, in the United States, drought was the predominant source
of indemnities paid because of crop losses between 1970 and 2003. These losses to-
taled more than $15 billion (USDA/RMA). In China during the period from 1949
to 2000, drought affected an average of 21 million hectares. More than 60 million
tons of grain was lost in China as a result of the drought of 2000, the highest loss
in 51 years (Zhang et al. 2005). Recent droughts in Europe, Brazil, Mexico, Austra-
lia, Southern Africa, and many other regions have also resulted in devastating im-
pacts in the agricultural sector. With growing pressure on water and other natural
resources because of population increases and other factors, there is an increasing
need to reduce both the impacts of drought on agriculture and other sectors and
the demand for government- or donor-sponsored drought assistance programs.
These programs are costly and largely ineffective in reducing societal vulnerability
to future drought episodes.

Agricultural producers in both developed and developing countries have many
options available to them to lessen their drought risk. Irrigation has long been an
important mitigation measure, but increasing pressure on limited water supplies
is reducing opportunities for further expansion and placing more pressure on ag-
riculture to use water more efficiently. Supplemental irrigation offers tremendous
opportunities to increase yields if water is applied strategically during critical pe-
riods of crop growth and development during both drought and non-drought pe-
riods (Oweis 2005). Water harvesting has also been used successfully for centuries
to sustain plant growth in arid or semi-arid regions and is being widely promot-
ed today as a drought risk reducing strategy. Other agricultural practices such as
changes in crop type, the timing of planting, and changes in cultivation practices
can also lessen vulnerability to drought if applied in a timely manner. Given new
computer tools and techniques such as Geographic Information Systems (GIS), sat-
ellite-based remote sensing products, and the ability of the Internet to deliver time-
ly and reliable information to agricultural producers, natural resource managers,
and other decision makers, there are now added opportunities to further mitigate
agricultural drought impacts. However, the development of appropriate decision-
support tools for agriculture requires improved communication between the de-
velopers of these tools and users throughout the development process. To be suc-
cessful, this process must be based on a greater awareness and understanding of
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the drought hazard and how changes in management can alter vulnerability to re-
duce risk.

2.2
Agricultural Drought Risk Management:
Understanding the Hazard and Societal Vulnerability

Many people consider drought to be largely a natural or physical event. Although
all types of drought originate from a deficiency of precipitation, it has both a
natural and social component. The risk associated with drought for any region
is a product of both the region’s exposure to the event (i.e., probability of occur-
rence at various severity levels) and the vulnerability of society to the event. The
natural event (i.e., meteorological drought or the drought hazard) is a result of
the occurrence of persistent large-scale disruptions in the global circulation pat-
tern of the atmosphere. Exposure to drought varies spatially and there is little, if
anything, that we can do to alter drought occurrence. Vulnerability, on the oth-
er hand, is determined by social factors such as population changes, population
shifts (regional and rural to urban), demographic characteristics, land use, envi-
ronmental degradation, environmental awareness, water use trends, technology,
policy, and social behavior. These factors change over time and thus vulnerability
is likely to increase or decrease in response to these changes. Preparedness plan-
ning, risk assessments, and improved early warning systems can greatly lessen
societal vulnerability to drought.

2.3
Drought as Hazard

Drought differs from other natural hazards in several ways. First, drought is a
slow-onset natural hazard often referred to as a creeping phenomenon (Gillette
1950). Because of the creeping nature of drought, its effects accumulate slowly over
a substantial period of time. Therefore, the onset and end of drought is difficult to
determine, and scientists and policy makers often disagree on the basis (i.e., crite-
ria) for declaring an end to drought. Should drought’s end be signaled by a return
to normal precipitation and, if so, over what period of time does normal or above-
normal precipitation need to be sustained for the drought to be declared officially
over? Do precipitation deficits that emerged during the drought event need to be
erased for the event to end? Do reservoir and ground water levels need to return
to normal or average conditions? Impacts linger for a considerable period of time
following the return of normal precipitation, so is the end of drought signaled by
meteorological or climatological factors or diminishing impacts? The first two ex-
amples above are natural elements of drought - i.e., they are part of the concept of
meteorological drought. However, the latter examples are complicated by how wa-
ter is used and managed - i.e., how we manage reservoirs and ground water will
not only determine how rapidly water levels will decline in response to reduced
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inflows or infiltration but also how rapidly they will recover from an extended pe-
riod of drought.

Second, unlike most other natural hazards, drought does not have a precise and
universally accepted definition. This fact adds to the confusion about whether or
not a drought exists and, if it does, its degree of severity. Realistically, definitions of
drought must be region and application (or impact) specific. This is one explana-
tion for the hundreds of definitions that exist. For this reason, the search for a uni-
versal definition of drought is of little value. Policy makers are often frustrated by
disagreements among scientists on whether or not a drought exists and its degree
of severity. This problem is largely a function of the different drought types - i.e.,
meteorological, agricultural, hydrological, and socioeconomic, each of which re-
flects a different disciplinary perspective.

Third, drought impacts are nonstructural and spread over a larger geograph-
ical area than are damages that result from other natural hazards. Quantifying
the impacts and providing disaster relief (what some would refer to as “political”
drought) are far more difficult tasks for drought than for other natural hazards.
Drought impacts are largely “invisible” and, therefore, difficult to quantify. Agri-
cultural impacts are often unknown until the growing season is over and the har-
vest complete. Even during the latter stages of the growing season and in the post-
harvest season, estimates of the economic impacts of drought may change to reflect
changing prices, estimates of harvested hectares or land abandoned, or the percent
of crop that may be cut for silage. Methodologies for estimating drought impacts
are noticeably non-standardized from one estimator or estimate to another.

These characteristics of drought have hindered development of accurate, reli-
able, and timely estimates of severity and impacts — delaying the formulation of
drought preparedness plans. They affect both the way we measure and perceive ex-
posure to drought and our vulnerability to it.

2.4
Drought: Understanding Vulnerability

Recent droughts in developing and developed countries and the concomitant im-
pacts and personal hardships that resulted have underscored the vulnerability of
all societies to this “natural” hazard. This appears to be a clear sign of increas-
ing societal vulnerability resulting from unsustainable resource use and growing
pressures on natural resources. As noted previously, many factors are contributing
to this trend. Adding to the concern regarding increasing societal vulnerability is
distress over how the threat of global warming may increase the frequency, sever-
ity, and duration of extreme climate events in the future. As pressure on finite wa-
ter supplies and other limited natural resources continues to build, more frequent
and severe droughts are cause for concern in both water-short and water-surplus
regions where conflict between water users has increased dramatically. Conflict
has also increased within and between countries because transboundary water is-
sues are exacerbated during water-short periods. Reducing the impacts of future
drought events is paramount as part of a sustainable development strategy.
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Drought impacts vary on both spatial and temporal scales. Each region or wa-
tershed is unique, and the societal characteristics for that area or basin are dynam-
ic in response to many factors. A drought event today may be of similar intensity
and duration as a historical drought event, but the impacts will likely differ mark-
edly because of changes in societal characteristics. Thus, the impacts that occur
from drought are the result of interplay between a natural event (precipitation de-
ficiencies because of natural climatic variability) and the demand placed on water
and other natural resources by human-use systems. For example, societies can ag-
gravate the impacts of drought by placing demands on water and other natural re-
sources that exceed the supply of those resources (i.e., overdevelopment or overap-
propriation) or through a degradation of the natural resource base. The literature
is replete with examples of this situation in many countries. Societies often expect
or plan for normal or above-normal water supplies, ignoring the natural variabil-
ity of climate and the challenges of adapting to a significant reduction in supply,
especially when this reduction extends over multiple seasons or years and drought
effects are magnified by a rapidly increasing population, urbanization, land degra-
dation, or other factors.

According to Randolph Kent (1987), a disaster occurs when a disaster agent,
such as drought, exposes the vulnerability of a group or groups in such a way that
their lives are directly threatened or sufficient harm has been done to economic
and social structures, inevitably undermining their ability to cope and survive. The
goal of drought risk management is to impose management and policy changes be-
tween hazard events such that the risk associated with the next event is reduced
through the implementation of well-formulated policies, plans, and mitigation ac-
tions that have been embraced by stakeholders.

2.5
Drought Types and Vulnerability

All types of drought originate from a deficiency of precipitation (Wilhite and
Glantz 1985). When this deficiency spans an extended period of time (i.e., meteo-
rological drought), its existence is defined initially in terms of these natural char-
acteristics. However, the other common drought types (i.e., agricultural, hydro-
logical, and socioeconomic) place greater emphasis on human or social aspects
of drought, highlighting the interaction or interplay between the natural char-
acteristics of the event and human activities that depend on precipitation to pro-
vide adequate water supplies to meet societal and environmental demands (Fig.
2.1). For example, agricultural drought is defined more commonly by the avail-
ability of soil water to support crop and forage growth than by the departure of
normal precipitation over some specified period of time. There is not a direct re-
lationship between precipitation and infiltration of precipitation into the soil. In-
filtration rates vary according to antecedent moisture conditions, slope, soil type,
and the intensity of the precipitation event. Soils also vary in their characteristics,
with some soils having a high soil water holding capacity while others have a low
water holding capacity. Soils with a low water holding capacity are more drought-
prone.
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Fig. 2.1. Interrelationships between meteorological, agricultural, hydrological, and socio-eco-
nomic drought. (Source: National Drought Mitigation Center, University of Nebraska-Lincoln,
USA))

Hydrological drought is even further removed from the deficiency of precipita-
tion since it is normally defined in terms of the departure of surface and subsurface
water supplies from some average condition at various points in time. Like agri-
cultural drought, there is not a direct relationship between precipitation amounts
and the status of surface and subsurface water supplies in lakes, reservoirs, aqui-
fers, and streams because these components of the hydrological system are used for
multiple and competing purposes (e.g., irrigation, recreation, tourism, flood con-
trol, hydroelectric power production, domestic water supply, protection of endan-
gered species, and environmental and ecosystem preservation). There is also con-
siderable time lag between departures of precipitation and the point at which these
deficiencies become evident in the components of the hydrologic system. Recov-
ery of these components is also slow because of long recharge periods for surface
and subsurface water supplies. In areas where the primary source of water is from
snow pack, such as in the western United States, the determination of drought se-
verity is further complicated by infrastructures, institutional arrangements, and
legal constraints.

Socioeconomic drought differs markedly from the other types because it asso-
ciates the supply and demand of some economic good or service with elements of
meteorological, agricultural, and hydrological drought. Socioeconomic drought is
associated directly with the supply of some commodity or economic good (e.g., wa-
ter, maize, hay, hydroelectric power) that is dependent on precipitation. Increases
in population can alter substantially the demand for these economic goods over
time. This concept of drought supports the strong symbiosis between drought and
its impacts on human activities. Thus, the magnitude of drought impacts could in-
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crease because of a change in the frequency of meteorological drought, a change in
societal vulnerability to water shortages, or both.

The interplay between drought and human activities raises serious questions
about our attempts to characterize it and define it in a meaningful way. Drought
results from a deficiency of precipitation from expected or “normal” that is extend-
ed over a season or longer period of time and is insufficient to meet the demands of
human activities and the environment. Conceptually, this definition assumes that
the demands of human activities are in balance or harmony with the availability
of water supplies during periods of normal or mean precipitation. If development
demands exceed the supply of water available, the result can be that demand ex-
ceeds supply even in years of normal precipitation. This can result in a situation of
human-induced drought that is separate from the drought types previously dis-
cussed. When this situation exists, development can only be sustained through
mining of ground water and/or the transfer of water into the region from other
watersheds. Is this practice sustainable in the long term? Should this situation be
defined as “drought” or unsustainable development? Some would define this as a
“water shortage” drought because it is not necessarily the result of a deficiency of
precipitation but rather the result of an overallocation of water supplies.

2.6
Decision-Support Tools for Drought Risk Management

The mission of the National Drought Mitigation Center (NDMC) at the University
of Nebraska-Lincoln is to lessen societal vulnerability to drought through the ap-
plication of appropriate risk management techniques, including development of
preparedness plans and improved drought monitoring and early warning systems
and the adoption of appropriate drought mitigation measures. The NDMC was
formed in 1995, and it has been working with local, state, and national government
in the United States; foreign governments; international organizations; and oth-
ers to build awareness of drought and to implement strategies to lessen risk. The
NDMC’s mission is much broader than just the agricultural sector. Agriculture is
certainly one of the most drought-affected sectors, and it is one in which substan-
tial reductions in vulnerability can be achieved through changes in management.
However, in many cases, this requires access to better and more timely informa-
tion. For this reason, the NDMC is focusing considerable attention on development
of web-based decision support tools for agricultural producers and other decision
makers. Examples of these tools are discussed below.

2.6.1
U.S. Drought Monitor

Recent efforts to improve drought monitoring and early warning in the United
States and other countries have provided new early warning and decision-support
tools and methodologies in support of drought preparedness planning and poli-
cy development. The lessons learned can be helpful models for other countries to
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follow as they try to reduce the impacts of future droughts. An effective monitor-
ing, early warning, and delivery system continuously tracks key drought and water
supply indicators and climate-based indices and delivers this information to deci-
sion makers. This allows for the early detection of drought conditions and timely
triggering of mitigation and emergency response measures, key ingredients of a
drought preparedness plan.

Until recently, a comprehensive, integrated drought monitoring, ear-
ly warning, and delivery system did not exist in the United States. Until the late
1990s, the country relied principally on the Palmer Drought Severity Index (Palm-
er 1965) to track moisture conditions and anomalies across the country. This index,
while having some advantages, has a number of key disadvantages, including the
fact that it is slow to detect emerging drought conditions. A series of severe drought
years between 1987 and 1992 highlighted both the vulnerability of the agricultural
and other sectors to drought and the inability of the PDSI to adequately monitor
these conditions.

Although drought is a normal part of the climate of all regions of the
United States and occurs somewhere in the country each year, drought conditions
have been especially severe in the period from 1996 to 2006. However, the drought
episodes from 1996 to 1999 brought considerable attention to the drought issue be-
cause of the magnitude of the impacts experienced, the largely ineffective response
of state and federal government, and the deficiencies of the nation’s drought moni-
toring system. A partnership emerged in 1999 between the NDMC at the Univer-
sity of Nebraska-Lincoln, the National Oceanic and Atmospheric Administration
(NOAA), and the U.S. Department of Agriculture (USDA) with the goal of im-
proving the coordination and development of new drought monitoring tools. The
U.S. Drought Monitor (USDM) became an operational product on August 18, 1999
(Svoboda et al. 2002). The USDM is a weekly product that is posted on the website
of the NDMC (http://drought.unl.edu/monitor/monitor.html). This website has
become a web-based portal for drought and water supply monitoring.

The development of the USDM was timely because many regions of the
country have been affected over several consecutive years since 1999 and on more
than one occasion. Some regions of the country experienced as many as 5 to 7 con-
secutive drought years, and drought conditions are ongoing today in many parts
of the country. The USDM successfully integrates information from multiple pa-
rameters (i.e., climate indices and indicators) and sources to assess the severity and
spatial extent of drought in the United States on a weekly basis. It is a blend of ob-
jective analysis and subjective interpretation. This map product has been widely
accepted and is used by a diverse set of users to track drought conditions across
the country. It is also used for policy decisions on eligibility for drought assistance.
The USDM represents a weekly snapshot of current drought conditions. It is not in-
tended to be a forecast and is illustrated in Fig. 2.2.

This assessment includes the 50 U.S. states, Pacific possessions, and Puerto Rico.
The product consists of a color map, showing which parts of the United States are
suffering from various degrees of drought, and accompanying text. The text de-
scribes the drought’s current impacts, future threats, and prospects for improve-
ment. The USDM is by far the most user-friendly national drought monitoring
product currently available in the United States. Currently, the Internet is the pri-
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Fig. 2.2. U.S. Drought Monitor, September 5, 2006, showing the spatial extent and severity of
drought in the United States.

mary distribution vehicle, although the map also appears in local and national
newspapers and on television. A single weekly map illustrates the drought pattern
in each year. All USDM maps since 1999 are archived on the website and available
to users for comparison.

Because no single definition of drought is appropriate in all situations, ag-
ricultural and water planners and others must rely on a variety of data or indices
that are expressed in map or graphic form. The authors of the USDM rely on sever-
al key indicators and indices, such as the Palmer Drought Severity Index, the Stan-
dardized Precipitation Index, stream flow, vegetation health, soil moisture, and
impacts. Ancillary indicators (e.g., Keetch Byram Drought Index, reservoir levels,
Surface Water Supply Index, river basin snow water equivalent, and pasture and
range conditions) from different agencies are integrated to create the final map.
Electronic distribution of early drafts of the map to field experts throughout the
country provides excellent ground truth for the patterns and severity of drought il-
lustrated on the map each week.

The USDM classifies droughts on a scale of one to four (D1-D4), with D4
reflecting an exceptional drought event (i.e., 1 in 50 year event). A fifth category,
DO, indicates an abnormally dry area. The USDM map and narrative identify gen-
eral drought areas, labeling droughts by intensity from least to most intense. DO
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areas (abnormally dry) are either heading into drought or recovering from drought
but still experiencing lingering impacts.

The USDM also shows which sectors are presently experiencing direct and in-
direct impacts, using the labels A (agriculture-crops, livestock, range, or pasture)
and W (water supplies). For example, an area shaded and labeled as D2 (A) is in
general experiencing severe drought conditions that are affecting the agricultural
sector more significantly than the water supply sector. The map authors are careful
to not bring an area into or out of drought too quickly, recognizing the slow-onset
characteristics of drought, the long recovery process, and the potential for linger-
ing impacts.

The methodology associated with the USDM has now been applied to the pro-
duction of the North American Drought Monitor (NADM), a collaborative project
between the United States, Mexico, and Canada. The partnership began in 2002 in
an attempt to map drought severity and spatial pattern across the North Ameri-
can continent. Multiple indices and indicators are used to map drought conditions,
similar to the procedure used to create the USDM. Responsibility for this product
is shared by NOA A’s National Climatic Data Center, the U.S. Department of Agri-
culture, and the National Drought Mitigation Center at the University of Nebraska
in the United States; the National Water Commission in Mexico; and Environment
Canada and Agriculture Canada. This product is prepared on a monthly basis and
is an excellent example of international cooperation on drought monitoring.

2.6.2
Drought Monitor: Decision Support System

A project is currently underway to enhance the U.S. Drought Monitor by making
a more robust drought portal to better address the needs of decision makers. This
project is directed at providing users with a robust set of user-friendly web-based
tools to visualize and assess drought conditions from national to local scales. Uti-
lizing state-of-the-art technology and information delivery, the site will be a com-
prehensive one-stop portal for drought, with an approach centered on a more in-
teractive U.S. Drought Monitor map. Advances in spatial and temporal resolution
of various indicators now allow for better planning and assessment down to the lo-
cal level. This suite of links and tools will enable the user to integrate and visualize
various large databases, models, GIS techniques, and spatial analysis/visualization
tools. The ultimate goal is to capitalize on this technology by developing a delivery
mechanism for users of all skill levels, with the intent of improving their knowl-
edge and decision-making abilities. Providing a simple interface with an empha-
sis on integration and application will allow users to get the answers they need in a
timely manner and at the level of detail that is tailored to their needs.

Specific tasks that will be undertaken through this project include: (1) conduct-
ing a comprehensive review of the literature and web on other drought-specific de-
cision support systems around the world; (2) expanding on and enhancing the cur-
rent USDM model; (3) designing and building a user-friendly, interactive interface
(web/CD-based delivery systems) that allows for drilling down to the local level to
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Fig. 2.3. An example of a new feature of the U.S. Drought Monitor map which allows users to
drill down from a national map to a more precise local representation of drought conditions.
(Source: National Drought Mitigation Center, University of Nebraska-Lincoln, USA.)

assess drought; and (4) fostering a continual process of user feedback, evaluation,
assessment, and dissemination of the tools for agricultural producers and others.

One specific example of a more interactive product is to provide users with the
capability to ‘drill-down’ from the national level to the state and county level to ob-
tain a higher resolution depiction of the drought areas affected for their area (Fig.
2.3). These higher resolution maps will be accompanied by tables that provide a
breakdown of the percent area in various drought severity classes. This type of in-
formation is extremely useful for policy decisions and the state and national level
and also for the media.
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2.6.3
The Drought Impact Reporter:
A Web-based Impact Assessment Tool and Database

The widespread drought episodes over the past two decades in the United States
have emphasized the need to better assess the magnitude of drought impacts, sec-
tors affected, and their spatial dimensions. According to the Palmer Drought Sever-
ity Index (PDSI), severe to extreme drought covered more than 25% of the United
States in 2000, 2002, 2003, 2004, and 2006. At the end of July 2002, drought or dry-
ness was affecting all 50 states at the same time, and parts of 26 states were classi-
fied under “severe”, “extreme”, or “exceptional” designations, according to the U.S.
Drought Monitor (http://drought.unl.edu/dm). In spite of the widespread severity
of recent drought years, there has been no comprehensive assessment of economic,
environmental, or social impacts. There is also no national database of drought-
related impacts. Without more timely and precise estimates of impacts across the
multitude of sectors affected by drought, policy and other decision makers are re-
luctant to allocate money and resources to mitigation and preparedness, according
to the Council of Governors’ Policy Advisors (Brenner 1997). These state officials
have a general understanding that “mitigation makes sense,” but their desire was
for quantitative proof. In fact, this report identified the “lack of information” as
the major obstacle to adopting mitigation strategies. Wilhite and Buchanan-Smith
(2005) also identified the lack of a comprehensive impact assessment methodology
as an obstacle to activating effective drought mitigation and response programs.
To overcome this obstacle, timely and quantitative assessments of the impacts and
economic losses associated with drought must be compiled.

Because of the number of affected groups and sectors associated with drought,
the geographic size of the area affected, and the difficulties in quantifying environ-
mental damages and personal hardships, the precise determination of the finan-
cial costs of drought is a formidable challenge. These costs and losses are also quite
variable from one drought year to another in the same place, depending on timing,
intensity, and spatial extent of the droughts.

In July 2005, the NDMC launched a prototype web-based Drought Impact Re-
porter (DIR) to present real-time information on current drought impacts and
serve as a national drought impacts database. The DIR has two main components:
(1) a comprehensive database or archive of drought impacts and (2) an interactive
map delivery system that provides quick access to the archive. The drought impacts
archive is the backbone of the DIR. NDMC staff began entering drought impact
information during summer 2005. When the DIR was launched in July, the web-
based tool was still in its earliest development phase. The NDMC has now received
additional funding to broaden and enhance the scope of the DIR and the interac-
tive map delivery system so it is more efficient and user-oriented. The NDMC is
also developing additional linkages with governmental agencies, non-governmen-
tal organizations, university research groups and extension programs, and others
to provide impact reports to ensure a comprehensive collection of drought impacts
across all potential sectors and scales. User evaluations and feedback are also im-
portant components of the DIR system. The NDMC will continue to foster linkages
with a broad range of users as it enhances the DIR. The DIR has been constructed
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so its primary elements are consistent with an increased emphasis on drought im-
pact assessment and mitigation and the need for an interactive web-based system
to deliver information for all users, as called for in the report on the National Inte-
grated Drought Information System (NIDIS), prepared by the Western Governors’
Association (2004).
The sources of the drought impact data for the DIR are:

e An online clipping service that provides daily drought impact-related news ar-
ticles and scientific publications. The NDMC began subscribing to this service
in March 2005.

e Articles on drought impacts, collected routinely since 1997. The NDMC now has
an internal archive of more than 11,000 articles. These articles will also be re-
viewed for drought impact information and entered into the database.

e Drought impact information from reports and other materials from historical
drought periods, such as the 1930s, 1950s, 1970s, and late 1980s to early 1990s,
and other shorter-duration drought events will be reviewed and entered.

o User-entered drought impact information directly through the website by gov-
ernment officials, water utilities, water and natural resource managers, agricul-
tural producers, and others. This information is reviewed and verified by NDMC
staff and is characterized as “submitted” reports.
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Fig.2.4. The Drought Impact Reporter, a new feature on the website of the National Drought Mit-
igation Center that provides a spatial and sectoral representation of drought impacts in the coun-
try. (Source: National Drought Mitigation Center, University of Nebraska-Lincoln, USA.)
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The DIR has been developed and is supported by an ArcGIS/IMS architecture. As
this tool evolves, enhancements to the delivery system will be needed. In addition,
since the Drought Impact Reporter is one tool in the larger National Drought Im-
pacts Reporting Strategy, it is envisioned that there will be a suite of web-based
products and interactive features that will also be supported as part of the same
delivery system.

The DIR can be accessed through the NDMC’s website (http://drought.unl.
edu) or directly at http://droughtreporter.unl.edu. When the tool is accessed, the
first default screen displays a map of the United States illustrating the number of
drought impacts reported during the past month (Fig. 2.4). The legend appears in
the lower right corner of the page. In the upper right corner is a list of impact cat-
egories. All categories will be displayed initially, but the user can select only those
categories of interest. The user can also select the sources of information (e.g., me-
dia, public), but all sources are shown initially. The user can also select the time
period for the impacts [Note: NDMC staff have, at this writing, entered impacts
reported through news articles back to 1995]. The default for the map is the past
month. After making the selections for sources and time period, the user can click
the “select” button to generate a new map.

By positioning the cursor over a state, a box appears with a listing of the total
number of impacts for the selected period and how these break down by sectors.
Clicking on the state will produce a map of that state depicting counties (Fig. 2.4).
By placing the cursor over a county, a box appears again depicting the number of
impacts for that county with a breakdown by sector. Clicking on the county will re-
veal the sources for this information (queried from the database), allowing the user
to learn more about the impacts reported. This “drill down” technique is a critical-
ly important feature of the DIR, allowing users to interrogate to the local or county
scale to identify specific impacts.

The user also has the option to overlay the various categories of drought sever-
ity from the U.S. Drought Monitor map (http://drought.unl.edu/dm). Overlaying
the drought categories on the Drought Impact Reporter map gives users the option
of visually correlating impacts with drought severity levels. Currently, this option
is only available for the most recent U.S. Drought Monitor, but plans are to expand
this capability in the future. Overlaying the Drought Monitor categories on the
DIR map will also help users understand and appreciate the lag characteristics of
drought impacts, since dry conditions may persist for long periods. For example,
the northern Great Plains and northern Rocky Mountain states have been in vari-
ous drought severity levels for the past seven years.

Other features of the DIR include an option to animate the impacts over a time
period and also for users to add drought impacts. To add an impact, the user clicks
on this feature and then enters the requested information, including the selection
of the impact categories and describing the impact. Information entered is qual-
ity-checked by NDMC staff before it is added to the database. To date, about 10% of
the impacts entered have been from the public, but this number is expected to in-
crease significantly as user groups become more aware of the DIR and the archive
becomes more comprehensive.

Numerous sectoral impacts have been added to the database since it was first
launched. The total number of impacts added for the period 1995 to present is near-
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ly 4,000. Although this represents only a small fraction of the impacts that have oc-
curred during this period, it does illustrate both the diversity of impacts and the
relative importance of these impacts by sector. As one would expect, the largest
number of impacts reported is in the agricultural sector, but significant impacts
have also been reported in the water, energy, and fire sectors. Social impacts, which
are usually underappreciated for drought, are significant over the period of 1995
to present.

Many benefits are expected for policy and other decision makers, the scientif-
ic community, and the general public as a result of improved drought impact as-
sessments and the creation of an impact archive. First, this project is the first step
toward development of national and regional assessments of drought conditions
across the United States. For example, Canada was able to make a rough national
assessment of the 2001-02 drought, estimating losses at approximately Canadian
$5.7 billion (Saskatchewan Research Council 2003). Although not perfect, the Ca-
nadian drought assessment placed the losses in context for officials and provided a
basis for making adjustments and improving on this assessment in future drought
events. Second, the archived collection of drought impacts within the large data-
base will be freely and easily accessible to researchers, as well as to decision makers
requiring information for policy and management options. Initial reaction to the
DIR has been extremely positive, and ongoing efforts to enhance this product will
turther heighten its use and popularity. For example, since the DIR was launched
on July 27, 2005, it has received more than 25,000 users accounting for more than
142,000 page views and more than 1.25 million hits (as of December 31, 2005).
The NDMC is actively publicizing this product and engaging a wide range of user
groups in building the archive and obtaining user feedback. Important bridges will
be built between research and user communities that will ultimately increase the
capacity for better drought mitigation and response activities across the country.

Third, the project builds a foundation for development of standardized method-
ologies of identifying, collecting, and quantifying drought impacts on national, re-
gional, state, and local levels, as well as the methods for estimating economic losses
at these levels. The NDMC will continue to pursue development of these method-
ologies in collaboration with other research entities. Future enhancements to the
DIR will include linking this tool to databases such as agricultural statistics at the
state and local levels to compare reported impact information with specific pro-
duction losses as well as to information on drought disaster declarations by feder-
al agencies. Fourth, the DIR will provide a platform for identifying and reporting
drought impacts in under-reported sectors, such as livestock, timber, recreation,
tourism, and energy. It is likely that the recent drought years from 1996 to 2005
across the United States resulted in impacts in these sectors greater than or equal
to crop production losses, which are the most frequently quantified economic im-
pact of drought. Fifth, discussions have been held between the NDMC and NOAA/
National Weather Service (NWS) and U.S. Department of Agriculture personnel
about using the Drought Impact Reporter and its data entry format as the tool for
entering and documenting “drought incident reports” similar to storm reports that
are filed on severe weather events. This would provide NWS offices with a uniform
format for reporting drought conditions and impacts, and would provide an ad-
ditional dissemination method for these reports, and the drought impacts taking
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place, through the Drought Impact Reporter’s map-based delivery system. Final-
ly, this project supports both NIDIS and the National Drought Preparedness Act.
The interactive map delivery system will easily connect with other drought-related
decision-support tools now being developed by the NDMC, government agencies,
and other organizations.

2.6.4
Drought Risk Atlas

The goal of the drought risk atlas is to provide users with a comprehensive assess-
ment of the history, frequency, intensity, duration, and trend of droughts over the
past century on a site-specific basis. The intent is to provide users with a tool to
help them better understand and visualize their drought risk in order to make bet-
ter long-term management decisions. An interactive web-based interface will allow
producers, water managers, and decision makers to tap into a database containing
precipitation, stream flow, and drought indices based on daily data that goes back
to the late 1800s and early 1900s. Historical analyses will allow users to examine
seasonal, monthly, weekly, and daily patterns, along with the spatial distribution
and characteristics of precipitation and drought. Users will be able to display and
print their results in table, graph, or map format. Tutorials and libraries of infor-
mation explaining the results will accompany both the web-based tool and an en-
visioned CD-based product that will be distributed free to users.

Specific tasks that will be accomplished through this project include: (1) con-
ducting a comprehensive review of the literature and web on other drought-spe-
cific atlas products; (2) expanding on the comprehensive collection of drought
risk information in order to build a time series database containing the frequen-
cy, trends, and magnitude of precipitation/droughts on a station location basis; (3)
building and enhancing an interactive interface (web/CD-based delivery systems)
to the data and visuals so that it is as efficient and user-oriented as possible; and (4)
fostering a continual process of user feedback, evaluation, assessment, and dissem-
ination of the tool, especially among agricultural producers.

2.6.5
Vegetation Drought Response Index (VegDRI)

Drought monitoring is challenging because of the considerable variability in the
duration, intensity, and spatial extent among specific drought events. Climate and
weather data traditionally have been used to monitor drought, but the information
has lacked the spatial detail required for local livestock and forage producers to use
for drought planning. In response, the NDMC is developing two tools, the Vege-
tation Drought Response Index (VegDRI) and the Vegetation Outlook (VegOut),
which utilize a combination of climate, satellite, oceanic, and biophysical (land
cover and soils information) data to map and monitor the impact of drought on
general vegetation conditions. Both tools produce maps at 1-km? spatial resolution
that are updated every two weeks to reflect the changing vegetation conditions. The
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goal is to create tools that provide timely and more spatially precise drought-re-
lated information that can be used by livestock and forage producers in their deci-
sion-making process. The NDMC will provide these tools and information in read-
ily accessible and usable formats that will be determined from producer feedback.

The NDMC is working collaboratively with other researchers at the Universi-
ty of Nebraska-Lincoln (UNL) and the United States Geological Survey (USGS)
to develop the VegDRI tool, which maps the spatial patterns of drought impact
on the current vegetation conditions. VegDRI classifies seven categories of rela-
tive drought severity, ranging from extreme drought to an extremely moist spell.
The tool can be used to monitor drought conditions over large areas, but also has
enough spatial precision to be used at county to sub-county levels.

The NDMC is also working with UNL researchers to create the VegOut tool,
which provides an outlook of the general vegetation conditions several weeks in
advance. VegOut will provide 2-, 4-, and 6-week outlook maps that reflect the pro-
jected level of vegetation stress based on current vegetation conditions and climatic
trends. The three VegOut maps will be produced and updated in conjunction with
the VegDRI maps.

2.6.6
Ranching Drought Plan: A Drought Planning Tool
for Livestock and Forage Producers

According to the National Drought Policy Commission report, Preparing for
Drought in the Twenty-First Century (2000), many agricultural producers do not
have access to information to develop and implement a drought plan, and even
fewer producers are receiving technical assistance to help them develop and imple-
ment such plans. In order to address this problem, the NDMC is developing a mod-
el drought planning process and web-based educational delivery system for forage
and rangeland producers.

The NDMC is working collaboratively with the University of Nebraska-Lin-
coln’s (UNL) Cooperative Extension Service and Department of Computer Sci-
ence and Engineering, livestock and forage production consultants, and individual
ranchers to identify essential planning components and develop a generic drought
planning process that can serve as a template for producers to follow.

Tasks being completed for this project include:

e Conducting a review of existing literature on livestock production and drought
planning;

e Developing new information on aspects of livestock production and drought
planning such as climate and weather, grazing systems, alternative forage pro-
duction, herd management, supplemental feeding, financial management strat-
egies, and federal assistance programs;

e Utilizing video technology to record and display drought management strate-
gies;

e Organizing relevant information into a drought planning process that meets the
needs of livestock and forage producers; and

e Developing a web-based educational delivery system for mass distribution.
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2.7
Summary

Drought is a pervasive natural hazard that is a normal part of the climate of virtu-
ally all countries. It should not be viewed as merely a physical phenomenon. Rath-
er, drought is the result of interplay between a natural event and the demand placed
on water and other natural resources by human-use systems. These systems can
significantly exacerbate the impacts of drought through the unsustainable use of
natural resources.

Numerous opportunities exist to mitigate the impacts of drought in the agri-
cultural sector if appropriate management practices are adopted in a timely man-
ner. Developing more comprehensive and integrated drought monitoring and early
warning systems is an essential component of a more proactive, risk-based man-
agement system. However, equally important is an effective user-driven deliv-
ery system, the availability of helpful and efficient decision support tools, and the
training of users on how to apply this information at critical decision points before
and during the growing season. The NDMC is directing an increasing share of its
efforts toward these tasks, with the goal of reducing the vulnerability of the agri-
cultural sector to future episodes of severe drought.
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CHAPTER 3

Challenges to Coping Strategies

with Agrometeorological Risks and Uncertainties
in Africa

Elijah Mukhala, Adams Chavula

3.1
Introduction

In sub-Saharan Africa, 90% of agricultural production is rainfed and only 10% of
the arable land is irrigated. At the same time, the continent is susceptible to inter-
annual rainfall variability. These statistics strengthen the argument that weath-
er and climate are one of the biggest production risk and uncertainty factors im-
pacting on agriculture systems’ performance. The Southern African region faces
well-documented challenges in maintaining and improving food security in the
face of multiple stresses. Climate stress in particular has compromised the ability
of the region’s agricultural sector to sustain production. Such a situation is par-
ticularly concerning in the light of the projected climate stress under future cli-
mate change due to, for example, the increasing frequency of extreme precipita-
tion events (IPCC 2001). The paper discusses the use of integrated sustainable ag-
riculture in Africa that takes into account preparedness, monitoring, assessments,
mitigation and adaptation that address issues of extreme climatic events including
severe droughts, floods and cyclonic systems. The paper also discusses efforts in
the use of improved climate knowledge and technology, including monitoring and
response mechanisms to current weather to reduce the uncertainties in agrome-
teorological risks.

In Africa, the challenges that farmers face are beyond agricultural related ac-
tivities and go further to include marketing, access to loans, HIV/AIDS and lack
of inputs exacerbated by poverty. Inadequate policies also subject farmers to a life
of perpetual poverty (ECA 2006). Literature is replete with information indicat-
ing the fact that in Africa, extreme climatic events such as droughts, floods and
cyclones have been known to strongly impede sustainable agricultural production
and development. Even with this kind of information available, appropriate poli-
cies are hard to come by that try and put in place measures that will mitigate these
extreme climatic events.

In Africa, decision making in agricultural production is a complex process
which requires a lot of information in order to assist informed decisions. The paper
tries to identify and assess farmers’ coping strategies with risks in southern Africa,
particularly extreme climatic events such as droughts, floods and cyclones. The pa-
per also discusses the inadequate attention to agroclimatic characteristics of a loca-
tion and lack of timely information on weather and climate risks and uncertainties.
The also discusses major challenges of access to technological advances in Africa
as well as preparedness and response strategies and training of intermediaries be-
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tween National Meteorological and Hydrological Services (NMHSs) and farmers
etc. Finally the paper focuses on the opportunities for farmers in Africa to mitigate
risks and uncertainties using structural measures such as irrigation and water har-
vesting and non-structural measures such as seasonal climate forecasts as well as
medium-range weather forecasts for strategic and tactical management of agricul-
ture. The use of crop insurance strategies and schemes to reduce the vulnerability
of the farming communities to agrometeorological risks is also addressed.

Sub-Saharan African economies are especially susceptible to climate variations
due to their predominately agrarian structure. In Ethiopia, agriculture accounts
for about 40% of GDP, 80% of export earnings and 85% of employment in diverse
traditional subsistence systems for production mainly of cereals, oilseeds and live-
stock (Hertz 1996). Population and land tenure pressures have led to reduced pro-
ductivity, increasing the vulnerability of the predominantly rain-fed agricultural
systems to rainfall variations. Despite a trend towards urbanization, the major-
ity of poverty remains in the rural areas, where households have limited assets to
withstand climatic, disease or income shocks. The impact that climate variability
can have on such agrarian economies is well reflected in the case of Ethiopia, where
economic growth and food imports closely track variations in rainfall (Figure 3.1).
(Grey and Saddoft 2005)

Ethiopia: Rainfall, GDP and Agric. GDP

percentage

rainfall variation around the mean L 20
GDP growth
Ag GDP growth
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World Bank

Fig.3.1 Rainfall, GDP and Agricultural GDP in Ethiopia
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3.2
Farmers’ coping strategies

Farmers in Africa have been subjected to persistent unfavorable climatic condi-
tions. The level of assets and wealth determine how much adjustments one can
make to sustain agricultural production. In Zambia, a recent World Bank Survey
reported an increase in poverty levels in the rural areas from 70% in 1994 to 90%
in 1995 (Balat and Porto 2005). These statistics reinforce the fact that farmers have
to find coping strategies to survive. At the institutional level, ineffective extension
and research services and inappropriate agricultural policies, which have relied
excessively on maize production, have been cited as contributory factors (Siacinji-
Musiwa 1999).

Literature is replete with information regarding the declining performance of
the agricultural sector in Africa and the reasons advanced are due to changes in
climatic and economic circumstances (FAO GIEWS 2005a). The severe droughts
experienced recently, particularly in the southern Africa region were characterized
by both a decline in overall precipitation and increasingly erratic distribution pat-
terns (FAO GIEWS 2005b). When drought occurs, future draft power is affected
due to poor health of the livestock in most cases leading to death. The decimation
of draft oxen, the reduction in active farm labour, and disruptions in input supply
and marketing arrangements all have a negative impact on productivity, income
and most importantly, food security (Siacinji-Musiwa 1999). On the positive side
there is evidence that farmers themselves are attempting to adopt strategies to cope
with these problems. Among the strategies that are being adopted include; crop di-
versification, the use of drought tolerant varieties, the adoption of reduced tillage
methods and an increase in off farm income-generating activities.

Conservation farming is one method that is being used widely in southern Af-
rica to sustain agricultural production and mitigate the impacts of intra-season
rainfall variability. The benefits of conservation farming are well proven and offer
smallholders the opportunity to increase their productivity, safeguard their land
and reduce the risks of total crop failure in drought years (Siacinji-Musiwa 1999).
Sustainable agriculture takes into account a series of farming operations that take
care of the “whole” farming system in such a manner that farming can be sustained
over a long period of time. One such method that the farmers use is minimum till-
age (MT) which refers to reducing tillage operations to the minimum required for
crop development. When using hand tools or animal draft, farmers plough out the
row where the crops are to be established, leaving the rest of the land untouched
before planting. MT is not a new concept and has always been a traditional way of
planting. Farmers who wait for the rain while they have planted in holes are basi-
cally exercising MT. The main benefits of MT are that farmers are able to plant a
larger area and can plant early.

Conservation Tillage (CT) includes all operations which:

a) Protect the soil from the damaging effects of rain splash;

b) Reduce runoft and keep more of the rain on the fields (rain harvesting);
¢) Make the best use of costly fertiliser and seed and

d) Allow farmers to finish land preparation well before the rains.
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Therefore, Conservation Farming (CF) incorporates MT and CT and is a term
used to describe a range of husbandry and conservation practices which, when
used in combination, bring about the benefits stated above. Conservation Farming
also means crop diversification and rotations so that at least 30% of the land is oc-
cupied each year by a legume. Farmers who practice CT and also use rotations are
doing conservation farming. Essentially, CF combines sound husbandry and man-
agement practices, which arrest soil exhaustion, reduce the impact of intra-season
rainfall variability, increase productivity, and enable farmers to spread out labour
demand and get their work done on time. The technology can be applied to a wide
range of farming groups from resource poor to commercial with good results.

3.3
Provision of climatic information

Climate plays a significant role in agricultural production in Africa. Humanitar-
ian organizations have highlighted this fact most vividly in the electronic media.
In sub-Saharan Africa, research has shown clearly that critical gaps exist in the
ability of climate information to be applied in the agricultural sector (IRI 2006).
In southern Africa, agrometeorological activities are well organized through the
sub-regional organization, Southern African Development Community (SADC).
There is a continuous analysis of climate data. There is also a regular annual agro-
meteorological meeting prior to commencement of the rainy season to discuss the
implications of the most recent seasonal climate forecast. The discussions cover the
impact of the seasonal forecast on agricultural production, probabilities of the on-
set and cessation of rainfall, probabilities of dry spells and other challenges in the
provision of agrometeorological information.

In Nov 2002, the SADC Regional Remote Sensing Unit (RRSU) convened an
annual Agrometeorological Workshop in Harare, Zimbabwe entitled ‘Application
of climate information to sustain agricultural production and food security in the
SADC region”. The workshop was attended by representatives of Agronomy, Agro-
meteorological and National Meteorological and Hydrological Services (NMHSs)
active in the National Early Warning Units (NEWU’s) of SADC Member States. As
part of the workshop, stakeholders present were interviewed and requested to pre-
pare detailed responses regarding their assessment as to the extent to which the cli-
mate information system currently served the agricultural sector in their respec-
tive countries. In all, 12 countries responded and these include: Angola, Botswa-
na, Lesotho, Malawi, Mauritius, Mozambique, Namibia, South Africa, Swaziland,
Tanzania, Zambia and Zimbabwe. Specifically, NEWU participants were asked to
answer four overarching questions:

e What are the specific forecast needs for agricultural decision-making, given the
specific characteristics of your agricultural sector?

e To what extent are such forecast needs currently being accommodated in the
country’s forecast system?

e What are the specific gaps in the forecast system (as it serves the agricultural
sector)?

o Identify three strategies to close these gaps?
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The following is a list of challenges that were identified by the representatives of
the twelve Member States during the workshop.

3.31
Intra-seasonal distribution

In agricultural production, intra-season rainfall distribution is more important
than cumulative rainfall. Respondents indicated that measures of intra-seasonal
rainfall distribution or ‘seasonal quality’ be predicted. This would help the farm-
ers plan properly in terms of timing of planting to avoid the crops reaching criti-
cal stages at times when there are high probabilities of dry spells. Studies in other
parts of Africa have indicated that intra-seasonal distribution is a climatic param-
eter necessary for decision-making in the agricultural sector (Usman et al. 2005).
In Kenya, research reports that total seasonal rainfall may be enough to sustain
crop production, but its distribution and occurrence of intra-season dry spells
(ISDS) and off-season dry spells (ODS) affect crop production. Rainwater harvest-
ing (RWH) and management, especially on-farm storage ponds for supplemental
irrigation offers an opportunity to mitigate the recurrent dry spells (Ngigi et al.
2005).

3.3.2
Language/terminology and communication

Communication is deemed effective if there is a response to the message conveyed.
This is often unsuccessful when the language used is unfamiliar to the targeted au-
dience. Challenges of language and terminology were specifically highlighted by
ten of the responding country teams. This is a substantial hurdle in forecast out-
reach - it may also marginalize particular communities and areas of a country.
Mukhala (2000) reported that there is a need to research the effectiveness of other
channels of communicating meteorological information. These include farm dem-
onstrations, farm discussions, farmers’ days, meetings and other farmers. What-
ever media or channels are used, the time-tested adage ‘know your audience’ is the
best starting point. It also has been reported that Governments and meteorologi-
cal bodies have not yet developed effective methods of communicating probabi-
listic forecasts through conventional channels such as extension services (Blench,
1999).

333
Capacity of key institutions

The respondents indicated that they did not have sufficient capacity to conduct ag-
rometeorological analysis that would meet the farmers’ demands. This meant that
the skills and equipment were not adequate. In many African meteorological ser-
vices, funding has become a really big challenge for operational purposes or indeed
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for capacity building. The remuneration of staff is also not very competitive and
hence the occurrence of high staff turn-over. The lack of capacity in institutions has
been echoed by other researchers. The International Research Institute for Climate
and Society (IRI) Gap analysis report indicates that at present, there is the lack of
effective institutional arrangements to facilitate the generation, analysis and sys-
tematic integration of relevant climate information with other pertinent informa-
tion in a form that planning and operational agencies can use (IRI 2006).

3.3.4
Stakeholder awareness/training

In some cases, the resource poor farmers are not aware of the availability of infor-
mation that could be used in their decision-making. The respondents indicated
that there is a need for user/stakeholder training and awareness activities (SADC-
RRSU 2002). Two countries found that the SARCOF regional forecast consensus
process itself had key weaknesses relating to their ability to develop human re-
sources in the region that would apply climate information effectively to the agri-
cultural sector. For example, Botswana representatives observed that each year a
different staff member attended SARCOF - something that neither the Botswana
nor the Namibia team (who reiterated this concern) considered an effective capac-
ity building strategy. Further, both teams identified weak dissemination of func-
tion and capacity down to the national NEWU) level from SARCOF as a key con-
cern (SADC-RRSU 2002).

3.3.5
Tailored forecasts

The applicability of the climate forecasts depends so much to the extent to which
the producers of the information had the users in mind while generating the in-
formation. In the current state, it is left to the general users to try and fit in climate
forecasts into their activities. Hence the respondents highlighted the need for tai-
lored forecasts that would make it easier for the users to make use of the informa-
tion. These would imply that forecasts would aim at greater and more specific util-
ity for particular users. Research reports that climate forecasts need to be integrat-
ed with other aspects of infrastructure and input supply; for instance, at present a
prediction of drought is unlikely to be linked to increased availability of appropri-
ate seeds (Blench 1999).

3.3.6
Key relationships

For agricultural purposes, the producers of climate information do not have access
to farmers directly. Agricultural extension officers are mandated to interact with
farmers, however, there is a weak link between NMHSs and the extension services
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or other agricultural expert intermediaries (SADC-RRSU 2002). Field studies on
the impact of recent forecasts in southern Africa suggest that there is a consider-
able gap between the information needed by small-scale farmers and that provided
by the meteorological services (Blench 1999).

3.3.7
Timely issuance

The timing of the release of the climate forecast is critical for effective use of the
forecast. Several country teams (Lesotho, Mozambique and Swaziland) found that
timely issuance remains a key weakness in climate information systems. The Mo-
zambique team, for example, observed that at present the forecast is provided too
late for planting decisions in parts of southern Mozambique (SADC-RRSU 2002).
Other scientists have also stated that if the meteorologists are to respond to the
needs of users they also need to meet the time requirements specified by the us-
ers. If the meteorologist takes time to understand the process of the users then they
can ensure that the flow of weather information is also provided in a timely man-
ner. This is a vital aspect of weather forecasts as the meteorological information is
considered a “perishable” item i.e. today’s weather forecast is of no use tomorrow
(Walker 2001).

3.4
Key recommendations to address identified weaknesses

A focus on identified weaknesses (many of which are already well documented and
well known) would be sufficient. The weaknesses are thus distilled into concrete
recommendations intended to address one or more of the weaknesses. Figure 3.2
illustrates the weaknesses which are listed in order, with most frequently identified
weaknesses at the bottom of the figure. Concrete actions around such recommen-
dations, each shown by arrows to address one or more of the identified weaknesses,
appear in the middle.

It is essential to note that in the case of many of these recommended actions,
work is already under way. Gaps remain, however, and the stakeholder identified
weaknesses shown in this paper ensure that closing these gaps is not merely a re-
search task. As stated earlier, the tradeoff here is between what stakeholders re-
quire, and what can be robustly provided. The recommendations, we propose,
show a middle ground — much of which, despite existing work, is yet to be attained
in the SADC region.

3.4.1
Forecast improvement

Given that many weaknesses refer to different aspects of forecasts themselves, three
key sets of actions around forecast improvement can be identified. Firstly, models
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Fig.3.2 Identified priority weaknesses/gaps in the climate information systems

used in forecasting can (and are being) improved in a number of ways. Ongoing mod-
el improvement to provide forecasts in a more timely manner while increasing the
skill is required. Another essential task to be done is further analysis of how climate
information could serve the agricultural sector better. However, the main challenge
here is to balance what users in the agricultural sector require with what scientists
can confidently provide, given the existing level of technology. Investigation under-
taken during the 2002/3 rainy season under regional conditions of elevated disaster
risk showed a number of weaknesses and gaps in the climate information systems in
the Southern African region, and making it more challenging to benefit key sectors,
particularly agriculture (SADC-RRSU 2002, Archer et al. 2007).

In an effort to improve the provision of climate information, a project ‘Miti-
gating the Effects of Hydroclimatic Extremes in Southern Africa,” funded by the
U.S. Agency for International Development (USAID) was established. The proj-
ect focused on problems of climate information dissemination and interpretation
in the region as a strategy to contribute to mitigating current (and future) climate
risk. Essentially, the project attempted to answer the question “What would con-
stitute an improved role for climate prediction in contributing to sustaining agri-
cultural production and food security in Southern Africa?”. Key gaps seen as a pri-
ority included the lack of information on intra-seasonal distribution, insufficient
translation in terms of language and terminology and a range of challenges around
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stakeholder and institutional capacity. Recommendations are made in the areas
of forecast improvement (e.g. greater focus on forecasting intra-seasonal distribu-
tion) and increased national and non-traditional investment in outreach and appli-
cations, amongst others (SADC-RRSU 2002, Archer et al. 2007).

34.2
Access to technological advances

There are also major challenges of access to technological advances in Africa as well as
preparedness and response strategies and training of intermediaries between NMHSs
and farmers etc. In most developing countries, women make up the majority of the
population working in agriculture, but they are marginalized with respect to access to
ICTs for economic and social empowerment (Odame et al. 2002). Due to this margin-
alization, the farmers find it very difficult to access climate information which could
be very vital in planning their agricultural activities. At the same time it is acknowl-
edged that telecommunications connectivity in developing countries is usually avail-
able only within the capital and in major secondary cities. Yet the majority of the pop-
ulation lives outside of these cities (Odame et al. 2002). But, for most poor farmers in
Africa, production depends on the vagaries of the climate. They have no way to obtain
modern farming technology, or credit to buy much needed inputs. They often cannot
even reach vital markets because of poor infrastructure (Diouf 1997).

343
Structural and non-structural measures to mitigate risks and uncertainties

There are also opportunities for farmers in Africa to mitigate risks and uncertainties
using structural measures such irrigation and water harvesting and non-structural
measures such as seasonal climate forecasts as well as medium-range weather fore-
casts for strategic and tactical management of agriculture. Research indicates that
the agrohydrological challenge in semi-arid and dry subhumid tropics is not neces-
sarily related to inadequate cumulative rainfall - at present basically only 1/8 - 1/3 of
the rain is used in crop production on average. Instead the challenge is to manage the
unreliable distribution of rainfall over time, and minimize non-productive water flow
in the water balance (SIWI 2001). The degree of acceptance of irrigation scheduling
technology through extension depends directly on the literacy levels of the farming
community. Unfortunately, most of the traditional irrigation systems are located in
areas where educational standards are low. It is essential that reliable information is
developed and disseminated in a simplified manner understandable to the trainers
and end-users (Hasan et al. 1993). Government agencies, along with universities and
the private sector, must provide the required training.
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3.44
Crop insurance activities

Food security and weather risk management are inextricably linked: weather risk
management, or the lack of it, determines the level of systemic risk in the food se-
curity system. The exposure to weather risk drives overall food insecurity. At the
farm level, weather-based index insurance allows for more stable income streams
and could thus be a way to protect peoples’ livelihoods and improve their access to
finance. Weather-based insurance instruments provide financial protection based
on the performance of a specified index in relation to a specified trigger and they
offer protection against the uncertainty in revenue accruement that results from
volume volatility.

Weather based index insurance is slowly gaining recognition as one of the meth-
odologies that can be used to sustain livelihoods and reduce poverty as part of the
Millennium Development Goals (MDGs). A few countries in Africa are piloting
the methodology and among the countries include: Malawi and Ethiopia. In Ma-
lawi the pilot drought insurance program has been introduced for local ground-
nut farmers. The main aim is to help mitigate the risks associated with periodic
droughts as the country is prone to drought. Due to high levels of poverty, the
farmers are not credit worthy and hence they cannot access loans to purchase in-
puts. Therefore, the insurance helps farmers obtain financing necessary to obtain
certified seeds, which produce increased yields and revenues as well as greater re-
sistance to disease. The program is currently being utilized through the pilot pro-
gram by nearly 900 farmers in four areas. Once the project has achieved the intend-
ed goals, it will be scaled up to other crops and other areas of Malawi and Africa.

The stakeholders include National Smallholder Farmers’ Association of Malawi
(NASFAM), Insurance Association of Malawi and with technical assistance from
the World Bank and Opportunity International Network financed by the Swiss State
Secretariat for Economic Affairs. The stakeholders have designed the index-based
weather insurance contract that would pay out if the rainfall needed for ground-
nut production was insufficient. If there is a drought that affects production, the
calculated index then triggers a pay out from the insurance contract. In the event
of a drought that affects the crops, the payout funds will be paid directly to the fi-
nancial lending institution to pay off the farmers’ loans. If there is no drought, the
farmers will benefit from selling the higher value production in the marketplace,
hence ensuring their food security and livelihoods (World Bank 2005).

The activity has been welcomed by the Malawi Government as they continue
to explore innovative ways to manage weather and price risks to contribute to the
food security needs of the country. Malawi is one of the pioneers in Africa to im-
plement such index-based weather insurance policies that have been sold to small-
holder farmers. A similar pilot in India in 2003 has now expanded from an initial
230 farmers to more than 250,000 farmers who have access to weather insurance
(World Bank 2005).

Ukwe Farmers Association in Lilongwe are happy with the pilot project and
said, “It is good to note that in case of severe drought I do not have to worry about
paying back loans in addition to looking for food to feed my family. In future I
hope to send my children to school with income from this project.” The Insur-
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ance Association of Malawi also notes that, “Drought index insurance is a real
breakthrough, as it does not only avail the potential for re-accessing the commer-
cial farming community, but also accessing rural farming folk who need it most”
(World Bank 2005).

The Crop Production Director for the NASFAM commented that, drought is
one of the major risks in rainfed agricultural production. In the event of a drought
the farmer may face low yields, or even total crop failure. If the farmer uses pro-
duction loans, he/she may not be able to pay for the loan. The Drought Insurance
Pilot Project has offered an option so that he/she will be covered by the insurance.
A further advantage is that by covering the risk of drought, the micro finance insti-
tutions will be more amenable to providing loans on otherwise risky crops, hence
more farmers will have access to micro financing (World Bank 2005).

A World Bank Country Manager for Malawi, was pleased with the role the Bank
and other partners were playing with the Government of Malawi in piloting this
program, and is optimistic that it can play an important role in supporting rural
agriculture in the country. “Before the pilot, farmers had little cash and no access
to finance, and thus could not afford to purchase certified seed. Banks were unwill-
ing to lend to these farmers for a variety of reasons, but primarily because of the
risk that farmers would not be able to repay their loans if there was drought. This
program can mitigate this risk and bring needed resources to this crucial sector of
the Malawi economy” (World Bank 2005).

3.5
Conclusions

Africa faces great challenges in terms of improvement of the use of climate infor-
mation for agricultural use and food security. The challenges at hand are not re-
ally impossible to achieve but feasible only if the Governments of the day can put
in place appropriate policies and allocate sufficient resources for relevant institu-
tions to conduct their mandate effectively. Key gaps seen as a priority included the
lack of information on intra-seasonal distribution; this requires resources to fund
research to develop technologies or models for forecasting intra-seasonal rainfall
distribution.

The other challenge of insufficient translation in terms of language and termi-
nology requires capacity building in communication science by those mandated to
communicate information to the users. Challenges around stakeholder and insti-
tutional capacity also require urgent attention. Recommendations are made in the
areas of forecast improvement (e.g. greater focus on forecasting intra-seasonal dis-
tribution) and increased national and non-traditional investment in outreach and
applications, amongst others.

Weather based insurance is an upcoming strategy that has proven its worth in
places such as India and it is important that it given the attention it deserves as
helps improve the food security of communities especially the resource poor.
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CHAPTER 4

Challenges to Coping Strategies

with Agrometeorological Risks and Uncertainties
in Asian Regions

L.S. Rathore, C.J. Stigter

4.1
Introduction

In the four coping strategies that can be distinguished as disaster preparedness,
mitigation practices, contingency planning and responses, and disaster risk main-
streaming (see Stigter et al., 2007), we have reduced every strategy to certain as-
pects of preparedness. In this view, challenges to coping strategies are challenges
to preparedness strategies; with respect to the hazards and the vulnerabilities that
together lead to the disasters producing risks and their consequences and with re-
spect to the uncertainties producing possible damages (see also Medury in Sahni
and Aryabandu 2003).

One may argue that

e preparedness itself as a coping strategy is preparedness for what cannot be pre-
vented, for what must be seen as inevitable. Hazards have causes that cannot be
mitigated and vulnerabilities have aspects that cannot be warded off. This pre-
paredness is very much connected to the reception of contingency responses
and ideas on the future after the disaster;

e mitigation practices as a coping strategy mean preparedness to prevent what can
be prevented, in advance. The occurrence of hazards themselves may sometimes
be reduced by measures, such as in the case of fires, but it is most often the vul-
nerabilities that can be seriously reduced by temporary or permanent measures
of impact reduction;

e contingency planning and responses belong to preparedness for what should be
done after the events that couldn’t be prevented. The hazards and the vulnera-
bilities are important for the details involved but it is mainly about fast actions
to shorten and reduce the consequences of the hazards;

o disaster risk mainstreaming is by definition preparedness for disasters in devel-
opment planning exercises, bringing into practice permanent adaptation strat-
egies that reduce the vulnerabilities to hazards. However, in everyday practice
coping with disasters remains “events based” rather than “development based”
(e.g. Harichandan in Sahni and Ariyabandu 2003). To change this situation is
the largest challenge of all.

These four aspects need extensive examination and in-depth study even with the
presently available technologies. Priorities for each of the strategies need to be de-
termined. This involves administrative and organizational management (apart
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from scientific and technical items) and work on reviewing “implementation mech-
anisms for the developed strategies”. Formulation of action plans at local level, dis-
semination channels, supervision and management, organization of post strategy
monitoring, feed back information, updating and analysis as detailed above need
to be given attention. These are all interdependent entities to be mould into a sys-
tem through integration of the sub-systems.

One of the major problems in dealing with preparedness strategies to deal with
extreme weather events in agriculture, rangelands and forestry is the lack of sys-
tematic and standardized data collection from disasters. There is no recognized
and acceptable international system for disaster-data gathering, verification and
storage (Sivakumar 2005). For some disasters like drought, lack of appropriate def-
inition of natural disaster itself is a problem. Definitions of natural disasters are
based on the need to respond to development and a humanitarian agenda. Differ-
ent disasters can be classified as different types by different databases.

For example, a flood which was a consequence of severe wind storm, may be
recorded as one or the other (Sivakumar 2005). Flood (as related to rains) and
drought may be long-lasting (Gommes and Neégre 1992), but in Asia their short-
er durations are more common. The disasters dealt with below are those relative-
ly short-term extreme events chosen by Salinger et al. (2000): (i) high intensity
rainfall and floods, (ii) tropical storms, tornadoes and strong winds, (iii) extreme
temperatures including heat waves and cold waves, (iv) droughts and (v) wildfires
and bushfires. Challenges to disaster risk mainstreaming and to mitigation prac-
tices need to be dealt with for each of these events while challenges to contingency
planning and to basic preparedness have so much in common for these events that
they can be dealt with in more general terms. The paper will end with challenges
to some available methodologies in disaster science. Our cases come largely from
Asia but we will learn from some useful results from Africa and Latin America.

4.2
Challenges to disaster risk mainstreaming

4.21
Adaptation strategies

Seven principles and five steps of/in an interesting Adaptation Policy Framework,
including a “bottom-up” or vulnerability-driven risk assessment approach to ad-
aptation were dealt with by Burton and Lim (2005). Agrometeorological adapta-
tion strategies to consequences of increasing climate variability and climate change
were discussed by Salinger et al. (2000). They argued that historically changing
economic conditions, technologies, resource availabilities and population pres-
sures were the most important factors that made adaptation necessary and that ad-
aptation to climate trends and fluctuations have to be seen in these contexts.
Diamond (2005) expressed this differently in arguing from historical research
that collapse of societies can historically be explained from lack of adaptation strat-
egies to (i) damage caused to their production environments; (ii) climate change;
(iii) enemies; (iv) changes in relations with trading partners; (v) political, economi-
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cal and social consequences from the other four factors. Both approaches show the
overwhelming importance of resource availabilities in determining long term vul-
nerabilities, so also in adaptation strategies. In a recent address, British Defense
Secretary John Reid warned that global climate change and dwindling natural re-
sources are combining to increase the likelihood of violent conflict over land, water
and energy (Klare 2006), demanding local and international assistance for adapta-
tion strategies before more resource wars break out.

4.2.2
High intensity rainfall and floods

Vulnerabilities to flood hazards can best be prevented by not using flood prone ar-
eas for agricultural production and related habitation. Flood hazard maps are es-
sential tools for land use planning. They appear often unsuccessful but when fol-
lowed up by actual management decisions on land use, these monitoring exercises
are invaluable.

As in many other cases of natural disasters, there are flood prone areas that nev-
ertheless have to be used for agricultural production. Flood control and manage-
ment are the starting points of any flood preparedness initiatives in development
planning (e.g. Lohani and Acharya in Sahni and Ariyabandu 2003). The most obvi-
ous improvements are large scale flood water detention or flood diversion attempts
for agricultural purposes (Stigter et al. 2003a). It must also be clear that such ca-
lamities as for example happen in China around its Yangtze river with a not neg-
ligible frequency (Winchester 1996) can hardly be met with any production adap-
tation strategy although annual flooding can be agriculturally used (Stigter et al.
2003a). Flood resistant construction techniques are discussed by Dhameja in Sahni
and Ariyabandu (2003) and Ariyabandu indicates in Sahni and Ariyabandu (2003)
that a demand driven approach to address substantial issues in vulnerabilities of
communities like that of livelihood security in response to floods is in the offing.
These are challenges that go far beyond monitoring and early warnings schemes.

A serious effect of floods is landslides. The counter-measures as an aspect of
large scale land use planning that have to be taken in advance demand for direct
expenditures in civil engineering but may also compete with agricultural land. In
such cases priority should be given to the engineering aspects although keeping
enough good quality land for agricultural production has been recognized as a pri-
ority policy issue (Stigter et al. 2000).

4.23
Tropical storms, tornadoes and strong winds

In development planning in areas where wind catastrophes are limited, the wind
climate can be most successfully used as a source of energy (e.g. Wisse and Stigter
2007). Agroforestry solutions will often do in wind protection under such condi-
tions (Stigter et al. 2002). But south, southeast and east Asia are among the areas
susceptible to hurricanes and typhoons, again with track areas that have to be used
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for agricultural production. Like floods they are among the highest relative inten-
sities of natural disasters, and wind calamities are often occurring in combination
with floods (Viet 2002). However, floods are getting much more attention than
winds in planning for coping with damage due to cyclones, due to higher vulner-
ability to floods in most instances, with forests as an exception (Viet 2002). This is
in line with little attention for damage to buildings in wind disasters in Africa (e.g.
Wisse and Stigter 2007), but Dhameja gives several pages in Sahni and Ariyaban-
du (2003) of points that are of importance for constructions that may be exposed
to cyclones.

Tropical cyclone warnings are issued with certain limitations. The ranges of in-
tensity, size and path of the tropical cyclone are so large that each storm must for
the forecasting be carefully treated as an individual event. However, there are com-
mon elements of tropical cyclone structure, mechanism and life cycle and there is
some regularity in the seasonal variation of the track of the tropical cyclone. There-
fore awareness among the public, government bodies and voluntary organizations
of such behaviour of cyclones can allow them to take proper advantage of the warn-
ings in the various forms of preparedness that we distinguished in the introduc-
tion. This development mainstreaming issue was dealt with by Mandal (2001).

4.2.4
Extreme temperatures including heat waves and cold waves

Extreme temperatures are no considerations yet in development planning for agri-
culture in developing countries, with the exceptions of vulnerabilities to large scale
wildfires and bush fires (see section 4.2.6) in cases of long term heat combined with
drought and of large scale losses from low temperatures and frost damage (Salinger
et al. 2000). However, the same source warns for rising temperatures in all dryland
regions in all seasons as a challenge.

4.2.5
Droughts

Stigter et al. (2007) have summarized contributions of the meteorological commu-
nity to improved coping with drought in India supporting development efforts re-
lated to monsoon water use as a resource. Viet (2002) rates drought at a medium
relative disaster rate intensity in the most vulnerable central highlands and the
south of Vietnam. Changing cropping calendars and patterns appear the only so-
lutions envisaged there in present planning exercises (Stigter et al. 2007). Sahni re-
ports in Sahni and Ariyabandu (2003) that the High Powered Committee on Di-
saster Management of India has recommended that with the frequent changes in
land use, irrigation development, cropping patterns and agricultural practices, it
is necessary to frequently update mapping of drought prone areas for development
planning.

This Committee also concluded that currently there is no operational procedure
to forecast the impending drought conditions with respect to area of impact, extent



Chapter 4: Challenges to Coping Strategies with Agrometeorological Risks and Uncertainties 57

and duration. Such difficulties were also among the reasons for the failure reported
by Lemnos et al. (2002) to use seasonal forecasts for emergency drought relief in
north-eastern Brazil. Stigter (2004) showed, however, that main bottlenecks here
were insufficient considerations of the actual conditions of the livelihood of farm-
ers and therefore the development of inappropriate support systems. This was in
line with Walker’s (1991) general conclusion that special government interventions
in response to drought are fraught with inefficiencies and seldom do an adequate
job of selecting for those in need. Sahni and Ariyabandu (2003) have examples in
several chapters of local government and NGO development activities to prevent
such errors in India by actually reducing local vulnerabilities.

This principle is independent of the hazard concerned but most literature ex-
amples are drought related. Mungai et al. (1996) illustrate such an approach in re-
search education in semi-arid Africa. Abdalla et al. (2002) report on development
related research on improved traditional storage of sorghum grain, quantifying
and better understanding local innovations to overcome vulnerability to longer
periods of drought in Sudan. Difficulties of development related farmer differen-
tiation and upscaling related to such drought induced cases have been reported by
Onyewotu et al. (2003) and Bakheit and Stigter (2004). These are all examples that
bear lessons for Asia as well (Stigter 2001).

4.2.6
Wildfires and bushfires

Salinger et al. (2000) have reviewed the situation in that frequent large scale fires
are related to inappropriate environmental management, wasteful logging practic-
es, poor fire prevention and fire-fighting systems if not purposely induced. How-
ever, burning is a land planning technique widely used in the diminishing shifting
cultivation and extensive livestock-keeping to clear land. When well timed and
controlled, the natural vegetation will respond with new healthy growth. Ill-timed
or poorly controlled burning can seriously reduce the amount of organic matter
on the soil surface and leave it exposed to erosion by wind and water (Reijntjes et
al. 1992).

Related to this disaster is haze pollution and the transboundary component has
led to an international agreement in Asia, including assistance in combating for-
est fires. The related deforestation is diminished in Brazil by satellite surveillance
of the Amazon area and other successful experiments to slow and even reverse en-
vironmental degradation, and this system has been proposed for Indonesia as well
(Leitmann 2004), to reduce its contribution to the “Asian Brown Cloud”. These are
all preparedness measures for resource protection as parts of adaptation strategies
that are challenges met in disaster risk mainstreaming.
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4.3
Challenges to contingency planning and responses

Because the nature of different hazards is not involved as a primary issue and the
organizational challenges have so much in common, we do not differentiate here
between the hazards concerned. However, when drought becomes a long-term
creeping phenomenon it needs a different treatment, but we deal in this paper with
relatively short-term phenomena. There is a consensus in the newest literature that
emergency relief measures are an important part of preparedness strategies to re-
duce suffering after the events, the same way insurances work, but that the other
preparedness approaches should reduce emergency relief necessities as much as
possible (e.g. Smolka in Sahni and Ariyabandu 2003; Stigter et al. 2003a). In India
the armed forces always play a major role, are involved in contingency planning
and coping with disaster response and are prepared to be provided to the civil gov-
ernment.

Swamy (in Sahni and Ariyabandu 2003) summarizes the primary objectives of
the emergency relief response mechanism as to undertake immediate rescue and
relief operations. The mechanism requires planners to identify disasters and their
probability, evolve signal/warning mechanisms, identify the activities and sub-ac-
tivities, define the level of response, specify authorities, determine the response
kind, work out individual activity plans, have quicker response teams, undergo
preparedness drills, provide appropriate delegations and have alternative plans.
This has to be organized identically but must have different contents for each type
of disaster.

There must exist a relation between these challenges and those to preparedness
for the inevitable that will be our last subject below after the challenges to mitiga-
tion practices.

4.4
Challenges to mitigation practices as a coping strategy

441
Impact reductions

Vulnerabilities to hazards can be seriously reduced by temporary or permanent
measures leading to impact reduction. Ariyabandu reports in Sahni and Ariya-
bandu (2003) that in India for the first time in the last fifty years several state gov-
ernments are dealing with drought in different ways, moving away from relief to
mitigation, while in two states where this started decades ago it brought visible re-
sults. He also indicates that mitigation planning and development planning in ef-
fect share common goals. Reporting on the Traditional Techniques of Microcli-
mate Improvement (TTMI) project, that was funded by Netherlands Government
bilateral development collaboration in Africa, Stigter and N'gang’a (2001) illustrate
this with several examples.

Uncertainties in agrometeorology are part of everyday farmer conditions and
Stigter et al. (2005a) have for example extensively dealt with traditional methods
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and indigenous technologies to cope with such consequences of climate variability.
That such variability is increasing makes it more important to improve and extend
the mitigating practices involved and pay attention to farmer innovations and to
products from NMHSs, research institutes and universities that can be absorbed by
farmers to better cope with increasing uncertainties and disasters.

4.4.2
High intensity rainfall and floods

Although implementation of afforestation programmes in the upper parts of rivers
are generally advised and forest depletion discouraged, also in India (e.g. Lohani
and Acharya in Sahni and Ariyabandu 2003), there are many good reasons to plant
and protect trees. But do not expect trees to stop floods or landslides immediately.
Choosing trees according to the farmer’s preference will go a long way towards im-
proving watershed quality while also providing them with a livelihood, like that is
also the case in wind protection (e.g. Onyewotu et al. 2003).

The main causes of increased flooding are changes in riverbeds, destruction of
wetlands, loss of groundcover, compaction of the soil around houses and on roads,
and loss of temporary storage areas (Meine van Noordwijk, CIFOR, personal com-
munication 2006). In contrast with this, people in the eastern floodplains of the
Ganga and Brahmaputra in India and Bangladesh had a long tradition of living
in harmony with floods. The living style, the habitations, the crops grown were
all evolved taking into consideration the climate and the flood-proneness of the
area. Ancient people inhabiting the floodplains took care not to block the natural
drains, preserved the natural beds and depressions, and cultivated only those crops
which could stand submergence (H.P. Das, personal communication, 2006). In or-
der to evolve an alternative development paradigm, the “modern” must assimilate
the merits of the “traditional” (e.g. Dhameja, 2001).

As already indicated by Stigter et al. (2005a), there are few agrometeorological
components other than soil cover mitigation in high intensity rainfall impact and
flood control. Their impact reduction applies in our fields to techniques of using
inputs, soil conditions and planting densities, choices of cropping systems and va-
rieties, applications of (improved) protection strategies in crop/tree space and ap-
plications of other multiple cropping microclimate management and manipula-
tion techniques (Stigter et al. 2003a). A detailed example for agriculture on sloping
land has been given by Kinama et al. (2007). They proved a combination of contour
hedgerows and mulches most suitable to limit water run off and soil loss in heavy
showers, but the largest challenge is to minimize competition between hedges and
crops. Other challenges are in preventing the mentioned flood causes under abun-
dant rainfall conditions to become serious.
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443
Tropical storms, tornadoes and strong winds

Wind induced stem and root lodging of crops is too widely occurring but un-
derstanding of the complex interaction between husbandry as a mitigating fac-
tor, weather and soil has just begun (Sterling et al. 2003). Variety choice, sowing
date, seed rate, drilling depth, soil fertility and the widely used application of plant
growth regulating chemicals are the best known mitigation factors in large scale
cereal growing (Berry et al. 2003; Sterling et al. 2003). Wind reduction in agricul-
ture as far as very strong winds are concerned have mainly to do with microclimate
manipulation using forestry and non forest trees (e.g. Stigter et al. 1989; Stigter et
al. 2002; Ruck et al. 2003; Stigter et al. 2003b).

Even mildly strong winds can be disastrous, as the wind erosion problems in
northern China illustrate, but again mitigation with ground cover and plantings
has the solutions (e.g. Zhao Caixia et al. 2006). On the other hand there are positive
effects from wind damage of forests as well (e.g. Ruck et al. 2003). This also applies
to the humid and sub-humid tropics (e.g. Zhao Yanxia et al. 2005).

4.4.4
Extreme temperatures including heat waves and cold waves.

Based on IPCC’s Third Assessment Report, there is high confidence that, in the
tropics, where some crops are near their maximum temperature tolerance, yields
will decrease generally with even minimal changes in temperature. Rathore et
al. (unpubl.) found a decrease by 15-17% in wheat yield over the northwest Gan-
getic plains due to unusual warming (4-6 degree above normal) in the months of
January and February 2006 coinciding with the booting and anthesis stages. The
simulated results also indicated that wheat crop matures slightly earlier in the
season under study as compared to normal weather. Higher minimum tempera-
tures will be detrimental to crops such as rice in lower latitudes (Zhao Yanxia et
al. 2005). The same authors indicate that crop diseases will have to be combated
also more seriously because higher temperatures in winter are highly favorable
to pathogen survival rates and warmer wetter periods to their development and
spread.

Changes in crops, growing periods, planting dates, varieties, irrigation and
fertilizers as well as crop diversification, intercropping, growing off-season crops
and preference for the more resistant traditional varieties are some of the farm
level mitigations possible (e.g. Gommes and Negre 1992) together with microcli-
mate management and manipulation (Stigter et al. 1992; Stigter 1994). The very
likely higher maximum temperatures, more hot days and heat waves over nearly
all land area will also give increased heat stress in livestock and wildlife (Zhao
Yanxia et al. 2005) for which shade and other protection facilities will have to be
expanded.
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4.4.5
Droughts

The just given mitigation approaches for temperature extremes are also success-
tully used in relatively short term drought conditions, although Walker (1991) be-
lieves that such chances are larger in Asia than in Africa. As an example of micro-
climate manipulation, Onyewotu et al. (2004) made understandable how multiple
shelterbelts protected crops from advected hot dry air under conditions of limited
water supply on soils reclaimed from desertification in Nigeria. As an example of
crop selection, Das et al. (2003) give the case of using a perennial xerophyte cotton
variety surviving drought with lower yields and compensating with good produc-
tion in normal years.

An even more recent illustration was provided by H.P. Das (personal communi-
cation) for a prolonged dry period resulting in water deficiency in all the districts
of Assam, India, from the 1* week of July up to the second week of August 2006,
although the seasonal rainfall total had been forecasted as “normal” in that re-
gion. In fact a drought situation was declared by the state government. Along with
this dry period, unusual high temperature was prevailing almost throughout the
state. In view of this, farmers were advised to stop sowing “Sali” rice, as the delayed
sowing of this would cause severe moisture stress in the plants, and to start sow-
ing short duration pulses with minimum irrigation. They implemented the advice.
Subsequently after onset of new rains, the farmers were advised to sow more puls-
es. The state of the crops according to extension officers was satisfactory till the last
date covered, by early September. It was noted that farmers are very conscious of
their needs and appeared to be more interested in the onset of rains and dry spells.
In this particular case, close monitoring of the rainfall situation rather than long
range forecasts of the seasonal rainfall led to giving the right agrometeorologi-
cal service. This illustrates the challenge of finding for each problem the simplest
methods of support to mitigation possibilities instead of forcing methodologies to
fit problem solving.

Although rainfall in Asia is generally expected by climate change scenarios to
increase, the also increasing variability has already given yield diminishing mois-
ture stresses due to prolonged dry spells in combination with heat stress (Zhao
Yanxia et al. 2005). This makes the mitigation of, and for, dry spells the most chal-
lenging issue for the future. A culture of small scale water impoundment (Stigter et
al. 2005a) may assist if the health dangers of standing water can be overcome.

4.4.6
Wildfires and bushfires

The necessary ingredients to maintain a fire are given in a fire triangle concept;
this concept portrays a triangle with each side sequentially labelled fuel, oxygen
and heat. The absence of fuel, oxygen or the heat produced causes the fire to burn
out. Fire-fighting methods are based on breaking the triangle by cooling the heat
component, smothering the oxygen or removing fuel. The fuel component of the
fire triangle merits consideration because it lends itself to modification at all times
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of the year. Oxygen is always available but its supply is enhanced by certain stabil-
ity and wind situations; the source of heat is generally an imposed factor, say by
lightning, and does not lend itself to overall control (WMO 1993 and 2007).

The climate of a region determines the type, amount, distribution and state of
fuel available for the outbreak of fires. Fuels are found in almost infinite combi-
nations. Every fuel has an inherent flammability potential which can generally be
realized, mainly depending upon the amount of water in the fuel. In the tropics,
most fires are used by humans as an important tool in land management. In the
sub-tropics, lightning is one of the main causes of fire outbreaks, whilst in the trop-
ics fires started from lightning are rare (WMO 1993 and 2007). From the mitiga-
tion point of view, it are the amounts and distribution of the most flammable fu-
els around that could be influenced most. However, in practice this is not possible
on a large scale and therefore the only mitigation applied is related to minimizing
and where necessary managing the imposed sources of fires. Fire fighting itself as
a form of mitigation needs a lot of knowledge of which the agrometeorological as-
pects have recently again been reviewed (WMO 2007).

4.5
Challenges to preparedness as a coping strategy

Stigter et al. (2003a) put forward the opinion that coping with flood disasters would
gain from the same change of emphasis in the approach as took place in Japan with
respect to earth quakes. They thought that in such an approach additional mea-
sures had to get focus and different questions would have to be asked with respect
to preparing victims for the occurrence of floods. It was concluded from the Oris-
sa super cyclone disaster in India that trying to build preparedness models may be
counterproductive, because of the occurrences and effects being extremely loca-
tion specific. Furthermore, lessons learned from very exemplarious villages fitted
in three preparedness categories: (i) livelihood-focused support, (ii) participation
perspectives, and (iii) community perspectives (Stigter et al. 2003a). The challenges
of giving contents to such an approach would apply to the other disasters that we
have considered as well.

As to the first category, beyond contingency and response planning there needs
to be basic contemplation on whether there are alternatives for the present liveli-
hood situation. These could include changing place, changing subsistence activi-
ties, changing income generating activities, for the individual/family, part of the
village, and the whole village. Insurances may be a way out. Governments may
offer such possibilities, villages/families/individuals have to respond; conditions
may force people to leave or to accept worsening conditions. For the second cat-
egory, all other preparedness aspects we discussed in this paper have participation
issues. The differentiation discussed by Stigter et al. (2007) shows that such issues
depend on education, income, occupation, and information channels. It appeared
that the more the participation, the better are the chances of solving problems or
living with problems. Finally, it was shown that where a community was able to
organize itself, the third preparedness category, with an eye on a common (still
differentiated) future, offers increased chances for a more successful future. Such
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factors are essential in the total preparedness picture that we wanted to give. The
challenges involved are getting people organized by themselves, NGOs or the gov-
ernment in preparations for future disasters in these ways.

We will now end this paper with some challenges to methodologies in disaster
science and development of an Agrometeorological Advisory Service (AAS). The
complexity of the problems necessitates cooperation between research scientists in
various disciplines. It is becoming important that we rapidly identify gaps in our
knowledge and initiate research aimed at operationally increasing the adaptability
of agriculture in the face of climatic change.

4.6
Challenges to methodologies in disaster science to support preparedness

4.6.1
Early warning systems for assessing agrometeorological risks

Use of improved climate and weather information and forecasts along with efficient
early warning systems would contribute to the preparedness for extreme weather
events. New technologies have brought about an accelerated increase in our knowl-
edge of the climate system. Today the accuracy of forecasts of large-scale weather
patterns for seven days in advance is the same as those for two days in advance only
25 years ago. The accuracy of tropical cyclone track forecasts and the timeliness of
warnings have been steadily improving in the past few years. When properly com-
municated and absorbed, early warnings may empower farmers and communities
threatened by natural hazards to prepare themselves in sufficient time and in an
appropriate manner so as to minimize the risk of the impending hazard. Techno-
logically oriented early warning, integrated with field data on crop and livestock
conditions, price movements, human welfare etc. is for example crucial for track-
ing drought, its onset, its impact and farmers response to it. Primary policy deci-
sion makers, resource generators, and relief and mitigation workers need informa-
tion about early warning of onset of drought events, estimation of area, intensity
and duration, long term and short term plans for coping with droughts etc. It is a
challenge to have this information operationally provided.

A definition of warning stages (e.g. normal, alert, alarm, emergency as is preva-
lent for cyclones in India) should be generated by the early warning system to trig-
ger government and other responses. The effective warning system should have
meteorological/agricultural information, production estimates, price trends of
food and feed, availability of drinking water and household vulnerability, so that
a variety of indices related to production, exchange and consumption could be ad-
dressed. The challenge is that information on the spatial extent and duration of
risk events, time of occurrence with reference to crop calendar and severity of the
events could operationally help in the preparations of coping strategies.

Several approaches are employed to estimate the impact of weather conditions
on plant diseases. One can provide predictions based on previously established
empirical relations between the population density of pathogens, vegetation status
and climatic variables. But, faced with the complexity of the problem, it is much
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more efficient to use epidemiological models: epidemiological development is de-
scribed in the form of a functional model where each biological process is linked to
climatic parameters. These models when coupled to crop simulation models may
provide a reasonable forecast on likely infestation. However, the establishment of
these models necessitates the acquisition of various observed data and knowledge
acquired by experimenting on the disease. At the present time, very few of these
models are available and it is a great challenge that progress is made in this direc-
tion.

4.6.2
Remote sensing for spatial information

To study certain impacts of meteorological hazards on agriculture and forestry
and improve our understanding of certain preparedness issues, use of remote sens-
ing data is a precious tool in obtaining spatial information on areas of interest
where ground measurements are difficult. Moreover, additional information on
the land may be essential in establishing its sensitivity to water excess or deficit,
water and wind erosion, and the risks of soil degradation. In recent years, many
investigations have demonstrated the capability of satellite-borne sensors to pro-
vide information on various crop indicators, which help to monitor and identify
crop stress more effectively. For example during drought conditions, physiological
changes within vegetation may become apparent. The National Remote Sensing
Agency (NRSA) in India is using a vegetation index to determine vigor of vegeta-
tion. Condition of the crop is affected by factors such as supply of water and nu-
trients, insect/pest attack, disease outbreak and weather conditions. These stresses
cause physiological changes, which alter the spectral properties of leaf/canopy. The
task of crop condition assessment requires (i) detection of stress, (ii) differentiation
of stressed crop from normal crop at a given time (iii) quantification of extent and
severity of stress, and (iv) assessment of the production loss. Crop stress conditions
are often better characterized through the use of spectral Vegetation Indices (VI)
in comparison to use of individual spectral bands.

Many factors affect crops, most of which are time and space-dependent so that
they can be represented as maps e.g. physiography, soil type, soil fertility, depth-to-
ground water table, slope of the area, date of sowing and application of irrigation.
All these factors can be represented in the form of maps. These maps can be com-
bined (integrated) and analyzed using GIS to find the potentiality of the area for a
particular crop and expected crop yield. It is a challenge that suitability of various
crops can be estimated by integrating various factors affecting them under GIS en-
vironment, simultaneously evaluating agrometeorological risks and suggesting al-
ternative crops or cropping systems for an area.
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4.6.3
Data analysis in research

To prepare agriculture and forestry for adapting to meteorological risks, another
challenge is that efforts must be made in research, based on the knowledge of cli-
mate data currently available, and orienting it towards the development of the most
useful techniques. These developments must be accompanied by efforts in agro-
nomic research which take the hypothesis related to climatic extremes and vari-
ability into account in research in plant genetic improvement and development
of sustainable cropping systems to attain the delivery of operational applications
regarding adaptation strategies. It then becomes indispensable to single out two
types of adaptation depending on the final user: those which can be implemented
by the farmer himself (modification of sowing dates, varietal choice, use of season-
al forecasts, etc.) and those for decision-makers, land and natural resource man-
agers which necessitate investment in development and construction infrastruc-
tures.

The concept of the Markov Chain probability model (Robertson 1976) on ini-
tial and transitional probabilities of dry and wet spells has been found a very useful
tool for crop planning and drought monitoring. The Markov Chain model can be
fitted to weekly rainfall totals to obtain sequences of dry and wet spells. These ini-
tial and transitional probabilities can be used for answering several questions con-
cerning the expected frequencies of sequences of dry and wet weeks. The challenge
here is that understanding sequences of wet and dry spells should help in prepar-
ing better agro-advisories, which should help farmers and agricultural scientists to
take appropriate decisions for farm operations (Biswas 1994).

4.7
Agrometeorological Advisory Service (AAS)

The major challenge to coping strategies is the development of well differentiated
and sufficiently scaled up operational services supporting preparedness strategies
(e.g. Stigter et al. 2007). In India, the National Centre for Medium Range Weather
Forecasting has for example developed an AAS in close collaboration with the In-
dia Meteorological Department, the Indian Council for Agricultural Research and
the State Agricultural Universities. General Circulation Models (T-80 and T-170)
constitute the basic tool for preparing location specific forecasts in the medium
range. The model output is subjected to statistical (Perfect Prog. Model) and syn-
optic interpretation for improving the skill of weather forecasts. In relation to the
forecasts currently available, progress is expected by users on enhancing the skill
and range of meteorological variables. It would be necessary to obtain informa-
tion not only on the average values, but also on the extreme values (for example,
for rainfall or wind speed) and exceeded threshold values (the case of frost and
heat waves). The center is providing agro-climatic zone specific day to day weather
forecasts for next 4-5 days twice a week i.e. Tuesday and Friday along with cumu-
lative weekly rainfall. The weather forecast is made in quantitative terms for rain-
fall, cloud cover, maximum temperature, minimum temperature, wind speed and
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direction. These zone-specific forecasts are tailored in the light of current weather
observations received from the AAS unit in real time. The forecast is disseminat-
ed to the AAS units in real-time using fast communication facilities like Internet/
Telefax etc. IMD is providing support to maintain an observational network of ob-
servatories at AAS units.

On receipt of the forecasts at the AAS units, they prepare the medium range
weather forecast based agrometeorological advisories in vernacular language in
consultation with a panel of experts in various subject matters of agriculture. These
agro-advisories which are crop specific, weather event specific and farm operation
specific are disseminated to farmers through all possible mass media like newspa-
per, radio, television and also through personal contacts by extension workers. The
advisories are kept as simple as possible both in terms of the language and the ter-
minology keeping in view the literacy level of the local farmers. In addition to the
farmers, these bulletins are also provided to authorities of concerned departments
like those of agriculture, horticulture, irrigation, soil conservation, animal hus-
bandry etc. to enable them to take necessary measures for effective utilization of
the advisories. These are examples of what in the literature now more generally is
called agrometeorological services (e.g. Stigter et al. 2005b; WMO 2006).

4.8
Conclusion and recommendation

The four coping strategies with preparedness from a different perspective have
been explained and illustrated. The key challenge is in the combination of these
strategies and in facing a combination of challenges to each of them. The stronger
governments and/or NGOs are at local levels, but supported by higher up levels,
the more chances of coping with disasters there are. Much suffering will remain in
coping with disasters, because fate has to be faced and more resource wars loom.
But it has to be recommended that the preparedness strategies are taken serious be-
cause local, federal and international support can also be better absorbed and used
when more challenges to coping strategies that we discussed are met within the lo-
cal possibilities of communities, families and individuals.
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CHAPTER 5

Challenges and Strategies
to face Agrometeorological Risks and Uncertainties —
Regional Perspective in South America

Constantino Alarcon Velazco

5.1
Introduction

South America is one of the regions in the world, most exposed to a wide range of
hydro-meteorological hazards, according to the EM-DAT, an international data-
base on disasters, that the Office of US Foreign Disaster Assistance (OFDA) is in
charge of. The Center for Research on the Epidemiology of Disasters (CRED) es-
timates that between 1980 and 2005, almost 80% of the natural disasters, 30% of
the loss of human life and 75% of economic loss that took place in the Region were
caused by hydro-meteorological conditions and hazards.

In South America where agriculture, fishery and forestry contribute 12% of the
Gross Domestic Product (GDP), the success of these activities depends basically
on a favourable climate. A good rainy period, together with adequate temperature
conditions and the absence of extreme weather, guarantee the success of agricul-
tural production. Despite its importance, agriculture is the sector most vulnerable
to natural disasters.

Natural disasters that pose the most dramatic threat to agriculture in the region
are: floods, droughts, strong winds, landslides, volcanic eruptions, and climate
change. While the first four have a catastrophic character, the last two represent
a risk that could exert a pressure towards a change in the land-use and the imple-
mentation of some adaptation measurements. This situation threatens the econom-
ic development and food security in the countries.

One aspect important to the region is a better understanding of the links be-
tween climate variability, with an special emphasis on El Niflo/Southern Oscil-
lation (ENSO), and the extreme hydro-meteorological events, since this is funda-
mental to the design of appropriate preventive measurements for disaster risk re-
duction.

These climatological phenomena severely affect the social, economic and politi-
cal life of the affected countries. Heavy rain, prolonged droughts, intense canicula,
polar cold, shortage of agricultural products, abundance of some other unexpected
products, floods and others, constitute a worrisome reality.
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5.2
Climatology and Geography of South America

A fundamental aspect for being able to face risks and uncertainties, which South
America confronts, is an understanding of its geographical location and climatol-
ogy (IADB 2001).

The geographical location provides the main explanation for the extreme nat-
ural phenomena that cause great disasters in the region. This region is extremely
prone to earthquakes and volcanic eruptions, because its territory is located on
some tectonic plates, along the Pacific Ring of Fire.

Climate variability is extreme. Evidence of it are the occurrence of severe
droughts, floods, cold waves and winds caused by the El Nifio events, by the annu-
al North-South displacement of the Inter-tropical Convergence Zone (ITCZ) and
by the entrance of frontal systems (Fig. 5.1). Recent climate changes seem to have
aggravated climate variability in the region.

The degree of vulnerability in the region, in relation to extreme natural phe-
nomena is not only determined by its geographic location and climate patterns,
but also by several socio-economic factors that increase the vulnerability to these
natural hazards, i.e. settling of populations in some places inappropriate to agri-
culture, environmental degradation, etc.

ANTICYCLONE
OF THE
SOUTH PACIFIC

PERUVIAN
CURRENT

RONTAI SYSTEMS

Fig.5.1. Atmospheric processes affecting climate in South America
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53
Natural Phenomena that affect Agriculture in South America

The main natural phenomena affecting agriculture in the region are the following
(FAO 2000):

5.3.1
Landslides

Due to the topography of the region, most of the landslides generally occur on the
hillsides, and in specific places, where deforestation and improper management of
the soil are the main factors for the occurrence of these factors.

5.3.2
Volcanic Eruptions

At present several existing volcanoes in the area are active and they cause a seri-
ous impact on the national economies and the health of the communities. Volca-
nic eruptions block solar radiation causing cooling and diminishing of luminosity.
These impacts together with the deposit of minerals that are in high concentrations
are toxic to animals, can generate great harm to agriculture and livestock.

5.3.3
Floods

Floods occur in areas near the riverside where farmers, wanting to make good use
of the land, start sowing in the lowlands. When a heavy rain occurs, it causes an
overflow in the rivers and devastates the crops.

Some of the problems that arise whenever there is a flood, are the following:

e Heavy precipitation causes an “increase” in the river water level. This is more
evident when there is an El Nifio event.

e Flood-plain inundation and damage to the houses, transportation, farm pro-
duction, and in some cases with loss of human lives.

e Slow drainage of inundated areas which results in pools of stagnant water. This
situation generates health problems for the population.

o Flow attacks to the banks of the main riverbed, causing permanent changes in
the river course and loss of productive areas.
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5.3.4
Droughts

Drought is considered a natural disaster that originates from a deficiency of pre-
cipitation over an extended period of time, causing harm to the different activities
of the population. The damages caused by effect of droughts are much stronger in
areas of extreme poverty.

Drought causes negative impacts such as: reduced water availability for irriga-
tion purposes; delay in the sowing dates and less crop yield; loss of productivity in
natural prairies and dry-land crops; increased erosion on plains and high areas;
environmental stress in hydromorphic areas; soil salinization due to the reduction
in the volume of water for irrigation and drying up of wet areas; effect of frosts due
to the delay of the sowing in drylands; intensification of freatic water tables and
drying up of wells; and advance of desertification in the arid, semi-arid and sub-
humid ecosystems.

The degree of severity of droughts can be intensified due to some other climate
factors depending on each region and these include high temperatures, strong
winds and low relative humidity.

5.3.5
Extreme temperatures including heat waves and cold waves

During periods of heat waves, the extreme high temperatures together with a high
vapor pressure deficit can generate intense evapotranspiration. This situation is
generally intensified with the occurrence of the El Nifio events.

Frosts occur only in the Inter-Andean region where it affects the small-scale
crops. Generally farmers carry out their activities in the frost-free periods in order
to avoid the negative effects caused by the occurrence of this phenomenon.

5.3.6
The Climate Change

The effects of projected climate change on crop yields in the region are uncertain.

The effects include both positive and negative impacts as follows:

e The changes in the number of humid months induced by the changes in precipi-
tation and evapotranspiration could mean greater changes in the spatio-tempo-
ral distribution of agricultural systems.

o The increase in the area of climate types described as semi-arid and sub-hu-
mid dry, implies greater risks of land degradation when inadequate agricultural
practices are performed.

e In relation to temperature, the impacts are positive when it increases in a colder
climate, as well as the fertilization with atmospheric CO,. In warmer climates
the increase of temperature could be critical when the thermal stress increases
and it accelerates the development cycles of crops. On the other hand, the in-



Chapter 5: Challenges and Strategies to face Agrometeorological Risks and Uncertainties 75

crease of night time temperatures implies an increase in respiratory losses and
consequently diminished yields.

e With regard to precipitation, reduction in the arid, semi-arid, and sub-humid
dry zones could reduce crop yields, while in the humid zones where excessive
precipitation is the norm, a reduction in the amount of precipitation could be
beneficial.

5.3.7
El Niflo — La Nifla Phenomenon

The main climatic characteristics in South America, during the El Nifio event are
frequent anomalies (Fig. 5.2). Together with an increase in the temperatures in the
western coasts of the Pacific Ocean, it modifies the atmospheric circulation pat-
terns, pressure, precipitations, rivers discharge and the water level of the lakes. El
Nifo causes above normal rains, and droughts in several places.

5.3.8
Strong winds

High speed winds not only favor excessive evapotranspiration but also can cause
the breakage of some parts of the plants and harm structures of the plant that ac-
tively contribute to the crop yield.
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Fig.5.2 Impacts of El Nifio — Southern Oscillation (ENSO) phenomenon in South America
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5.4
Vulnerability of the Region

Vulnerability in the Region is aggravated because of the location of human activi-

ties in some places of great risk, natural resources subject to excessive pressure of

poverty, lack of environmental management policies, excessive centralization, lit-
tle agricultural technology, and lack of education of the population to prevent and

face risks (OAS 1993).

Main causes of vulnerability in the region are the fast and un-regulated urban-
ization, rural and urban poverty, deterioration of natural resources, ineflicient
public policies, and the delays and mistakes in infrastructure investments. In the
region, there is little investment concerning mitigation of natural hazards and the
response is mainly under emergency situations.

Vulnerability of natural forests, mountain ecosystems and agriculture is reflect-
ed in the following aspects (WMO 2007):

o Deforestation of rainy tropical forests is altering the hydrological cycle in the
region causing a shortage in precipitation as a consequence of reduced evapo-
transpiration. These deforested areas have lost all protection to face climate
variability, making them more vulnerable to floods and soil degradation.

o In the subtropical forests of the semi-arid regions, where precipitation is expect-
ed to be reduced, the loss of vegetative cover is generating desertification.

e The vegetation in the prairie ecosystems is highly dependent on precipitation.
Overgrazing and inadequate management practices are generating high deserti-
fication areas.

The mountain ecosystems play an important role in South America because:

o They constitute places with considerable human settlements (Bolivia, Colombia,
Ecuador Peru and the Highlands of Chile)

e They perform an hydrological regulating function and at the same time the al-
titudinal gradient formed by the Andes mountains is a source of rich biodiver-
sity.

e At present the mountains are threatened by global warming which is altering
the runoft regimens of the rivers, making the irrigated areas vulnerable to the
occurrence of droughts (Peru, Bolivia, Chile y Argentina).

Most of the agricultural lands is going through a process of degradation due to in-
appropriate management and use. Non-irrigated agricultural land depends on pre-
cipitation which makes them vulnerable to seasonal to inter-annual variations of
precipitation.

Inappropriate management of soils has led to a stage where agricultural activi-
ties are taking place in fragile areas that are not suitable for such practices. This has
resulted in a situation in which almost all the countries have a generalized and ir-
reversible erosion in terms of agricultural productivity. The irrigation systems, not
efficient enough, are responsible for the salinization of the river waters, sedimenta-
tion of the river beds and reservoirs. All these practices are increasing the vulner-
ability of agriculture.
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5.5
Capacities and Resources in the region
to face Agrometeorological Risks and Uncertainties

Capacities and resources in the region vary from one country to another, however
in facing natural disasters there are some aspects in common between the coun-
tries in general, which include the agro-meteorological phenomena.

5.5.1
Economic status of the countries

In the region most of the countries have reached a certain degree of macro-eco-
nomic stability which is enabling governments to better respond to the impacts of
disasters and they are investing more in the prevention and reduction of risks and
uncertainties.

5.5.2
Government policies

As a consequence of the increasing incidence of disasters, which has made the re-
gion extremely vulnerable, several governments have included disaster preven-
tion in their political agenda. This political commitment is demonstrated in the
assumed compromises in relation to the International Strategy for Disaster Reduc-
tion (ISDR).

5.5.3
Creation and strengthening of specialized institutions

The new political orientation is leading some countries to create new inter-insti-
tutional and sector integrated systems for disaster prevention and response. Other
countries are initiating modernization of the national agencies specializing in di-
saster mitigation.

Some governments have created regional institutions, such as the International
Center for the Research of El Nifto Phenomenon (CIIFEN), aimed at promoting,
complementing and starting scientific and applied research projects, necessary to
improve the understanding and early warning of the ENSO and the climate vari-
ability at a regional scale. Projects such as the Disaster Prevention in the Andean
Community (PREDECAN) contribute to vulnerability reduction of the popula-
tions and of the material goods that are exposed to danger and natural risks in the
countries of the Andean Community of Nations. The Network of Social Studies for
Disaster Prevention in Latin America (The Network), which is constituted by non-
governmental institutions and researchers in all the region, informs and advises
the governments about their policies and gives advise to other regional and inter-
national organizations.
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The United Nations agencies also provide support to the region to improve pre-
vention and response to disasters, and they constitute a considerable resource. It is
worth mentioning the work of the Economic Commission for Latin America (CE-
PAL) in the assessment of the economic impacts of natural disasters. These evalu-
ations provide important information for planning reconstruction and prevention
purposes.

Institutions such as UNDP, UNESCO, WMO, FAO, CAF, IDB and the World
Bank are promoting the necessary scientific capacity building to reduce risks. With
important bilateral assistance from Europe, Japan, Canada, the United States and
some other countries, national efforts are being promoted by means of regional,
national and local projects to evaluate risks, and for preparedness in case of an
emergency situation and prevention.

The local non-governmental organizations and the civil society of the Americas
are playing an important role in the prevention and response to natural disasters,
and in many cases with support from international NGOs.

5.5.4
Risk identification and analysis

Countries in the region identify the main natural disasters to which they are most
exposed and assess their frequency, intensity, duration and localization (risks
maps). The identification of certain risks is being used to define the necessary mea-
surements for prevention and mitigation and planning of the socio-economic ac-
tivities in each country (WMO 1993).

5.5.5
Monitoring networks and early warning

Most countries have monitoring and early warning networks, however it is impor-
tant to point out the necessity to modernize the hydro-meteorological information
network; modernize Meteorological Services and the means by which forecasting
is made in the region; improve early warning systems and improve communication
between the scientists responsible for evaluating the atmospheric and hydrological
conditions and also between those in charge of providing early warnings.

5.5.6
Information on the risks for decision making

Most of the Governments in the region have understand that it is necessary to have:

e The projections on the incidence and the estimation of impacts of natural disas-
ters in order to prioritize preventive actions.

e The information on risks for the adoption of preventive policies and prepared-
ness and for the establishment of specific objectives and priorities related to in-
vestment.
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e The information on risks and vulnerabiltiy of natural disasters to develop pri-
vate insurance and other market tools to combat risks.

e Research carried out in the region, with the purpose of analyzing the existing
assessment methodologies, their use and to provide relevant and precise infor-
mation to the persons in charge of formulating policies, action plans for the pre-
ventions and institutional development.

5.6
Defining Policies and Tools to face Agrometeorological Risks
and Uncertainties

The efficient management and planning of agricultural activities requires policies

and tools that allow communities to face agro-meteorological risks and uncertain-

ties (WMO 2006). Among these we can consider the following:

e Mitigation of the impacts of agro-meteorological risks and uncertainties re-
quires multi-sectorial and multi-disciplinary actions.

e Defining adequate strategies for land use based on forecasted risks, selection of
varieties, and types of crops or change the sowing dates to reduce crop loss.

e Improve irrigation techniques and most efficient use of water, likewise, to man-
age water more efficiently and to prevent flooding and soil erosion.

e Adopt appropriate soil management systems to minimize the erosion during
both rainy and dry events.

e Improve prairie management and adjust livestock numbers on the grazing lands
according to the provisions of climate risks.

e Restoring degraded ecosystems.

e Promote the creation of early warning systems of adverse agro-meteorological
phenomena

e Carry out evaluations and agro-climate zoning to determine the most favorable
conditions for agriculture as well as extreme conditions that are anomalous and
recommend appropriate measures to control them.

Several of these actions can be improved by means of an early warning system for
adverse climate phenomena to reduce uncertainties through a better understand-
ing of the dimensions of risk. On the other hand, all the information about the
generation and evolution of climate phenomena generated daily by different insti-
tutions should be used. At present several institutions provide forecasting systems
for El Nifo events which include NCEP of the National Oceanic Atmospheric Ad-
ministration, USA; MM5 from the University Corporation for Atmospheric Re-
search, USA etc.

5.7
Strategies to cope with Agrometeorological Risks and Uncertainties

Given the high recurrence of extreme agro-meteorological events, the South Amer-
ican region must generate strategies to prevent and mitigate their impacts. In this
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sense, the agro-economic planning at a short and long term and at a local, regional
or national scale, should be formulated more rationally including among its vari-
ables, the agro-meteorological and agro-climatic information (WMO 2004). For
example, real time climate data can be used to predict production 2 or 3 months
in advance, as this provides sufficient advance information for decision making
in buying/sales processes and for distribution and commercialization of products.

The agro-climatic analysis on a long term scale makes it possible to carry out crop

zonation and identify the most suitable periods for their cultivation. They can also

efficiently contribute to the planning and management of risks, by balancing the
water requirements with water availability in the region.

When putting into operation the strategies one should recognize that the most
important element in long term is prevention. Within this principle the following
strategies are proposed.

e Implement and strengthen early warning systems for agriculture by establish-
ing and strengthening national and regional monitoring and surveillance sys-
tems that allow the identification and dissemination, in advance and in a re-
liable manner, of the imminent occurrence of meteorological events that may
cause harm to the agricultural sector.

e Strengthen international cooperation by implementing and operating these sys-
tems by means of surface networks, satellites, communication, exchange of ex-
pertise and experts.

e Develop and apply methods to evaluate the vulnerability of the countries by
integrating biophysical, socio-economic and historical information and create
charts for risks, vulnerability, potential impacts and risks reduction strategies.
For this purpose, it is important to carry out some activities to identify the most
critical zones concerning floods, droughts and wildfires, so that the necessary
actions to reinforce or install early warning systems can be identified.

e Strengthen the capacity to analyze the agro-meteorological risks and uncertain-
ty information.

e Develop scenarios and climate forecasts at the short, medium and long term at
the regional level for the agricultural sector in order to define climatic anoma-
lies scenarios related to climate variability or to climate change, in terms of in-
tensity, distribution, seasonality, considering the most representative variables
for the agricultural sector in the region.

e Establish and standardize regional methodologies to evaluate the influence of
climate variability and climate change in the productions of crops.

e Promote efficient irrigation systems and soil management systems to maximize
the use of precipitation and to reduce the risks of erosion.

¢ Evaluate socio-economic impacts of agro-meteorological risks and uncertain-
ties through a knowledge of the phenology of the plants, an inventory of the
most frequent impacts of the different climate variables and possible scenarios
of the effects or positive impacts of climate anomalies on crops. It is necessary to
have the information on the rise in production costs, loss of infrastructure and
goods, loss of agricultural land, reduction of farm income, migration from the
countryside to the city and impacts on employment and labor.

e Implement a Regional Information System for agriculture through the gener-
ation of data and information for decision making and agriculture planning
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demands to have coordination mechanisms specially between regional institu-
tions. The present technologies of communication such as the Internet provide
a possible way of support to have access and to use important information for
different users in the agricultural sector for prevention and mitigation of agro-
meteorological risks..

e Participate in the implementation of regional and national strategies to fight
against drought and desertification, especially in the matters related to regional
plans which up to the current moment have not been developed due to the lack
of international cooperation capacity.

e Develop and implement regional training programmes in using, applying and
operating geographic information systems (GIS) and remote sensing applica-
tions to monitor the crops, forecast extreme events, carry out agro-climatic mod-
eling, interpret satellite images oriented to agriculture, handle agro-meteorologi-
cal data and analytical tools, and transfer of methodologies among others.

5.8
Conclusions

In the last few years governments of the countries in South America are giving an
increasing recognition to the social and economic benefits related to activities of
prevention and reduction of climate risks. This recognition is reflected in issuing
new policies, budgetary allocations to carrry out these activities and the develop-
ment of the capacity of the organizations in charge of prevention and mitigation
activities. Most countries in the region are showing a trend to leave behind mecha-
nisms of just responding to disasters originating from climate and favor the multi-
disciplinary and multi-sectorial approaches for prevention in the long and medi-
um term.

On the other hand, in this region there are some regional and sub-regional in-
stitutions that have proved to be crucial in promoting an inter-disciplinary ap-
proach and to support the country members to undertake the global practice of
risk reduction and institutional development in this field. In this sense, there is
an increasing interest in the education sector to face risks and uncertainties of cli-
mate origin, since there is a growing number of universities that offer post-gradu-
ate and masters courses on Risk Management and Reduction of Disasters and there
are many countries, in which the reduction of disasters is being included in many
school programs and at different levels.
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CHAPTER 6

Agrometeorological Risk and Coping Strategies -
Perspective from Indian Subcontinent
N. Chattopadhyay, B. Lal

6.1
Introduction

The Indian subcontinent has been exposed to disasters from time immemorial. The
increase in the vulnerability in recent years has been a serious threat to the overall
development of the country. Subsequently, the development process itself has been
a contributing factor to this susceptibility. Coupled with lack of information and
communication channels, this had been a serious impediment in the path of prog-
ress. India’s vulnerability to various disasters has led to mounting losses year after
year. Mammoth funds were drawn to provide post disaster relief to the growing
number of victims of floods, cyclones, droughts and the less suspecting landslides
and earthquakes.

Considering the vast area of the Indian landmass, around 57% of the land is vul-
nerable to earthquakes, 28% to droughts, 12% to floods and 8% to cyclones. Added
to this is the susceptibility of various men-made hazards. Figuratively speaking,
around one million houses are damaged annually.

Indian agriculture is passing through a critical phase as the rate of increase in
crop production is barely keeping pace with the increase in population rates. The
Prime Minister of India has rightly called for a doubling of crop outputs in 10
years’ time. As more land cannot be diverted to agriculture, increase in unit area
productivity of crops is called for. Our recent experience is that the strategy of err-
ing on the safe side through over-irrigation, over-protection and over fertilization
of crops has been counter productive, leading to a decrease in rates of crop produc-
tion even under irrigation and degradation of soil and air environments and pollu-
tion of surface and groundwater reserves. The challenges facing agriculture in the
country are ever increasing. In the first place agriculture is highly weather depen-
dent and hence subject to its variabilities. Secondly, the possible impacts of climate
change may pose major challenges. Finally, the very sustainability of intensive ag-
riculture using present technologies is being questioned in the context of Global
Change debate. The problem therefore has to be addressed collectively by scientists,
administrators, planners and the society as a whole.

In the present paper the extreme weather events causing the agrometeorologi-
cal risks in different parts of the country during last 100 years have been discussed.
Besides the impacts of these weather events on crop and plausible coping strategies
for management of these agrometeorological risks for better crop production have
been mentioned.
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6.2
Extreme weather events and its impacts on Indian agriculture

The year 1999 witnessed a super cyclone striking the eastern coast of India (Oris-
sa State). It was a major natural disaster affecting the subcontinent in recent years.
Droughts of 1972 and 1987, the heat waves in 1995 and 1998 and the cold wave in
2003 killing several hundred people are still fresh in public memory. The drought
and failed monsoon of 2002, in particular, an unusually dry July, is matter of con-
cern for scientists and planners (De et al. 2005).

Year to year deviations in the weather and occurrence of climatic anomalies/ex-
tremes in respect of these four seasons in the country are
i) Cold wave, Fog, Snow storms and Avalanches
ii) Hailstorms, Thunderstorms and Dust storms
iii) Heat wave
iv) Tropical cyclones and Tidal waves
v) Floods, Heavy rain and Landslides, and
vi) Droughts

6.2.1
Cold wave

Occurrences of extreme low temperature in association with incursion of dry cold
winds from north into the sub continent are known as cold waves.

The cold waves mainly affect the areas to the north of 20 °N. Cold wave con-
ditions are sometimes reported from States like Maharashtra and Karnataka as
well.

The maximum number of cold waves occur in Jammu and Kashmir followed
by Rajasthan and Uttar Pradesh (Table 6.1). It may be seen that number of cold
waves in Gujarat and Maharashtra are almost one per year though these states are
located in a more southern location. In the states of Uttar Pradesh and Bihar, the
number of deaths from extreme events in the cold weather season during 1978 and
1999 was 957 and 2307 respectively. These two states rank the highest in terms of
casualties from cold wave. West Madhya Pradesh experienced most frequent cold
waves/severe cold waves and highest number of cold waves/severe cold waves days
during the decade 1971-80 (Pai et al. 2004). In the first week of January 2000, the
deadly cold spell resulted in the death of 363 persons of which 152 were from Ut-
tar Pradesh and 154 were from Bihar (IDWR 2000). Severe cold wave conditions
prevailed over most parts of Bihar and adjoining parts of Orissa during December
2001 and claimed around 300 human lives. During the 1* to 3" weeks of January
2003, the northern states were under the grip of a severe cold wave and in all 900
people died of which 813 were from Uttar Pradesh alone.
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Table 6.1 Number of Cold Waves

State Epochs

1901-10  1911-67 1968-77 1978-99  2000-06* 1901-2006*

West Bengal 2 14 3 28 3 50
Bihar 7 27 8 67 14 123
Uttar Pradesh 21 51 8 47 28 155
Rajasthan 11 124 7 53 28 223
Guyjarat,
Saurashtra& 2 85 6 6 7 106
Kutch
Punjab 3 34 4 19 48 108
Himachal Pradesh - - 4 18 31 53
Jammu & Kashmir 1 189 6 15 43 254
Maharashtra - 60 4 18 - 82
Madhya Pradesh 9 88 7 12 24 140
Orissa 4 5 - - 12 21
Andhra Pradesh 2 - - - - 2
Assam 1 1 - - - 2
g:lrgia g(aéhandigarh - N 4 15 2 4l
Tamil Nadu - - - - 2 2
Karnataka - 10 - - 17 27
Telangana - 5 1 - 8 14
Rayalaseema - 3 - - 3 6
6.2.1.1

Effect of extreme cold weather/frost

Long periods of extreme cold weather combined with other meteorological phe-
nomena result in the loss of winter crops, fruit crops and vineyards due to frost in-
jury. Low soil temperature at the depth of plant roots causes frost injury. Such re-
duction in soil temperature occur with strong frosts, in the absence of snow cover
and with deep freezing of the soil. Most frost injury to winter crops takes place in
the first half of winter before sufficient snow cover has formed. In the second half of
winter, frost injury happens in regions with unstable snow cover. Under low tem-
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peratures basically a plant dries out and the protoplasm (the living part of cells)
dies. Damage to the part of a plant does not always result in damage or destruction
of the whole plant. A determining factor is the degree of frost injury to a tillering
node, if it is heavy the whole plant will perish. The winter crops most frequently
destroyed by frost are those grown on uplands, where snow cover is less and the
depth of soil freezing is greater. The main agrometeorological factor influencing
frost damage in winter crops is low soil temperature at the depth of the tillering
node. Long (three days or more) and intensive cooling causes complete devasta-
tion of the crops.

6.2.1.2
Protection of crops from cold injury and frost

A key factor in protection of crops from cold injury is stable air temperature and
snow covers throughout the winter. Thaws, resulting in packing or disappearing
snow cover, worsen dormancy conditions and reduce or destroy the protective
properties of snow cover. The prevention of crop damage by frost can be controlled
by breaking up the inversion that accompanies intense night time radiation. This
may be achieved by heating the air by the use of oil burners which are strategically
located throughout the agricultural farm.

Other methods of frost protection include sprinkling the crops with water,
brushing (putting a protective cover of craft paper over plant) and the use of shel-
terbelts (windbreaks).

6.2.2
Drought

Droughts have an immediate effect on the recharge of soil moisture resulting in re-
ductions of stream flow, reservoir levels and irrigation potential and even the avail-
ability of drinking water from wells. The acreage planted to food crops is also af-
fected by land quality. The cultivation of lands subject to a high degree of rainfall
variability makes them extremely susceptible to wind erosion (and desertification)
during prolonged drought episodes, as the bare soil lacks the dense vegetative cov-
er necessary to minimize the effects of acolian processes.

A study by Chowdhury et al. (1989) have ranked the year 1918 as the worst
drought year of the last century- a year when about 68.7% of the total area of the
country was affected by drought. It is of interest to note that the year 1917 had
exceptionally high seasonal rainfall. Likewise the severe drought years of 1877
and 1987 were followed by flood years of 1878 and 1988. In the last century, the
droughts of 1987 and 1972 are the next in order of severity (Table 6.2). Occurrenc-
es of droughts in consecutive years have been reported in 1904-05, 1951-52 and
1965-66. These pairs of years were associated with moderate droughts, where at
least 25% of the country was affected. During 1999, 2000 and 2001 drought condi-
tions prevailed over some parts of India, not affecting the country as a whole sig-
nificantly.
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Table6.2 Years of Drought in India

Year Area affected % area of the Dt value category
(x10° km?) country affected

1915 2.16 68.7 3.64 Calamitous

1877 2.03 64.7 3.38 Calamitous

1899 1.99 63.4 3.31 Calamitous

1987 1.55 49.2 2.37 severe

1972 1.39 44.4 2.05 severe

1965 1.35 42.9 1.95 Moderate

1979 1.24 39.4 1.72 Moderate

1920 1.22 38.8 1.69 Moderate

1891 1.15 36.7 1.54 Moderate

1905 1.09 34.7 1.41 Moderate
6.2.2.1

Impact of drought on Farmers

Due to the uncertainty of rains during the drought, farmers sometimes make sev-
eral attempts at sowing of seeds leading to a drastic reduction in seed reserves,
which in due course are neither sufficient for planting nor for consumption. The
farmer is then obliged to borrow by offering labour or perhaps portion of the future
harvest as payment for the loan. In the event of a prolonged drought, farmers, ei-
ther alone or with the entire family, may abandon their land in search of work and
food in nearby cities. Fewer and weaker family members remain to till the land,
affecting the area under cultivation. The acreage planted to food crops is also af-
fected by land quality.

6.2.2.2
Drought management

In arid, semi-arid and marginal areas there is a probability of drought incidence
once in ten years. It is important for those responsible for planning of land-use, in-
cluding agricultural programmes, to seek expert climatological advice regarding
rainfall expectations. Drought impact is the result of the interaction of human pat-
tern of land use and the rainfall regimes. There is thus an urgent need for a detailed
examination of rainfall records of these regions. Agricultural planning and prac-
tices need to be worked out with consideration to the overall water requirements
within an individual agroclimatic zone. Crops which need a short duration to ma-
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ture and require relatively little water, need to be encouraged in drought prone ar-
eas. Irrigation, through canals and groundwater resources, needs to be monitored
with optimum utilization avoiding soil salinity and excessive evaporation loss. A
food reserve is needed to meet the emergency requirements of up to two consecu-
tive droughts. A variety of policy decisions on farming, human migration, popu-
lation dynamics, livestock survival, ecology etc. must be formulated. Sustainable
strategies must be developed to alleviate the impact of drought on crop productiv-

ity.

6.2.2.3
Sustainable strategies to alleviate the impact of drought

In areas of recurring drought, one of the best strategies for alleviating drought is
varietal manipulation, through which drought can be avoided or its effects can
be minimised by adopting varieties that are drought-resistant at different growth
stages. If drought occurs during the middle of a growing season, corrective mea-
sures can be adopted; these vary from reducing plant population to fertilization
or weed management. Rainfall can be harvested in either farm ponds or in village
tanks and can be recycled for lifesaving irrigation during a prolonged dry spell.
The remaining water can also be used to provide irrigation for a second crop with
a lower water requirement, such as chickpea.

6.2.3
Fog

Immediately after the passage of a western disturbance (WD), a lot of moisture is
available in the atmosphere and the regional and synoptic scale conditions provide
the trigger for the formation of fog. Even though this phenomenon is not directly
related to the extreme weather events it has an effect in all forms of transport and
in particular aviation. This has an indirect effect on the economy of aircraft opera-
tions and air passenger inconvenience.

De and Dandekar (2001) studied the visibility trends during winter season for
25 aerodromes over a period of 21 to 31 years and concluded that most of the north
Indian airports show a significant increasing trend in the poor visibility days (due
to fog) amounting to 90% i.e. almost everyday. The airports in south India show
only 20 to 30% days with poor visibility.

6.2.4
Thunderstorm, Hailstorm and Dust storm

The arid regions are characterised by frequent and strong winds which are partly
due to considerable convection during the day. The usually sparse vegetation is not
capable of slowing down air movement, so that dust and sand storms are frequent .
Winds in dry climatic zone also affect growth of the plant mechanically and physi-
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ologically. The sand and dust particles carried out by wind damage plant tissues.
Winds also cause considerable losses by inducing lodging, breaking the stalks and
shedding of grains and ultimately decreasing the yield.

As winter season gives way to spring, the temperature rises initially in the
southern parts of India, giving rise to thunderstorms and squally weather which
are hazardous in nature. While the southernmost part of the country is free from
dust storm and hailstorm, such hazardous weather affects the central, northeast-
ern, north and northwestern parts of the country. Records indicate that the largest
size hailstorm occurred in association with a thunderstorm in April, 1888 at Mora-
dabad, a town near Delhi.The hailstorm frequencies are highest in the Assam val-
ley, followed by hills of Uttar Pradesh now known as Uttarakhand.

6.2.4.1
Protection of crops from dust storm / sand storm

In most countries, afforestation of fields is the main measure to protect the soil
from dust storms. Improving soil resistance to erosion can be achieved by careful
selection of cultivation methods, applying mineral and organic fertilizers, sowing
grass and spraying various substances which enhance soil structure. It is also im-
portant to reduce the areas where a dust can gather, especially in tracts character-
ized by erosion. One major protection strategy is to establish well developed plant
cover before the dust storms period. This can encourage a reduction in the wind
speed in the layer above the ground by forming an effective buffer.

When assessing the impacts of the dust storms on agricultural crops, it is neces-
sary to take into account the degree of the development of the plants. On well-tilled
crops, the deposition of soil moved by airflow is observed more often than soil car-
ried by wind erosion over long distances.

When looking at the conditions under which dust storms develop and by exam-
ining the data on storm-induced damage, it is evident that measures to reduce the
wind speed at the soil surface and to increase the cohesion of soil particles are both
crucial. Such measures include the establishment of tree belts and wind breaks.
Leaving stubble in fields, avoiding ploughing with mould boards, application of
chemical substances promoting the cohesion of soil particles, soil-protective crop
rotation using perennial grasses and seeding of annual crops are also important.

In regions with intensive wind erosion, especially on slopes or on light soils,
strip cultivation may be used. On fallow lands, bare fallow strips of 50-100 m can
be alternated with strips of grain crops or perennial grasses and spring crops can
be alternated with winter crops.

6.2.5
Heat waves

Extreme positive departures from the normal maximum temperature result in
heat waves during the summer season. The rising maximum temperature during
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the pre-monsoon months often continues till June, even in rare cases till July over
the northwestern parts of the country.

Raghavan (1966) made an extensive study of the heat wave spells of the last cen-
tury for the period from 1911 to 1961. His study indicated that the maximum num-
ber of heat waves occur over East Uttar Pradesh followed by Punjab, East Madhya
Pradesh and Saurashtra & Kutch in Gujarat. Notably the period roughly coincid-
ed with last two decades of the twentieth century which witnessed unprecedented
high temperatures globally as a result of the global warming. Number of heat waves
from 1901-2006 are given in Table 6.3.

6.2.6
Tropical Cyclones

Though several studies by De and Joshi (1995, 1999); Srivastava et al. (2000) showed
a decreasing trend in the frequency of Tropical Cyclones (TCs) and Monsoon De-
pressions (MDs) over the north Indian Ocean (The Bay of Bengal and the Arabian
Sea) in recent years, their potential for damage and destruction still continues to be
significant. A severe super cyclonic storm with winds of up to 250 km/h"!, crossed
the coast in Orissa on October 29, 1999. This proved to be the worst cyclone of the
century in the Orissa region and was responsible for as many as 10,000 deaths (Ta-
ble 6.4), for rendering millions homeless and for extensive damage (WMO 1999).
Over the past decades, the frequency of tropical cyclones in the north Indian ocean
has registered significant increasing trends (20% per hundred years) during No-
vember and May which account for maximum number of intense cyclones (Singh
et al. 2000).

6.2.6.1
Impact of cyclones on agriculture

The losses affecting cash crops in the cyclone prone regions, which constitute a
major source of export earnings, is rather high. Horticultural crops, particular-
ly plants with soft stems, suffer a direct loss of fruits and mechanical damage. In
coastal areas, in addition to the battering effects of winds on existing crops, there is
the additional damage caused by airborne sea salt which occurs within a few hun-
dred metres of the coast. Winds which blow from seas spray a lot of salt on coastal
areas, making it impossible to grow crops sensitive to excessive salt.

6.2.6.2
Cyclone preparedness in agricultural systems

Disaster preparedness for impending cyclones, as is known, refers to the plan of ac-
tion needed to minimize loss to human lives, damage to property and agriculture.
Preparedness for cyclones in the agricultural systems can include early harvesting
of crops (if mature), safe storage of the harvest etc. Irrigation canals and embank-
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Table 6.3. Heat wave episodes in India

State Epochs*™*

1901-10 1911-67 1968-77 1978-99 2000-2006* 1901-2006*
West Bengal - 76 9 28 2 115
Bihar - 105 6 23 12 146
Uttar Pradesh - 27 3 42 32 104
Rajasthan - 43 1 7 39 90
Gujarat, - - 2 - 9 11
Saurashtra & Kutch
Punjab - - 1 - 20 20
Himachal Pradesh - - - - 3 3
Jammu & Kashmir - 26 5 35 9 75
Mabharashtra - 82 4 13 14 113
Madhya Pradesh - 32 4 15 38 89
Orissa - 25 8 18 13 64
Andhra Pradesh - 21 - 3 14 38
Assam - - 4 19 1 24
Haryana, - - 1 2 28 31
Delhi & Chandigarh
Tamil Nadu - 5 - 2 6 13
Karnataka - - - - 6 6
Telangana - - - - 9 9
Rayalaseema - 31 2 28 5 66

ment of rivers in the risk zone should be repaired to avoid breaching. Beyond this,

as the storm approaches the area, nothing can be done.

6.2.6.3

Protection of crops against wind

Crop damage by winds can be minimised or prevented by the use of windbreaks
(shelterbelts). These are natural (e.g. trees, shrubs, or hedges) or artificial (e.g.
walls, fences) barriers to wind flow to shelter animals or crops. Properly oriented
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Table 6.4. Major cyclones in India and the neighbourhood

Year Location No. of deaths Storm surge
(height, in ft)

1737 Hoogli, West Bengal (India) 3,00,000 40°
1876 Bakerganj (Bangladesh) 2,50,000 1040
1885 False point, Orissa (India) 5,000 22°
1960 Bangladesh 5,490 19°
1961 Bangladesh 11,468 16°
1970 Bangladesh 2,00,000 1317
1971 Paradeep, Orissa (India) 10,000 720
1977 Chirala, Andhra Pradesh (India) 10,000 1618
1990 Andhra Pradesh (India) 990 1317
1991 Bangladesh 1,38,000 720
1998 Porbander cyclone 1173 -
1999 Paradeep, Orissa (India) 9,885 30¢
2000 Meghalaya, Tamil Nadu (India) 12 -
2001 Andhra Pradesh (India) 108 -
2002 West Bengal, Orissa (India) 2 -
2003 Andhra Pradesh (India) 81 -
2004 Gujrat (India) 9 -

and designed shelterbelts are very effective in stabilizing agriculture in the regions
where strong wind causes mechanical damage and imposes severe moisture stress
on growing crops. Windbreaks prevent the loose soil being lifted by erosion and
increase the supply of moisture to the soil in spring.

6.2.6.4
Tropical cyclones and storm surge

Coffee and bananas suffer the direct loss of fruits and mechanical damage due to
tropical cyclones. Nonetheless, food crop losses were estimated to be higher (35%),
while the livestock sector was less affected (8%, of which one fifth was poultry). The
effects of strong winds in coastal areas are seen in stunted and often very sculpted
trees providing the evidence of the direction of the strong winds. Fields inundated
by the storm surge suffer a loss of fertility due to salt deposition, even after the sea
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water has receded. The affected land takes a few years to regain its original fertil-
ity.

6.2.7
Floods

Floods and droughts over India are the two aspects of weather associated with the
abundance or deficit of monsoon rains. A large number of studies are available on
various aspects of floods and droughts (Table 6.5).

6.2.7.1
Effects of flood on agriculture

Very intense (extreme) rainfall can result in catastrophic flood damage even though
it occurs for a relatively short period of time (Table 6.6). In general, the greatest
damage to agriculture results from high intensity rainstorms with sufficient dura-
tion as opposed to the low intensity, long duration storms. Direct damage to grow-
ing plants from floods is most often caused by depletion of oxygen available to the
plant root zones. Flooding creates anaerobic soil conditions that can have signifi-
cant impacts on vegetation. Root and shoot asphyxia, if prolonged, typically leads
to plant death. Chemical reactions in anaerobic soils lead to a reduction in nitrate
and the formation of nitrogen gas. The denitrification can be a significant cause of
loss of plant vigour and growth following flooding.

6.2.7.2
Mitigation of damage on agricultural sector due to flood and heavy rainfall

Soils that are saturated prior to an extreme weather event are more likely to be af-
fected severely by a damaging flood than soils that are relatively dry. Fields that
have recently been tilled and are devoid of vegetation are much more susceptible
to water erosion. Vegetation that is able to use much of the water and that can act
as a barrier to moving water (horizontally and vertically) can reduce flood sever-
ity and impacts. Water storage systems (rivers, lakes, reservoirs, etc.) that are able
to capture and hold most of the incoming water are usually effective in reducing
flood damage.

6.2.7.3
Flooding and heavy rainfall

Soil erosion, disruption to critical agricultural activities, the logging of crops, in-
creased moisture leading to increased problems with diseases and insects, soil
moisture saturation and runoff, soil temperature reduction, grain and fruit spoil-
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Table 6.5 Flood years and their category

Year Area affected % of the area MFI value Category
(x10° km?) affected

1961 1,795 57, 166 3,614 Exceptional
1971 1,427 45,446 2,668 Exceptional
1878 1,513 48, 185 2, 889 Exceptional
1975 1,268 40, 382 2,260 Exceptional
1884 1,175 37,420 2,021 Exceptional
1892 1, 162 37,006 1,987 Exceptional
1933 1, 145 36, 465 1,943 Exceptional
1959 1,135 36, 146 1,918 Exceptional
1983 1,030 32,803 1,648 Exceptional
1916 1,025 32,604 1, 635 Exceptional

age and transportation interruption are among the more significant agricultural
impacts from heavy rainfall (Table 6.7). Direct damage to growing plants from
flood is most often caused by depletion of oxygen available to the plant root zones.
Flooding creates anaerobic soil conditions that can have significant impact on veg-
etation. Chemical reactions in anaerobic soils lead to a reduction in nitrate and
the formation of nitrogen gas. The denitrification can be a significant cause of loss
of plant vigour and growth following flooding. There is often a balance needed
between retaining enough water for agricultural production and environmental
health and maintaining enough available storage volume to capture incoming wa-
ter and prevent floods. Crops like rice that can function effectively in saturated
and even submerged conditions are appropriate for locations that flood regularly
and the system becomes dependent upon regular flooding. Many other crops (e.g.
corn) would not be adaptable to such conditions and would not be appropriate al-
ternatives to rice.

6.3
Crop Insurance

In India crop insurance was considered by the central government as early in
1947-48. The Indian government constituted an expert committee headed by Pro-
fessor Dharam Narain, the Chairman, Agricultural Price Commission in 1970. A
beginning in crop insurance was finally made in 1972 by implementing an exper-
imental scheme for Hybrid-4 cotton in few districts of Gujarat State. The scheme
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Table 6.6 Major Rainstorms in India

S.No Date Area Casualty & Damage

1 01-03 July 1930 Maharashtra Damage to agriculture and property was
extensive.

2 01-03 Oct. 1961 Bihar Damage to agriculture and property was
extensive.

3 28-30 Aug. 1982 Orissa Severe flooding to Mahanadi.

Considerable damage to crops,
property and loss of lives reported.

4 July to Aug.1* i) Andhra Pradesh ~ Paddy crop in 300,000 ha hectares
week1988 completely damaged.
Aug.3" week to ii) Assam Standing Ahu and Sali paddy crops in
Sept.1988 25,000 ha damaged.

5 Junel* & 2™ week  Kerala Crop worth Rs.
1994 and 14-16 July 1.445 billions damaged.
1994

6 26-28 Aug. 2000 Andhra Pradesh, Paddy, chilly crop worth hundreds of

Hyderabad crores damaged.

was based on the individual approach and a uniform guaranteed yield was offered
to selected farmers and the same was continued till 1979. Based on the recom-
mendation of Prof. V.M Dandekar of GIC, another pilot scheme on area insurance
was introduced in 1979. Participation in the scheme was voluntary but was open
only to farmers who had received short term crop loans from financial institutions.
The pilot crop insurance scheme was replaced by a Comprehensive Crop Insurance
Scheme (CCIS) which was introduced from April, 1985 by the Government of In-
dia with the active participation of the State Government. A new crop insurance
scheme entitled National Agricultural Insurance Scheme (NAIS) was introduced
in the country starting from the Rabi (post rainy) season of 1999-2000. The NAIS
modifies the CCIS in some crucial aspects. First, it provides for greater coverage for
farmers as non-borrowing farmers are allowed to purchase insurance. Second, it
provides greater coverage in terms of crops as well. The NAIS, at present, is imple-
mented by 19 States and 2 union territories.

6.4
Strategies adopted in areas with high weather risk

The agrometeorological impacts on natural disasters have pervasive societal rami-
fications, particularly in the developing countries. Associated human misery un-
derscores the vulnerability of the communities to these natural hazards. A disas-



96  N.Chattopadhyay, B. Lal

Table 6.7 Weather factors which affect agriculture negatively

Weather factor

Negative effects on agriculture of extreme Values
(both direct and indirect)

Rainfall

Wind

Air moisture

High temperatures

Low temperatures

High cloudiness

Hail

Lightning

Snow

Volcanic eruptions,
avalanches and
earthquakes

Air and water
pollution

Direct damage to fragile plant organs, like flowers, soil erosion,
water logging, drought and floods, land slides, impeded drying
of produce conditions favourable to crop and livestock. Pest
development, negative effect on pollination and pollinators.

Physical damage to plant organs or whole plants (e.g. defoliation,
particularly of shrubs and trees), soil erosion, excessive
evaporation. Wind is an aggravating factor in the event of bush or
forest fires.

High values create conditions favourable for pest development,
low values associated with high evaporation and often one of the
most determinant factors in fire outbreaks.

Increased evapotranspiration, induced sterility in certain

crops, poor vernalization, survival of pests during winter. High
temperatures at night are associated with increased respiration
loss. “Heat waves”, lengthy spells of abnormally high temperatures
are particularly harmful.

Destruction of cell structure (frost), desiccation, slow growth,
particularly during cold waves, cold dews.

Increased incidence of diseases, poor growth.

Hail impact is usually rather localized, but the damage to crops
particularly at critical phenological stages and infrastructure may
be significant. Even light hail tends to be followed by pest and
disease attacks.

Lightning causes damage to buildings and the loss of farm
animals. It is also one of the causes of wildfire.

Heavy snowfall damages woody plants. Unseasonable occurrence
particularly affects reproductive organs of plants.

The events listed may disrupt infrastructure and cause the loss of
crops and farmland, sometimes permanently. A recent example of
carbon dioxide and hydrogen sulphide emissions from a volcanic
lake in Cameroon caused significant loss of human life and farm
animals.

Air pollutants affect life in the immediate surrounding of point
sources. Some pollutants, like ozone, are however known to have
signifcant effects on crop yields over wide areas. In combination
with fog, some pollutants have a more marked effect on plants
and animals. Occurrences of irrigation water pollution have been
reported.
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trous event does not pose much of the threat and ceases to be a disaster, if suitable
and adequate mitigation measures are adopted well in advance. Prevention of the
formation of tropical cyclones is not in the realm of possibility, but much of their
disastrous impacts can be reduced, limiting thereby the loss of human life and
loss of property, by adopting appropriate strategies and taking timely precautions
on receiving early warnings. Analysis of climatological data helps in the advance
preparation of long-range policies and programmes for disaster prevention.

6.5
Conclusions

Government of India is concerned about improving the agricultural economy of
the country irrespective of the existing status of infrastructure in a given area and
to a certain extent, irrespective of the vagaries of weather too. It is essential that
more inputs would be required for more vulnerable areas if development were to be
carried out in a balanced manner across the country. All the existing services must
be geared for that purpose. The best form of risk management is planning to ensure
that any ensuing risk is manageable. Agroclimatic analyses can help in selection of
crops and cropping practices such that while the crop weather requirements match
the temporal march of the concerned weather element(s), endemic periods of pests,
diseases and hazardous weather are avoided. Such agronomic planning on a micro
scale to suit local climate is an essential step in crop-risk management.

Environmental planning would be necessary to avoid or mitigate losses from
disasters, by using instruments such as land-use planning and disaster manage-
ment. Natural disaster reduction measures are in place in a significant number of
the nations surveyed and ongoing research and development to improve and ex-
pand these measures are also a feature of many national strategies to minimize ad-
verse effects of extreme events on agriculture. Steps are being taken to significantly
reduce the vulnerability of people and their communities to natural disasters; this
can only be done through mitigation.
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CHAPTER 7

Challenges to coping strategies in Agrometeorology:
The Southwest Pacific

James Salinger

7.1
Introduction

The climate system in the southwest Pacific provides a large source of interannual
to multidecadal fluctuations beneath a theme of regional climate warming. These
provide challenges especially to coping strategies for agrometeorology in the re-
gion. The El Nifio-Southern Oscillation (ENSO) provides a large source of sea-
sonal to interannual variability across the region promoting seasons of floods and
droughts, and warmer and cooler seasons at higher latitudes (Trenberth and Caron
2000).

The Interdecadal Pacific Oscillation (IPO) (Trenberth and Hurrell 1994; De-
ser et al. 2004) is an important source of multidecadal climate fluctuations. These
cause shifts in climate across the region. With this better understanding of the cli-
mate system of the region, these modes place a range of natural variability on the
anthropogenic factors that will promote warming in the region during the 21* cen-
tury. The latest IPCC projections (IPCC 2001) from the entire range of 35 IPCC
scenarios place temperature increases in the range of 1.4 to 5.8°C by the end of
the 21* century, with likely increases in heavy rainfall events and drought. It is the
impact of the sources of variability and change on extreme events, such as floods,
droughts, tropical cyclones and heatwaves that are significant. These will pose
challenges for agriculture and forests to cope with future variability and change in
the southwest Pacific.

7.2
El Nifio-Southern Oscillation (ENSO)

El Nifio-Southern Oscillation events are a coupled ocean-atmosphere phenome-
non. It is a natural feature of the climate system. El Nifio involves warming of sur-
face waters of the tropical Pacific in the region from the International Date Line to
the west coast of South America, with associated changes in oceanic circulation. It
is accompanied by large changes in the tropical atmosphere, lowering pressures in
the east and raising them in the west, in what is known as the “Southern Oscilla-
tion”. The total phenomenon is generally referred to as ENSO. El Nifio is the warm
phase of ENSO and La Nifa is the cold phase. Historically, El Nifio (EN) events
occur about every 3-7 years and alternate with the opposite phases of below aver-
age temperatures in the equatorial Pacific (La Nifia). A convenient way of measur-
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ing ENSO is in terms of the east-west pressure difference, the Southern Oscillation
Index, or SOIL, which is a scaled form of the difference in mean sea-level pressure
between Tahiti and Darwin. A graph of the SOI over the past 30 years is shown in
Figure 7.1.

ENSO may be thought in terms of a slopping back and forth of warm surface
water across the equatorial Pacific Ocean. The trade winds, blowing from the east
towards the west, normally help to draw up cool water in the east and to keep the
warmest water in the western Pacific. This encourages low air pressures in the west
and high pressures in the east. An El Nifo event is when the warm water “spills
out” eastwards across the Pacific, the trade winds weaken, pressures rise in the
west and fall in the east. Eventually, the warm water retreats to the west again and
“normality” is restored. The movements of water can also swing too far the other
way and waters become unusually cool near South America, resulting in what is
termed a “La Nifna”, where the trade winds are unusually strong while pressures
are lower than normal over northern Australia. As an El Nifio event develops, the
compensating shifts of the globe’s weather zones and rainfall patterns result in
widespread droughts in some regions, heavy flooding in others, and associated re-
gions of warming and cooling. The regions most affected are the tropical and sub-
tropical regions of Indonesia, Australia, and the Pacific Islands.

Figures 7.2 and 7.3 show relationships with temperature and precipitation
throughout the region. Essentially ENSO events cause increased temperature in
the tropical South Pacific from just west of the Date Line to the South American
coast, whereas temperatures are decreased in ENSO events over Papua-New Guin-
ea south east into the subtropical South Pacific, and New Zealand. The reverse tem-
perature anomalies occur during La Nifia episodes.

Precipitation anomalies can be much more dramatic (Figure 7.3). ENSO events
can bring drought and decreased precipitation anomalies over the Phillipines, In-
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Fig.7.1. The Southern Oscillation Index (SOI) for the last 30 years. Negative excursions indicate

El Niflo events, and positive excursions indicate La Nifa events. The irregular nature of ENSO
events is evident in the time sequence
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Fig.7.2. Correlations between the May — April Southern Oscillation Index and surface tempera-
ture 1958-2004, after Trenberth and Caron (2000)
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Fig. 7.3. Correlations between the May — April Southern Oscillation Index and precipitation
1958-2003, after Trenberth and Caron (2000).

donesia, northern and eastern Australia, the subtropical Southwest Pacific and the
north east of New Zealand. Increased precipitation occurs in the equatorial Pacific
from Kiribati (west of the Date Line ) through to the Galapagos Islands. The reverse
anomalies occur in La Nifia episodes.
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Tropical cyclones develop in the South Pacific over the wet season, usually from
November through to April. Peak cyclone occurrence is usually during January,
February and March based on historical tropical cyclone data analysis. Those
countries with the highest risk include Vanuatu, New Caledonia, Fiji, Tonga and
Niue. Taken over the whole of the South Pacific, on average nine tropical cyclones
can occur during the November to April season, but this can range from as few as
three in 1994/95, to as many as 17 in 1997/98, during the last very strong El Niflo.
The mean frequency of tropical cyclones for the 1970 — 2000 period for El Nifio epi-
sodes is 11.5, and La Nifia events 8.6 per season. The tropical cyclone track densities
vary depending on the ENSO state (Figure 7.4). During EI Nifio episodes a higher
frequency of tropical cyclone tracks occur near Vanuatu and Fiji, and their occur-
rence spreads further east to 160°W to affect the Cook Islands and most of French
Polynesia. In contrast, during La Nifa events the maximum occurrence is largely
confined to the Coral Sea area of the Southwest Pacific centering on 160°E, 20°S
and affecting New Caledonia in particular.

| = i |
‘Dcéo“e 150°E 180° 150°W 120°W

Fig.7.4. Tropical cyclone densities for El Nifio (upper) and La Nifa (lower) seasons in the South-
west Pacific. Contour interval is 0.25, starting at 1.0



Chapter 7: Challenges to coping strategies in Agrometeorology: The Southwest Pacific 103

73
Decadal Variability

Decadal-to-interdecadal variability of the atmospheric circulation is most prom-
inent in the North Pacific, where fluctuations in the strength of the wintertime
Aleutian Low (AL) pressure system co-vary with North Pacific sea surface temper-
atures (SST) in the Pacific Decadal Oscillation (PDO). These are linked to decadal
variations in atmospheric circulation, SST and ocean circulation throughout the
whole Pacific Basin in the IPO. This is an ‘ENSO-like’ feature of the climate system
that operates on time scales of several decades. The main centre of action in SST
is in the north Pacific centred near the Date Line at 40°N. Three phases of the IPO
have been identified during the 20" century: a positive phase (1922-1946), a nega-
tive phase (1947-1976) and the most recent positive phase (1977-1998). The IPO
has been shown to be a significant source of decadal climate variation through-
out the South Pacific (Salinger et al. 2001), New Zealand and Australia (Power et
al. 1999)

Folland et al. (2002) showed that the IPO significantly affects the movement
of the South Pacific Convergence Zone (SPCZ) in a way independent of ENSO.
The South Pacific Convergence Zone (SPCZ) is one of the most significant fea-
tures of the subtropical Southern Hemisphere climate (Kiladis et al. 1989; Vincent
and Dias 1999; Vincent 1994). It is characterized by a quasi-permanent band of
low-level convergence, enhanced cloudiness and precipitation originating from the
west Pacific warm pool in the Indonesian region and trending south-east towards
French Polynesia. The SPCZ when it is active during the November - April South
Pacific wet season produces a good proportion of the precipitation. In the negative
phase of the IPO the SPCZ is displaced southwest producing a drying in climates to
the north east, and increases in precipitation to the southwest. The east and north
of New Zealand becomes wetter, whilst the west and south drier. In Australia rain-
fall tends to increase in eastern Australia. The positive phase reverses the climate
anomalies: the SPCZ is displaced north east increasing precipitation to the north-
east and making the subtropical southwest Pacific drier. The north and east of New
Zealand becomes drier, whilst the south and west wetter. Similarly eastern Austra-
lia tends to be drier.

7.4
Regional Warming

Climate model results show that globally average surface temperature is projected
to increase by 1.4 to 5.8°C over the period 1990 - 2100 (IPCC 2001). Since the Third
Assessment Report (TAR) (IPCC 2001), future climate change projections have
been updated regionally (Ruosteenoja et al. 2003). Lal (2004) have applied these
to the South Pacific. Models all project increases in temperature: for the 2080s in-
creases of between 1.0 and 3.1°C are indicated with the 2100 surface air tempera-
ture to be at least 2.5°C more than in 1990. The models only simulate a marginal
increase or decrease in annual precipitation (10 percent), with a drying in the sub-
tropical South Pacific whilst the equatorial areas become wetter. During summer



104 James Salinger

more precipitation is projected while an increase in daily rainfall intensity causing
more heavier rainfall events is likely.

For Australia and New Zealand, scenarios based on more-detailed projections
have been developed by CSIRO (2001) and NIWA (Wratt et al. 2004), respectively.
Within 800 km of the Australian coast, a mean warming of 0.4 to 6.7°C is likely by
the year 2080, relative to 1990. A tendency for decreased rainfall is likely over most
of Australia, except Tasmania and New South Wales. A tendency for less run-off
is also likely. In New Zealand, a warming of 0.5-3.5°C is likely by 2080s. The mid-
range projection for the 2080s is a 60% increase in annual mean westerly winds
(Wratt et al. 2004). Consequently, precipitation is likely to be biased towards in-
creases in the south and west, and decreases in the north and east.

Global warming from anthropogenic forcing is likely to increase extreme events.
Extreme temperatures above 30 and 35°C are likely throughout the region. In Aus-
tralia the number of days over 35°C increasses sihnificantly by 2020 with a 10 to
80% decrease in days below 0°C (Suppiah et al. 2007). In New Zealand there is
likely to be a 50-100% decrease in frosts in the lower North Island, and a 50% de-
crease in the South Island, and a 10-100% increase in the number of days over 30°C
(Mullan et al. 2001).

Under 3 x CO, conditions, there is a 56% increase in the number of simulated
tropical cyclones over north-eastern Australia with peak winds greater than 30 ms™
(Walsh et al. 2004). Maximum tropical cyclone wind intensities could increase 5 to
10 percent by around 2050 (Walsh 2004) with peak precipitation rates likely to in-
crease by 25 percent as a result of increases in wind intensities.

For Australia, increases in extreme daily rainfall are likely where average rain-
fall increases, or decreases slightly. For example, the intensity of the 1-in-20 year
daily-rainfall event increases by up to 10% in parts of South Australia by the year
2030 (McInnes et al. 2002), 5 to 70% by the year 2050 in Victoria (Whetton et al.
2002), up to 25% in northern Queensland by 2050 (Walsh et al. 2001) and up to
30% by the year 2040 in south-east Queensland (Abbs 2004). In New Zealand the
frequency of high intensity rainfall is likely to increase, especially in western ar-
eas.

In the South Pacific, projected impacts include extended periods of drought.
Projected changes in rainfall and evaporation have been applied to water balance
models, indicating that reduced soil moisture and runoff is very likely over most
of Australia and eastern New Zealand. Two climate models simulate up to 20%
more droughts (defined as soil moisture in lowest 10% from 1974-2003) over most
of Australia by 2030 and up to 80% more droughts by 2070 in south-western Aus-
tralia (Mpelasoka et al. 2005). By the 2080s in New Zealand, severe droughts (the
current one-in-twenty year soil moisture deficit) are likely to occur at least twice
to four times as often in the east of both islands, and parts of Bay of Plenty and
Northland (Mullan et al. 2005). The drying of pastures in eastern New Zealand in
spring is very likely to be advanced by a month, with an expansion of droughts into
spring and autumn.

Finally, an increase in fire danger in Australia is likely to be associated with a
reduced interval between fires, increased fire-line intensity, a decrease in fire ex-
tinguishments and faster fire spread (Cary 2002;Tapper 2000;Williams et al. 2001).
In south-east Australia, the frequency of very high and extreme fire danger days
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is likely to rise 4-25% by 2020 and 15-70% by 2050 (Hennessy et al. 2006). By the
2080s, 10-50% (6-18) more days with very high and extreme fire danger are likely
in eastern areas of New Zealand, the Bay of Plenty, Wellington and Nelson regions
(Pearce et al. 2005), with increases of 1-5 days in some western areas. Fire season
length is likely to be extended, starting earlier in August and finishing in May in
many parts of New Zealand, compared with the current October to April season.

7.5
Challenges to Agriculture and Forestry

7.5.1
ENSO

Because ENSO modulates the climate throughout the Pacific, this leads to much
wetter and drier seasons respectively and often floods and drought. The conse-
quences of these place challenges to agriculture and forestry, demonstrated by ex-
amples in this section.

The impact of ENSO climate variability on Australia has been highlighted by
events during the early 1990s. In 1990-91 the wet season produced abundant rains,
yetitfailed almost completely the following year as drought setin across Queensland
and New South Wales. While drought continued in some areas through 1992 and
1993 in southeast Australia there were the floods of spring 1992 and spring 1993,
and the cool summers which followed. These were all connected with the Southern
Oscillation. Rural productivity, especially in Queensland and New South Wales, is
linked to the behaviour of the Southern Oscillation. Australian wheat yield (trend
over time removed) have fluctuated with variations in the Southern Oscillation.
Negative phases in the oscillation (drier periods) tend to have been linked with re-
duced wheat crops, and vice versa (Figure 7.5).

The relationships between wheat yields and the SOI are directly a consequence
of ENSO effects on the Australian climate. ENSO tends to be accompanied by less
rainfall and often droughts in Australia, especially during the winter in the inte-
rior of eastern Australia, and during the northern Australian monsoon. La Nifa
years are often wetter, with floods. For instance the 1998-99 La Nina brought re-
cord level rains to parts of central Western Australia. Lake Eyre in the northeast of
South Australia is dry except for occasional major flooding, usually during La Nifia
years, due to extra rainfall in southwestern Queensland.

El Nifo events produce widespread impacts on communities across the South-
west Pacific, as instanced by the 1997-98 event (Shea et al. 2001). Drought severely
affected Fiji, Papua-New Guinea, the Solomon Islands, Tonga and the Marquesas
Islands of French Polynesia. In Fiji, by October 1998, 54,000 people were receiv-
ing food supplies and 400,000, half the population, were receiving water deliver-
ies (Hamnett et al. 2002, Lightfoot 1999). In contrast Kiribati was wetter than nor-
mal. Fisheries were impacted with a general shift of the catch to the east, followed
by a shift westwards (Lehodey et al. 1997, Lefale et al. 2003). Catches declined for
Papua-New Guinea and the Solomon Islands, and increased for Kiribati. Extended
drought conditions were recorded in Niue in the 1982/83 ENSO event, which lasted
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Australian Wheat Yields Versus SOl Index

SOl (June-August)

Fig.7.5. Australian wheat yields and the Southern Oscillation Index (Rimmington and Nicholls,
1993).

18 months from July 1982 to December 1983. During this event exports went down,
and local cows were slaughtered for food and imports of farm produce increased.
The drought also created conditions of leathopper and aphid invasions on impor-
tant exports such as taro (Government of Niue 2000).

In El Nifo years, New Zealand tends to experience stronger or more frequent
winds from the west in summer, leading to drought in east coast areas and more
rain in the west. In winter, the winds tend to be more from the south, bringing
colder conditions to both the land and the surrounding ocean. In spring and au-
tumn southwesterlies tend to be stronger or more frequent, providing a mix of the
summer and winter effects. The La Nifia events which occur at the opposite ex-
treme of the Southern Oscillation Index cycle have weaker impacts on New Zea-
land’s climate. New Zealand tends to experience more northeasterly winds, which
bring more moist, rainy conditions to the northeast parts of the North Island. The
impacts are instanced by the 1997-98 event (Basher 1998). It was much drier than
normal in the east from July 1997 onwards - with drought very extensive through-
out eastern areas up to the end of March 1998. In late April 1998 the New Zealand
Ministry of Agriculture and Forestry estimated the likely cost of the drought on
farm gate returns would be NZ$256 million for the year ending June 30 1998, and
NZ$169 million for the following year, giving a total of NZ$425 million. Given the
impact on downstream value-added agricultural production, the likely total cost to
the country was estimated to be in excess of NZ$1 billion.
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7.5.2
Tropical Cyclones

Of the extreme events in the Southwest Pacific, tropical cyclones are particularly
significant (Krishna et al. 2001). Tropical cyclone Ofa caused an estimated US$120
million damages in Samoa in 1990 (or about 25% of its GDP) while tropical cyclone
Val caused damages of about US$200 millions or 45% of its GDP in 1991. These two
cyclones alone set back the development of Samoa by at least twenty years. In Fiji,
tropical cyclone Kina in 1993 caused an estimated US$120 million damages, about
2.4% of Fiji’s GDP. The damage caused by tropical cyclone Heta in January 2004, a
category 5 tropical cyclone, is only now being assessed. Property, crops, roads and
bridges were destroyed or damaged on Samoa with losses equivalent to US$226
million on American Samoa with roads washed away, and other damage to prop-
erty and infrastructure. In the Cook Islands, 6 metre swells affected the west coast
of Rarotonga. However, Heta devastated the tiny island nation of Niue (population
1200). One person died, much property was damaged or destroyed, roads were
destroyed, infrastructure cut and crops destroyed because of intense rainfall and
high winds (last recorded speed of 150 km/h and gusts to 200 km/h before equip-
ment failure).

In Australia, tropical cyclones can also have severe impacts on cropping. In
March 2006 Tropical Cyclone Larry tracked into Queensland at Innisfail, with
winds of up to 290 km/h (180 mph), the category five storm destroyed sugar and
banana crops. Sugar cane and banana crops were severely impacts with an esti-
mated 80% of the banana crops destroyed. This area produces 25% of the sugar
crop.

753
Regional Warming

Regional warming in the Southwest Pacific will pose significant challenges to agri-
culture and forestry. Although warming in the lower range will be beneficial, chal-
lenges will be posed if water is limiting. Warming in the upper range will pose sig-
nificant challenges and it is these that are highlighted here.

Warming and associated rainfall changes in Australia give varied impacts on
wheat production regionally. Studies show that Western Australian regions are
likely to have significant yield reductions by 2070 (Reyenga et al., 2001). In southern
Australia cropping is likely to become unviable at the dry margins where rainfall is
reduced substantially. Warming is likely to make a major pest, the Queensland fruit
fly, a significant threat in southern Australia (Sutherst et al. 2000). Warming sug-
gests a large expansion in its normal range across many non-arid areas of Austra-
lia. Pastoral and rangeland farming is very significant in Australia. A 20% reduc-
tion in rainfall is likely to reduce pasture productivity by 15% (Crimp et al. 2004).
Climate change is also likely to increase major land degradation problems of ero-
sion and salinization with the potential spread of weeds (Kriticos et al. 2003). Heat
stress on livestock is also likely to increase (Howden et al. 1999b) with pests such as
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cattle tick likely to increase and spread southwards (White and Sutherst 2003). Re-
ductions in production from this source are likely to be very high in Queensland.

For forestry in Australia warming increases fire risk and pest damage in south-
ern Australia. Those areas where water resources, such as run-off, decline com-
bined with an increased fire risk will face reduced production, and increases in
rainfall intensity are likely to exacerbate soil erosion during forestry operations
(Howden et al. 1999a).

For New Zealand crops, the principal effect will be the drying in eastern re-
gions: this will be dependent on the availability of irrigation. The increased fre-
quency of drought has already decreased pasture growth for dryland farms, and
warming has meant that lower feed quality subtropical pastures continue to spread
south. Warming is likely to increase the range and incidence of many pests and dis-
eases. Plantation forestry in east coast areas is likely to experience growth reduc-
tions with rainfall decreases.

In the South Pacific islands there is little forestry, and traditionally agriculture
has been based on subsistence and cash crops for survival and economic develop-
ment. Subsistence agriculture has existed for several hundreds of years. The pro-
jected impacts of climate change include both extended periods of droughts, and
the loss of soil fertility as a result of increased precipitation, both which will impact
on agriculture. The consequences of the loss in agricultural productivity for both
subsistence and cash cropping, including other impacts has been estimated at 2-3
percent of Fiji’s 2002 GDP, and 17-18 percent of Kiribati’s 2002 GDP (World Bank
2002). Fisheries are important for many island states in the South Pacific. Tuna
fishing is particularly important, and warming is likely to produce a decline in to-
tal stock and a migration westwards, both of which will lead to changes in catches
in different countries.

7.6
Discussion and Conclusions

In the south west Pacific, climate and extreme climatic events dominate in provid-
ing challenges for coping with agrometeorological risks and uncertainties. ENSO
imposes large seasonal to interannual climate variability throughout the south
west Pacific. It generally modulates the rainfall climate and either causes floods or
droughts and displaces tropical cyclone tracks. Droughts made up one of the larg-
est components and the experiences during the 1997-1998 El Nifio event highlight
the significant consequences that such climate-related extreme events can have for
the southwest Pacific. These provide risks and uncertainties for coping strategies
including crop yields and quality, water management, soil salinity, water erosion
and runoff.

Tropical cyclones are one of the most devastating risks for agrometeorology on
the small island developing states in the region. These generally cause large-scale
destruction to crops and infrastructure through high intensity rainfall and severe
winds. Although warning systems can predict the tropical cyclone tracks, present-
ly little can be done to protect crops and agriculture from the full impacts of the
extreme rainfall and hurricane force winds.
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On the medium to longer term, although the IPO can cause shifts in the mean
climate state (temperature and rainfall), this is less of a threat to coping strate-
gies. Of more immediate concern are the impacts that global warming will have
on regional climates. Firstly for the developed countries (e.g Australia, New Zea-
land) coping strategies are more sophisticated and involve both structural and
non-structural measures to reduce the impacts of change on crop and livestock
production. In these countries it will be the rate of change that will pose the risks.
During the course of the 21* century, scientific evidence points to global-average
surface temperatures are likely increasing by 2 to 4.5°C as greenhouse gas concen-
trations in the atmosphere increase. Any warming above about 2°C (Figure 7.6) is
likely to be outside the immediate coping range for agriculture and forestry. At the
same time there will be changes in precipitation, and climate extremes such as hot
days, heavy rainfall, drought and fire risk are expected to increase throughout the
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region. The greatest challenge associated with any warming will be those areas
where rainfall decreases especially in arid or semi-arid areas with will pose addi-
tional stresses on an already finely managed agriculture and forestry activities. The
potential increase and spread of pests and diseases will also be important.

For developing countries, especially small island developing states in the south
west Pacific, the largest threats to agriculture will be posed by impacts of warming
on tropical cyclones and high intensity rainfall. Warming is likely to strengthen
tropical cyclones, and increase maximum wind speeds and high intensity rainfall
produced by these systems.
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CHAPTER 8

Challenges to agrometeorological risk management -
regional perspectives: Europe
Lucka Kajfez Bogataj, Andreja Susnik

8.1
Introduction

Agriculture is one of Europe’s largest land users and as such highly dependent
on environmental conditions. Inter-annual climate variability is one of the main
sources for uncertainty in crop yields. In the EU-25, 162 million hectares are under
agricultural use, which amounts to roughly half the Union’s land. Farming plays
a key role for the health of economies in rural areas, and continues to be a deter-
minant of the quality of the countryside and the environment, although it has be-
come less important for the national economies. The contribution of the agricul-
tural sector to the GDP of EU-25 was around 1.6% in 2004. Regionally and nation-
ally, however, the contribution may be substantial, particularly in southern and
central European countries where agriculture represents a more significant sector
for employment and GDP.

Food production is still the major concern of agriculture and Europe is one of
the world’s largest and most productive suppliers of food and fibre, with 21% of
global meat production and 20% of global cereal production in 2004. About 80%
of this production occurred in EU25. The productivity of agriculture is generally
high, in particular in western Europe; average cereal yields in the EU are over 60%
higher than the world average. The total value of EU agricultural production is
around 200 billion € and in particular the EU production of wheat is around 100
million tons, making EU the second largest producer in the world after Asia (FAO-
STAT, 2005). The area of forests in Europe is increasing and annual fellings are
considerably lower. Policies today promote multiple forest services at the expense
of timber production. The role of farmers today include not only food production,
but also countryside management, nature conservation, tourism and biomass pro-
duction, mainly renewable energy sources. There are concerns that the expansion
of biomass production may lead to a further intensification of European agricul-
ture (European Commission, 2005b).

As European agriculture is highly intensive, weather remains the main source
of uncertainty for crop yield assessment and crop management (Metzger et al.
2006). Since 1998, Europe has suffered more than 100 major floods, causing ex-
tensive damage. According to the estimation of IPCC (2001), it is likely that there
has been up to 4% increase in the frequency of heavy precipitation in the mid and
high latitudes of the Northern Hemisphere over the second half of the 20" centu-
ry. Ironically, each year since 1990 the average land area and population affected
by droughts has doubled. It can be seen that scarcely a year goes by without at least
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one country or some part of the Europe being affected by drought. Water scarcity
is a problem that affects at least 14 Member States and around 100 million inhab-
itants in 26 river basin districts throughout Europe. Based on the results of trend
analysis for the last 40 years, long dry periods in summer showed an increase in
most stations in central Europe, the UK and southern Scandinavia, and long dry
periods in winter increased in southern Europe.

There is an increasing demand for climate predictions at different time scales in
Europe, because they carry valuable benefits for decision-making in the manage-
ment of European Union agricultural production. But the key challenge for Eu-
rope today is climate change. The yields per hectare of all cash crops have continu-
ously increased in Europe in the past decades due to technological progress, while
climate change has had a minor influence. Today climate change already has con-
siderable impacts on agriculture which are expected to become more severe in fu-
ture. The European heat wave in 2003 had major impacts on agricultural systems
and society by decreasing the quantity and quality of the harvests, particularly in
Central and Southern European agricultural areas. In general it is believed that cli-
mate change and increased CO; concentration could have a beneficial impact on
agriculture and livestock systems in northern Europe through longer growing sea-
sons and increasing plant productivity. However, in the south and parts of eastern
Europe the impact is likely to be negative. It is becoming increasingly clear that
the EU target of limiting global temperature increase to no more than 2.0°C above
pre-industrial levels is likely to be exceeded before 2050 (EEA, 2004). The assess-
ment of climate change and its agricultural impacts in Europe is still subject to un-
certainties and information gaps. Especially for the countries outside EU-25 only
a small range of the potential consequences of climate change was studied. Better
knowledge and understanding is still needed about the exposure and sensitivity of
agriculture with respect to climate change.

This paper will focus on the latest developments in the field of seasonal weather
forecasts for crop yield modelling in Europe and on climate change research and
its connections with agrometeorological risk management.

8.2
Seasonal weather forecasts for crop yield modeling in Europe

Seasonal weather forecast for crop yield modeling in Europe is one of the appli-
cations of weather risk management. The variability of weather at different time
scales, such as daily, monthly, seasonal and beyond, is one of the factors that deter-
mine the growth of field-grown crops. The key weather parameters for crop predic-
tion are rainfall, temperature and solar radiation, secondary parameters being hu-
midity and wind speed. Crop predictions require forecasts of these variables sev-
eral weeks or even months ahead to enable informed management decisions. There
is an increasing demand for climate predictions at different time scales in Europe,
because they have valuable benefit for decision-making in the management of Eu-
ropean Union agricultural production. Examples of this are monthly forecasts for
emergency plans to reduce the impact of warm or cold spells, seasonal forecasts
to cope with the remote effects caused by El Nifio or La Nifia events, inter-annual
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forecasts as a contribution for the management of food crisis and multi-decadal
predictions to design plans to mitigate and adapt to climate change.

In the framework of the EU-funded DEMETER (Development of a European
Multimodel Ensemble System for Seasonal to Inter-annual Prediction) project, led
by the European Centre for Medium-Range Weather Forecasts (ECMWF, UK), en-
sembles of global coupled climate models have shown some skill for seasonal cli-
mate prediction (Palmer et al., 2004). Meteorological outputs of the seasonal pre-
diction system were used in a crop yield model to assess the performance and use-
fulness of such a system for crop yield forecasting (Cantelaube and Terres, 2005).
An innovative method for supplying seasonal forecast information to crop simula-
tion models was developed. It consisted in running a crop model from each indi-
vidual downscaled member output of climate models. An ensemble of crop yields
was obtained and a probability distribution function (PDF) was derived. Prelimi-
nary results of wheat yield simulations in Europe using downscaled DEMETER
seasonal weather forecasts suggest that reliable crop yield predictions can be ob-
tained using an ensemble multi-model approach. When compared to the opera-
tional system, for the same level of accuracy, earlier crop forecasts are obtained
with the DEMETER system. Furthermore, PDFs of wheat yield provide informa-
tion on both the yield anomaly and the uncertainty of the forecast. Based on the
spread of the PDF, the user can directly quantify the benefits and risk of taking
weather-sensitive decisions.

This project officially ended in September 2003, but the data and results gen-
erated are being used by a steadily increasing section of the scientific communi-
ty (Doblas-Reyes et. al. 2006). The use of ensembles of seasonal weather forecasts
brings additional information for the crop yield forecasts and therefore has valu-
able benefit for decision-making in the management of European Union agricul-
tural production. Skilful seasonal weather forecasts and related seasonal crop yield
forecasts could generate an economical benefit for the CAP.

Seasonal forecasting in Europe is still more at the research level than at practical
level. Obstacles for operational application, like mismatch between farmers’ needs
and the scale and relevance of available forecasts or insufficient understanding by
farmers and their advisors will probably remain in near future. Agrometeorologi-
cal community in Europe is challenged to help to close this gap in future.

8.3
Climate change as a challenge to agrometeorological risk management
in Europe

8.3.1
The use of different high resolution climate models in Europe

One of the most urgent challenges to agrometeorological risk management in Eu-
rope today is timely adaptation to climate change effects. The prerequisite for intel-
ligent, effective and efficient adaptation of agriculture to climate change is a good
understanding of regional impacts. Regional modelling of climate development
provides the essential basis in this regard. The use of different high resolution cli-
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mate models linked to impact/crop models enables us to quantify the uncertain-
ties of predictions and analyse how these uncertainties are transferred from the
climate models into the crop models. Major scientific progress has been made in
this field recently.

PRUDENCE was a recent EU project (PRUDENCE, 2005) using four At-
mosphere General Circulation Models (AGCM) namely NCAR CCM3 (Italy),
HadAM3H AGCM (United Kingdom), ECHAM AGCM (Germany) and eight Re-
gional Climate Models (RCM), namely HIRHAM (Danmark), PROMES (Spain),
ICTP RegCM (Italy), ARPEGE (France), CHRM (Switzerland), LM and CRCM-2
(Germany) and RCA (Sweden) to quantify the uncertainties associated with cli-
mate predictions and impacts of future climate changes on Europe. PRUDENCE is
providing improved model representation of climate change scenarios by utilising
high-resolution models (at spatial scales of ~50 km) for current (1961-1990) and
future (2071-2100) climate, characterising the level of confidence in these scenar-
ios, and assessing the uncertainty resulting from model formulation. Future sce-
narios correspond to the IPCC A2 and B2 CO, emissions (IPCC, 2001). For tem-
perature, GCMs and RCMs behave similarly, except that GCMs exhibit a larger
spread. The differences between GCM and RCM precipitation responses for some
regions are significant. The spread of precipitation during summer period is larger
for RCMs than for GCMs. For both, however, in terms of precipitation, the bias is
twice as large as the response to climate change, when observed climate is used as
a cross validation.

The scenarios indicate that European regions undergo substantial warming in
all seasons in a range of 1 — 4 °C (B2 scenario) and 2.5 - 5.5 °C (B2 scenario) by
2071-2100. Over Northern and Eastern Europe, the warming is stronger in win-
ter, and the reverse happens over Western and Southern Europe with stronger in-
creases in summer (IPCC, 2007). Within Europe, the warming is estimated to be
greatest over western Russia and southern countries (Spain, Italy, Greece), and less
pronounced along the Atlantic coastline.

Across all scenario simulations, the results agree on a general increase in winter
precipitation in Northern and Central Europe and on a general decrease in sum-
mer precipitation in Central and Southern Europe, a bit smaller in central Scan-
dinavia (Raisanen et al. 2004). Over all, there is an annual increase in Northern
Europe and an annual decrease in Southern Europe. Increased Atlantic cyclonic
activity could lead to stronger precipitation (up to 15-30 %) in winter over West-
ern, Central and Northern Europe, and in response to anticyclonic circulation to
reduced precipitation in winter over Southern Mediterranean regions (Giorgi et al.
2004). In summer, a blocking situation caused by enhanced anticyclonic circula-
tion over the Northeastern Atlantic could lead to decreases in precipitation (up to
30-45 %) over Western and Central Europe and the Mediterranean. Precipitation
changes for spring and autumn are less pronounced than for winter and summer.

Notable changes are also projected for temperature and precipitation extremes
in Europe. According to IPCC (2007), yearly maximum temperature is expected to
increase much more in Southern and Central than in Northern Europe. According
to EEA (2004), cold winters, which occurred on average once every 10 years in the
period from 1961 to 1990, are likely to become rare in Europe and will almost en-
tirely disappear by 2080. In contrast, by 2080 nearly every summer in many parts
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of Europe is projected to be hotter than the 10 % hottest summers in the current
climate (EEA, 2004). Under high emission scenarios every second summer in Eu-
rope will be as hot or even hotter than 2003 by the end of the 21* century (Goodess
2005). In southern Europe, these changes are projected to occur even earlier. Ex-
treme daily precipitation will even increase in most of those areas where the mean
annual precipitation decreases (Raisanen et al. 2004). Risk of drought is likely to
increase in central and southern Europe.

Uncertainty in projections of future precipitation is larger in comparison with
temperature. This applies particularly to regional precipitation patterns and sea-
sonal distribution of precipitation. But it should be stated that scientific confidence
in the ability of climate models to estimate future precipitation is steadily increas-
ing (IPCC 2007).

Climate change poses many challenges to agrometeorological risk management
in Europe today, since extreme weather events, such as hot spells, heavy storms, in-
tense rainfall and droughts, can severely disrupt crop production all over Europe.
Especially the precipitation reduction in central, eastern and southern Europe is
expected to have severe effects, e.g. more frequent droughts, with considerable im-
pacts on crop production and availability of water resources.

8.3.2
Expected impacts of climate change in Europe during this century

Wide ranging impacts of changes in current climate have been documented in Eu-
rope in the last decades. The observed changes are consistent with projections of
impacts due to anthropogenic climate change. The warming trend and spatial-
ly variable changes in rainfall have already affected managed ecosystems (EEA
2005b).

For instance the European heat wave in 2003 had major impacts on agricultur-
al systems and society by decreasing the quantity and quality of the harvests, par-
ticularly in Central and Southern Europe. The winter crops already suffered from
the effects of a harsh winter and late spring frost. The heat wave that began in early
June accelerated crop development by 10 to 20 days, thus advancing ripening and
maturity. Winter-spring cereals formed grain with insufficient soil moisture. The
very high air temperature and solar radiation resulted in a notable increase in the
crops' water consumption. This, together with the summer dry spell, resulted in
an acute depletion of soil water and lowered crop yields. Even in Switzerland river
withdrawals for agricultural use were banned, thus affecting producers of potatoes
and tobacco. Over all of Europe, the main sectors hit by the extreme climate condi-
tions were the green fodder supply, the arable sector, the livestock sector and forest-
ry. Potato and wine production were also seriously affected. The fodder deficit var-
ied from 30% (Germany, Austria and Spain) to 40% (Italy) and 60% in France and
the livestock farmers suffered the most. In Switzerland, fodder had to be import-
ed from as far away as Ukraine. The fall in cereal production in EU reached more
than 23 million tonnes (MT) as compared to 2002. More than 26,000 fires were re-
corded in Portugal, Spain, Italy, France, Finland, Austria, Denmark and Ireland.
The estimate is that some 70,000 hectares of forest area (not including agricultural
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areas) were burned. The global financial impact of the drought and the forest fires
in Europe was estimated to amount to 14 billion €. Summer 2003 showed also the
additional side effects, which were felt in the next year such as problems of soil ero-
sion and flooding, effects on winter sowing, and the budding of trees (COPA CO-
GECA 2003).

Under a changing climate, drier conditions and rising temperatures in the Med-
iterranean region and parts of eastern Europe may lead to lower yields. Bindi and
Moriondo (2005) showed a general reduction in yield of agricultural crops in the
Mediterranean region, under the IPCC SRES A2 and B2 scenarios by 2050 even
when the fertilising effect of increased CO; is taken into account (Table 8.1). Sim-
ilar yield reductions have also been estimated for eastern Europe, with increased
variability in yield, especially in the steppe regions (Maracchi et al. 2004).

Climate-related increases in crop yields are mainly expected in Northern Eu-
rope. For example wheat yield increase is projected to be +2 to +9% by year 2020,
+8 to +25% by year 2050 and +10 to +30% by year 2080 (Olesen et al. 2006, Auds-

Table 8.1 Changes of crop yields (%) for some Mediterranean regions by 2050 (modified from
Bindi and Moriondo, 2005)

A2 B2 A2 B2
Without CO, With CO,
C4 summer
N-W 0.2 5.8 4.2 8.8
N-E -4.4 —2.5 -0.6 0.2
Legumes
N-W -24.9 -13.4 -14.4 -4.9
N-E -18.6 -8.1 —7.2 1.0
C3 summer
N-W -21.8 -10.4 -12.4 —2.9
N-E -15.6 -6.9 -5.4 1.0
Tubers
N-W -10.4 -4.2 4.9 7.5
N-E -22.5 -6.8 =9.3 4.4
Cereals
N-W -11.0 3.5 =0:3 4.7
N-E -6.8 3.7 4.4 12.5

N-W = Portugal, Spain, France and Italy; N-E = Serbia, Greece and Turkey
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ley et al. 2006, Alexandrov et al. 2002, Ewert et al. 2005). Another example is sugar
beet yield increase of 14-20% until the 2050s in England and Wales (Richter and
Semenov 2005).

Uncertainties in the projection of future precipitation complicate the estimates
of future yield gains or losses. This is particularly true for southern and southeast-
ern Europe, where water will be a critical factor for agriculture in the future. In
these areas, model results diverge to a great extent, depending on the scenarios in
use and the model itself. For central and northern Europe, where water supply is
less critical, projections are relatively robust.

8.33
Increasing drought Risk with Global Warming in Europe

Increased drought risk associated with global warming and impacts on water re-
sources are among the main concerns among agrometeorologists in Europe (Fig.
8.1). Several recent studies highlight the challenges that result from changes in wa-
ter availability and water quality (EEA 2004, IPCC 2001, IPCC 2007, Schréter et
al. 2005, EEA 2005a).

In Europe, large amounts of water are extracted from both surface and ground-
water stocks for agriculture every year. For Europe as a whole (including New
Member States and Accession Countries) some 38% of the extracted water is used
for agricultural purposes. In Malta, Cyprus and Turkey almost 80% of the extract-

Spring B2 mm

Summer B2 mm

Fig.8.1. Ensemble mean soil moisture changes in Mediterranean between the periods 1961-1990
and 2070- 2099 in spring and summer under the IPCC SRES A2 and B2 scenarios (PRUDENCE,
2005)
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ed water is used for agriculture, in the southwestern countries (Portugal, Spain,
France, Italy, Greece) about 46% and in the central and northern countries (Aus-
tria, Belgium, Denmark, Germany, Ireland, Luxembourg, Netherlands, UK, and
Scandinavia), to the contrary, agricultural use of the extracted water is limited to
less than 5% (Eisenreich, 2005). By far the largest part of the water used in agricul-
ture is used for irrigation. This percentage approaches 100% in the southern Euro-
pean countries, which at the same time have the largest share of irrigated land in
Europe. While the expansion of the irrigated areas, mainly in the Mediterranean,
has raised concern about the overuse and depletion of water resources in the past,
possible changes in climate and weather patterns as a consequence of global warm-
ing are at the focus of the discussion now.

Under climate change conditions, it is expected that irrigation water demand will
further increase, aggravating the competition with other sectors whose demand is
also projected to increase. In addition, an expected lowering of the groundwater ta-
ble will make irrigation more expensive, which, in turn might have to be limited to
cash crops. Extreme weather events such as heat waves will impact on peak irriga-
tion requirements. As the evaporative demand will increase due to higher tempera-
tures, it is expected that capillary rise will increase the salinisation of soils, having
a major impact on irrigation management.

8.3.4
Options for future adaptation strategies

Strategies to adapt to climate change should not be seen as individual remedies since
agriculture will compete for water allocation with other sectors affected by climate
change. Short term adjustments should aim at optimising production without in-
troducing major system changes, but for long-term adaptations heavier structural
changes will take place to alleviate the adverse effects of climate change.

Suggested adjustments include changes in planting strategies and the use of
more appropriate cultivars: long season cultivars might increase yield potential,
while late cultivars might be used to prevent destruction due to heat waves and
drought during the summer. However, the use of more extended growing season
crops might increase seasonal irrigation requirements. In addition, with faster
crop growth, farmers might tend to go for multiple cropping, also increasing wa-
ter requirements.

Management practices, such as conservation tillage, drip and trickle irrigation,
and irrigation scheduling are among the short-term possibilities for preserving soil
moisture. Improving irrigation efficiency is a key component of combating poten-
tially increased water requirements. It will involve reducing water losses from stor-
age and distribution systems, proper maintenance of irrigation systems, optimis-
ing irrigation scheduling, and using water conservation techniques such as drip ir-
rigation. Promoting such strategies by agrometeorology will be crucial since these
practices, besides preserving soil moisture, will allow farmers to reduce the cost of
production (Olesen and Bindi 2004).

Long-term changes include the change of land use to adapt to the new climate in
order to stabilise production and to avoid strong inter-annual variability in yields.
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This could be achieved through the substitution of existing crops with crops with a
lower productivity but more stable yields (e.g., wheat replaced by pasture). For ar-
eas with increased water stress, it has further been recommended to use less water
consuming and more heat resistant crops. Other measures include the change in
farming systems since many farms are specialised in arable farming and, therefore,
are tightly linked to local soil and climate conditions.

Changing or improving harvest insurance mechanisms to protect farmers from
the economic impacts of flood or drought damage is also a necessary measure in
future (Bindi and Howden 2004).

A need for further research exists with respect to spatial resolution in vulner-
ability mapping, technological and management-based adaptation measures, and
the breeding of more drought-or heat-resistant crops.

8.3.5
European agrometeorological research needs

Agrometeorology has an important role in assisting national adaptation efforts in
agriculture. Research needs can be identified in the following areas: agroclimate
modelling, modelling of changes in soil- plant- water status and water resources
(regional and local data to be merged with soil-plant-hydrological models and to
improve the accuracy of the models). With respect to the observation of climate
change trends there is a necessity of maintaining observation networks and use of
improved methodologies, including remote sensing techniques in agrometeoro-
logical monitoring.

The need for research on the vulnerability of European agriculture to climate
change impacts is felt by many of the European States. Research is needed also
about several specific issues, for instance water related climate change impacts on
individual agriculture sectors, the quantification of impacts, the relationship be-
tween climate change impacts and land use, research into the long term use of re-
cycled water in agriculture, and desertification.

European agrometeorology can also help to develop climate change mitigation
and adaptation measures in agriculture and assess their effectiveness and efficien-
¢y (European Commission, 2000). For instance, research should help design tools
that demonstrate the economic benefit of adaptation at the local scale and develop
indicators for successful adaptation measures. Appropriate communication strat-
egies are also necessary to ensure that farmers and farm advisory services are suf-
ficiently informed about impacts and adaptation strategies to take the necessary
actions.

In spite of intensive research in the field of climate change impacts on agricul-
ture there are still many knowledge gaps and research needs with regard to im-
pacts, vulnerability and adaptation options. There is a need for regional agrome-
teorological studies because impacts and adaptations vary strongly within Europe.
The following key questions remain:

e How will increasing CO, concentration affect the overall water use and water
use efficiency of various crops under European growing conditions?
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e How will a change in climatic mean and variability affect the water use, crop
yields and applicability of various adaptation options?

e What are the possibilities for optimising water use by shifting cropping seasons,
changing crops and adopting water conserving practices?

8.4. Conclusions

European farmers at the moment are living in times of change. For farmers change
has always been part of life, but in the next couple of years European farmers will
face at least two major changes of a very fundamental character. First of all there is
the reform of the Common Agricultural Policy and the second is the need for cli-
mate change mitigation and adaptation practices. Unfortunately many EU policies,
such as the common agricultural policy (CAP), do not yet include strategies or pol-
icies to explicitly address the current and future impacts of climate change.

What seem to be other drivers of European agriculture in the next decades?
The first to mention is the growing demand for safe and quality food together with
growing awareness for nutrition issues and healthy food. Due to climate change
mitigation demand for renewable energy is increasing. We can expect also in-
creased demand for biodegradable paper, fibres, polymers, lubricants, surfactants
and solvents. Increased demand for bio-pharmaceuticals can be expected, as well.
There is also challenge in what type of farming is needed in Europe in future. To
produce domestically some of the food and raw materials that Europe needs, there
is a much greater control over how these are produced. It is also needed that farm-
ing does its part in caring for European landscapes and even for the global envi-
ronment. Europe should neither aim blindly for productivity at all costs on the one
hand, nor treat farmers only as glorified park-keepers on the other hand. Certainly
practical support should be given to both aspects of farming: the private goods for
the market, and the public goods which Europeans also want.

Regarding climate change mitigation EU forestry strategy remains the main-
tenance and development of existing carbon stores and carbon sinks, the expan-
sion of forest area where appropriate, the replacement of fossil fuels with fuel-wood
from sustainably managed forests and the replacement of high-energy products
(e.g. steel, aluminium and concrete) with industrial wood products (low-energy
renewable raw material). Agriculture has also an important role, on the one hand
renewable raw materials should be produced on farms (i.e. biomass, bio-fuel) but
also animal manure can be used as a substitute for high energy fertilisers. Euro-
pean agriculture is already able to produce biofuels at a large scale and the use of
biofuels must be considered as a strategy issue in the future policy concerning both
climate change and energy.

Regarding climate change adaptation it is mostly needed in particularly vulner-
able regions in Europe. Those where there is a large reliance on traditional farm-
ing systems and production of quality foods. Where such farming and production
systems depend on favourable climatic conditions, climate change may cause large
disruptions in rural society (Parry, 2000). To prevent or limit severe damage to the
agriculture, society and economies, and to ensure sustainable development even
under changing climate conditions, agriculture adaptation strategies are required
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at European, national, regional and local level. Adaptation needs the participation
of all stakeholders who are involved in agricultural policy, business or service that
is or will be affected by climate change. Agrometeorological community should
help in this process to deal with the misconception that adaptation strategies and
subsequent actions are always expensive to implement and that non-action is a
cheaper alternative (Stern, 2006).

Climate change is likely to exaggerate the water resource differences between
northern and southern Europe. As a consequence, the already existing pressures
on water resources and their management in Europe are likely to increase over the
next decades. This situation also calls for involvement of agrometeoroloy in long-
term planning and pro-active management in order to ensure a sustainable use of
water resources across Europe.
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CHAPTER 9

Methods of Evaluating Agrometeorological Risks

and Uncertainties

for Estimating Global Agricultural Supply and Demand
Keith Menzie

9.1
Introduction

The global food and fiber system - from the producer to the final consumer - is
subject to a wide range of risks and uncertainties. Extensive research has been pub-
lished in the fields of Economics and Agricultural Economics on every aspect of
risk and uncertainty as it relates to agriculture, ranging from theoretical to highly-
applied. Within the realm of applied research, much of the effort has been to pro-
vide producers with a framework for managing risk

9.2
Sources of Risk

Probably the most obvious effect of risk is the impact of seasonal weather varia-
tion directly on producers. However, the collective impact of weather-related pro-
duction risk and uncertainty on individual producers and their management deci-
sions affects every link in the marketing chain. Risk in agriculture can be broadly
defined into several categories (USDA 2006). These include:

Yield risk. This type of risk is probably the most commonly thought of risk in
agriculture, and it reflects directly the impact of weather on farm operations. Tem-
perature and moisture variation are the typical causes of yield risk, with irrigation
being one of the only significant approaches to minimizing the impact of hot or
dry conditions.

Production risk. Production risk entails all of the factors that affect yield risk,

plus the additional impact that adverse weather may have on producers’ ability to
plant. Two crop specific examples of planting risk include corn/soybeans in the
United States and soybeans in India.
For the U.S., cool and wet spring weather may not allow for timely planting of corn.
After a certain date, corn planting becomes infeasible due to the number of days
to maturity and, as the spring days pass, the increased likelihood of the crop be-
ing affected by freezes in the fall. Initially, producers can consider shorter-season
varieties of corn, but eventually, acreage that had been intended for corn may be
shifted to soybeans. Conversely, good weather throughout the corn planting season
often leads to increased corn plantings at the expense of soybean plantings. Poten-
tial corn production is reduced or increased and potential soybean production is
increased or reduced depending on the weather.



126 Keith Menzie

Soybean planting in India can be significantly affected by the timing and consis-
tency of the monsoon. If the monsoon begins early and rainfall remains relatively
consistent, soybean planting often continues beyond initial expectations, with a re-
sulting increase in total area planted to soybeans and a likely increase in expected
production. Conversely, a late start to the monsoon with a more erratic rainfall pat-
tern both in terms of timing and distribution may lead to reduced soybean plant-
ings compared with initial expectations, and reduced expected production.

Price risk. Commodity prices are critically important in agriculture, not only
to producers, but also to buyers up and down the supply chain. Agricultural com-
modity prices are highly volatile, subject to sharp increases and decreases over rel-
atively short periods of time and over a wide geographical range depending on
both local and global supply and demand conditions. Agricultural prices are de-
termined both locally and in global markets, so agrometeorological conditions, ad-
verse or favorable, in one part of the world can lead to uncertainty and price risk
in distant markets.

Agricultural commodities often can be substituted for each other, so conditions
favorable or adverse to one crop in one part of the world can affect prices in other
commodity markets around the world, which in turn can affect production and
consumption decisions in those markets. For example, corn, sorghum, barley, and
oats can be substituted for each other in animal feed, and more than half a dozen
oilseeds can all be used to produce vegetable oils. Price risk for one commodity
in one local market can be increased or moderated depending on local and global
market conditions for a variety of commodities over a geographical range of mar-
kets.

Income risk. Income is defined as the product of price and production minus
the cost of producing. Income risk is caused by the three types of risk previously
described, plus additional factors including variation in the price and availability
of the inputs required for production. For example, if a particular variety of wheat
planting seed is grown in Argentina, and producers in southern Brazil prefer that
type of seed, then availability and price of the planting seed will have an impact on
the incomes of Brazil’s wheat producers. If adverse climate conditions in Argentina
reduce production of the planting seed and raise its price, Brazil’s wheat producers
will have to pay more for the seed, thereby reducing income, or switch to another
cheaper variety that may adversely reflect on yield, thereby reducing income. The
global interconnectedness of agricultural markets increases the influence of risk
beyond local markets.

While adverse conditions in one area or for one crop may adversely impact pric-
es and incomes in another area, substitution by product and geography can also
serve to limit the degree of income risk. For example, 25 years ago, South America
was not a global source of soy protein. Livestock producers in Asian markets, for
example, were dependent on U.S. production of soybeans to meet protein needs.
With soybean production now more geographically dispersed, Asian livestock
producers’ risk is more limited since a short crop and higher prices in the U.S. may
partly be offset by better supplies in South America.

Financial risk. Financial risk for agriculture includes the cost and availability of
credit, which are impacted by changes in interest rates. Market forces beyond agri-
cultural markets often influence the level of financial risk.
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Institutional risk. Institutional risk reflects the legal and regulatory environment
created by Federal, State, or local governments. Environmental laws and regula-
tions, income and business tax laws, and Federal agricultural policy affecting pro-
duction, trade, and consumption are sources of institutional risk. For example, in
the U.S., farm policy in the 1930s defined a set of rules affecting the production of
peanuts. The law specified the quantity of peanut production on a particular farm
that would be eligible for a government-supported price that exceeded the world
market price. Then in 2002, the law was changed to permit anyone to produce pea-
nuts with the support price significantly reduced for all producers. The risk was
that earlier benefits provided by Federal law were reduced for those who originally
held quota rights, which had an effect on expected income for those producers.

For estimating global supply and demand for agricultural commodities, the key
risk types are the first four types defined above: yield, production, price, and in-
come risk.

9.3
Risk, Uncertainty, and the Agricultural Marketing System

While yield risk and its impact on the producer is the first and most recognized
source of uncertainty, myriad related impacts affect economic conditions through-
out the marketing chain and must be considered when estimating global supply
and demand. Directly or indirectly, each economic agent at every level of the global
agricultural marketing system is affected by one or several of the risk types. Price
and income effects stemming from a particular set of meteorological conditions
in a given crop cycle even influence cropping patterns in subsequent crop cycles,
and these influences must be evaluated as global supply and demand estimates are
made.

In order to highlight the scope of the potential impacts of meteorological events
on global supply and demand, the following section summarizes a few of the im-
plications of a hypothetical drought affecting the soybean crop in the western U.S.
Corn Belt.

U.S. producers. The most direct impact of a drought is on the producers in the af-
fected area. Lower yield reduces production for each producer, potentially putting
each producer’s income at risk. If the drought is widespread, national production
levels may be reduced, resulting both in higher prices and in an atypical seasonal
pattern of prices. Higher prices and atypical seasonal price patterns affect produc-
ers’ decisions about quantity and timing of sales to maximize income.

Producers beyond the region immediately affected by drought are also affect-
ed. Decisions these producers make ultimately affect soybean supply and demand,
first in local markets, but ultimately in global markets. Because drought affects the
level and seasonal pattern of prices, but not production levels for producers be-
yond the geographical reach of the drought, these producers have an opportunity
to maximize income by taking advantage of higher prices caused by the drought.
However, because the drought affects the seasonal price patterns, causing a sharp
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departure from normal, these producers must also consider the timing of sales to
maximize income.

Elevators/storage enterprises. The grain storage business can be affected by
drought in different ways depending on the location of the storage. For storage fa-
cilities in the drought region, the main issue is whether there will be enough crop
volume to efliciently utilize available storage. With too many facilities available
for the limited regional supply of grain, decisions will have to be made regard-
ing the best price to offer soybean producers as facilities compete for limited sup-
plies. For storage facilities located in parts of the country not directly affected by
the drought, the main issue becomes one of timing. While there is enough volume
to utilize storage capacity efficiently, the impact of the drought is the level and pat-
tern of cash and futures prices and how these impacts will affect the optimal tim-
ing of sales. A forecast of the price pattern over the remaining months of the mar-
keting season is essential to make the best possible decisions about how long to
store grain.

Transportation. The grain transportation system, like the storage system, depends
on volumes of grain to maximize income. For the rail system, one of the main is-
sues is positioning of rail cars during the harvest season and in the months that fol-
low. When drought strikes a region, demand for rail cars may diminish, and may
increase in parts of the country not directly impacted. Increased demand in the
non-affected producing areas may come from domestic soybean crushers and ex-
porters as these enterprises attempt to meet business needs. Water transportation
services are affected in the same manner as rail transportation. Barges and ocean-
going vessels may be less in demand due to reduced soybean supplies and increased
prices that may reduce buyer demand. Profit and income is at increased risk for
businesses that provide water transportation for grain.

Crushers. Soybean crushers account for almost 60 percent of the demand for soy-
beans in the U.S. market. Rising prices and diminishing volume available to meet
crushing demand will affect profitability and income of crushers. As with other
economic enterprises, crushers face increased competition for soybeans. Higher
prices for soybean meal affect both soybean meal export demand and demand for
soybean meal protein by livestock feeders. As soybean crush levels are reduced,
soybean oil supply diminishes, vegetable oil prices increase, and demand for veg-
etable oil is affected both in the U.S. and abroad.

Livestock feeders. Higher soybean prices and reduced crush results in reduced
soybean meal supplies and higher soybean meal prices. Since soybean meal is the
main source of protein in livestock diets, higher soybean meal prices directly affect
income levels of livestock production enterprises. Depending on the degree of im-
pact on soybean supply and demand and on the price and supply of soybean meal,
livestock producers may alter the mix of soybean meal and grain in rations, which
may affect livestock production rates. At the extreme, livestock producers may liq-
uidate some of their productive capacity (animal numbers), resulting in at first
lower, then higher meat prices.
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Foreign soybean producers. Global soybean supplies are distributed almost equal-
ly between the Northern and Southern Hemispheres, so a drought in the Northern
Hemisphere likely leads to global supply adjustments 6 months later. South Amer-
ica accounts for more than 50 percent of exportable supplies of soybeans, soybean
meal, and soybean oil. When global supplies are disrupted due to a drought in the
U.S. Midwest, higher prices occur in global markets. Higher prices signal produc-
ers in South America to expand the area devoted to soybeans in the fall planting
season subsequent to the drought. Higher production in South America leads to
increased exports of soybeans and products from the Southern Hemisphere, and a
shift in the demand for storage and transportation services from the region.

Other oilseed producers. In addition to affecting the global supply of soybeans,
higher soybean prices affect producers’ decisions regarding planting of substi-
tute oilseed crops. Markets for rapeseed, sunflowerseed, and peanuts are all linked
through protein and vegetable oil prices. All of these crops’ primary products (pro-
tein meal and vegetable oil) substitute for one another, so higher prices for soy-
beans will lead to expanded area planted to other oilseeds, resulting in increased
supplies and consumption. These economic reactions also help to offset the initial
soybean price reaction stemming from the drought.

U.S. soybean producers. Completing the annual cycle, the impact of drought in
one year in a part of the U.S. likely will result in increased area planted to soybeans
and increased supplies in the subsequent marketing year.

9.4
Information - the Key to Efficient Market Function

Agrometeorological risk and uncertainty permeate the entire marketing system
with far-reaching consequences for market participants. In order to optimize busi-
ness decisions relative to these risks and uncertainties for every economic agent
within the global agricultural production and distribution system, accurate, time-
ly, consistent, and widely available information is essential. This information re-
quirement can be met in part through periodic review and estimation of global
supply and demand for agricultural commodities. The quality and usefulness of
such estimation is contingent upon many factors, the single most important of
which is accurate and timely assessment of crop production.

It was the recognition of the need for such information about crop production
that led to the creation of the World Agricultural Outlook Board (WAOB) within
the United States Department of Agriculture. The WAOB was established to pro-
vide a reliable source of timely, consistently reported, and widely available market
information. The WAOB, with a staff of about 30 economists and meteorologists
serves as USDA’s focal point for agricultural market intelligence. Under WAOB di-
rection, interagency committees of experts develop official forecasts of supply, de-
mand, and prices for major agricultural commodities. Parallel to its commodity
forecasting roll, WAOB’s Joint Agricultural Weather Facility (JAWF) coordinates
weather, climate, and remote sensing work among USDA agencies. In addition,
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and in support of its commodity supply and demand forecasting function, JAWF
has operational responsibility for monitoring and analyzing the impact of global
weather on agriculture. This activity is conducted jointly by WAOB/JAWF and the
National Weather Service of the Department of Commerce.

A primary focus of public interest is the monthly publication of a report enti-
tled, World Agricultural Supply and Demand Estimates (WASDE). Its forecasts cov-
er major commodities for the United States and the world and are considered au-
thoritative because they are backed by USDA’s unparalleled access to information.

A unique feature of the USDA’s system for estimating monthly global supply
and demand is the information provided by JAWE. On a daily basis, meteorologists
track global weather developments and interpret the impact on crops in the world’s
major farming regions. This information is presented to USDA analysts and fre-
quently forms the basis for monthly adjustments to global supply and demand es-
timates. By combining sophisticated technology and a scientific understanding of
crop phenology, JAWF is able to provide early warning of emerging weather prob-
lems and potential crop shortfalls even in remote regions of the world. This type of
analysis, in conjunction with economic analysis of agricultural markets, helps per-
mit USDA to meet the critical market need for timely and consistent information.

In the next section, a brief overview is presented of several of the meteorological
tools and methods of crop assessment typically applied in developing the month-
ly world agricultural supply and demand estimates at USDA. Examples are taken
from analyses presented by JAWF to the Interagency Committee economists as
part of the monthly process of estimating global commodity supply and demand.

9.5
Global Crop Assessment Methods and Risk Reduction — Tools and Analysis

Summary and analysis of temperature and precipitation data during crop cycles
constitute the primary and most significant meteorological input into crop estima-
tion each month. These data are presented in several ways to evaluate their impact
on crops as they progress from planting to harvest. Data typically are presented for
the year in question and compared against long-term norms and analog years. Se-
lection of analog years can be very helpful to bridge the often qualitative link be-
tween observed data and predicted crop yields.

Figures 9.1 and 9.2 illustrate a review of temperatures during the corn growing
season in the Po Valley of northern Italy. Figure 9.1 summarizes the entire season-
to-date, while Figure 9.2 focuses in on the temperature extremes during July with
an overlay of the crop development stage to provide insight into the timing of the
temperature extreme. From these two figures, and the focus on temperature ex-
treme during silking, analysts can draw conclusions about the potential impact of
high temperatures on yield.

Several approaches are used to evaluate the timing and quantity of rainfall. The
amount of rainfall is typically analyzed either as cumulative precipitation or as
monthly total rainfall. Figure 9.3 illustrates simple cumulative rainfall for the sea-
son for Rio Grande do Sul in southern Brazil:
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Fig.9.1 Temperatures during the corn growing season in the Po Valley, Italy.
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Although Figure 9.3 indicated that by March 15 rainfall was slightly above nor-
mal, a closer look tells a much different story. Over 200 mm of rain fell in the later
half of December, shifting the cumulative curve up. Because soils in Rio Grande
do Sul are sandy and unable to hold moisture well, hence the timing of rainfall is
critical. Two extended dry periods in early 2004 proved disastrous to yields. Ad-
ditional meteorological analysis hinted at this outcome. Figures 9.4, 9.5, and 9.6
show monthly rainfall totals (low in 2004), days between rainfall (above normal in
2004), and a soil moisture analysis showing a precipitous decline beginning in Jan-
uary. All three indicators provided clear warning of a poor crop. (Clearly, the 2005
crop was also affected by drought).

Another recently employed analytical method, the CPC MORPHing technique
(CMORPH), makes use of satellite data to provide an estimate of rainfall to en-
hance station data. CMORPH can be used to provide indications when station data
are lacking or, in the case shown in the Figure 9.7, missing due to technical difficul-
ties. It provides an additional source of information that can support or even re-
place other sources of information.

The importance of using multiple sources of weather information to assist mete-
orologists and economists at the WAOB was exemplified by a unique weather event
in South Asia. During March 2006, an unseasonably strong mid-latitude storm
system moved northeastward from the Arabian Sea into central and northern In-
dia, impacting India’s maturing winter grains. Not only was the timing and loca-
tion of the storm rare, but the storm intensity was also noteworthy. Satellite imag-
ery showed a cloud pattern indicative of very heavy precipitation along with severe
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Rio Grande do Sul, Brazil
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weather. However, precipitation totals for the event in primary wheat areas were
very low, especially considering the storm’s intensity and duration. A detailed as-
sessment of WMO station data from portions of central and northern India indi-
cated missing values, likely due to power outages or data transfer problems. How-
ever, as seen in Figure 9.8, satellite precipitation estimates (CMORPH) for the re-
gion indicated a large swath of heavy rainfall across much of central and northern
India.

Despite its limitations, JAWF meteorologists felt compelled to use the CMORPH
data to develop crop impact assessments; the untimely widespread heavy rain and
severe weather was expected to cut into crop yields. This assessment was ultimate-
ly supported by field reports over the ensuing months. If the crop assessment had
been based solely on station data, the negative impacts would not have been noted
until much later.

These and other analytical tools are used each month of the crop cycle depend-
ing on the particular crop and country of interest. The next section demonstrates
how a combination of these tools and analytical techniques are used to make crop
estimates.

Difference: Station Data vs CMORPH
March 5-25, 2006

CMORPH data countesy of the U.S. Natonal Weather Service,
Climate Prediction Center
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Fig.9.8 Station data vs. CMORPH.
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9.6
Global Crop Assessment Methods and Risk Reduction -
the Case of Brazilian Soybeans

Global soybean production is valued at about $45 billion annually. About one-
third of global soybean consumption is derived from imported soybeans. Bra-
zil, the world’s second largest soybean producer, accounts for 37 percent of global
soybean exports, up from just 8 percent in 1990. Accurate and timely estimation
of Brazil’s soybean crop each year is critical for decision-making and planning
throughout oilseeds, grains, and livestock markets around the world.

To highlight this point, Figure 9.9 shows the Chicago Board of Trade November
futures price of soybeans tracked from April 2004 through September 2005. Pric-
es are measured in U.S. dollars per bushel. The figure illustrates the potential for
significant market impact due to weather events, and the critical need for timely
information for buyers, sellers, and all other business ventures involved in oilseed
markets around the world.

April 2004 through September 2004 is the period during which the Brazilian
soybean producer makes planting decisions, with actual planting occurring main-
ly in October and November. This was generally a period of falling prices, indi-
cated by a 15-percent decline in the November futures price. Despite declining
prices, area expanded that year and there was market expectation of a record large
Brazilian soybean crop. However, drought struck parts of Brazil during the main
2004/05 growing season. From February through mid-March 2005, CBOT prices
rose almost 25 percent. Business enterprises throughout the oilseed sector stood to
gain or lose significant income depending on the timing of decisions to buy or sell
during this short period of rapidly escalating prices. Accurate global supply and
demand estimates were needed by the market during this period, especially so with
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Fig.9.9 Chicago Board of Trade November futures price of soybeans, April 2004 -September 2005.
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hindsight knowledge of the fact that parts of the U.S. crop suffered dry conditions
early in the season, pushing prices even higher.

Assessing the size of the Brazilian soybean crop is made especially difficult by
the fact that there are many estimates at a point in time, including estimates from
two different Brazilian government sources. During the critical month of March
2005, when prices were rapidly escalating, estimates ranged from 56 to 61 mil-
lion tons, with Brazilian Government estimates of the crop ranging from 57 to 61
million tons. Timely clarification of the specific size of the crop was critical in the
weeks approaching the U.S. planting season. Meteorological data and analysis pro-
vided critical insight into the unfolding situation in Brazil and enabled timely dis-
semination of information to the global marketplace.

In March 2006, yet another year in which drought was affecting the Brazilian
soybean crop, the Brazilian Government released a yield estimate of 2.4 t ha! for
the state of Mato Grosso do Sul, down from its previous estimate of 2.7 tha'. USDA
was at the time estimating the yield at 2.65 tons per hectare. Our issue was wheth-
er we should lower our production estimate for Brazil in light of the new Brazilian
yield estimate.

A significant problem in evaluating this new estimate was the lack of meteoro-
logical data for the state. WMO stations and general soybean producing areas for
Mato Grosso do Sul are depicted in Figure 9.10.

Mato Grosso do Sul
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Fig.9.10 WMO stations and soybean producing areas for Mato Grosso do Sul.
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An accurate analysis would require a combination of all of the available tools.

Temperature and cumulative precipitation charts with comparisons to normal
values and to 2002 (selected as an analog year) revealed nothing to suggest a sig-
nificant yield reduction was appropriate at that stage of the crop cycle. The soil
moisture profile depicted in Figure 9.11 shows a drying period from mid-January
through early February, but recharge returned values to historic norms by early
March. Again, no clear indication was presented to reduce yield. However, with
the limited availability of WMO station data, more analysis was necessary to con-
firm the estimate. Weekly CMORPH data were analyzed, typified by Figure 9.11
for February 19-25:

With CMORPH data and analysis supporting conclusions from other weather
indications, a case was developing to hold off on reducing the Brazilian crop due to
yield deterioration in Mato Grosso do Sul.

Further analysis of the situation was conducted through application of satellite
imagery crop masking techniques to more clearly identify soybean producing ar-
eas and comparative NDVT analysis of the region. These techniques are depicted
in Figure 9.12.

With major soybean areas outlined in the south-central and northern regions,
it is apparent that 2006 was faring better than 2002 in some cases, and in the areas
with lower NDVT scores, soybean production was not highly concentrated.
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Fig.9.11 CMORPH estimated PCP, February 19-25, 2006.
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From the combination of analysis of data for Mato Grosso do Sul for early 2006,
it was concluded to leave the yield unchanged at 2.65 t ha! for that month. How-
ever, the analysis continued throughout the crop cycle, leaving open the possibility
that the crop estimate could be adjusted in later months.

9.7
Conclusions

Risk and uncertainty affects every aspect of the agricultural commodity market-
ing system - from producer to final consumer. Weather-related yield and price
risk translate into income risk in agricultural markets around the world. Ac-
curate, timely, consistent, objective, and widely available information including
analysis of the impacts of weather on crop production is critical for economic en-
terprises to make optimal business decisions. This paper reviews methods used
at USDA to assess impacts of weather-related risk and uncertainty on global crop
production as a first step toward estimating global supply and demand for com-
modities. More timely and accurate estimates result when multiple analytical
techniques are employed to evaluate the impact of seasonal weather conditions
on crops.
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CHAPTER 10

Weather and climate and optimization
of farm technologies at different input levels

Josef Eitzinger, Angel Utset, Miroslav Trnka, Zdenek Zalud,
Mikhail Nikolaev, Igor Uskov

10.1
Introduction

Weather and climatic conditions are the most important production factors for ag-
riculture. Farmers within any agroecosystem therefore try to adapt to these condi-
tions as much as possible (Adger et al. 2005; Smit and Yunlong 1996). Farm tech-
nologies play a major role in this adaptation process in both the short and the long
term. Farm technologies are optimized for different purposes such as maximizing
food production or profit. There is an urgent need, however, for such aims to be
directed to permit sustainability of food production at the local level, which can
be based only on stable agroecosystems (Fig.10.1). This has to be the basic strategy
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Fig. 10.1. The short and long term impact factors on farm management and its relation to re-
source management and sustainability of agricultural production.
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for the long term as important resources for agricultural production such as water,
land and soil resources are highly limited in our world. Moreover, these resources
are also endangered in many regions by desertification and climate change.

New farm technologies and those that have been established for many genera-
tions — indigenous technologies — offer many opportunities to react or adapt to the
given climatic and weather conditions. Because of climate variability and change,
the optimization of farm technologies becomes even more important for the pro-
ductivity of various agricultural production systems at different input levels (Siva-
kumar et al. 2005). Available farm technologies are often closely linked to specific
management options, which will therefore be considered as well in the following
analysis. These options for the various agricultural systems are always embedded
within the given socioeconomic, policy and trading framework within and be-
tween countries and regions and these can vary widely. This framework is an im-
portant consideration when identifying measures to adapt to weather and climate
conditions and has a strong influence on the adequacy of measures for adapting
farm technologies (Chiotti and Johnston 1995). This background and impact are
not considered in detail in our analysis but should be kept in mind when applying
the general findings and examples to a region with specific agricultural systems
and conditions.

Using available farm technologies to ensure sustainable production within giv-
en climatic and weather conditions often calls for the proper management of re-
sources or conditions for a specific agricultural crop production such as water, soil
(including nutrients), crops (including crop management) and microclimate (Igle-
sias et al., 1996; Karing et al., 1999; Rounsevell et al., 1999; Salinger et al., 2005).In
all agroecosystems since farming began farmers have developed specific strategies,
mainly the use of different farm technologies and related management options, to
survive in the given environment, but for various reasons not always with sustain-
ability in mind.

However, the development or improvement in farm technologies has been re-
sponsible for most of the increases in productivity and yields in agricultural pro-
duction worldwide. This trend should continue (Rounsevell et al. 2005) and could
potentially outrange, for example, any negative effects of climate change impacts
on food production in many regions. For a specific agricultural system not only the
applicability but also the availability of appropriate technologies for the local farm-
ers is therefore crucial for the potential to optimize production or adapt to climatic
variability and change conditions.

For example, the proper management of water resources by application of ap-
propriate farm technologies plays and will play a major role in both developed and
developing countries in regions with limited water resources for agricultural pro-
duction. Yield and yield variability can be strongly affected by global warming and
changing climatic variability including the direct effect of CO, on water use effi-
ciency in agroecosystems (Curry et al. 1990; Downing et al. 2000; Dubrovsky at al.
2000; Erda et al. 2005; Ewert et al. 2002; Isik and Devadoss 2006; Kartschall et al.
1995; Semenov et al. 1993; Semenov and Porter 1995; Wolf et al. 2002). Crop water
use and deficit in different climate scenarios and potential adaptation measures,
however, depend on crops, soil and climatic conditions and have a mixed impact
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on crop yields (Easterling and Apps 2005; Izaurralde et al. 2003; Rosenzweig et al.
2004; Tao et al. 2003).

Studies of European agricultural systems conclude that there is strong evidence
in climate change scenarios, especially for soils with low soil water storage capac-
ity or no groundwater impact to the rooting zone, that irrigation or water-saving
production techniques (e.g. by introducing mulching systems, adapting crop rota-
tion), will remain important requirements in future climate conditions in Central
European agricultural regions for crops to attain their yield potential (Eitzinger et
al. 2003). Further they conclude that if the droughts frequency and duration in-
crease further (Seneviratne et al. 2006; Pal et al. 2004) or soil and groundwater re-
serves decrease (e.g. by decreasing summer river flow from Alpine region) drought
damage will become more common. Summer crops will be more vulnerable and
dependent on soil water reserves, as the soil water or higher groundwater tables
during the winter period cannot be utilized as much as by winter crops. Evapo-
transpiration losses during summer due to higher temperatures would increase
significantly.

Negative yield effects for several crops and significant additional water use for
irrigation (up to 60-90%) might be expected in the Mediterranean region (Marrac-
chi et al., 2005; Tubiello et al., 2000) or regions with low soil water availability due
to climate change. According to Olesen and Bindi (2002), reduced water availabil-
ity in Mediterranean countries as a consequence of climate change and variability
might be the most important climate risk for crop yields in Europe, especially if ex-
treme weather events increase. A European study (EEA 2005) draws a similar con-
clusion, remarking on the need for future studies on the effectiveness of irrigated
agriculture in Southern Europe.

The results of climate change impact and adaptation studies in agriculture give
us a good insight into the effects on agricultural production of the optimization of
farm technologies and management. They suggest several potential measures for
adaptation of farm technology and management to changing climatic conditions.
In many studies focusing on climate change impacts on crop production in tem-
perate agricultural regions, only simple measures such as possible changes in sow-
ing dates (earlier sowing dates) and cultivar selection (e.g. selecting slower matur-
ing varieties) were investigated (Abraha and Savage 2006; Alexandrov et al. 2002;
Reilly and Schimmelpfenning 1999; Parry 2000; Sivakumar et al. 2005), showing
that these measures often have the potential to significantly reduce negative im-
pacts on crop yields (Alexandrov et al. 2002; Baethgen and Magrin 1995; Gbeti-
bouo and Hassan 2005; Luo et al. 2003). Adaptation of planting density and fertil-
izing can have similar effects (Holden and Brereton 2006; Cuculeanu et al. 1999).

Studies that focus more on adaptation confirm that simple and low-cost tech-
nologies can effectively reduce the negative effects of climate warming scenarios
and extreme weather on crop yields (Easterling et al., 1993, 1996; Salinger et al.,
2005).

However, many adaptation measures to current or changing climates in crop
and animal production depend on the availability and costs of different farm tech-
nologies, related to the established agricultural system and socioeconomic and
policy conditions (Giupponi et al. 2006). Technological research and development
are among the most frequently advocated strategies for adapting agriculture to cli-
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mate variability and change (Ewert et al. 2005; Perarnaud et al. 2005; Smithers and
Blay-Palmer 2001).

In developed countries with high-input agriculture many farmers may be able
to deal better with climate variability and change thanks to their available exten-
sive “technological” tool-kit, but the long-term vulnerability and risk may increase
as well (Bryant et al. 2000; Burton and Lim 2005). In low-input agricultural sys-
tems, on the other hand, the individual farmers depend to a large extent on low-
cost technologies or on external input such as institutional support for more costly
technologies. The concept of low external inputs sustainable agriculture (LEISA),
which is well described by Stigter et al. (2005), is probably the only realistic op-
tion for many developing countries if they are to secure sustainable food produc-
tion and welfare. Moreover, studies on climate change impacts on crops showed
that there is enormous variability between areas (e.g. shown by Jones and Thorton
(2003) for African maize production), which makes locally adapted technologies
even more important.

In this paper we will try to give an overview of this complex picture by using ex-
amples from selected countries with different climatic conditions and agricultural
systems. It discusses also the optimization of farm technologies as a means of en-
suring sustainable agricultural production. This optimization may include stabi-
lizing agroecosystems and providing an acceptable income for farmers.

10.2
Strategies for optimizing farm technologies
in various agricultural systems

In order to analyse optimisation strategies in various agricultural systems con-
sidering sustainability (Fig. 10.2.) we propose to make a distinction between the
most important and climate-sensitive agricultural resources to be managed, such
as water, soil (including nutrients), crop (including management) and microcli-
matic conditions in relation to low, medium and high agricultural input systems.
Of course, many farm technology optimization strategies can affect more than one
of these resources at the same time. Low-input systems may be characterized as
small farm structures and with low income in a less developed socioeconomic en-
vironment as is found in developing countries (almost no financial reserves for in-
vestment in farm technologies available). Medium input systems might be char-
acterized as small farm structures with acceptable farm income in a good socio-
economic environment, as in small farms in Western Europe (limited financial
reserves for investment in farm technologies available). High input systems might
be characterized as farms with high income levels in any socioeconomic environ-
ment, where there is theoretically no limitation to investment in new farm tech-
nologies.
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@D — v

High cost Low cost

=

N | > increasing sustainability

Fig.10.2. Types of farming systems in relation to technology used and trend in sustainability.

10.2.1
Optimization of farm technologies and water resources

It is well known that on a global scale water is probably the most limited resource
for agricultural production and directly sensitive to climate variability. Water re-
sources can therefore vary strongly from year to year and within a single year. Ex-
treme precipitation events and floods can be as devastating as droughts (Rosen-
zweig et al. 2002; Chang 2002), and these extremes could increase under climate
change, depending on the region. Extreme precipitation can further lead to nitro-
gen leaching on sandy soils, which might be accelerated under increasing climate
variability in more humid regions (Wessolek and Asseng 2006) and have implica-
tions for agricultural land use and management for groundwater recharge harvest-
ing, for example in northern Germany.

However, water shortage and droughts are the most important devastating fac-
tors for agriculture and food production because of their large spatial extension,
especially in many subtropical regions and developing countries. Over the centu-
ries, mankind in semi-arid and arid regions have therefore developed technolo-
gies or systems for water harvesting or irrigation. Nowadays known as traditional
methods or indigenous techniques, they are still in use in many parts of the world,
not least because they are well adapted to local conditions and are often the only
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option because of their low costs or inputs. Examples are given in numerous publi-
cations such as those listed by Stigter et al. (2005).

10.2.1.1
The role of farm technologies in water management
in developed regions or countries

In many agricultural systems, mostly in better developed countries or regions,
new technologies for water management have been successfully introduced and
have increased agricultural productivity. For instance, irrigated agriculture in the
Mediterranean area was introduced in ancient times and has been improved over
time with experience. However, irrigation techniques have been kept in the same
way for centuries in most Mediterranean countries. Inefficient flood irrigation sys-
tems, for example, can be still found in many areas of Spain and Egypt (El Gindy
et al. 2001; Neira et al. 2005). Modern sprinkler and drip-irrigation systems have
been introduced at great expense in some Mediterranean European regions such as
Spain (MAPA 2005). These new techniques significantly reduce water use. As can
be seen in Fig. 10.3, the Spanish productivity of irrigated crops, such as maize, has
increased in the last 15 years, compared with countries like Egypt, despite the fact
that the total production is lower. The differences between Spain and Egypt may
have many causes, but the new engineering irrigation infrastructures that have
been introduced in Spain (ANPC 2003) certainly have a strong influence on this
yearly yield increment.
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Fig. 10.3. Absolute differences between Egyptian and Spanish maize production (in BT) and
yield (in t/ha).
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Water availability could well be the most important agricultural constraint in
Mediterranean agriculture in the future (Olesen and Bindi 2002; EEA 2005) and
in many other agricultural regions worldwide. Adaptation tests by Rosenzweig et
al. (2004) for several major agricultural regions worldwide have shown that few
regions can readily accommodate an expansion of irrigated land in a changed cli-
mate, while others would suffer decreases in system reliability if irrigation areas
had to be expanded. Timely improvements in crop cultivars, irrigation and drain-
age technology and water management are therefore required. Farmers in southern
Europe, for example, must realize that techniques such as the “deficit Irrigation”
should be considered as an option in the next decades, or irrigated agriculture will
become unaffordable (Fereres 2005). Nevertheless, the success of deficit irrigation
in a given year depends on weather behavior during that year (Farre 1998), which
makes it difficult to introduce it into farming practice. The only practical solution
for the extensive introduction of deficit irrigation and similar techniques to im-
prove irrigation efficiency is through very local assessments, taking into account
weather variability (Bastiaansen et al. 2004; Eitzinger et al. 2004; Utset et al. 2004;
Utset 2005; Fereres 2005).

As an example of medium- and high-input farming systems, irrigation is being
modernised in Spain on a fairly large scale with governmental support (Beceiro,
2003; MAPA, 2005) to replace flooding by sprinkler and by other more efficient
technologies. It usually implies large investments and farmers cannot afford them
on their own. However, irrigation must not only be kept but also enlarged if the
Lisbon Strategy goals are to be met and rural living conditions improved (MAPA
2005).

Moreover, complete sprinkler coverage is very important in terms of person-
nel savings. Southern European and Spanish agriculture is mainly based on family
businesses. The rural population has dramatically decreased in Europe. Complete
coverage combined with automatic control devices therefore allows the manpower
effort involved in irrigation to be reduced to a minimum. Furthermore, irrigation
advisers in the form of local specialists should be accessible to farmers to accom-
pany modernization. These local services must be able to provide help to farmers
in dealing with the new available technology. The irrigation advisers in Spain and
other European countries usually have modern laboratories for soil property anal-
ysis as well as a relatively dense network of agrometeorological stations and other
high-input technologies. Besides, the specialists involved in such advice services
could be trained in modern techniques such as simulation modeling tools and re-
mote sensing interpretation.

Irrigation investments include channel designs, water distribution systems and
pumping devices. The engineering effort involved is usually significant, costing
several million euros. Complete sprinkler coverage usually involves underground
PVC or metal tubes all over the agricultural field. Automatic control devices also
need solar cells, modems, computer systems and other related technology. Fur-
thermore, irrigation advice services call for government investment in trained per-
sonnel, as well as laboratory infrastructures and technological facilities. Despite
the large investment involved in these three potential measures, they can be am-
ortized in few years, particularly in view of the anticipated increase in water prices
in Europe as a result of political measures. The irrigation advice service could also



148 Josef Eitzinger, Angel Utset, Miroslav Trnka, Zdenek Zalud, Mikhail Nikolaev, Igor Uskov

become independent and self-funding in few years. A government-directed effort,
providing loans and supporting funds is absolutely essential in the first stage. The
total amount involved is very high, which makes these potential measures afford-
able only by developed countries.

There are many examples in Spain and other southern European countries, but
we will concentrate here on the results obtained in the irrigation community of
Valladolid, Spain. The community comprises 610 ha, 209 farmers and 383 irrigated
fields in Simancas, Geria and Villamarciel, in Valladolid province, central Castille,
Spain (41:31N, 4:53W). Maize, sugar beet and alfalfa are the main crops. On-de-
mand pivot and sprinkler irrigation (complete coverage) was recently provided to
the farmers, according to the Spanish Plan Nacional de Regadios. The investment
included an underground pressure-based distribution network, a computer-based
automatic open-close control system for the hydrants and on-field control of the
used water, which is now being taken into account in the relevant invoices. Flood
irrigation is no longer allowed following the modernization investment. Week-
ly crop water requirements are provided locally by a web service (www.inforiego.
org) and by SMS. The Penman-Monteith daily evapotranspiration calculations are
based on a network of agrometeorological stations installed in the last five years all
over Castille using European funds.

The Castilla y Ledn irrigation advice service made a survey of 26 per cent of the
local farmers in Simancas-Geria-Villamarciel (Utset et al. 2006a,b). According to
the survey, 77 per cent of the farmers take into account the particular season and
the crop to manage irrigation. However, 86 per cent do not conduct a water bal-
ance to calculate the irrigation supply requirements. They recognize they could
save more water and they might pay for irrigation advice, particularly considering
soil differences and water-table fluctuation levels. TDR-based periodic soil-mois-
ture monitoring is being carried out by the irrigation-advice service in Simancas-
Geria-Villamarciel on several fields, providing the farmers with updated informa-
tion on water use. In particular, the recurrence of soil water content higher than
field capacity at deeper depths is an indication of water loss and potential pollution
problems. Irrigation productivity calculations are also provided for farmers. This
service is being supplemented by modeling assessments (Utset et al. 2005), which
might help farmers to decide how to manage crop and water in a sustainable way
in their respective farms.

10.2.1.2
The role of farm technologies in water management
in developing countries

For many farmers in developing countries, however, these expensive new technolo-
gies are not affordable without external support and are therefore not applicable in
low-input agricultural systems with weak infrastructure and poor socioeconomic
conditions. The adaptation and use of traditional methods are recommended in
these cases (Stigter et al. 2005). Indigenous techniques for agricultural water use
in semi-arid regions are known for example from the Incas. Chacras hundidas are
sunken pits or basins that allow crops to reach the groundwater table (Golte 1978).
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Galerias filtrantes, artificial and complex surface and underground canals to col-
lect groundwater, are also still used in places. Similar systems of ancient under-
ground pipes for the transfer of irrigation water through arid areas can be found
in Iran. Ancient surface canal systems and surface tanks over large areas for the
transfer, distribution, collection and storage of water from the monsoon periods
can be found in India (Das 2001 in Stigter et al., 2005) and Sri Lanka, which also
still work effectively and are used for crop production in low-input farming sys-
tems. Stigter et al. (2005) reports several examples of traditional and newly adapted
effective water use methods in Africa using planting pits with improved soil water
storage through the addition of manure, for example.

Beside traditional or indigenous methods, new and low-cost technologies may
be still a promising option for low-input farming systems, especially for countries
in transition such as India or China. Eitzinger et al. (2005) showed that even simple
low-cost technologies could significantly improve irrigation scheduling and crop
water use compared with flood irrigation. These technologies, based on simple
measurements and algorithms to estimate actual evapotranspiration for irrigation
scheduling, have still to become more user-friendly, however. Moreover, a basic
and stable infrastructure for local companies and technical support should exist or
be built up, and this is not the case in many regions of developing countries, espe-
cially in Africa (Stigter, personal communication, 2004). This could also act as an
incentive for technological change to be driven more by environmental objectives
and farmer innovations operated through the market as recommended by Norse
and Tschirley (2000), among others.

An important management option...” by

“An important management option for low (and all level) input farming systems
regarding water resources is the change to crops with better water efficiency. This
is especially important in regions where pressure on water reserves is increasing
owing to human activities, climate change and variability. For example the change
from wetland rice to dry land rice or other crops can have enormous effects on ag-
ricultural water reserves, as demonstrated in northern China (You 2001).

10.2.2
Optimization of farm technologies and soil resources

Soils and prevailing agricultural production systems strongly interact with climate
and climate variations, so farm technologies and management options have to be
adapted to maintain soil functions for crop production to secure sustainable agri-
cultural production as a basis for the welfare of many countries. Soil types in their
current form developed over many centuries are determined among other factors
by the climatic conditions. Agricultural practices can strongly impact on soil func-
tions in the short term, and farming technologies and management can play an im-
portant role in these processes. In many regions with extreme weather conditions,
for example, soil functions can react very quickly to agricultural practices. Unfor-
tunately this can lead to rapid and irreversible degradation of soil functions and
further to desertification, which has become a significant problem in many agro-
ecosystems in the world.
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For example, improper irrigation schemes and use of salinated irrigation water
can lead to increasing salinity of soils, making them unusable for agricultural pro-
duction. This process is well known from badly adapted production systems as a
result, for example, of long-term inappropriate policy (as was the case with Soviet
cotton production concentrated in Central Asia). Other examples are overgrazing
in the Sahel zone and other semi-arid regions for various reasons, leading to wind
erosion and desertification. Crop productionof not suitable crops in warm semi-
arid zones with frequently strong winds can easily lead to wind erosion triggered
by soil degradation (for example, short-term profit-driven agriculture as with the
wheat production in Western Australia in earlier times). In tropical regions the
high soil temperatures combined with high precipitation cause high decomposi-
tion and leaching rates and an inappropriate change in soil use for agricultural
crop production can lead to fast soil degradation (for example, with too few organic
matter residues or manure), (Sivakumar et al. 2005). In climates with frequent ex-
treme precipitation events, such as the Asian monsoon regions, soil water erosion,
especially in hilly terrains, has already caused enormous soil degradation. This is
the case especially with production systems where the soil surface is not always ful-
ly covered or there are no terrace systems, as in the tea plantations of Sri Lanka.

There are many other examples showing how agricultural practices that are not
adapted to local climatic conditions have led to irreversible damage to agricultur-
al soils. Under climate change and changing climate variability, these problems
will become an even more significant threat for the soils in many agroecosystems
through increasing evapotranspiration rates for irrigated regions (Yeo 1999), more
frequent droughts or extreme precipitation, for example.

Since farming is carried out by humans, soil cultivation plays an important role
in crop production. The first important aim was to control weeds and to optimize
root growth conditions. This is still an important argument for ploughing in many
agricultural areas and in ecological farming. However, because soil cultivation is
an important cost factor, many options have been developed to decrease it, such
as reduced soil cultivation or minimum to no soil cultivation and tillage systems.
Furthermore, these systems can reduce soil water and wind erosion significantly
and also increase soil water-holding capacity and infiltrability. It has been shown
experimentally that increasing soil water-holding capacity by reducing soil culti-
vation in combination with mulch has had a significant positive yield effect (on ce-
reals in the semi-humid region of eastern Austria in years with drought episodes,
for example).

Similarly, simulation studies have shown that increased initial soil water content
at the beginning of the growing season has a significant positive long-term yield ef-
fect (Trnka et. al., 2004); (Fig. 10.4). However, for larger field sizes these systems are
mainly used with medium- and high-input systems where complex machinery is
required. Often, soil fertility and functions could be improved and erosion reduced
significantly by using these systems, which would make an important contribution
to sustainable crop production. In ecological farming, however, ploughing still re-
mains an important measure because of its weed control function. Nevertheless,
minimum tillage and reduced soil cultivation can also be used under certain con-
ditions in these systems.
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Fig. 10.4. Sensitivity of water-limited spring barley (cultivar Akcent) grain yield to different lev-
els of initial available soil water (ISAW) in a highly fertile region under present and 2xCO; cli-
matic conditions (both ambient CO; increase and changed climate were considered). Each point

represents a 99-year simulation described by the mean and the value of the coefficient of vari-
ance.

The most widespread decrease in appropriate soil functions for crop production
such as water-holding capacity and soil fertility is caused by wind or water erosion.
Soil erosion can have multiple causes, one of which is climate and climate variabil-
ity in the form of extreme precipitation or strong winds in dry conditions. Farm-
ing practices and technologies have a strong impact on the climate-based potential
for soil erosion. There are many examples of soil erosion caused, for example, by
overgrazing in semi-arid regions with sandy soils or by growing slowly develop-
ing crops causing reduced soil cover for long periods. This is the case with maize,
soybean or sugar beet also in temperate regions with significant extreme precipi-
tation events.

Changes in crops or crop rotation to adapt to changing climate and variability
may therefore impact indirectly on soil erosion in vulnerable regions (Rounsevell
etal, 1999). Climate change and climate variability may also indirectly affect soil
erosion. For example, O’Neal et al. (2005) report that increasing precipitation and
decreasing cover from temperature-stressed maize are important factors for in-
creasing soil erosion in the Midwest of the United States of America. In almost all
agroecosystems soil erosion, caused be various factors, leads to a decrease in soil
fertility and hence to a reduction in crop productivity because of loss of organ-
ic matter, nutrients and lower water-holding capacity. In temperate regions with
high-input systems heavy machinery, often in combination with slowly developing
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crops and soil cover, contributes to soil compaction, decreasing water infiltration,
increasing runoff and therefore water erosion. In Europe these problems are appar-
ent with sugar beet and maize, where soils are not covered for a long time in spring
and heavy machinery has a devastating and often irreversible affect on soil struc-
ture during the frequently wet harvest periods in the autumn. This problem accel-
erates with increasing slopes of fields, as are frequently found in Europe.

Perennial crops in various climatic regions such as vineyards, orchards, tea or
coffee, which are often grown in hilly regions, are also subject to water erosion, es-
pecially during extreme precipitation events. Mulching technologies such as grass
or straw mulch or other crop residues are therefore often applied and are some-
times mandatory. In some cases, even the more costly or manpower-intense terrace
systems have been re-established in order to stop long-term soil erosion.

10.2.3
Optimization of farm technologies and crop resources

Crop yield and crop production within a certain territory can be seen as an inter-
action of many factors. However, crops adapted to certain conditions are an im-
portant local resource for crop productivity with a significant influence on yield
risk. Crops can respond nonlinearly to changes in their growing conditions, ex-
hibit threshold responses and be subject to combinations of stress factors that af-
fect their growth, development and yield. Thus, climate variability and changes in
the frequency of extreme events are important for yield and the stability and qual-
ity from year to year. Higher temperature and precipitation variability increase the
risk of lower yield, as many experimental and simulation studies have shown (Por-
ter and Semenov 2005).

Over the generations farmers have selected the best cultivars for their use, creat-
ing locally well adapted crops, some of which are still in use in agricultural systems
and are an important genetic resource for modern crop breeding. Farmers can not
only change crops and cultivars but also modify crop management, by changing
the sowing date according to the expected seasonal weather, for example. The sea-
sonal precipitation pattern (onset of rain, duration of rainy season, distribution
during crop growing period) is one of the most important pieces of information
for farmers in semi-arid regions using rain-fed cropping, especially for low-input
systems (Stigter et al. 2005; Ingram et al. 2002; Mati 2000) in developing coun-
tries, which enables them to adapt their sowing dates and crop selection. Seasonal
forecasts, provided they are reliable enough, are already being successfully used
in developed countries at the farm level to adapt seasonal crop planning (Meinke
and Stone 2005), but there is still a deficit when it comes to making such informa-
tion useable for farmers in low-input systems (Salinger et al. 2005). However, sea-
sonal forecasts are already being used in developing countries for yield forecasting
to support policy decision making (Hansen and Indeje 2004) or the MARS project
of the European Union, which has been extended to the African regions (Rojas et
al. 2005).
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10.2.3.1
The role of crop modeling in farm technologies

Crop and whole farm system modeling can help farmers significantly in decision-
making for crop management options and related farm technologies, provided it is
used properly and infrastructural support of the standard in developed countries
is available. An example is presented by Keating et al., (2003) applying the APSIM
model for farming system simulation in Australia. Examples have also been pre-
sented for tropical regions such as Asia, where related user-friendly software has
been developed (Aggarwal et al. 2006a,b).

However, for medium- and low-input systems in developing countries crop or
agroecosystem modeling is currently used mainly to guide general decision-mak-
ing on a higher institutional or farm-advising level. Matthews et al. (1997), for ex-
ample, reported that for rice production in Asia the modification of sowing dates
at high latitudes, where higher temperatures allowed a longer potential crop-grow-
ing season, permitted a transition from single cropping to double cropping in some
locations, which could had a significant effect on regional production. Two short-
er ripening varieties might be a better strategy than a longer maturing variety be-
cause the grain formation and ripening periods are pushed to less favorable condi-
tions later in the season. Planting dates could also be adjusted to avoid high tem-
peratures at the time of flowering (spikelet sterility). Spikelet sterility resistance of
cultivars to temperature is another option for reducing the yield risk for rice under
high or increasing climate variability. Further examples are changes to more heat
resistance or earlier ripening cultivars, as it has been shown that heat stress can sig-
nificantly reduce crop yield (Southworth et al. 2000; Soja et al. 2005). For crops in
tropical regions, e.g. soybean in India, a delay in the sowing date has been recom-
mended for similar reasons (Mall et al. 2004).

Climatic variability influences not only the production of individual crops but
also the agriculture systems, which are composed of several interdependent seg-
ments. For example, with grassland or cereal production considerable variations
owing to climatic factors might be of major importance to dairy farmers (or dairy
unit of the farm) (Holden and Brereton 2002). Therefore the whole system must al-
low for the risk of unfavorable weather conditions. This requires stocking up nec-
essary reserves and possibly purchasing forage if this cannot be produced locally.
Prior knowledge of such a need (e.g. deficit or surplus in crop production) might
enable the subject to obtain a better price or the state agency to prepare to inter-
vene. The case of Austrian grassland production in 2001 and 2003 could serve us as
an example, showing how such an “early warning system” can work (Fig. 10.5). As
most of the yield variability is caused by climatic factors and their interaction with
soil conditions, sward composition and management a relatively simple model of
the whole system could be created (Trnka et al., 2006). If such system is then com-
bined with appropriate GIS information it might be updated (and regionalized) in
order to identify regions where forage growth has became critically low (Fig. 10.5).
When such a model is coupled with a weather generator a probabilistic forecast can
be issued early in the season, allowing farmer to better estimate the chance of a
good/poor harvest (Fig. 10.5) or prepare to set up irrigation technologies.
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Fig.10.5 The high resolution GIS map of Austrian grassland yields during the unusually dry year
2003 documents extremely low yield areas b) Example of the yield forecast for cut 2 (from 22 May
to 26 July 2002) at Gumpenstein experimental station. The horizontal line represents the level of
observed dry matter yield at the site. The orange vertical bars represent yield predictions based
on three statistical forecasting methods. The green bars represent probabilistic forecasts, each
based on the 99 GRAM model runs issued on the given day preceding harvest. The x-axis de-
scription depicts the number of days to the harvest. The lowest and highest parts of each bar rep-
resent minimum and maximum predicted yields. The white part of each bar indicates mean val-
ue * standard deviation (SD).
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In fact this method performs better than the standard “statistical” yield predic-
tion and can be performed with reasonable accuracy relatively early in the season.
Forecast precision could be improved by issuing a probabilistic forecast that incor-
porates a long-term weather forecast for the rest of the season.

10.2.3.2
Changing agricultural systems and the role of farm technologies

Crop response to environmental conditions is a complex problem. Beside the sea-
sonal weather, crop characteristics and management, crop yield is influenced by
soil and terrain properties, fertilization (especially nitrogen, phosphorus and po-
tassium), pests and diseases pressure as well as soil cultivation. All these factors
can alter with time and changing production systems and interact with farm tech-
nologies. For example, in the emerging farming systems with lower than optimum
doses of mineral fertilizers (as in ecological farming systems) yield has been found
to be more directly related to crop rotation schemes (for example to the percent-
age of perennial legumes used in case of cereals). One per cent use of forage crops
(mostly legumes) caused growth in grain yield of 23 kg/ha (Sroller et al. 2002).
Ecological farming systems, for example, use more complex crop rotation, differ-
ent soil cultivation and crop protection measures and finally different technologies
than in conventional farming.

A comparative study of the past decades in Central Europe (including 10 West-
ern and former Soviet countries) presented by Chloupek et al. (2004) claims that
the influence of cultivars was relatively low in comparison with the influences of
location, year, nitrogen application, use of growth regulators and fungicides (Sip
et al. 2000) in relation to yield increase. However, their impact increased between
1962 and 1992 from 25-30 to 50 percent (Bares et al. 1995). In the 1950s, Fischbeck
(1999) reported that yield growth for wheat in Germany was due to increased ni-
trogen fertilization, and later due to chemicals used to shorten straw and to fun-
gicides. Factors influencing crop yields in the neighboring Czech Republic were
summarized by Vrkoc (1992) for 1948-1990. He reported that the most important
factors were the decreasing influence of inherent soil fertility (40-0%); the decreas-
ing influence of weather (20-0%); the relatively stable influence of cultural practic-
es (10-25%); and the increasing influence of varieties, fertilizers and plant protec-
tion practices (during the period: 5-30, 10-25 and 5-20%, respectively). This is a
view also expressed by Chloupek et al. (2004) who claims increasing yield stability.
Even though some additional findings support these claims, e.g. increases in mini-
mum regional yields level or decrease in interregional differences during individu-
al seasons (Fig. 10.6) the claims of decreasing weather influence even in high- and
medium-input agriculture depend to a large extent on the responses of crop culti-
vars to the prevailing climate and weather conditions or their degree of adaptation
to these conditions. For example, it has been shown that those crops exhibiting the
highest increase in yield were also the most adaptable to inter-annual weather vari-
ability, cultivars grown and cultivation techniques used.

In a simulation study we found that a relatively large proportion of yield vari-
ability could be explained simply at least in some regions by the monthly drought
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Fig. 10.6. Development of the mean national yield (dot) of two major cereal crops (spring barley
and winter wheat) during the period 1961-2000. The bars represent the minimum and maximum

yields obtained at the regional level (country composed of 78 individual regions). Linear trends
are provided separately for 1961-1990 and 1991-2000.

index. It showed that too dry/wet conditions during the growing season signifi-
cantly reduced yields (Fig. 10.7). In another study Trnka (2006) demonstrated that
interseasonal permanent grassland yield variability was mostly a function of vary-
ing global radiation, temperature and soil moisture regimes even with relatively in-
tense production under the temperate Central European conditions.

As mentioned above, weather and/or climate and optimisation of farming tech-
nologies are not the only drivers influencing agriculture systems, their productiv-
ity and even their sustainability. Optimisation strategies in agriculture might, for
example, include changes in land use, shift of production areas because of climate
shifts (Seguin, 2003), changing the size of farms and fields in combination with
technology, soil amelioration and sustained improvements of inputs or methods
(e.g. better adapted cultivars, machines, chemicals, fertilisers) additionally trig-
gered by policy and governmental incentive measures. Combining these manyfold
impacts might result in different sensitivities of the agriculture systems to weather/
climate factors, with positive and negative effects .

The effect of these factors over extended periods, for example the past five de-
cades, can be demonstrated by looking at farming systems in the Czech Republic
(during the change from the Communist regime to a democratic system). The large
farms and high investment (although in many cases ineffective) together with the
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Fig. 10.7. Time series of the relative Palmer Z index averaged over the period April-June of each
year and detrended spring barley yield for the south-eastern part of the Czech Republic. The blue
arrows mark unusually wet seasons and red arrows for seasons with unusually dry growing pe-
riods.

intensive use of fertilizers and pesticides triggered by the policy-oriented yield-
maximizing strategy produced a sustained increase in yields (as shown in Fig. 10.6
for cereals) in the Czech Republic, which from 1961 to 1990 was comparable with
or higher than the mean of the EU-15, despite the comparatively worse climate and
soil conditions (Chloupek et al. 2004). Even in the late 1980s when the intensity of
the Czech Republic’s agricultural production was at its peak, the effect of environ-
mental factors on production remained high (as has also been experienced in oth-
er European countries with different agricultural structures), as can be seen from
the yield variability at the district level compared with the national mean yield (Fig
10.6a-b). The change of the political system in 1989-1990 led to the introduction of
market economy principles, which forced producers to put the emphasis back on
productivity and sustainable production rather than maximizing yield. Some of
the least fertile areas were thus turned back to grasslands or forests and the amount
of fertilizers and pesticides decreased dramatically. This change led to a decrease
in national mean yields, especially in the case of spring barley, where in Western
countries like Austria a continuously increasing yield trend has been observed,
driven mainly by productivity. Only during the past two decades has sustainability
and environmental protection been forced either by policy measures or by changes
in farmers’ strategy in response to market demand, such as in ecological farming
systems. The latter cases have led to a diversification of yield levels, depending on
the intensity of production, and productivity (driven by market prices and govern-
ment support).

As Bares et al. (1995) and Sroller et al. (2002) noted, the influence of new culti-
vars has been increasing over past 40 years, especially in high- and medium-input
farming systems. The continuous effort of crop breeders in close cooperation with
state authorities in charge of approval of newly bred cultivars can be regarded as
one of the most important drivers of increasing productivity in EU and Central
European agriculture in the past 40 years. As Chloupek et al. (2004) showed for the
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Fig.10.8. Development of the mean national yield (circles) of winter wheat in the Czech Republic
from 1961 to 2000 and the mean attainable yield (based on 8113 yield experiments from over 40
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Czech Republic, the yield of all major crops increased steadily during the period
1961-2000 (although there has been a depression during the past decade because
of a system change as mentioned above).

This is partly explained by the other farming techniques such as appropriate ap-
plication of nitrogen, pesticides and better technology, but all of these intensifica-
tion factors can be utilized only when proper cultivars are used. For some crops
(e.g. winter wheat) we noted that the positive trend in maximum attainable yields
(i.e. level of yields from the mix of the newly introduced hybrids grown in near-
optimum soil conditions with high standard of farming practices) was almost the
same as the national mean yield trend (Fig. 10.8). Interestingly, from 1971 until
the late 1980s there was quite a large increase in the maximum attainable yields
whereas this breeding progress was much less pronounced in 1990s. The present
national mean yield is only about 60 per cent of attainable experimental yields (Fig.
10.8), and thus 40 per cent of the cultivar production potential is theoretically not
being utilized (in the case of winter wheat). This could be a result of the less ideal
soil conditions compared with the experimental sites but is probably attributable
for the most part to the reduced application of optimum conditions for reaching
maximum yields (nutrient and pest/diseases constraints) in order to optimize pro-
ductivity.

10.2.3.3
The role of crop management in farm technologies

The adaptation of the crop calendar also involves potential changes in the sowing
dates. For centuries the proper setting of the sowing date within a particular sea-
son has remained as extremely difficult task in practice. In some seasons it is also
impossible to keep the recommended sowing dates because of constraints imposed
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either by weather conditions (e.g. high soil wetness / low soil workability) or oth-
er factors (e.g. machinery not adapted to wet soil conditions). The experimental
data show that even small shifts in sowing dates can result in extreme differences
in the final yields because vulnerable stages are exposed to different environmen-
tal stresses.

In many cases crop models can be used either to find the most appropriate sow-
ing “window” or to calculate the penalty for premature /late sowing (Trnka et al.,
2004; Zalud and Dubrovsky, 2002). The sowing date optimization procedure for
a central European site is demonstrated in Figure 10.9a-b where two crop mod-
els were used to evaluate the effect of changing sowing dates. In the case of spring
barley (Fig. 10.9a) it is clear that the overall mean yield is relatively insensitive to
small changes in sowing date. Specifically, the median of the yields remains near-
ly constant if sowing varies within 20 days. Therefore there would not be any se-
vere penalty in most seasons if the sowing were moved. A simple rule based on
the crop model results suggests that an earlier sowing date results in higher/more
stable yields, which farmers in this region are already well aware of. The model we
used also shows that the possibility of even earlier sowing is restricted by the soil
workability in most of the seasons (grey box). On the other hand, if the planting
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Fig.10.9a,b. Optimization of changing sowing dates for spring barley (a) and grain maize (b) for
present climatic conditions as modelled by CERES-Barley and CERES-Maize. The shift is shown
in terms of the deviation (in days) from the representative year’s planting date (26 March-spring
barley and 6 May). The bars represent quantiles (5th, 25th, median, 75th, 95th) of the model yields
obtained in the 99-year crop model simulations for present and changed climate. The changed cli-
mate is represented by the AVG scenario. The shaded bars relate to the actual planting date. The
shaded area in the case of spring barley marks unworkable soil conditions at the site.
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date is delayed, the grain yields tend to decrease because of the shift of the vegeta-
tion period to months with higher temperatures and lower precipitation causing
higher water stress during the grain-filling phase and a shortening of this phase.
An examination of grain maize yields at the same site (Fig. 10.9b) shows that they
are also fairly insensitive to small changes in sowing date, but that in the case of the
earlier sowing date, the probability that the yield will be damaged by a spring frost
increases. On the other hand, if the sowing date is delayed, the grain yields tend to
decrease because of the occurrence of autumn low temperatures, which terminate
the grain filling phase.

Under changed climatic conditions the appropriate sowing times will have to be
assessed again, but this adaptation measure is quite straightforward in the case of
annual crops. For perennials (e.g. vineyards or orchards) the onset of phenological
stages and the higher chance of frost damage are very threatening (Chemielevsky
et al. 2006) especially under changed climatic conditions, and for this reason frost
protection measures should be introduced (see below).

10.2.3.4
Crop monitoring techniques — pests and diseases

Some of the gains in agricultural production under local current conditions or ex-
pected with higher production efficiency or change in climatic conditions could be
cancelled out by the losses caused by pests or diseases (McCarthy et al. 2001; Can-
non 1998). Even though appropriate agricultural practices and technology might
help to control pest populations or diseases, these measures increase the overall
costs of production and place further stress on the environment where pesticides
or fungicides are used (Chen and McCarl 2001). In addition, some of the pest and
disease control techniques (e.g. deep ploughing) could conflict with efforts to con-
serve soil water through minimum tillage systems. Similarly, the introduction of
genetically modified crops remains problematic in EU countries, and it raises a lot
of questions in its own right (Gutierrez and Ponsard 2006).

In the case of pests the ontogeny of poikilothermic insects is controlled mostly
by temperature (with other weather factors reducing or enhancing survival rates),
and this fact has been utilized by agrometeorologists and phytopathologists for
several generations to increase crop protection efficiency. A wide variety of model-
ing techniques (Guisan and Zimmermann 2000) are used in ecology studies (Lo-
gan et al. 2006; Beaumont et al. 2005) and by farmers or consultant companies as
part of expert or operational warning systems (Griinwald et al. 2000; Hijmans et
al. 2000; Aggarwal et al. 2006a). Models of different complexities have also been
used to determine the probability of a particular pest’s establishment in a given lo-
cale or in the case of the unintentional introduction of alien species (Morrison et
al. 2005; Gray 2004; Rafoss and Saethre 2003; Jarvis et al 2001).

Models capable of estimating the spatial extent of a climatically suitable area for
a particular pest allow us not only to identify the species’ current potential distri-
bution but also to assess which regions will be climatically suitable under future
climate scenarios. Theses models could be successfully used to monitor the de-
velopment of the particular pest stage at a given locale or to provide farmers with
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timely information on the present status of the pest development. The latter could
be done on the local scale (http://www.srs.cz/pas/mury/zavijec/index.php, 2006)
or in the form of spatialized maps available to farmers in the given area (http://
www.pestwatch.psu.edu/sweetcorn/tool/tool.html, 2006). Even on a larger scale
monitoring can be useful. This is the case with locusts, a well known and highly
destructive pest in many developing countries, which is sensitive to rain distribu-
tion during the early season. Monitoring on an international scale is necessary to
establish an effective warning system so that appropriate measures can be taken.
The fact that this aspect is underdeveloped at present can be seen only too clearly
from the past events in the Sahel zone.

Similar monitoring techniques have been or are being developed for various dis-
eases as well, but in many cases the interaction with climatic factors is much more
complex and less understood than in the case of pests.

Recent studies (Trnka et al., 2007) have shown that the pest-crop-climate rela-
tionship is dynamic and that species that have not been considered important in
specific regions in the past might become a major problem on account of climate
shifts and could expand to new regions. One example is the observed occurrence
(with apparent damage to the crop) of the European corn borer (ECB) in the Czech
Republic between 1961 and 1990 and between 1991 and 2000 (Fig. 10.10). Where-
as the climate mapping results suggested two potential niches for the pest between
1961 and1990 (Fig. 10.10a), the bulk of the ECB population was concentrated in the
south-east of the country, not least because of the very low grain maize acreage in
the other region. The decade from 1991 to 2000 saw a significant expansion of ECB
(Fig. 10.10). The invasion of the pest has been blamed on the general increase in
grain maize acreage, the overall decrease in the use of insecticides, the widespread
use of minimum tillage technologies, and a general decline in the quality of farm-
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Fig. 10.10. Climatically suitable areas for the European corn borer (ECB) in the Czech Republic
in terms of the climate suitability index for the monovoltine populations (CSy). The CSI values >
0.71 mark regions with suitable conditions and those with CSy > 0.85 those with excellent condi-
tions. The ECB might also be found in unusually warm years in the area marked in green if maize
is present. The CSj value is shown for 1961-1990 (a) and 1991-2000 (b). The dots represent sites
where the ECB occurrence in maize was observed under field conditions.

Notes: For better visualization Fig. 10.6 includes the whole territory of the country (excluding
areas above 800 m above sea level) rather than the arable land only.
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ing practices. These changes correlate with the overall social and economic reforms
started in 1989 that led to a decade-long crisis in the agriculture sector.

The maps suggest, however, that the underlying cause of the ECB expansion was
amajor increase in the size and quality of the prime niche area (Fig. 10.10) and that
eradicating the ECB populations (once they have become established) is virtually
impossible. This claim is based on the past 70 years of experience with the pest in
the south-east corn-growing region or the US Corn Belt, where despite all efforts
the pest has never been eradicated. Farmers therefore have to adopt new strategies
to keep the pest population below critical levels (e.g. appropriate crop rotation and
tillage practices, timely use of insecticides or introduction/selection of resistant
varieties) rather than invest in eradication programmes. In all cases the existence
of real time monitoring programs allows more effective treatment of the exposed
crops.

New technologies permit the monitoring of crop conditions on a much smaller
scale. A related new emerging technology is “precision farming”. This technology is
still under development, currently applied only rarely and related to new technolo-
gies such as remote sensing, GPS and GIS. Because of high costs it is still available
only for high-input farming (Pedersen et al. 2004; Godwin et al. 2003). It is based
on observing spatial variabilities of several factors in crop fields, such as nitrogen
content of leaves, drought status, disease occurrence or in-field yield variation. Us-
ing the observed information the farmer can apply measures based on the actual
site-related status, considering field-level variations. This can significantly decrease
costs for fertilizers and chemicals and enhance crop yield and productivity. Appli-
cations are also known for sprinkler irrigation of annual crops, applying water ac-
cording to spatially changing soil conditions. The related equipment is still costly
and not appropriate for low-input farming and small farms, but on a larger scale
and on an institutional basis such technologies might be available at lower cost in
the future following further development. Locally adapted crop management of
low-input systems may use other options to precisely adapt management to spa-
tially changing soil and crop conditions. In small, not technologically driven farms
such options tend in any case to be based on the experience of the farmer.

10.2.4
Optimization of farm technologies and the microclimate of crop stands

Changes in climate variability and climate can affect microclimatic conditions
is many ways (Sivakumar et al. 2005). Modifications to the microclimate of crop
stands were used in ancient cultures such as the Incas in the Peruvian highlands
(Vogl 1990). These ancient camellones and gochas are a combination of water-filled
canals and plots designed to improve the microclimate (especially to decrease noc-
turnal cooling) and water availability of crops and are still in occasional use. An-
other examples is kanchas (stone fences around small fields) and terraces on slopes,
which can increase both air temperature and water regime and reduce the wind
speed of crop stands in these semi-arid and cold environment. Similar systems can
also be found in other parts of the world, developed by ancient farmers on their
own experience.
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In current semi-arid low-input systems there are known examples not only for
improving water resources but also for optimizing the temperature and radiation
regimes of crop stands (Stigter 1988, 1994). A classic example is oasis agroecosys-
tems with complex crop mixing and patterns to permit efficient use of radiation in
asmall area, to increase air humidity for the shaded crops and to avoid extreme di-
urnal temperature variations.

Agroforestry systems including shelterbelts are another farm management op-
tion to improve microclimatic conditions and not just to reduce wind and evapo-
transpiration. As crops respond especially to climatic extremes, any measure to re-
duce these extremes in most cases has had an accumulating positive effect on the
yield level. Easterling et al. (1997), for example, show in a simulation study for the
Great Plains that shelterbelts may provide nighttime cooling that could partially
compensate the tendency of warming to shorten the growing season. This effect is
even more significant under extreme climates or severe warming trends. On the
other hand, heat stress on crops can be reduced by shading, which has been docu-
mented as a significant yield factor (Southworth et al. 2000, 2002).

Many examples of agroforestry systems in different climates and regions are
known, all adapted to the specific characteristics of the relevant agroecosystem
(climate, soils, crop production, farm input level, socioeconomic conditions). Such
systems are already well established in many agricultural regions, especially in
subtropical and tropical climates with extreme temperatures and/or weather vari-
ability. As Salinger et al. (2005) reported, soil surface heat extremes may surpass
critical limits in many regions, especially with changing climate variability and ex-
tended drought periods. Under extreme climatic conditions, in semi-arid and arid
tropics, for example, physiological critical temperature thresholds for crops were
attained more frequently. The establishment of agroforestry systems as a long-term
measure is probably the most effective option and solution to this problem.

Tree shading, on the other hand, can also prevent frost damage to crops and
reduce nocturnal radiation cooling on the crop surfaces. This method is used not
only in temperate regions but also in tropical highlands, for example in tea planta-
tions in Sri Lanka. Other frost production methods, such as covering plants with
sheets or foil, are also used in small plots for low-input systems. For orchards or
large fields methods such as frost irrigation, foil covering, or applying aerosols are
costly and are therefore found mainly in medium- and high-input farming and
for cash crops. Long-term measures that are very important for avoiding damage
to crops from radiation frost include planning of plantations in relation to topog-
raphy in order to avoid impacts from cold air lakes. These measures are often ig-
nored, especially when frost occurs seldom, but the effect on perennial crops can be
more devastating than hail damage, as the whole crop can be damaged.

Hail is another danger, which can occur in almost all climatic regions. Although
it is normally limited to a small region, its frequency can cause devastating dam-
age. Protection against hail is not possible for annual crops on large fields (except
by cloud injection, the effectiveness of which is uncertain). Only on perennial cash
crops such as orchards is the investment on a hail net, for example, profitable. Hail
insurance is probably the most effective protection against financial losses as a re-
sult of hail, but it is mainly used in developed countries and high-income farm-
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ing systems. For low-input farmers in developing countries institutional support
might be the only solution for hail protection.

10.3
Conclusions

Apart from the farm size or prevailing production systems, the optimization of
farm technology and management plays an important role in reducing the negative
impacts of climate variability and extreme weather events on crop and animal pro-
duction. The relevant measures strongly influence the availability of the most im-
portant resources for agricultural production, namely water, soil (and nutrients),
crops and microclimatic conditions. In low-, medium- and high-input levels vari-
ous technologies are available ranging from traditional or indigenous methods to
high-tech methods such as precision farming. Many authors have reported that
high-input farming, especially in temperate regions, has the best prospect for adap-
tation to current or changing climate variability or for protection against extreme
weather events. In these farming systems, usually located in developed countries
with good infrastructures, technological developments and the availability of tech-
nologies in crop and animal production provide a rich toolkit enabling decision-
makers to select measures from several options. Moreover, many agrometeorologi-
cal forecasting, warning and monitoring services for farmers already exist.

Because of climate change and variability, however, beside low-cost options (e.g.
change in planting date), long-term changes in agricultural production strategies
(e.g. changes in perennial crops such as orchards or in irrigation technologies)
could necessitate high investments and significantly increase the risk of produc-
tion during transition periods.

Many low-input farming systems farmers depend on traditional methods or - in
many cases not yet available — external inputs such as institutional forecasting and
warning methods or investment in irrigation infrastructure. Both the re-establish-
ment of locally adapted traditional (indigenous) farming technologies and warn-
ing/forecasting methods together with institutional support may help farmers in
low-input agricultural systems to sustain or improve their productivity, food pro-
duction and income. New low-cost technologies as used for irrigation scheduling
may also be introduced in low-input farming systems once the basic infrastructure
has been established and farmers have been trained to improve the often recom-
mended demand-driven approach.

The optimization of farm technologies is often prompted by different aims such
as maximizing food production or short-term profit. There is an urgent need, how-
ever, for such aims to be directed to permit sustainable food production at the lo-
cal level, which depends on stable agroecosystems. Both the re-establishment of
locally adapted traditional (indigenous) farming technologies and warning/fore-
casting methods together with institutional support may help farmers in low-in-
put agricultural systems to sustain or improve their productivity, food production
and income.
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CHAPTER 11

Complying with farmers’ conditions and needs
using new weather and climate
information approaches and technologies

C.J. Stigter, Tan Ying, H.P. Das, Zheng Dawei, R.E. Rivero Vega,
Nguyen Van Viet, N.I. Bakheit, Y.M. Abdullahi

1.1
Introduction

The preparatory note of this Workshop (WMO/CAgM 2005) gives six specific ob-
jectives of the Workshop. Others will deal with identification and assessment of
the components of farmers’ agrometeorological coping strategies with risks and
uncerainties, discuss the major challenges to these coping strategies (e.g. Rathore
and Stigter 2007), review the opportunities that farmers have, to cope with agro-
meteorological risks and uncertainties, and provide examples. In this paper we
particularly discuss and recommend suitable policy and policy support options to
comply with farmers’ conditions and needs that determine their vulnerabilities as
well as their windows of opportunity. This includes the role of weather and climate
information approaches and information technologies and whether new approach-
es and technologies have roles to play. If this is the case we should find out what
determines the scope of the application of such developments. We belong to the
schools that want to make a plea for achieving a “culture of disaster preparedness”
(e.g. Sikka 2001; Rathore and Stigter 2007) and we feel that the term “risk manage-
ment” should be abandoned for all but the richest farmers (Sahni and Ariyabandu
2003). The key-word in preparedness is not “management” but “resilience” (e.g.
Reijntjes 2001; Bjornsen and Gurung 2001). An analysis of farmers’ agroecological
resistance to drought in Africa and to hurricanes/cyclones in Central America and
India indicated independently that resilience has a social as well as a technical di-
mension (ILEIA 2000; Holt-Gimenez 2001; Stigter et al. 2003).

Recently Lassa (2006) emphasized that disaster should be considered a forced
marriage between a hazard and vulnerability. To cope with impact problems of fre-
quently occurring disasters, the vulnerability of people should be reduced and the
hazards should be mitigated, which therefore means fighting on at least two differ-
ent fronts. What is often badly understood by those that have to carry out policies
of disaster impact reduction is that there is a long process involved in for example
a drought or flood hazard to produce a disaster (e.g. Brandt et al. 2001; Connelly
and Wilson 2001; Stigter et al. 2003). In the context of complying with farmers’
conditions and needs we will handle the four policy issues that Lassa (2006) distin-
guished: (i) mitigation practices; (ii) disaster preparedness; (iii) contingency plan-
ning and responses and (iv) disaster risk mainstreaming. These issues can also be
recognized in Stigter et al. (2003). It should be realized that as agricultural scien-
tists we have come closer than ever to farmers, but we are farther away than ever
from policy makers (Stigter 2005a). However, the same appeared to apply in health



172 CJ.Stigter, TanYingetal.

services in developing countries where the analogies with agrometeorological ser-
vices were striking when replacing the most terrible diseases affecting people with
the most terrible climate and weather disasters (Stigter 2005a).

Another important introductional issue is the parallels found between prob-
lems with policy options for structural preparedness for and rehabilitation from
disasters, such as in well selected agrometeorological services for such purposes,
and some basic difficulties generally encountered in establishing services (e.g. Van
Noordwijk et al. 2005, in the aftermath of the tsunami disaster in Aceh, Sumatra,
Indonesia, after one year). There is little principal difference between what Stig-
ter saw in April 2005 in Central Sudan (Stigter 2005b), revisiting an earlier re-
search area (Bakheit et al. 2001, 2005) in the middle of its third year of drought,
and the tsunami areas of Sumatra after the first relief had reached the victims, with
the exception of the attention that at least the people in Aceh initially got (Stigter
2006a).

11.2
Complying with conditions and needs

According to Van Noordwijk et al. (2005), at a meeting of local governments, na-
tional and international agencies and NGOs in Meulaboh, Sumatra, there were five
main reasons that became apparent for the problems encountered in assisting poor
people in building or rebuilding a sustainable livelihood. A first basic problem in
Aceh/Sumatra appeared to be one of appropriate need assessments. There was a
call for more critical consideration of local needs. For more than 20 years now, we
have been arguing and practising in agrometeorology the local bottom up deter-
mination of “which problems with agrometeorological components that farmers
bring up need to be solved first” (e.g. Stigter et al. 2005c). This should replace the
offers of agrometeorologists of what they are able to solve. In Aceh, as well as in Su-
dan, “we need to anticipate the broad range of people’s needs in the recovery of in-
frastructure and help communities prepare for the future” (Van Noordwijk et al.
2005). Doing that, we should realize that “livelihood strategies emerge in response
to opportunities, not from preconceived master plans or blueprints” (Van Noord-
wijk et al. 2005; see also Roling et al. 2004 and Hounkonnou et al. 2006; but also
some failures wrongly talked into useful results by Bouma et al. 2006).

The second important issue is that the biggest challenge facing all organizations
working in the affected regions in Sumatra is collaboration and coordination, be-
tween agencies and between actors at different levels (Van Noordwijk et al. 2005).
For agrometeorology we recall Jacob Lomas’ long time call for collaboration be-
tween relevant government organizations in agriculture and meteorology. He not-
ed particularly the lack of cooperation between the institutions providing informa-
tion and relevant advisories and those responsible for their transfer to the farming
communities (e.g. Lomas et al. 2000), which one of us more recently again echoed
(e.g. Stigter 2004).

Related to the above is the observed urgent necessity in Sumatra of attention to
a “missing middle layer” in this co-ordination (Van Noordwijk et al. 2005). And
this is again exactly the need for “intermediaries” between NMHSs, Research In-
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stitutes, Universities and agrometeorological extension (as another layer of such
intermediaries) close to the farmers, which are advocated over already many years
in agrometeorological services (Stigter et al. 2005a; WMO 2006a). The observed
needs for capacity building in these directions, including better involvement of the
lowest level local government agencies, that is presently absent in Sumatra/Aceh
(Van Noordwijk et al. 2005), has again its parallel in the need for capacity build-
ing for agrometeorological services. This is in the observed insufficient involve-
ment through education and training of the user community. The latter includes
the farm advisory services that can provide relevant assistance, to be derived and
adapted from more general weather information products (Lomas et al. 2000; Stig-
ter 2004; WMO 2006a).

The three remaining issues in Aceh/Sumatra are all related to policy matters.
Van Noordwijk et al. (2005) distinguish (a) environmental issues, (b) infrastruc-
tural and market issues and (c) issues related to the lack of base line data and the
support to collect and collate these. Under (a) they argue for example that (a physi-
cal system for) preventing another tsunami to cause the same amount of damage
has probably been too high on the public list. This is comparable to our pleas for
having environmental monitoring, early warning, and other predictions of disas-
ters in (agro)meteorology, always directly related to relatively easy and economi-
cally sound preparedness and mitigation possibilities within the livelihood of peo-
ple (e.g. Stigter et al. 2003).

Under (b) it was indicated that many aid organizations forgot some important
aspects of “macro” market chains and infrastructural necessities in Aceh/Suma-
tra. Well known parallels in agrometeorology are in examples where farmers do
not exploit microclimate or other yield enhancing improvements because of a lack
of roads to markets, lack of appropriate storage facilities or discouraging price ra-
tios between added inputs and higher yields. In improvement of traditional under-
ground sorghum grain storage in Central Sudan for example, mobility and eco-
nomic aspects had to be taken into account as well (Bakheit et al. 2001, 2005).

The point (c) observed in Aceh/Sumatra finally is again only too well known
to agrometeorologists. The slow process of trial and error in (changing) natural
resource use, caused by the lack of base-line data and the support to collect and
collate these, obviously applies to routine meteorological and agricultural data in
rural and other remote areas. And also to data from fields stricken by pest or dis-
ease. However, it almost even more so applies to basic socio-economic data, caus-
ing completely wrong approaches in agrometeorological designs due to completely
wrong assumptions (e.g. Onyewotu et al. 2003; Stigter et al. 2005b).

This confusion is also well illustrated in a recent paper by Verdin et al. (2005).
They believe that creative coping strategies to manage climate change and increased
climate variability requires fundamental technical capacities first, illustrated with
Ethiopia as a case. They state that adaptation strategies cannot be developed and
implemented until trends and shifts in climate have been identified using access to
modern methods of data capture, data management, telecommunications, model-
ling and analysis. It is true that ”it is in the hands of those with local knowledge
that creative adaptation strategies will be forthcoming”. But the wishful thinking
of large scale transfer of advanced climate science and technology to African coun-
terparts as condition sine qua non (Verdin et al. 2005), however sympathetically
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proposed, starts to come close to the naivety and lack of understanding of policy
factors that was shown by Huntingford and Gash (2005) and criticized by Stig-
ter (2005d). Local progress can be made differently through policies of improved
response farming and other improved preparedness strategies under the present
conditions (Stigter et al. 2005b). Further progress will come long thereafter based
on further agrometeorological services established with the three components that
were earlier distinguished (already in the title of Stigter 2005c).

With this last point we are back at what definitely is the largest and most im-
portant parallel between the experiences in Sumatra/Aceh and those in the intro-
duction of agrometeorological services in poor rural areas: the lack of appropri-
ate need assessments. For agrometeorology, we need to train a “middle level”, “in-
termediaries”, working as two-way guidance. They should simultaneously support
highly needed actions of farmers at the production level as well as the generation
of more relevant and better absorbable (more client friendly) products by NMHSs,
Research Institutes and Universities. Without this, many weather and climate
products, and related efforts, remain lost on those farmers that need our support
most. This is well illustrated by the surprising results from Ahmed et al. (2006) in
Pakistan for irrigated farming in Rechna Doab. They statistically found that farm-
ing experience was only a negative factor in farm economic land productivity, be-
cause more experienced farmers were too rigid and less experienced farmers too
unskilled. Both need services for change. The pertinent differentiation and upscal-
ing needed in these exercises are illustrated by the Chinese research we discuss in
the following paragraphs.

Effective and accountable local authorities are the single most important insti-
tution for reducing the toll of natural and human induced disasters (Sahni and Ari-
yabandu 2003). In India, the country’s day to day administration centres around
the District Collector who is also in charge of all the relief measures at that level.
There are sub-divisions and tehsils. The lowest unit of administration is the vil-
lage. All these tiers of administration function as a team to provide succour to the
people in the event of disaster (Sahni and Ariyabandu 2003). It would be helpful if
establishment of agrometeorological services could be guided at the lowest admin-
istrative level. However, collected examples in China show how far agrometeoro-
logical information still was from farmers’ conditions and actual services only ten
years ago (Tai Huajie et al. 1997). Pilot projects presently underway have to show
that this gap can actually be narrowed (Stigter 2006d).

11.3
Differentiated information needs and channels for various farmers

11.3.1
Information demands of different income levels in poor areas of China

Development and strength of a nation are very much determined by capacities of
collecting, organizing and applying information in the right quantities and quali-
ties (e.g. LEISA 2002). With appropriate macro-economic policies provided by the
government, the existence of suitable market forces and sufficient attempts to ac-
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commodate the inescapable urbanization trends, the development of rural econo-
mies depends mainly on capacity building and services in rural communities (Tan
Ying et al. in prep.). After improving, adapting and focusing rural information and
education systems, information and communication technologies (ICTs) could
play very important roles in such capacity building and services.

Essentially the process of information communication can be described as fol-
lows. Primary information is generated, on request or by supply, by various knowl-
edge sources, supported by data, research, education/training/extension and policy
systems (Stigter 2005¢). This leads to informative products (in our fields from the
Chinese Meteorological Administration (CMA), Universities and Research Insti-
tutes) that cannot yet be absorbed by most users in poor areas (Stigter 2006¢). Sup-
pliers or communicators of derived information encode it in a more client friend-
ly form and disseminate the encoded information to receivers through some ser-
vices channels and media. After decoding and using this information, ideally the
receivers give feed back to the suppliers through some of the same or other chan-
nels. This is a continuously running loop. Sometimes suppliers and receivers inter-
change their roles with each other (Severn and Tankard 2000). Examples are farm-
er innovations. For information suppliers and communicators, some information
receivers may also form a primary market for information. Therefore, study of the
actual demands of information receivers is vital to the improvement of informa-
tion services, as we already concluded from another approach above.

Tan Ying et al. (in prep.) found from experiments detailed below that 95% of
farmers in parts of China where most poor farmers live think that information
could bring them great profits. All except few elders admit that they need infor-
mation and believe in its importance. These people think that it is very necessary
to obtain information for their life and work, and that through news they could
understand the world. They are concerned with social development. Many believe
that by obtaining technological information, including weather and climate related
information, and market information they could carve out or enlarge their produc-
tion scale and raise profits. Most investigated farmers believe that China is in a pe-
riod of economic structural adjustment and that the agricultural structure needs
great alterations. Facing such an uncertain market and so many choices, they seem
insatiable and panic. Therefore, they are eager to understand new things in order
to make highly efficient low-risk decisions.

For technological and market information in agriculture, farmers and exten-
sion services are the basic receivers or target groups. Two bodies of the Ministry
of Agriculture of China, the Department of Market Information and the Center
for Agricultural and Rural Research, launched a sample survey by using their es-
tablished long-term rural observation stations (Ministry of Agriculture of China
2000). The survey focused on the current situation of farmers’ markets and the
technological information they receive and use. It involved 31 provinces (including
Beijing, Shanghai, Tianjin and Chongqing, the four cities under the direct juris-
diction of the central governance) and autonomous regions. The results from this
survey showed that farmers are mostly concerned with two kinds of information,
i.e. (i) information on practical technology with low investment and instant profits
and (ii) information on market demands for agricultural products.
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In 2001, the Institute for Technological Information Research in the Shandong
Provincial Academy of Agricultural Science through synthesis analyzed the results
of their research on agricultural information requirements from data provided by
12 local bureaus of 8 regions/cities (Gao Chunxin and Zheng Yan 2001). The anal-
ysis showed that among the various information, the technological information
ranked first, averaging 67 percent, according to multiple selections by agricultur-
al users. Market information came second, averaging 36 percent, confirming the
above results.

Research on information demands for different farmer-users has been rare, es-
pecially for the poorer central and western regions of China. The central and west-
ern regions of China are mostly countryside including pastures, border areas and
regions where minority groups are living. There are mainly mountains, tableland,
remote deserts and abundant areas with poor natural resources as well as abomi-
nable working and living conditions. Information flow and communication are
seriously impeded by severe natural conditions, complicated geographical envi-
ronments and inconvenient traffic, which also directly affect the economic devel-
opment of backward areas. It appears that 50% of the very poor are situated in
western areas, and close to 60% of them are living in long-term poverty counties
(China Agricultural University 2002). In 2002, the Institute of Science and Edu-
cation, Northwest Normal University, brought forward that attention should be
paid to farmers’ actual demands for information, especially for the western regions
(Zhu Fengli 2002). They suggested that although farmers are heterogeneous, both
in their occupations and their information demands, this diversity had not been
genuinely identified, and their detailed priority information demands had not been
properly revealed.

11.3.2
Differentiation between income levels in poor areas of China

Ye (2002) defines a farmer initiative as the impetus that sufficiently and necessar-
ily drives a farmer (or group of farmers) to formulate a realistic strategic plan, and
to implement it in an attempt to create space for maneuver and to pursue change
through changing social conditions. He lists the critical factors contributing to the
process of various farmer initiatives in China as including trust, social networks,
information derived from networks, past experiences, media and publications, cal-
culations of cost-effectiveness, enlightenment from interaction with and influence
of family members and the network of outsiders, information from the market,
visits to successful cases, self-help and cooperation, reputation (respect, credibil-
ity), interests, beliefs, curiosity vis-a-vis the outside world, technology innovation,
knowledge from publications and training, study visits, skills and technical capa-
bility, enlightenment from observation and favorable policies. Many of these are
interrelated and some in fact can be grouped in broader categories, the broadest
one being “social capital” as the mobilizer (Ye 2002).

More recently Tan Ying et al. (in prep.) posed the question whether and how the
actual information needs of farmers are met given that new channels of informa-
tion give lots of farmers in China new chances to choose the most suitable informa-
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tion for their use. They used information from about 400 farmer families, distrib-
uted over 30 villages in the provinces Yunnan, Shaanxi, Anhui, Hebei and Shanxi,
Central and Western China. According to different situations of different areas, the
methods varied. The research combined qualitative and quantitative analysis, in-
cluding Participatory Rural Appraisal (PRA) surveys, questionnaire surveys (ran-
dom and stratified sampling) and interviews.

A first experiment showed that four different income-levels of farmers treated
the technological and related information differently and their levels of satisfaction
were different too. Also, they appeared to receive the information largely through
different channels. However, farms at the same income levels in different areas ap-
pear to have similar information needs. In addition, through the participative re-
search it was understood that most farmers were not satisfied with the information
thatis provided by the mass media. From another experiment it followed that when
the farmers had similar occupations (as planter, cultivator, businessman, village
technician, village leader) their information requirements were close to each other.
But different income type farmers used again different media channels to receive
the information. Results of again another experiment implied that farmers with
the same occupation often select similar information sources, while farmers from
different jobs obviously make different choices, which were again income related.

This paper tries to make a sensible differentiation among rural people. Weath-
er and climate information and their dissemination and use are here to be seen as
part of technological information. No studies on these specific meteorological in-
formation needs and channels have been made. From the surveys qualitatively the
following applies to the income differentiation in central and western China (Tan
Ying et al. in prep.).

Very poor farmers. They have limited technological information demands and
mainly obtain information from leaders, neighbors and relatives. Most are over 50
years old, illiterate, and only a few of them have studied in primary school. As to
their family situation, many are solitary elderly people, widows/widowers or peo-
ple in bad mental or bodily health. Their main problem is lack of labor. They gen-
erally make only use of local resources and expect help from the government. They
are largely indifferent to multifarious information from various media, don’t lis-
ten to/watch/read functional broadcasts/TV programmes/newspaper items. When
watching TV, they are mostly interested in entertainment programs such as tele-
plays and films.

Low-income farmers. Most of them are planters and cultivators and have only had
primary school. The main information channels for this type of farmers are mass
media, leaders, able friends and relatives. They usually accept information pas-
sively and seldom seek technological and enriching information actively. They can
only understand a little popularized science and few new technologies on TV, and
a bit older farmers can hardly understand them at all. They have very unremark-
able technological information demands, but are interested in many other infor-
mation services, such as regarding rural policies and regulations, applied scientific
and cultural information with good knowledge contents, sales and supply informa-
tion of agricultural products. However, without special assistance they cannot eas-



178  C.J.Stigter, TanYingetal.

ily articulate what the specific information is that they need most. All programs on
TV are wonderful to them.

Middle-income farmers. Most of these farmers are somewhat larger planters and
cultivators/growers whose information demands are comparatively strong. Be-
sides TV & radio and personal communication, they begin to pay more attention
to newspapers, brochures and books related to agricultural production. What they
need most, usually are practical operational and market information services such
as on the utilization of new technologies, weather forecasts, rural policies and on
sales as well as enriching information from able villagers and so on. However they
cannot use them with sufficient efficiency. They can find technological informa-
tion services they need with the assistance of technicians, village leaders and able
villagers. Most cannot select useful information themselves or, getting unsatisfied
results after applying some new knowledge, hesitate to accept and use such infor-
mation services. However, the informatization process in some areas is rather fast-
er and there computers are becoming available in some villages. Several most edu-
cated farmers begin to get interested in this “new thing” and want to obtain some
technological information from the internet. This picture is confirmed from else-
where (LEISA 2002).

Richer farmers. Most of these farmers are 35-45 years old and influential plant-
ers, growers and traders (self-employed workers, entrepreneurs). The information
channels for these farmers mainly are TV, the press, broadcasts and Internet, per-
sonal communication such as the marketplace, telephone, etc. Having studied in
high school or taken adult education and new technological training after hav-
ing been in agriculture already for some time, they are very sensitive to agricul-
tural policies, market and farm product information with which they can create
benefits quickly. Usually they can actively search various media, and spend more
time on obtaining the latest information. They prefer to communicate with well-
informed people (services, private information agencies). During the survey, it was
found that most of these big planters, cultivators and businessmen benefited from
the technological information. Several rich farmers even begin to use computers
to sell their products.

11.3.3
Information channels for different income levels in poor areas of China

From the results of Tan Ying et al. (in prep.) it follows that in central and west-
ern regions of China, traditional modes of information flow and communication
still occupy the main position. Qualitatively it followed from the survey contacts
that from the point of view of utilization of technological information and ac-
knowledgement/acceptance of its effects, 90 percent of farmers thought that the
flow paths combining personal communication with mass media played an impor-
tant role in farmers’ information selection. They would rather transmit demands
for new technology through personal communications such as with able villagers,
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model households, experts, technicians, etc., confirming that personal relations
play a very important role in China’s rural technological information initiatives.

This is confirmed by the results of Ye (2000). Therefore, although information
service systems have been shaped and established, the scientific and technological
requirements of investigated farmer households have not been met yet. For farmers
in relatively rich regions, channels are more diverse, but farmers in comparatively
poor regions can mainly get information through personal communication. This
is again confirmed from sources outside China (LEISA 2002).

11.3.4
Demand and supply of information for different income levels
in poor areas of China

The very poor farmer (family) pays little attention to technological information
(Tan Ying et al. in prep.). According to its importance, the highest information
demand for the category of low-income farmer families can be generally ranked
as follows (acknowledging areal differences): new varieties, rural policies, utiliza-
tion of new technologies and applied scientific knowledge. Information demand
for anyone item of information is only 30% on average and 40% in some areas.
Similarly, for the mid-income farmer families, the general order was as follows:
utilization of new technologies, new varieties, the sale of products, applied scien-
tific knowledge, market information and rural policies. The average information
demand rate of four regions is just over 30%, not really higher than for the low-in-
come group, but this category began to pay more attention to market information
and the sales information of products.

As to the relatively-rich farmer families, the general order is as follows: market
information, the sale of products, utilization of new technologies, applied scientific
knowledge and rural policies. The average information demand of the four regions
is 40 percent, higher compared with the mid- and low-income groups, but also still
in need of much improvement (Tan Ying et al. in prep.). The low demand figures
show that there is eventually still much work to do to make known the services that
may be offered.

11.3.5
General implications of the findings for different income levels
in poor areas of China

With the above in mind, four main conclusions on technological information ser-
vices, including agrometeorological services, can be drawn. These are followed by
some suggestions springing from the results obtained on the four income groups
that we have differentiated (Tan Ying et al. in prep.).
1) Very poor farmers can’t use the existing technological information services
and therefore have limited demands for such services.
Because this category of farmers is the last destination target group, govern-
ment at all levels should give them sufficient support. Local government could
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set up poverty-alleviation groups in the village committees and villager groups
in order to strengthen their relations that are important in organizing commu-
nication and information for such farmers. In most rural areas this group is
bound to disappear in the next development phase, so a structural solution is
most often not needed but ad hoc assistance should be organized to relieve their
plights.

2) The awareness of low-income farmers of technological information services

is too small.
This category of farmers accounts for a relatively large target group in under-
developed areas. Facing such farmer groups the chief tasks are to popularize
knowledge, to derive suitable services based on knowledge and to increase an
awareness of available technological information services. For example, an in-
formation station in Sanyuanzhen, Wuhu, Anhui province plays fully the gov-
ernment’s services function. It sponsors information dissemination meetings
regularly, in order to urge farmers listening to/watching technological pro-
grams and paying attention to technological information services. Meanwhile,
they make use of lottery attached contests on the agriculture channel, as well as
other programs, to stimulate and improve farmers’ initiatives and awareness to
information.

3) Middle-income farmers can’t utilize information services very efficiently.
The leading role of able villagers and village leaders should be fully played. Gen-
erally speaking, able villagers are pioneers among progressive farmers and have
relatively strong ability to obtain and use information services. Let them assist
the others. Still, government’s information services departments should adopt
various training types to bring them services derived from applied scientific
and technological knowledge. They should enhance their education so that they
themselves can accumulate, analyze and utilize information services more effi-
ciently.

4) Rich farmers have greatest ability of utilizing effective information services.
Relatively rich farmer families contain often able villagers and villager leaders.
According to classical work by Rogers (1983), able villagers are often the first
level destination, namely information pioneers; mid-income farmer families are
the second level destination, namely early information receivers; while low-in-
come farmer families are the third level destination, namely late information
receivers. Case studies demonstrate that farmer initiatives are processes of “en-
lightenment”, not only inspired by ideas, but more importantly, by engaging and
learning from social interaction and everyday experience (Ye 2002).

1.4
Implications for information approaches and technologies

11.4.1
Poor farmers

For the poorest farmers, transfer and adaptation of simple innovative technology
developed by others and of simple operational knowledge of all kinds to improve
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their conditions and income are possible information services for this group. Be-
cause of its temporary character, without investment of any kind being involved,
the simplest information approaches and technologies will have to do. Because of
the importance of social capital, being least developed within these groups, assis-
tance to bring down the simplest successful agrometeorological services from one
level higher up social classes with comparable farming systems or occupations ap-
pears to be the best approach.

Following the four policy issues of Lassa (2006) as earlier enumerated, as to (i)
mitigation practices and (ii) disaster preparedness, such examples should this way
be transferred downwards. In (iii) contingency planning and responses as well as
(iv) disaster risk mainstreaming, the public domain should be involved with ap-
propriate supportive policies.

11.4.2
Low-income farmers

In the long run, specific training of extension intermediaries, such as already exist-
ing village technicians and in-service trained members of Agricultural Extension
Services and the NMHSs, in more to the point fields of agrometeorological servic-
es to such low-income farmers, will be a lasting solution. The actual needs of these
farmers for such services have therefore to be studied and mapped out much more
appropriately. This can partly be done in the training of such intermediaries. Field
classes to train these farmers have been shown to be effective means that such in-
termediaries can use (Stigter et al. 2005a).

With this information approach and knowing the characteristics of the group
and the importance of social capital, again the next higher social group should re-
ceive incentives to be involved in the field classes with examples of successful appli-
cation of agrometeorological services. Rural radio and where possible TV appear
to be the best instruments to structurally use at this level in addition to and as part
of the field classes mentioned. This is the lowest level where we estimate that for
agrometeorology improved Agrometeorological Bulletins (Sivakumar 2002) could
already have impacts, but only with organized assistance for their interpretation
and use.

Community based mitigation practices and disaster preparedness should be
transferred using these media and training approaches (also Stigter et al. 2003).
Contingency planning and responses as well as disaster risk mainstreaming may
have the usual public as well as less common private aspects based on how the so-
cial capital can be locally organized. In other countries than China, such as India
for example, NGOs may play a pivotal role (Morrow 2002a).

11.4.3
Middle-income farmers

Also here, specific training of the same extension intermediaries in to the point
fields of applied services to such middle-income farmers will be a lasting solution.
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The actual needs of these farmers for such services change much more dynami-
cally. These needs have therefore to be permanently followed and to be dynamical-
ly met. This can again partly be done in the training of intermediaries but is even
more demanding as to their level and flexibility. The same applies to the use of im-
proved Agrometeorological Bulletins (Sivakumar 2002). According to the five pe-
riods of the diffusion of innovation adoption model of Rogers (1983) (knowledge
diffusion period, persuasion period, decision period, using period and affirmation
period), it may be argued that during the knowledge diffusion and persuasion pe-
riods extension intermediaries, field classes and mass media play a very important
role. During the other periods in addition also able villagers’ capacities (i.e. social
capital) are very important. This has to be taken into account in the strategies cho-
sen.

In addition to field classes, mass media and bulletins, other information tech-
nology can be introduced or stimulated, with mobile telephones appearing to be-
come an obvious choice. This, however, means that establishment and use of agro-
meteorological services should be adapted to this information medium. It is also at
this level that stakeholder-driven funding mechanisms for agricultural innovation
may be part of the solution. This is about funding for technology development and
dissemination interactively controlled and managed by stakeholders. Heemskerk
and Wennink (2006) have indicated that for such innovative funding mechanisms
to work, far-reaching institutional changes need to take place. This means enhanc-
ing client control over priorities and resources, expanding the range and skills of
service providers, and making organizational changes in all stakeholder organiza-
tions, whether public sector, private sector or farmers’ organizations (formal and
informal).

A pre-condition is proper understanding of their problems in coping with risks,
that is hazards and vulnerability, in the context of the four policy issues of Lassa
(2006) dealt with earlier, and clarity/honesty in such policy issues (Wason 2002;
Kaimowitz 2005). As to mitigation practices and disaster preparedness, training,
media, new communication technologies and social capital are the critical resourc-
es for bringing change to rural communities in China at this level. However, unlike
other kinds of capital, social capital cannot be inherited or passed on to others. It
exists only when mobilized by specific social actors (Ye 2002). This includes scien-
tists and technicians (Zheng Dawei et al. 2005; Zhao Caixia et al. 2005). Contin-
gency planning and responses as well as disaster risk mainstreaming should be a
mix of local government initiatives and private initiatives by these social actors.

11.4.4
Richer farmers

Generally, richer farmers have had (much) more formal education and are there-
fore also able to use newer communication technologies such as mobile telephones,
computers and internet facilities. The commercialization of services, also agrome-
teorological services (Stigter 2006b), may start here, assisted by government sup-
port where richer farmers are able to play a role at lower social levels. For mitiga-
tion practices and disaster preparedness, the same applies. Contingency planning
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and responses as well as disaster risk mainstreaming should be a mix of private ini-
tiatives and local government guidance and services with financial implications for
those making use of them successfully.

11.4.5
Other developing countries

General. For other developing countries a similar differentiation will definitely be
valid, but the stories that belong to each of their income groups and rural occupa-
tions will differ and the implications also. This has been explicitly confirmed by the
authors for the different social environments from Cuba, India, Nigeria and Su-
dan. Das et al. (2003) report from Brazil the development of a social differentiation
approach in understanding drought effects that specifies target groups “instead
of relying on government intervention through regional channels, which always
strengthens the structures responsible for generating rural poverty and its conse-
quent vulnerability to droughts”. It should be noted that farming systems have a
great influence on differentiation aspects and that other factors than income may
become important as well or even more important uniquely within such farming
systems as illustrated in Pakistan (Ahmed et al. 2006). Studies like those made in
China and Pakistan and more success stories like those reported in LEISA (2001;
2002) for various groups of farmers and farming systems would be very helpful in
understanding the needed services differentiation and what is necessary for scal-
ing up services.

In India, getting the feedback from farmers has only very recently been bet-
ter organized to reach IMD. From recent field visits, discussions and responses to
questionnaires the necessity of regional and farmer differentiations became very
clear. But in Nigeria neither the meteorological service nor the public extension
system have the capacity to provide farmers with these services now nor have farm-
ers the awareness to demand for it and to utilize it. They therefore continue to rely
only on indigenous knowledge sources. In Sudan such services do exist, for exam-
ple to advise tenants on irrigation amounts in the Gezira scheme (Ibrahim et al.
2002; Hussein Adam, private communication, 2005), but on a very limited scale.

Now that large countries like China, India, Brazil and several other Latin Amer-
ican countries have announced to be tackling the services problems in rural areas,
while the same was done by donors with respect to Africa, agrometeorological ser-
vices should be seen as part of these new approaches to rural services (including
information approaches and technologies). Without such a general overhaul of the
services climate also agrometeorological services will remain slow in contributing
to poverty alleviation (Stigter 2006¢).

India. Worries have been expressed in India about the loss of traditional adapta-
tion strategies such as in the eastern floodplains of the Ganga and Brahmapou-
tra and in the use of disaster resistant indigenous wild crops as spare staple foods.
Another serious gap is the absence of crop condition data on a sufficient spatial
and temporal scale. This could be repaired by an improved collection system from
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the bottom up, using the District Meteorological Information Centres of IMD and
SMS communication, supported by remote sensing data.

Of course where clear-cut cropping patterns exist, results may be easier to ob-
tain. For example, the method developed by Chattopadhyay et al. (2003) for pre-
dicting the incidence of leaf spot disease on groundnut in India using simple me-
teorological parameters, as early as two weeks in advance, was successfully applied
as an agrometeorological service in several groundnut producing states. In India,
there are indeed growing demands for timely and effective agricultural weather in-
formation for a wide variety of agricultural management decisions, ranging from
crop’s response to daily weather to the crop’s adaptation to changing climate. How-
ever, despite the recognition of the perceived benefits of weather data and climate
forecasts, there is little firm economic analysis in India to support these notions.
Nevertheless, recent studies show that when forecast information is made available
in a timely fashion, farmers do indeed react by making strategic decisions about
what crop to plant and how much area to sow.

In coping with drought in India the approchoaches were taken: (i) provision of
improved long range forecast of all India seasonal rainfall before the beginning
of the season. This provided time to the planners to adopt different strategies; (ii)
close monitoring of the rainfall over different parts of the country on daily, weekly
and monthly scales within the rainy season; (iii) delineation of different agro-cli-
matological zones which helps in specific measures for agricultural planning on
climatological basis; (iv) continued research efforts to enhance capabilities of fore-
casting monsoon rain on a local, regional and all India basis on different temporal
scales. There was for example absence of rain for 20 days during June 2006 in most
areas of Chhattisgarh state, India. As soon as monsoon rains returned, farmers
were advised to select their crop(s) among the short duration varieties of rice, red
gram, green gram, black gram, soybean and groundnut for sowing. The extension
officers of the State Department of Agriculture were in constant touch with the
progressive farmers to implement the advisories. The farmers in Raipur district of
the state decided to sow rice for larger areas and soybean for the remaining areas.
Recently it was confirmed that those short duration crops sown are in good condi-
tion due to subsequent monsoon rainfall. It may be noted here that the information
had been delivered to the farmers well in advance, precise in space, coherent with
available options and in a local language understandable to the farmers.

Another simple example comes from the northern dry zone of Karnataka state
of India. In line with earlier reports on response farming from Africa (Stewart
1991), Venkatesh and Guled (2004) proposed a method for qualitative and quanti-
tative assessment of seasonal rainfall variability of the region. The rainfall patterns
of the growing season were such that high and low rainfall for June to August var-
ied sequentially. Based on this, projection was made in the year 2000 that during
the next few years, July rainfall would be higher than the rainfall of June, which
proved true for the next four years. Farmers in the area were advised to choose crop
sequences in tune with such rainfall patterns. Such agrometeorological services
helped the farming community of the region in coping with the drought situation
in that region.
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Cuba, Nigeria, Sudan, Vietnam. In Nigeria experience teaches that social and
other potentials of rural youths can serve as a good entry point in upscaling and
diffusion of weather and climate information services if greater access would be es-
tablished by organizing farmers and intermediaries (Auta et al. 2003). Experience
from Sri Lanka shows that modern ICTs are appealing particularly to this group
(UNESCO 2002). In Nigeria an additional observation is overlapping/duplication
of organizations mandated with these services. Likewise there is no clear policy of
collaboration between similar agencies which generate agrometeorological infor-
mation products on varying scales, like the research institutes. This is confirmed
by the experience of the Dutch funded TTMI-Project in Nigeria (e.g. Onyewotu et
al. 2003).

In Sudan, a study of the Gezira Scheme field management systems revealed that
since nationalization in 1950 and even after abolishment in 1981 of a cotton-shar-
ing system with the government that had emphasized centralized decision making,
hardly any attention was paid to development and education of tenants, virtually
no extension existed and short-term production achievements got priority. In such
conditions almost any central services to improve decision making are missing.
This is confirmed by the experience of the Dutch funded TTMI-Project in Sudan
(e.g. Bakheit and Stigter 2005).

In Cuba organizing the needs of different farmer groups should have to be
planned scientifically by very well trained levels of intermediaries because of farm-
ers’ misunderstandings of limitations of modern technologies. Client friendliness
was a determining factor in Cuba in the capacity building involved and differen-
tiation within the groups of farmers helped much in getting information absorbed
broadly. Successful examples from Cuba again contain a clear-cut farming system,
that of sugar production and the highly needed guidance of large scale planting op-
erations by a successful agrometeorological service in forecasting of suitable sow-
ing conditions. Higher sugar production and better cost/benefit ratios resulted and
intermediaries now bring such sowing information to various farmers also as ag-
rometeorological services for other crops. Another example from Cuba is the cal-
culation and use of comfort indexes in the poultry industry and related agrome-
teorological information used to manage water intake, ventilation and other pro-
tective measures in this industry. A radar-based agrometeorological service since
May of this year provides targeted forecasts necessary to ensure the secure trans-
port of live animals, preventing such transport to take place under bad road and
transport conditions. These are all very specific and direct services with high eco-
nomical significance.

Viet (2002) reports that from an analytical point of view, floods, droughts, ty-
phoons, frosts have been regionally recognized and economically studied as disas-
ters to agriculture in Vietnam. Solutions have been sought in changing cropping
calendars and patterns which are provincially and regionally proposed, and in pro-
posals on water and tree management. This has resulted in government planning
and designs and a systematic approach to improve this in the short run and as a
long term strategy. Especially sowing times for the ongoing season in the Central
highlands and the Mekong delta as well as some permanent changes in cropping
patterns with two to three rice crops annually, that replace rice one time for a ro-
tation with maize, sweet potatoes, cassava have been successful (Viet 2002). Farm-
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ers forced to migrate due to dam building successfully used designs developed as
agrometeorological services for the agroclimatologically most suitable production
systems (Viet and Liem 2005). Also for example the design of water erosion preven-
tion on sloping land by forage grasses and other permanent vegetation and of the
stabilization of terrace banks and edges by grass strips have been successfully de-
veloped services for the hill farmers in Bavi District, Hatay Province (Viet 2005).

11.5
What WMO/CAgM should realize as implications of the above

We end this paper with what WMO/CAgM should realize as implications of the
above for the future of weather and climate information approaches and technolo-
gies in agricultural production. WMO (2006a) has very recently indicated what it
sees for the role of weather and climate information approaches and technologies
as key to future activities of the Commission. It starts with the warning that in de-
veloping countries there remain risks that very few high-level agrometeorological
personnel and limited resources are geared towards modern specializations. This
situation is accentuated by low quality data and the limited absorption capacity of
agricultural decision makers for such agrometeorological products (Gadgil et al.
2000; WMO 2006a). This can be confirmed from the above illustrations of the sit-
uation in China. The above results question the idea that “the key to future activi-
ties of CAgM will be how to take advantage of the rapid innovations in technol-
ogy” (WMO 2006a).

This definitely is the case in richer countries with low and decreasing farm-
ing populations with a high level of education (Stigter 2006b). The Chinese results
show that this also may be the case for a group of richer farmers distinguished
there. But for all other farmers in developing countries this is for the time being
only true in a very limited way. Technical difficulties and some solutions were ex-
plained by Morrow (2002b). There are other key factors here, depending on educa-
tion, income level and occupation. The reports by Boulahya et al. (2005) on using
new technologies in rural Africa for communicating drought information are giv-
ing hope but also show the limitations. Understanding the actual needs and scope
for agrometeorological services, the bottlenecks in the establishment of agrome-
teorological services and how to guide their introduction for various target groups
is much more important. The results obtained in Africa and China (Stigter et al.
2005d), the present pilot projects in China and India and those in preparation in
Brazil, India, Vietnam and Cambodia (Stigter in prep.) confirm this.

Already in this recent publication (WMO 2006a) it is recognized that enhance-
ment of the communication channels for the improved dissemination of agricul-
tural meteorological information should take into account the literacy levels of us-
ers, socio-economic conditions, level of technological development and accessibil-
ity to improved technology and farming systems. The Chinese results reported on
above explain details of this picture. They also improve and refine the idea that in
the developing world, “lack of resources and skills are the basic limitation to en-
hanced web-based dissemination of information”, but the emphasis asked for ru-
ral radio use is confirmed in China and many other developing countries (WMO
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2006a). WMO (2006b) also recently recognized and illustrated that experience has
shown that a major gap remains in the identification of clear and useful guidelines
on the exact nature of agrometeorological products that must be provided.

In this way the studies reported on from China are examples of how to better
understand the importance of services, also agrometeorological services, in rural
areas. This includes information approaches such as the use of intermediaries in
training farmers and information technologies fit for the target groups concerned.
The five “Aceh/Sumatra” issues discussed in section 2. should guide us. Such stud-
ies, but now specifically made with respect to agrometeorological services, would
help us even more in getting the right picture and being able to give the right guid-
ance for important differentiation and scaling up operations (Stigter 2006e).

But as John Locke once said, “opinions are always suspected and usually op-
posed, without any other reason but because they are not already common”.
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CHAPTER 12

Information Technology and Decision Support System
for On-Farm Applications to cope effectively

with Agrometeorological Risks and Uncertainties
Byong-Lyol Lee

12.1
Introduction

12.1.1
On-Farm Applications Against Risks

On-farm applications to cope with agrometeorological risks and uncertainties
cannot be defined objectively without detailed description of all the external and
internal driving forces, related events, direct and indirect impacts, consequential
effects, available technology and resources, and farmer’s implementation ability,
governmental supporting system and national infrastructure. Nevertheless, it may
be practiced through an ordinary farm management system when combined or
linked together with an appropriate early warning system for natural hazards, if
available. The creation of data archives and information bases are essential to deci-
sion making as well as research on hazards and warning systems. Components of
an early warning system include: observation, detection, monitoring, assessment,
forecasting, warning, projection and, valuation.

Common on-farm applications for decision making support in agriculture can
be grouped into three categories as follows in a simple manner. This grouping can
be also applied to decision making support system against agrometeorological
risks and uncertainties as a starting prototype. The three categories are: 1) Produc-
tion Management System, including yield, quality, and post-harvest; 2) Pest Man-
agement System, including insect, disease, and weeds; and 3) Resource Manage-
ment System including soil, water, air, biome, and infrastructure.

In most cases, production management system will be main target in coping
with agrometeorological risks, not only because it is the most susceptible area
to direct impact by risks, but also because it can be relatively easily managed by
farmers unless resources are limited. On-farm applications in terms of production
management can be described in two ways. These include: 1) Structural applica-
tions such as irrigation, water-harvesting, windbreak, frost protection, artificial
climate/weather, etc., and 2) Non-structural applications such as seasonal to inter-
annual climate prediction, medium range forecasts and crop insurance.
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12.1.1.1
Agricultural Management

Agricultural management requires diverse decision making processes by farmers
not only during production period but also pre- and post- production period, espe-
cially under fragile and variable environmental and social conditions. This implies
that farming is a process of continuous decision-making all through the year.

Decision-making by farmers varies widely depending on the individual’s farm-
ing goals. They can be either short-term or longer-term goals. Most decision-mak-
ing, ultimately aims at minimizing risks or to maximize productivities in terms of
income optimization. The roles of agrometeorology in farm management can be
defined as two distinctive subjects: by making better use of agrometeorological in-
formation 1) as a natural resource for higher farm production, and, 2) as an early
warning for stable farm production.

Under fragile conditions, farmers tend to maintain average productivity with
minimal additional inputs considering resource availability. To cope effectively
with expected risks, farmers have to consider such diverse aspects as production,
marketing, social and human aspects of agricultural managements for desirable
decision making in farm management, which is a complex process.

To make an appropriate decision on a timely basis, farmers should have a wide
range of timely information and knowledge on both risk sources and vulnerabil-
ity of farming system to impending risks. Unfortunately certain agricultural risks
are very difficult to detect by farmers themselves, especially those risks with very
short-led time like torrential rain, violent hailstorms, tornado, etc. They have to
rely on local or national meteorological services for warnings and advisories on
these short-range risks. Even with these kinds of early warnings, farmers should
take account of uncertainties existing intrinsically within early warnings at farm-
er’s site.

In general, decision making in farm management, though an ubiquitous pro-
cess, is largely involved in the processes of production management, pest manage-
ment, and resource management including associated infrastructure management.
In production management, major decision will be made in terms of yield, quality,
and post-harvest, while in resource management important physical and biologi-
cal environmental factors can be dealt with in terms of conservation of quantity
and quality of resources. Although agrometeorology particularly deals with pro-
duction risks and evaluation of possible production decisions, to solve local prob-
lems of farming systems the other risk factors have to be taken into account in that
same process.
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12.2
Risk & Uncertainty in Agriculture

12.2.1
Agrometeorological risks

Agrometeorological risk is the random environmental variability associated with
the farming process due to weather, soils, diseases and pests. Thus weather and cli-
mate are one of the biggest production risks and uncertainty factors impacting on
agricultural systems performance and management. Extreme climatic events such
as severe droughts, floods, cyclonic systems or temperature and wind disturbances
strongly impede sustainable agricultural development. Hence weather and climate
variability is considered in evaluating all environmental risk factors and coping
decisions.
Agrometeorological hazards and uncertainties may be classified, though some-
what arbitrary, as follows (United Nations 2006)
- Hydrometeorological hazards: floods, tropical cyclones, wind disturbance (se-
vere storms), extreme temperature (cold, heat), drought, air pollution, haze and
smoke, dust and sand storms, snow avalanche and winter weather hazards (per-
mafrost), famine.
- Geological hazards: earthquakes, Tsunami, volcanoes, near-Earth objects, landslides.
- Biological hazards: epidemics, locust swarms, wild animals
- Environmental degradation: desertification, wildland fire, loss of biodiversity
- Climate changes (variability)
- Agricultural Policy (inconsistency)
- Socio-political Policy (circumstance)

12.2.2
Risk Management in Agrometeorology

To cope with agrometeorological risk and uncertainties effectively, they should be
observed, detected, monitored, assessed, forecasted, warned by relevant authori-
ties at national or local levels and then delivered to a farmer’s site in a timely man-
ner and with certain level of reliability. It should be based on systematic framework
provided by government’s risk management authorities including NMHS of each
country for better risk management. Agricultural sectors or authorities also should
establish response strategies to cope with agrometeorological risks and uncertain-
ties at national and local levels, furthermore at regional and global level through
international collaborations.

There are more challenges in newly emerging countries, not only because of lack
of available resources and systems against risks, but also because of complexities in
domestic structures while experiencing transit from traditional to modern society.
The new social system may be more prone or vulnerable to even the normal degree
of normal environmental variations primarily due to accelerated degradation of
surrounding natural environment through industrialization and urbanization.
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Degrading environmental conditions, when compounded by severe climatic
events such as recurrent droughts, will cause more serious negative effects, making
the drylands increasingly vulnerable, and furthermore desertification. In coping
with risks systematically, especially when main risks are compounded with oth-
er factors, a reliable risk management system is essential to prevent or mitigated
potential risks and uncertainties through appropriate preparedness and response
strategies, which will be also a major challenge in decision making in farm man-
agements.

Risk management system in agricultural meteorology can comprise of early
warning systems provided by government authorities and agricultural manage-
ment systems operated at farmer’s site: The former will be mainly responsible for
issuing warnings and advisories from authorities, while the latter for preparedness
and response measures being made by farmers. It also needs proper communica-
tion mechanisms between two systems to share information in timely manner.

Early warning helps to reduce economic losses by allowing farmers to better
protect their assets and livelihoods. It can guide farmers in selling livestock or se-
lecting appropriate crops for a drought. It aims at reducing not only the immedi-
ate impact of a disaster but also the knock-on effects on assets that can reduce eco-
nomic well being and increase poverty. Early warning information allows farmers
to make decisions that contribute to their own economic self-sufficiency and their
sustainability. If well integrated into a systematic framework of risk reduction, ear-
ly warning systems can provide many development benefits to farmers.

12.3
Decision-making Support Against Risks

12.3.1
Emergency Response System

The establishment of early warning systems and associated preparedness and re-
sponse systems in agricultural managements has been an important contributor to
the progressive prevention and reduction of natural hazards in agricultural pro-
duction. This is true for drought and famine-affected regions, as well as for devel-
oped countries where early warning systems, and preparedness, mitigation and
risk transfer measures are generally well developed.

These two parts can be integrated into an Emergency Response System (ERS) in
agricultural managements as an on-farm application for decision-making support
system (DMSS) against agricultural hazards. At each stage of ERS, farmers should
take appropriate actions for prevention and mitigation of risks by mobilizing avail-
able resources and applying strategies that are associated with relevant agricultural
managements for optimal risk management.

Emergency response system requires scientific knowledge, including improved
science and technology for information dissemination. They need the creation of
data archives and information bases that are essential to decision making and to
research on hazards and warning systems. ERS may enhance community capaci-
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ties through participation processes, public-private partnerships, and recognition

of indigenous knowledge and values of local farming community.

Key components of ERS against Agrometeorological risks and uncertainties
can be summarized like any typical early warning system: (NEMA 2006). These
key components of on-farm applications against risks include: preparedness/in-
surance, early warning, planning/vulnerability, coping strategy, response/action,
counter-measures, recovery/relief, mitigation, outreach/education, and awareness.
e Knowledge on Risks and Uncertainties: awareness, recognition, monitoring:

In coping effectively with agrometeorological risks and uncertainties, one of the

most important strategies is how to make better use of knowledge on risks and

uncertainties such as climate changes and variability, which includes observing,
detecting, monitoring, assessing, projecting on earth system, then responding
to current weather.

e Preparedness: strategy, planning, implementation for prevention, predic-

tion: The importance of preparedness to cope with risks and uncertainties has
been getting more recognition in its effectiveness and cost-benefit advantage, as
compared to the reactive practices such as response, recovery, and relief actions,
etc. In order to be well prepared in advance for prevailing risks, it is prerequisite
to establish most suitable practices at farm level based on applicable strategies
against agrometeorological risks.
As a part of better preparedness to reduce the impacts of the variability (includ-
ing extremes) of climate resources on crop production, both structural and non-
structural measures can be used. The structural prepared measures can reduce
direct intensity, duration, quantity of hazards in large, while the non-structural
ones can contribute to minimize uncertainties of risks on a relatively long-term
basis.

e Response: reduction or mitigation actions: How to respond to concurrent risks
is also very critical on-spot action that farmers can take by themselves to reduce
or mitigate hazards against normal farm management. For appropriate response
actions to be taken farmers should get on time reliable, quantitative information
about the environment within which they operate.

e Recovery: relief, insurance, alternatives, contingency production: In addition,
the likely outcome of alternative or relief management options can reduce un-
certainties in crop productivity when available to farmers. All through ERS,
quantification is essential and computer simulations can be used to project fea-
sibility of relief and recovery actions among alternative management and relief
options. Contingency planning is an important part of such strategies, as ways
must be found to avoid, reduce, or cope with risks.

e Evaluation: feedback afterwards, outreach: From knowledge and experiences
through past risk management, farmers can learn invaluable lessons. To estab-
lish more promising ERS, any existing system needs to be implemented through
feedbacks from farmers based on their experiences. This experience can also be
shared with non-experienced neighboring farming communities through out-
reach programs for education and training, including general public concerned.
It must be reflected to strategy developments during ERS implementation pro-
cess.
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12.3.1.1
Components of DMSS for Agrometeorological Risks

A complete and effective Decision-Making Support System for risks and uncertain-
ties in Agrometeorology may comprises four inter-related elements: risk knowl-
edge, monitoring and warning service, dissemination and communication, and
response capability (United Nations 2006). A weakness or failure in any one part
could result in failure of the whole system.

Risks arise from the combination of the hazards and the vulnerabilities to haz-
ards that are present. Assessments of risk require systematic collection and analysis
of data and should take into account the dynamics and variability of hazards and
vulnerabilities that arise from processes such as environmental degradation and
climate change. Risk assessments help to prioritize early warning system needs and
guide preparations for response and disaster prevention activities.

Warning services lie at the core of the system. They must have a sound scientific
basis for predicting and forecasting and must reliably operate twenty-four hours a
day. Continuous monitoring of hazard parameters and precursors is necessary to
generate accurate warnings in a timely fashion.

Warnings must get to those at risk. For farmers to understand warnings, they
must contain clear, useful information that enables proper responses. Regional, na-
tional and community-level communication channels and tools must be pre-iden-
tified and one authoritative voice established. The use of multiple communication
channels is necessary to ensure that everyone is reached and to avoid the failure of
any one channel, as well as to reinforce the warning message.

Farming communities must also know how to react to warnings. This requires
systematic education and preparedness programs led by disaster management au-
thorities. It is essential that disaster management plans are in place and are well
practiced and tested. The farming community should be well informed on means
to avoid damage and loss of property.

12.3.1.2
Requirements of DMSS Components

Considering acceptable levels of risk, accurate risk scenarios should be generated
that can show the potential impacts of hazards on vulnerable groups. It requires
capabilities to analyze not only the hazards, but also the vulnerabilities to the haz-
ards, and the consequential risks as well by risk assessment using computer re-
sources and readily available software like geographic information systems. Risks
are usually characterized through risk mapping, frequency distributions, scenario
plans and exercises, annualized risk mapping and qualitative measures. Capabili-
ties in science, technology and research, and the availability and sustainability of
observation networks will decide how efficiently high-quality data can be based on
the magnitude, duration, location and timing of hazard events and to extract in-
formation on hazard frequency and severity from observational data sets. To fill up
data gaps, poor communication network and computer resources.
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Requirements of the DMSS components include: On-going, systematic and con-
sistent observations of hazard-relevant parameters; Quality assurance and proper
archiving of the data into temporally and geographically referenced and consis-
tently catalogued observational data sets; Capacities to locate and retrieve need-
ed data and to freely disseminate data to public users; and Sufficient dedicated re-
sources to support these activities.

Improvements in the quality, timeliness and lead time of hazard warnings are
also essential in EWS. They have been enhanced markedly through scientific and
technological advances, particularly in computer systems and communications
technology. Continuous improvements in the accuracy and reliability of monitor-
ing instrumentation, and in integrated observation networks particularly through
the use of remote sensing techniques are enormous. In turn these have support-
ed research on hazard phenomena, simulation modeling and forecasting methods
and warning systems.

Dissemination and telecommunication mechanisms must be operational, ro-
bust, available every minute of every day, and tailored to the needs of a wide range
of different threats and different user communities. The dissemination of the in-
formation must be based on clear protocols and procedures and supported by an
adequate telecommunications infrastructure. At the national level, effective dis-
semination and alert mechanisms are required to ensure timely dissemination of
information to authorities and farmers at risk in even the most remote areas of the
country. In order to reach all those who need to take action, countries are becom-
ing aware of the need to design warnings for particular groups of stakeholders,
such as different language groups, people with disabilities, and tourists.

12.3.1.3
Major Gaps of DMSS Components

Although long historical records do exist in many cases, particularly for hazards,
in others data is scarce and there are significant variations in data quality. Data
may be inaccessible because of non-digital format.

At the national level, the main challenges include: establishing and maintaining
observing systems and data management systems; maintaining archives, includ-
ing quality control and digitization of historical data; obtaining systematic envi-
ronmental data for vulnerability analysis; and securing institutional mandates for
collection and analysis of vulnerability data.

It is difficult to collect accurate data. As a result of security and ownership, in-
formation is increasingly restricted in its efficient utilization.

There is a danger in losing societal memory of past hazards, particularly for in-
frequent hazards. In addition to losing knowledge of hazards, young communi-
ties face losing knowledge about how to reduce vulnerability and how to respond
to warnings.

Despite significant progress having been made on monitoring and forecasting
hazards, many gaps still exist, particularly in emerging countries.

Key issues include: inadequate distribution of monitoring systems for hydro-
meteorological hazards; inadequate level of operational capabilities (resources, ex-
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pertise and operational warning services); lack of systems for many hazards such
as dust and sand storms, severe storms, flash floods and storm surges; lack of pro-
cedures to share essential data in a timely fashion for the development of model-
ing and for operational forecasting and warning systems; inadequate access to in-
formation (forecasts and interpreted data); insufficient multi-disciplinary, multi-
agency coordination and collaboration for improving forecasting tools; inadequate
communication systems to provide timely, accurate and meaningful forecasting
and early warning information down to the level of farming communities

Warning messages do not reach all at risk. In developing countries this is large-
ly a result of the underdeveloped dissemination infrastructure and systems, while
in developed countries it is the incomplete coverage of systems. The resource con-
straints also contribute to the lack of necessary redundancy in services for infor-
mation in many countries.

Other factors and gaps to be considered include: 1) Telecommunication systems
and technology — There is also a need to upgrade telecommunications facilities,
including equipment, service provisioning and operation, to be based on interna-
tionally agreed standards for the timely delivery of warnings from authorities to
the public. It should be noted that non-technological systems are in many cases
necessary and adequate and are usually tailored to those who use them, ensuring
their sustainability. An example is the case of traditional knowledge and informa-
tion acquired through educational and awareness-raising programs; 2) Inadequate
standards — There is need for development of standards, protocols and procedures
for exchange of data, bulletins, alerts, etc. for some of the hazards, which tradition-
ally have not been exchanged internationally among countries (e.g., tsunami). Pro-
tocols are critical, particularly when the lead time is short; 3) Poor public interest
and concern - Perhaps the most important reason for people failing to heed warn-
ings is that the warnings do not address their values, interests and needs. Messages
are often not sufficiently targeted to the users and do not reflect an understanding
of the decisions stakeholders need to make to respond to the warning. Lack of pub-
lic interest in warnings also occurs because early warning systems only provide in-
formation on impending crises. They do not report on positive developments in the
system that would engender public confidence and trust in future warnings, such
as scientific advances that will enhance the warning services, or positive outcomes
of responses to previous warnings. To overcome this obstacle, the public needs to
be periodically informed about the hazards and the level of risk they pose, and how
this may be changing. This information should not be technical and should remind
the population of similar events; 4) Proliferation of communication technologies -
The use of the new information and communication technologies, particularly the
Internet, in disseminating warnings is a useful advance for expanding the coverage
and reducing time lags in warning dissemination, yet it is also creating problems
of untargeted messages inducing wrong responses due to misinterpretation. This
problem is also related to the type of hazard under consideration; 5) Ineffective en-
gagement of the media - Warning dissemination may be inadequate because of in-
effective engagement of warning authorities with the media. The media is interest-
ed in reporting news and not necessarily in disseminating useful warnings. Thus,
conflicts can arise when the media publish inaccurate or misleading information
about potential events that contradict the official warning messages; 6) Ineffective
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integration of lessons - Finally, warning dissemination can be ineffective if there
is a lack of feedback on the system and its performance. Serious hazard events are
relatively rare at any one location, and experience of an event may be quickly for-
gotten. Formal feedback processes are needed to ensure that the system continually
evolves and improves based on feedback and learning from previous experience.

12.4
Information Technology Required

12.4.1
Requirements for Agrometeorological Products

The common features of Agrometeorological products include general descrip-
tions of Agrometeorological characteristics of specific regions in terms of agricul-
tural production and resource management. Depending on the requirements and
priorities of end-users, the description details or expertise levels of the contents
vary to a great extent. In general, due to the shortage of expertise as well as the lim-
ited space of bulletins, they contain insufficient levels of quantity or quality of in-
formation.
Despite these limitations, the essential components for a successful product can
be identified as follows:
e End-Users: Farmers, Associations, Extensions, Researchers, Policy-makers,
General public.
e Contents: Types: General, Advisory, Warning, Recommendation, Suggestion
Weather/Climate/Forecast/Prognosis/Diagnosis information
Extremes, Special Weather Phenomena, Energy Balance (Flux)
(Flood, Drought, Frost, Heat wave, Fire, Landslide, Cold injury, etc.)
Crop, Fruit, Grass, Forest, Animal Husbandry, Fishery
(Growth, Development, Yield, Population, Reproduction, etc.)
Disease, Insect, Pest, Weeds
Farm Management
(Cropping, Irrigation, Sowing, Harvesting, Post-Harvest, Spraying)
Resource Management (Water, Air, Soil, Biome, Infrastructure)
e Data: Form: Digital / Document based : Bulletin, Brochure, Letter, Note, Leaf-
let
Format: Text, Numeric, Table, Chart, Figure, Image, Map, etc.
e Communication: Sharing, Dissemination, Feed-back
Phone/Mobile, Fax, TV, Radio, PC-Network, Internet, Dedicated line, SMS,
etc.
e Providers/Developers/Producers/Authors/Publishers/Editors
Meteorologists, Agronomists, Entomologists, Ecologists, Agrometeorologists,
Soil scientists, Virologists, Epidemiologists, etc.
e Raw Materials: Meteorological, Agronomical data, non-Agricultural data
Observed, Processed, Derived, Estimated (inter-/extra-polated)
NWP Model Outputs, Agricultural Model Outputs
Domestic or Foreign Origin
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e Tools: Statistical packages, Graphic tools, GIS, Simulation models,

¢ Institutions concerned
Meteorological, Agricultural, Hydrological, Others
Research Institute, Extension Office, University, Private Sector, Cooperation
Local, Central(Federal), Regional, Global Organizations

12.4.2
Requirements for DMSS Infrastructure

Agrometeorological products require diverse computer resources all through the

processes such as data collection, processing, archiving, dissemination, etc. in a

systematic way for better on-site application by farmers. Basic requirements for in-

tegrated system infrastructure can be listed as follows:

e Hardware Systems. Servers for simulation models, databases, system analysis,
high speed network framework, mass data storage and DBMS;

¢ Information. Existing DB: RS, agronomy, management, climate, etc.; Met Data
Resources: synoptic data, forecasts(S,M,L), prognosis, adaption data; Develop-
ment Tools: simulation models for climate, crop, resource management, root
zone dynamics, farm management, etc.; Derived Products: climate change sce-
narios, seasonal and interannual forecasts, crop growth and development, re-
gional food demand/production, etc.;

o Interfaces. TCP/IP based Internet Web interface with GUI; object oriented ar-
chitectures: free of OSs, languages, platforms, networks; multi-directional com-
munication networks between end-users and researchers;

e Operations. Facilities, equipment, space, man power, budget, hardware, soft-
ware, evaluation, etc.

12.5
Resource Sharing System: Case of WAMIS

As the WMO Information System (WIS) evolves to provide a single entry point for
any data request, the Commission for Agricultural Meteorology (CAgM) is trying
to extend its service to member countries under WIS umbrella by implementing
the World Agrometeorological Information Service (WAMIS) into a Grid portal to
share computer resources, especially for emerging countries in which limited IT
resources are most critical barriers in improving its operational services in Agro-
Meteorology.

An inevitable use of advanced ICTs such as information network, database, sim-
ulation models, tools for GIS, RS for agrometeorology should be made in its imple-
mentation. In this regard, sharing of resources including IT and human resources
available among countries will be a promising way to solve the above mentioned
problems. WAMIS grid portal will be a promising solution in improving resource
sharing among CAgM member countries by allowing them to make better use
of remotely located resources for agrometeorological services at national/region-
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al scale, especially when it provides interactive forecast-based agrometeorological
services via simple Internet access.

12.5.1
WAMIS as a Web Portal

The main objective of WAMIS is to provide a dedicated web server for disseminat-
ing agrometeorological products issued by WMO members. By providing a central
location for agrometeorological information, WAMIS will aid users to quickly and
easily evaluate the various bulletins and gain insight into improving their own bul-
letins. The web site will also host training modules to further help Members im-
prove the quality and presentation of their agrometeorological bulletins.
e Overview
Dedicated WMO Web server for AgroMeteorology in WMO
Three sites including two mirror sites: USDA(USA) / KMA (Korea)/BMC
(Italy)

- Demonstration of sharing Bulletins among member countries

- Cyber tutorials are available, with continued development
o Status (Issues)

- Diverse languages are being used

- Large gaps among countries in contents and technologies employed
Rare standard format or style between bulletins from different members
Poor user-friendly interfaces
- No request/reply functions
Limited information & materials available

- No archival in DBMS
e Requirements

- Extended elements, types, resolutions in time & space

- Successful case studies & pilot projects

- Cyber tutorials on applications

- Technical support on IT, tools, models, etc.

- Computer resources for DB, model operation

- Training/Education on advanced technologies

- Better communication frameworks

12.5.1.1
Implementation Strategy

As both future customer and information provider to WIS, WAMIS needs to be
implemented as a grid portal to provide not only information but also computer
resources that are critical for strengthening agrometeorological services in mem-
ber countries, especially with limited computer resources for agrometeorological
service. Under grid environment together with legacy technology for high per-
formance computing, large-scale diverse data and analysis servers, WAMIS will
provide an IT framework for end-users with interactive remote operation of their
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service development and deployment based on NWP forecasts as a grid portal.
Specific interface will be provided for interactive operation on region-specific ap-
plications at operational level that requires and provides non-meteorological in-
formation from diverse sources, e.g. AMBER(DWD), DSSAT(USA). WAMIS grid
portal can be used as an initial step to collaborate closely with GEOSS in the near
future that aims at integrating all the observations available on the Earth.
e Web Portal: information sharing (current role of WAMIS)
- Transit to XML-based service: standard schema development
- Machine translation: multi-lingual interfaces needed
- Operational applications based on Web service architecture
- Tutorial interfaces for real practices
e GRID Portal: Resource sharing (extended role of WAMIS)
- Forecast-based AgroMeteorological services for researcher/extension
- Benchmarking on AMBER(DWD), expanding with DSSAT(USA)
- NCAR (WRF, MM5), DWD (GME, LM), KMA(GDAS) as NWPs considered
— Super ensemble of Long-range/Seasonal Forecasts (APCC/METGRID.)
- GISC/vDCPC dedicated to WAMIS be required (NCAR, DWD)
— LIS (NASA) as a framework for LSM (GDS/LAS+GRID in the future)
- uCAgM project -> WAMIS grid portal -> WIS pilot project -GEOSS Hub
e IT Implementations
- Computational Grid
Korea Nat’l Supercomputing Center shall provide for Testbeds
KMA will provide support for developmental and operational service
MMS5 under Globus, then extends to LM under Unicore environment
AMBER(DWD) for AgMet Models, later extends to DSSAT (USA)
- Data Grid
Globus DataGrid functions will be used primarily
Legacy servers with links to Data Grid using Data Broker
- WIS umbrella
Virtual DC/PC should be constructed among new and existing DC/PCs
Specialized/dedicated GISC can be considered to accommodate non-meteo-
rological data (Fig. 12.1)

12.5.1.2
Key Components

In principle, WAMIS grid portal will stick to WIS architecture and standards with
the additional functions of providing computer resources and considering non-
meteorological data/information sharing (Fig. 12.2). Thus it should provide spe-
cific user interfaces to accommodate its specific user demands both from grid and
legacy technology using service-oriented architecture, including semantic grid
technology in its long-term perspectives.
e System (Fig. 12.3)

- GRID Servers for Simulation models, Databases, System Analysis

- High speed network frame (APAN)

- Web service interfaces for simulation models with near real time DB access
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Fig.12.1 Logical Structure of WAMIS Grid Portal with Legacy and WIS compo-nents

- Multi-tiered Interface Architecture under distributed computing environment

e Information

- Existing DB: Remote Sensing, Agronomy, Management, Climate, etc.

— Met Data resource: Synoptic data, Forecasts(S,M,L), Prognosis, Adaption data

- Development tools: Simulation models for climate, crop, resource manage-
ment, root zone dynamics, farm management, etc.

- Derived Products: Climate change scenario, seasonal- and interannual-fore-
casts, crop growth and development, regional food demand/production

e Interfaces

— TCP/IP based Internet Web service interface with GUI (JAVA)

- Object Oriented Client/Server architectures with free of OSs, languages, plat-
forms, networks. (SOAP/WSDL)
— Multi-directional communication networks between end-users and research-

€rs.
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User Requirements WAMIS Grid Portal Architecture
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Fig.12.2. Schematic Diagram of WAMIS Grid Portal Design

12.5.1.3
Service Architecture

WAMIS grid portal will try to make best use of service-oriented architecture while
employing all the fundamental requirements under WIS framework. Key service
layers consist of application, metadata, replica, resource and publishing services
(Fig. 12.4). This service architecture will be able to meet the GISC requirements
in metadata catalogues, Internet portal with local administration, data acquisi-
tion, discovery, distribution services, monitoring, and synchronization. In addi-
tion, computational grid technology is an important component of grid services
implemented in WAMIS grid portal to provide computing resources for model op-
erations via Internet through Web Service technology in the future.
e Application Service

— Web service: Interactive user configuration on domain, applications

- Grid service: Authorization/authentication, Brokers, Grid portal
e Metadata Service

- Ontology broker: WMO Metadata Core Profile - extended with key words

- Semantic Web: Protege3.0 based Ontology development (RDF/OWL)
e Replica Service

- Catalogue: Globus with legacy catalogue (THREDDS)

- Data Grid: Interface with legacy data servers (GDS, LAS)
e Resource Service

- Model server: AgroMeteorological Models, NWP models
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User Interface

WAMIS Grid Portal Structure
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Fig.12.3 System Components of WAMIS Grid Portal Structure

Publishing Layer [\ tion Web Portal
Application Layer /W AMBER:DSSAT

Resource Layer Grid Portal
Service Framework Semantic Grid

GRID Layer More Dream, GT Services
GSI, GridEtp, GRAM, RLS

HPC, HPN, Storage, DB

Fig.12.4 Service Oriented Architecture of WAMIS Grid Portal

Globus/UNICORE

- Tool server: GIS, Graphic tools, Statistics, DBMSs
- Computational Grid: Globus, Unicore

e Publishing Service
- GIS: Map display, spatial analysis, Web interface
- Graphics: NCAR graphics, GrADS
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— Interface: Web interface with feedback
- AccessGrid: Partial supplement for members available

12.5.1.4
DB requirements

WAMIS grid portal should handle diverse data sources, formats, contents from
synoptic data, forecasts(S,M,L), prognosis, adaption data, simulation models for
crops, resource management, root zone dynamics, farm management, etc. It also
has to take care of derived products such as climate change scenario, regional food
demand/production, etc. It indicates that WAMIS needs highly elaborated data
handling and distribution mechanisms, including ontology, because it consists of
various contents in different formats depending upon the origin or process of data
manipulations.
e Data needed:

- Meteorological data: historical, now-casting, forecast, prediction

- Non-meteorological: energy flux, surface, vegetation, soil, moisture
e Time span: real-time, on-demand, fixed schedule
e Prerequisites:

- Interface to legacy servers

- Interface to non-meteorological information

- Extended Metadata, relevant ontology

- Metadata Catalogue, Replica service
e Measures
Dedicated GISC/DCPC to cover specific data/information
Supporting interface between legacy and DataGrid Servers
Computational Grid optional
- AccessGrid may be required

12.6
Discussion & Conclusions

Coping actions with agrometeorological risks and uncertainties comprise appro-
priate decision making processes. Various strategic and response options can be
taken by farmers as on-farm applications against risks. Site specific farm manage-
ment systems can be used to prevent and mitigate potential risks. Those on-farm
applications require systematic and consistent observations of hazard-relevant pa-
rameters, quality assurance and proper archiving of the data, catalogued obser-
vational data sets with capacities to locate and retrieve needed data and sufficient
dedicated resources to support these activities.

Advanced ITs such as information network, database, simulation models, tools
for GIS, Remote Sensing are invaluable in the implementation of decision makings
against risk. In addition, sharing of resources between associated authorities and
farming communities is necessary under limited resources.
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The establishment of early warning systems and associated preparedness and
response systems in agricultural managements is an important contributor to the
progressive prevention and reduction of natural hazards in agricultural produc-
tion. Emergency Response System (ERS) in agricultural managements can be con-
sidered as an on-farm application for decision-making support system (DMSS)
against agricultural hazards.

Emergency response system requires scientific knowledge, including improved
science and technology for information dissemination. They need the creation of
data archives and information bases that are essential to decision making and to
research on hazards and warning systems.

Data are scarce and there are variations in data quality. The main challenges in-
clude: 1) Establishing and maintaining observing systems and data management
systems; 2) Maintaining archives, including quality control and digitization of his-
torical data; 3) Obtaining systematic environmental data for vulnerability analy-
sis; and 4) Securing institutional mandates for collection and analysis of vulner-
ability data.

Key issues on emergency response system include: 1) Inadequate distribution of
monitoring systems for hazards, 2) Inadequate level of operational capabilities, 3)
Lack of systems for many. 4) Lack of procedures to share essential data in a timely
fashion for the development of modeling and for operational forecasting and warn-
ing systems, 5) Inadequate access to information, 6) Insufficient multi-disciplinary,
multi-agency coordination and collaboration for improving forecasting tools, and
7) Inadequate communication systems to provide timely, accurate and meaning-
ful forecasting and early warning information down to the level of farming com-
munities

There is a need for development of standards, protocols and procedures for ex-
change of data, bulletins, alerts, etc. for some of the hazards. Protocols are critical,
particularly when the lead time is short. The use of the new information and com-
munication technologies, particularly the Internet, in disseminating warnings is a
useful advance for expanding the coverage and reducing time lags in warning dis-
semination.

An inevitable use of advanced ICTs such as information network, database, sim-
ulation models, tools for GIS, RS for agrometeorology should be made in its imple-
mentation. In conclusion, WAMIS grid portal, as an example of IT sharing infra-
structure will be a potential solution in improving resource sharing among CAgM
member countries by allowing them to make better use of remotely located com-
puter resources for early warning and risk management by providing both NWP
outputs and Agricultural model outputs, especially when it provides interactive
forecast-based agrometeorological services via simple Internet access.
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CHAPTER 13

Coping Strategies with Agrometeorological Risks
and Uncertainties for Crop Yield
Lourdes V. Tibig, Felino P. Lansigan

13.1
Challenges and opportunities

Farmers work within an environment characterized by highly variable biophysical,

economic, political and institutional conditions. They are, thus, exposed to several

types of risks which include production risk, yield risk, price or market risk, insti-

tutional risk, financial risk and human (or personal) risk (Belliveau et al. 2006).

Hardaker et al. (1997) and Harwood et al. (1999) defined these agrometeorologi-

cal risks as follows:

e Production risk spells the chance in losses in yield due to events beyond the con-
trol of the farmer and is often, related to weather, and/or related to technology.

e Price or market risk is the risk associated with changes in prices of outputs or
inputs and may include market access.

e Institutional risk relates to changes in government policies which may impose
unanticipated constraints on production practices.

e Financial risk results from the way farm’s capital is obtained and is related to
borrowing, interest rates, the ability to meet payment of debts and also, the will-
ingness of lender to continue lending.

e Human or personal risk is associated with the farmers themselves, their families
and any disruption of farm production and profitability in terms of labor, etc.

Any particular combination of risk-reducing measures can be defined as a risk
management strategy. Risk perception is usually the first step in risk management.
Individual farmers respond to these risks in highly variable ways, depending on
the degree of their exposure and their coping abilities which are influenced by fac-
tors such as human and financial resources and networks, institutional support
and most often, the quality of the natural resources available.

It is for these reasons that most developing countries, especially those in the
tropics and sub-tropics, are almost always the ones who are less able to cope with
agrometeorological risks and uncertainties. A majority of farmers from their bur-
geoning populations do not have access to resources, as they are mostly subsistence
farmers. Their vulnerability to threatened food security, as a result of the external
stresses, has become a very important challenge.

However, in some ways, the farmers’ environment does not just present risks,
but also opportunities to be exploited. For example, variations/changes in climatic
conditions could have some beneficial effects. Or some areas in a farm could offer
opportunities for cash crop production. Developments in technological innova-
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tions coupled with institutional support could lead to farmers using these inno-
vations to not just improve agricultural yields, but also carry ancillary benefits to
them and their families, and the environment.

13.2
Types of coping strategies with agrometeorological risks
and uncertainties for crop yield

There is a wide variety of coping measures that producers/farmers employ in the
field. These can be categorized into the following:

e optimal and sustainable use of resources;

change in cultural practices/improved farming practices;

modification of resource potential, including controlled micro-climates;

local indigenous knowledge systems/networks;

access to extension services;

technological innovations such as new/ modified approaches; and

others, such as resilience and divestment in natural capital.

13.2.1
Optimal and sustainable utilization of resources

The optional and sustainable utilization of resources involve any or all of the fol-
lowing:

13.2.1.1
Rational cropping patterns to fit resources available to farmers / producers

These rational cropping patterns could include crop improvement through crop
diversification, altering crop mix and use of hybrids, use of cash crops that have
secure markets, and practice of different cropping systems (double/multiple crop-
ping, intercropping, mixed cropping, sequential cropping, ratoon cropping), and
also rotation of crops.

Diversification of crops, cultivars and plot locations are most common means
by which farmers attempt to stabilize agriculture income (Matlon 1991). Farm crop
diversification basically refers to the diversification of crop species and the diversi-
fication of farmland ecosystems (Mengxiao 2000). There is, thus, a change in crops
or a change of varieties, of cropping systems, as well as cropping intensities. Matlon
and Fafchamps (1988) define the objectives of crop diversification as:

e to make more complete and efficient use of production factors by spreading their
use across enterprises with different temporal profiles;

e to increase aggregate productivity by matching physiological requirements of
crops to specific micro-environments;

e to meet domestic household consumption requirements in the context of mul-
tiple failures in both product and factor markets;
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e to exploit morphological complementarities and compensatory behavior of crop
components (as in the case of intercropping), and to improve and stabilize plot
level productivity; and

e to improve aggregate production and reduce income risk.

In one of the Expert Consultations on Crop Diversification in the Asia-Pacific Re-
gion, it was recognized by all the country experts that crop diversification is a use-
ful means to increase crop output under different conditions. The commonly un-
derstood mechanism is the addition of more crops to the existing cropping systems;
and it is in effect, a broadening of the base of the system. This method of horizontal
diversification has been responsible for production increases due to high cropping
intensities. One of the experts acknowledged that the system of multiple cropping
has been able to increase food production potential to over 30 tons/ha with an in-
crease of the intensity by about 400-500 percent (FAO 2000).

The other type is vertical crop diversification which refers to the upstream and
downstream activities of a particular crop or crops. There are tremendous oppor-
tunities for downstream activities such as minimally processed fruits, tropical
fruit juices, natural food ingredients, functional food, frozen fruits, beverages and
high fibre products (Yahya 2000).

In Bangladesh, the traditionally “ rice-led “ growth is now converted into a more
diversified production base which includes several non-rice crops (Hoque 2000).
There are programmes which promote crop diversification involving potatoes, oil-
seeds, pulses, spices and vegetables. A systematic arrangement of growing a va-
riety of crops in rotation with rice has been launched and implemented. Diversi-
fied cropping systems are introduced to free upland areas in the winter season for
non-rice crops; thereby, enabling the introduction of a third crop in the land un-
der irrigated conditions (e.g., short-duration mustard or a sandwich crop of grain
legume).

Meanwhile in China, attention is focused on guiding and encouraging farmers
to adopt the market-oriented cropping structure using the agro-resource environ-
ment rationally. A substantial acreage has been changed to higher value and more
profitable crops. Cultivation of three crops a year is widely practiced. Intercropping
and multiple cropping are also extensively undertaken.

In India, the cropping patterns have occurred mainly from crops with declining
demand and lower value potential to crops with an increasing demand and higher
value potential (Hazra 2000). There is substantial diversification from coarse cere-
als to oilseeds, even if the current trend is a shift from coarse cereals like sorghum
to superior cereals like rice and wheat.

Oil palm, rubber, cocoa and rice continued to be Malaysia’s major crops (Yahya
2000). However, other crops such as coconut, tropical fruits, vegetables, flowers are
also being grown. While in Nepal, to fit the variety of climatic conditions at any
given time, a wide variety of crops is incorporated into the cropping system which
is based on major staple food crops, but mostly rice-based cropping system in the
lowlands and maize in upland areas (Sharma 2000).

Likewise in the Philippines, there are two perspectives of crop diversification.
One is planting alternate crops after main crop (rice). The other is planting one or
more crops in between a perennial crop (for example, coconut). Among the suc-
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cessful rice-based cropping patterns are rice-onion, rice-garlic, rice-peanut, and
rice-mungbean (Espino 2000). While in the coconut-based system, the more suc-
cessful are coconut + cacao, coconut + passion fruit, coconut + pineapple and
many others.

In Sri Lanka, the marginal plantations of tea and rubber like the rice lands in
the wet zone are diversified. The most important crops that are cultivated in crop
diversification programmes are chillies, onion, shallots, vegetables, root and tuber
crops and pulses (Weerasena 2000).

Crop diversification in Thailand aimed at improving socio-economic conditions
of the farmers in the rainfed and irrigated areas centers on rice as the most impor-
tant crop. Those areas not very congenial for rice production are being diverted to
other crops, such as cassava, rubber, fruits and vegetable (Chainuvati 2000).

And in Vietnam, farmers in the Mekong Delta enjoy favourable conditions for
practicing crop diversification integrating agriculture and the other related sectors
like fisheries, forestry and livestock (Van Luat 2000). To address the annual flooding
during the rainy season and droughts in dry seasons, farmers use the ditch and dike
system of farming in their fields, in which the dikes are expected to be a preventive
measure to avoid submergence of their crops. They lay pipes through the dike to
take the water with silt and useful aquatic fauna and to facilitate drainage, thereby
leaching decomposing matter. They plant many crops (with rice as main crop) on
the dikes, and try to harvest the crops and fish from their fields before floods be-
come imminent. After the floods that come during the rainy season recede, they
plant their second crop. In all rice growing areas, advanced techniques of rice farm-
ing are being applied. Examples of these are the use of the row-seeding methods and
the use of very short-duration rice varieties (80-90 days) with high grain quality and
resistance to many pests and diseases which can yield 7-8 tons/ha.

Additionally, a number of researchers have indicated that an added advantage of
intercropping is that it further improves stability at the plot level to the extent that
crop mixtures yield better than sole equivalents in stress conditions, reduce the in-
cidence and buildup of pests and diseases and manifest compensatory yield behav-
ior due to the differences in crop structure, physiology or phenology.

On the other hand, rotation of crops spreads risks, improves soil tilth and other
factors, and optimizes yields for the crops being rotated.

13.2.1.2
Crop improvement through varietal diversification, including use
of cultivars/hybrids adapted to changed environment

Varietal diversification implies that farmers select and maintain a diversified set of

varieties for their major crops to manage risks as follows:

e to spread the risk of loss due to period-specific stresses (e.g. brief periods of
drought or insect population) as in the case of cultivating varieties with varying
maturities permitting staggered planting;

o to reduce the risk of pest and disease losses since there is genetic variability in
resistance or tolerance to biotic stresses;
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e to cope with the changing environment stresses such as reductions in rainfall
and growing periods; and

e to reduce the risk of crop losses due to the stresses associated with particu-
lar land types (as in the case of farmers matching crops to the micro-environ-
ments).

Gomez (2004) and Chalinor (2005) have emphasized the use of drought-tolerant
varieties or new cultivars with improved response to altered climate conditions.

Although crop diversification is commonly practiced among the Asia-Pacific
Region countries as an important strategy for economic growth, it is not howev-
er, without challenges. Foremost among these challenges are the possibilities that
high crop intensity might cause degradation of ecology and natural resources; al-
though, diversifying cropping patterns is being seen as a solution.

13.2.1.3
Crop production improvement through land-type diversification

When the character and properties of the soil vary with location on the topose-
quence, diversifying plot locations could reduce aggregate production and yield
variability.

13.2.1.4
Change in intensification of production

A variety of crops is planted to fit the prevailing changes in the conditions in the
fields (e.g., usually changes in rainfall, temperature or growing seasons). The inten-
sification of production is based on the crop requirements and the changing condi-
tions in the farm areas.

13.2.2
Change in cultural practices or improved farming practices

This coping measure consists of changes in farming practices to increase adap-
tive capacity through improved soil, crop and environmental quality. It includes
adjustments in agricultural inputs such as the use of hybrids, flexible calendar of
farming activities such as changes in timing of operations to address changes in
temperature/moisture conditions, integrating crops with trees in a given produc-
tion area to halt decline of land productivity and the use of farming systems such
as organic and precision farming.
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13.2.3
Modifications of resource potential including controlled micro-climates

These include changes in land topography, altered micro-climates through, for ex-
ample, field afforestation to provide wind shelter/ windbreaks, and changes in lo-
cation of crops to address hazard-prone areas and/or long-term loss of fertility due
to salinity.

13.2.4
Local indigenous knowledge systems/networks

Farmers develop and enhance knowledge and technology from their previous ex-
periences, the so-called local or indigenous knowledge. Examples of applications
of local knowledge are in selection/improvement of seeds, choice of desirable and
effective crops/varieties, cultural practices such as mulching, no tillage, etc.and
many others. Farmer-developed technologies are actual manifestations of their
coping mechanisms to various environmental challenges in their farms.

For example, in the tribal farms of the eastern part of Madha Pradesh, India,
old agro-technologies are still carried on, with slight modifications where tradi-
tional varieties occupy more than 60 per cent of cultivated land and majority of the
farmers still use indigenous techniques from seed selection to storage (Sharma et
al. 2006).

In most poor, rural communities, the perception of the relationship between ag-
riculture and weather/climate is quite different from that in the affluent farming
areas. The farmers are able to identify specific and important weather patterns with
the help of their perceived indicators (Valdivia et al. 2004). Farmers base their crop
and other production decisions on their local knowledge systems, which have been
developed from years of observations, experiences and experimentations. Predict-
ing climate to them is an important cultural component, and the local knowledge
systems provide them with the ability to make informed decisions, and in a way,
prepare themselves psychologically.

In western cultures and also in countries where seasonal climate forecasting
has already been developed to optimize the link of climate variation with agricul-
tural production, there are now significant implications for improved agricultur-
al yields. Perhaps, opportunities could now be open to link this scientific-based
weather/climate forecast services with the local, indigenous knowledge, especially
in rural communities.

13.2.5
Access to extension services

Agrometeorological extension services provide a very important input in farm
productivity, whether it is in the form of inputs, like technical advice/ assistance to
farmers who need technical information, or facilities like farmers’ cooperatives.
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13.2.6
Technological innovations

Climate is among the obvious sources of environmental risks in farming systems
so that the development of technologies to assist farmers in managing the vaga-
ries of weather has been an important focus of agricultural research. (Smithers
and Blay-Palmer 2001). Technology innovations have permitted adapting cropping
systems to a wider range of climatic regions, and also, farmers opting for variet-
ies closely adapted to average and therefore, expected temperature regimes in their
particular regions.

13.2.6.1
Direct-seeded rice (DSR) cropping system

In the northwest Bangladesh, a cropping system called direct-seeded rice (DSR)
is emerging through the assistance of the International Rice Research Institute
(IRRI) and the Bangladesh Rice Research Institute. This system has enabled early
planting of crops which include T. aman rice, followed by potato and in some in-
stances, even maize is planted in the furrows two weeks before the potato harvest.
DSR is a system which enables optimal timing for different rice varieties. Even in
the flood-prone regions in Bangladesh, like the Chalan Bil lowland region that can
have only one rice crop a year (called the boro crop), DSR using boro rice results
to much higher yields. The rice crops are also being grown at times different from
the usual.

Rice is directly seeded either through dry (drilling the seed into a fine seedbed at
a depth of 2-3 cm) or wet seeding (usually with the use of a drum seeder). However,
weed management is a critical factor and timely application of herbicides, with one
or two hand weeding can provide effective control.

This is also practiced in the Indo-Gangetic Plains in northern India (known as
India’s grain bowl, producing 50 per cent of the nation’s rice and wheat). Farmers
who tried the DSR cropping system during the previous wet season (kharif) attest
to its advantages. Notable among these are that the farmers can sow earlier than
when they used transplanting method, enabling them to take full advantage of the
rains, have good yield, save labor and use less water (Singleton 2006).

One concern being addressed now by the scientists at the International Rice Re-
search Institute is the possibility that there could be a buildup of weeds in DSR.
A possible solution they are looking into is a rotation of crop (e.g., rice to sugar
cane).

13.2.6.2
Raised bed cropping system

In most of the developing countries where irrigated cropping is widely practiced,
a number of common problems emerge such as low yields, salinity of the soil, de-
teriorating soil structures, ground water depletion and water scarcity. In the rice-
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wheat belts of Pakistan and India, one innovative approach to address these is-
sues is raised cropping beds (Page 2005). Beds are formed with narrow trenches
between the beds serving as access and left in place for up to five years. Crops are
planted into these beds.

In Pakistan, three types of beds are introduced for optimal production; namely
wide beds, narrow beds and flat basin seed beds. With rabi wheat, the crops have
been seen to have superior growth on raised beds than in traditional flat irrigation
basins. There is also the advantage of having less salt in the crop root zones after a
few planting seasons.

13.2.7
Others, including resilience and divestment of natural capital

In other farming areas, specifically in resource-poor regions, other options resort-
ed to include resilience and a reduction in the land areas planted.

13.3
Some examples of coping strategies

Farmers and producers in both the developing and developed countries’ face enor-
mous challenges as a result of the multiple stresses that plague their day to day
operations in the field. While the same risks and uncertainties could be found in
both, production outcomes may not be the same. The main difference is a result of
their access to resources (e.g. financial, technological innovations, external sup-
port, additional coping mechanisms such as crop insurances and others). While
the options are there, when the farmer does not have the capacity to implement any
because he does not have the needed resources and tools, he can only rely on resil-
ience. What can make this worse is that in most developing countries, agriculture
is not just about food production; it is survival for the resource-poor farmers and
their families (Medina 2002).

This section looks at the various ways farmers/producers in the developed world
differ from their counterparts in the developing regions in adjusting and coping
with any set of constraints, risks and uncertainties, which could spell failures/
shortfalls on one hand, and benefits on the other hand.

13.3.1
Canada

Agriculture remains a significant export commodity for Canada’s economy. Fur-
thermore, it is a mainstay of several regional economies. And, like in many parts
of the world, weather and climate play an important role in Canadian agriculture.
In a recent research on adaptation in Canadian agriculture to climate change and
variability however, it was ascertained that the adaptive behaviour of Canadian
farmers is prompted by uncertain variations from year to year, like for instance,
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rainfall intensity and duration, high temperatures and intensity of droughty con-
ditions at critical periods, etc. (Bryant et al. 2000).

It is also noted, that recent research in farm-level adaptation in Canadian ag-
riculture has identified the importance of the multiple sources of stress faced by
farmers. It is these powerful forces that explain changes in cropping patterns in-
volving crop substitution, new crops and new areas. Additionally, even though Ca-
nadian farmers may not explicitly acknowledge climate and weather conditions
as an important element of their risk management strategy, the producers employ
adaptation strategies to lessen the risk of negative impacts. These include crop and
enterprise diversification and altering timing of planting in addition to the adop-
tion of new technologies, such as improved land and water resource management,
including changing the intensification of production to address the changing du-
ration of growing seasons and associated changes in temperature and moisture,
changing the location of crop production, using fallow and tillage practices, the use
of irrigation systems, alterations to livestock management and those that are pro-
vided by external sources, like the use of seasonal climate forecasts and informa-
tion, crop insurances and other income stabilization programs (C-CIARN 2004).

13.3.1.1
The Okanagan Valley, Canada

The Okanagan Valley is located in the southern interior of British Columbia. It is
long and narrow with an area of 8,200 km?. and is flanked by mountain ranges.
Wine is its second highest grossing commodity.

Producers know that climate-related conditions are important for wine-grow-
ing operations. In good years, favorable conditions include a hot and dry summer
with a long growing season and early spring. In bad years, the growing season ex-
perience lower temperatures and greater rainfall than normal. Additionally, they
also identify risks associated with costs of production, pest and disease outbreaks,
changing government policies, interest rates, failures in technology and risks asso-
ciated with the market, such as loss of the tourist market.

Their efforts to manage climate-related risks, which to them are the ones they
can readily adapt to, include measures such as fruit thinning or ‘dropping crop’ in
cold and wet seasons to address poor weather for the grapes, and investing in risk-
reducing technologies such as wind machines. By reducing the cropload, more en-
ergy is available to achieve a higher quality of grapes.

Some of their anticipatory strategies are site selection and changing topography,
avoiding or removing frost pockets in the vineyard, choosing to plant varieties that
mature earlier in the season, or having vineyards in different locations to have a
greater chance that one region will sufficiently mature the grapes.
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13.3.2
The United States

In the United States, sustainability in agriculture implies quite a number of differ-
ing farming systems. A few are mentioned here to emphasize the range of systems
American farmers adopt depending on his access to resources.

Precision farming, also called site-specific management system of farming, is
defined as a management strategy that employs detailed site-specific information
to precisely manage production input. The philosophy behind precision agriculture
is that production inputs should be applied only as needed for the most economic
production (Searcy 1999). The farmers employ personal computers, telecommuni-
cations, global positioning systems (GPS), geographic information systems (GIS)
and other advanced technical expertise. From knowledge of soil and crop charac-
teristics unique to each part of the field, the production inputs are optimized.

On the other end of the spectrum of farming systems is organic farming. As
defined by the USDA Study Team on Organic Farming, this system avoids/largely
excludes use of synthetically compounded fertilizers, pesticides and livestock feed
additives. It relies upon crop rotations, crop residues, animal manures, legumes,
green manures, off-farm organic wastes, mechanical cultivation and aspects of bio-
logical pest control to maintain soil productivity and tilth, to supply nutrients and
control weeds and other pests.

Perhaps, midway between the two extremes is low-input agriculture or low-in-
put farming system. It seeks to optimize the management and use of internal pro-
duction inputs or on-farm resources and to minimize use of production inputs or
off-farm resources such as purchased fertilizers/pesticides whenever flexible and
practicable to lower production costs, to avoid pollution of surface and ground wa-
ter, to reduce pesticide residues in food, to reduce farmer’s overall risk and to in-
crease farm profitability (Parr et al. 1990).

13.3.2.1
Crop producers in Mississippi

Crop producers in Mississippi consider the multi-risk environment in their crop

production as special challenges. They pay close attention to management strate-

gies, whether what they manage are whole farms or otherwise. The following are

tested techniques from which producers can choose from to sustain farm opera-

tions for whole farm management:

o Consider new crops and crop combinations,

o Diversify, match crops to soil capability and productivity, planting fields with
low yield histories to alternative crops.

e Select proven varieties,

e Incorporate crop rotation and use herbicides that do not injure future crops in a
rotation system,

e Carefully calibrate planting equipment to deliver a desired number of seeds at
the optimum planting depth for a given crop,



Chapter 13: Coping Strategies with Agrometeorological Risks and Uncertainties for Crop Yield 219

e Carefully plan plant spacing as it directly affects the crop’s ability to use light,
water and fertilizer and ultimately affects crop yield, and
e Scout fields regularly throughout the growing season.

13.3.3
Latin America

13.3.3.1
The Andes of Peru and Bolivia

In the agropastoral system in the Andes of Peru and Bolivia (Valdivia et al. 2004),
the following are the identified management strategies, to manage climatic risks,
maximize use of resources and achieve multiple goals (e.g. food-security, etc.):
e diversification,
— among crops, between crops and livestock, and non-agricultural
e access to forecasts and their use (even when there is limited use due to gaps/con-
straints),
o use of local knowledge systems,
o resilience /divestment in natural capital, and
— shortening the fallow fields
— not replenishing the soil
e livelihood strategies,
— specializing in production that secure markets (ex. potato)
— building buffers for bad years (ex. frieze-dried potato)
— linkages to markets (ex. sales of value added crops)

13.3.4
Africa

In the African region, most adaptation strategies in agriculture are at the subsis-
tence level and these include the use of new cultivars adapted to the environment,
optimal use of crop calendar and crop diversification, alternating fallow land with
strips of grain crops, strip cultivation in areas with intensive wind erosion and
other management strategies like afforestation (windbreaks, etc.), change in land
use in hazard prone areas, use of early warning systems (EWS) for natural disas-
ters in agriculture in the fields, and institutional measures, like use of risk/hazard
zoning maps.

13.3.4.1
Senegal

There are two important options that farmers/producers in Senegal employ, and these are
the use of food production-related forecasting and early warning systems and the inven-
tion and diffusion of sustainable technology compatible with agricultural conditions.
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13.3.4.2
Uganda

In Uganda, the farmers’ coping toolkit for agriculture includes use of farmers’ tra-
ditional knowledge of micro-environment diversification, intensification of veg-
etation on farmlands in order to reduce soil erosion and sedimentation rates near
water catchment areas, integration of locally developed knowledge of soil, climate,
biological resources and other physical factors with scientific assessment to main-
tain crop diversity. One example is the management and recycling of crop residues
to improve and sustain productivity.

13.4
Case studies: Regional/national coping strategies

13.4.1
The Philippine experience:
Empowering farmers for rural development

The Philippines is an archipelago with more than 7,100 islands located in the trop-
ics bounded by 4 ° and 21° latitudes and 116° and 127° longitudes. It is completely
bounded by bodies of water. (See Figure 13.1). Its agroecological zone classification
is warm humid tropics with four climate types based on rainfall patterns: Type 1
is described as two pronounced seasons, dry from November to April and wet dur-
ing the rest of the year. Type 2 is characterized by the absence of a dry period with
maximum rain period from November to January. Type 3 has a short dry period
from November to February. Type 4 has more or less even rainfall distribution dur-
ing the year.

Arable land per capita is 0.075, one of the lowest in developing Asia with agri-
culture contributing about one-sixth of total GDP. Rice constitutes about 30% of
total crop harvested. As of 2000, about 67% of the 4 million-hectare rice area (but
excluding the upland area planted to rice), is irrigated and the rest is rainfed. Up-
land rice is grown in both permanent and shifting cultivation systems scattered
throughout the archipelago.

In the early 1960s, a technology innovation called Green Revolution changed
the configuration of farming in the Philippine setting (Medina 2002). This tech-
nology which centered on the use of high-yielding varieties (HY Vs) required high
inputs of fertilizers, pesticides and irrigation. Together with support services like
credit and extension personnel providing advice, yields had a dramatic increase.
But, because Filipino farmers are mostly resource-poor, increase in yields did not
compensate for the increase in external inputs. The burden of borrowed capital
with associated interests and the uncertainties brought about by increased fre-
quency of incidence of pests and diseases and also, the occurrence of natural haz-
ards (typhoons, floods, drought events) had not improved the lives of most of the
farmers.

Worse, other challenges had surfaced. Most of the varieties developed by the
farmers were displaced by HYV monocrops. There were more frequent outbreaks
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of pests and diseases because most of the natural predators had vanished. A vari-
ety of available food sources like birds, fish, frogs and the like had been eliminated
with the increasing use of pesticides. Also, farmers were exposed to health risks
due to prolonged and frequent use of chemical inputs. More importantly, seeds
commonly saved and exchanged among the farmers were gradually replaced by
commercial seeds. And eventually, farmers lost control of their production assets
like seeds, technology and in some cases, land.

To address these farmers'needs and concerns, a Farmer-Scientist Partnership for
Development called Magsasaka at Siyentipiko sa Pag-unlad ng Agrikultura (MA-
SIPAG) was formed in the mid-1980s (Medina 2002). This development approach
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to address uncertainties and risks, and ultimately, improve the quality of life of the

resource-poor farmers, had five strategies; namely,

o farmer-scientist partnership to combine the theories and technical knowledge
of the scientists with that of the experience and practical knowledge of the farm-
ers,

e Dbottom-up approach to prioritize farmers’ needs,

e farmer-led research and training through the farmer-managed trials cum train-
ing center,

e farmer-to- farmer mode of technology transfer, and

e advocacy for sustainable/organic agriculture and other related issues.

The member-farmers either organized themselves or joined already organized
units. They joined orientation workshops on local and global trends in agriculture,
including alternatives like sustainable organic agriculture, which are organized by
farmer-trainers from peoples’ organizations (POs), or by the technical staff of the
MASIPAG or partner non-government organizations (NGOs). Then they estab-
lished trial farms where they planted from 50 to 100 traditional varieties and MA-
SIPAG rice selections (those seeds which could not be defined technically as variet-
ies because they do not meet the criteria for purity and uniformity) per trial farm.
The seeds were to maintain more genetic variability, which gave wider possibilities
to match selections to environmental conditions. The choice of starting traditional
varieties was based on the less capital input required and those that were ecologi-
cally adapted to diverse agro-ecological conditions.

The farmers observed the characteristics of the different varieties and selections
to assess them for suitability to the local environment conditions and pest resis-
tance. The top ten performing locally adapted varieties were then chosen for plant-
ing. Farmers were given only between a hundred grams to one kilogram of seed per
variety so that these farmers re-learned the skill of mass-producing their seeds. Re-
sult was the mosaic effect of the different neighboring varieties, creating a barrier
to pests and diseases due to the differential resistance between the varieties. One
positive effect of the farmer planting several varieties in his farm were the benefits
of different rates of maturity, so that harvest was spread over a longer period allow-
ing him to spread out the work, rather than hire labor.

The yields of MASIPAG_bred rice and some selected traditional varieties were
in most cases higher or similar as those of HYVs. But because farmer partners
did not use chemical fertilizers and pesticides, net income was significantly higher
than the conventional technologies (See Table 13.1). Eliminating chemical inputs
and focusing on the utilization of natural resources available in the farm for pest
control not only minimized financial expense, but also provided ancillary bene-
fits to the environment. Alternative pest management was focused on maintain-
ing ecological balance in the farm. Pesticides were completely eliminated from the
food chain and farmers were no longer exposed to toxic chemicals. This in return,
had allowed the return of diverse food sources, which contributed to better nutri-
tion of the farming family.

Moreover, the recovery and maintenance of 668 traditional rice varieties con-
tributed to the conservation of the main staple food. Improvement of these variet-
ies through a modified bulk selection breeding strategy had produced 539 MASI-
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Table13.1. Comparison of inputs used in organic MASIPAG farming versus conventional farming
(Source: Medina, 2002)

Item Conventional (Pesos)! MASIPAG (Pesos) !
Straw application 0 225
Land preparation 1,500 1,500
Seeds 3,000 450
Uprooting/transplanting 0 1,500
Seed broadcast/seedbed 100 150
Weeding 375
Herbicide 542 0
Insecticide 1,829 0
Chemical Fertilizer 3,600 0
Harvesting/threshing 2,948 2,948
Total production cost 13,519 7,148

Yield/Gross income: 4560kg
(PhP 7.40/kg) / 4620kg (PhP 7.40/kg)

Net income 20,224 27,040

Net profit : cost ratio 1.49 3.78

Cost and return analysis per hectare of conventional farming (HVY) and organic MASIPAG
RICE (Sinayawan, Valencia, Bukidnon, 1977)
'One US$=51.5 Pesos (as of Feb. 2002)

PAG selections, as of 2002. Also, for maize, a recent addition, 49 traditional vari-
eties with 3 improved MASIPAG selections had been produced with two regional
back-up farms for maize established.

One female farmer in Southern Philippines claimed that since she began shift-
ing to organic farming her expenses on agricultural inputs, labor and land prepa-
ration in her 1.74-hectare farm cropping dropped from P15,000 to P2,480 ($ 300
to $ 50) per cropping. Another farmer, who used conventional farming for twenty
years but has shifted to organic farming, not only saved in his expenses for farm
inputs, but also experienced an increase in yield to as much as 68 cavans (or 4080
kgs) of rice per hectare.

The success of those who have used this approach has started to mobilize the
other farmers in the rural communities in the southern Philippines (Zonio 2006).
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13.4.1.1
The current practice

At the farm level, each MASIPAG rice farmer plants at least three rice varieties to
ensure varietal diversity as an ecological design in preventing outbreak of pests as
well as for genetic conservation. Farm diversification and integration of farming
components and processes are also incorporated to avoid external chemical inputs
and increase sustainability. Thus, vegetable and fruit trees are also conscientiously
integrated in farm diversification. Without chemical inputs and with nutrient cy-
cling in place, natural soil fertility has been improving. Farmers’ experience has
shown that it requires from three to five years of conversion from conventional to
organic farming for soil nutrient recovery. Without chemical pesticides, ecologi-
cal balance is re-established, with plant and animal diversity slowly but steadily
increasing.

Advantages of this farming system are that there is improved access and control
of seeds, enhanced capacity to develop and control technology and the availability
of farmer-managed trial farms. The diverse variety of seeds maintained and read-
ily available to them through their trial farms eliminates the cost of procuring ex-
pensive HY Vs and has assured them of the adaptation to diverse agro-ecological
conditions. The farmers are trained to do actual plant breeding and management,
as well as evaluation and selection of plant cultivars so that they can develop seeds
based on their resources, priorities or perceived needs.

13.4.1.2
Using farm wastes wisely

In one of the farmer communities in the country’s premier granary (the Central

Luzon plains), a group of farmers has been practicing some innovations such as

the conversion of farm wastes (hay, straw and rice hull) into commercial products.

Their farming approach consists of:

o use of organic fertilizers (3 bags of chicken manure substituted for a bag of
chemical fertilizer),

e herbal spraying (fermented leaves and twigs of neem and “kakawate” trees and
“makabuhay” plants),

e thorough land preparation, good water management and good crop establish-
ment for control of weeds,

e small canal built near dikes for destroying mollusks of golden snails, and

e use of inbred rice varieties, instead of hybrids.

Their average yield is 110 cavans (6,600 kgs) per hectare and targeted net income is
from $ 3,000 to $ 4,000 per hectare (Roque 2006).
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13.4.1.3
Transforming the Cordillera (Philippines) rice terraces
for organic food production

Organic farming is now being encouraged again in the Cordilleras (a range of
mountains found in the northern Philippines which is the home of the Banawe
rice terraces (Figure 13.2). This farming practice, indigenous to the tribes who
live there, do not use synthetic pesticides, herbicides and chemical fertilizers; in-
stead, time-tested principles of soil replenishment, biodiversity and ecological bal-
ance are applied. Some of the local farmers also use the inago, rice ratooning, rice-
based cropping system, rice-vegetable farming system and rice-fish culture system,
among others.

In the inago traditional cropping system, mulch mounds are established in the
flooded rice paddies where vegetables, green onions and other condiments are
grown. Elongating the inago mounds will enlarge the area for producing vegetables
and condiments in the rice terraces. There are two benefits of this practice; one, it
will augment farmers’” income, and the other, it will correct the zinc deficiency as-
sociated with the continuous flooding of the rice terraces.

The practice of ratooning aims to increase rice production and cropping inten-
sity. Ratooning produces a second crop without seeding, lengthy land preparation
and replanting activities. It also enables shorter crop maturity and requires less fer-
tilizer, water and labor.

Sourca : Webshots com

Fig.13.2. The Banaue rice terraces in the Cordilleras
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Rice-vegetable (usually sweet potato) cropping system is practiced as an alter-
nate to mono-rice. The dry cultivation of sweet potato aerates the soil and makes
zinc available to rice plants. Integrating fish with rice in the rice terraces increase
the cash and non-cash income (fish for home use readily available fingerlings and
also control of weeds, insects and snails in the field).

This enhanced farming practice in the rice terraces is hoped to transform this
resource into a vibrant producer of quality and safe rice, vegetables and condi-
ments seasons after seasons. An added value to the Cordillera is the preserva-
tion of this cultural heritage for generations of Filipinos, not discounting the other
benefits that organic agriculture offer the farmer practitioners, such as safeguard-
ing public health by eliminating/minimizing use of toxic pesticides/fertilizers, re-
newed local economies since market opportunities are widened due to consum-
ers demanding food safe for themselves and the environment, protection of natu-
ral resources (crops in accordance with local climate), preservation of biodiversity
(through preservation of a greater number of strains), and ensured future of agri-
culture since organic farming produce food without depleting the system’s ability
to continue (grcenbiz.com).

13.4.1.3
Fruit production and the management of slopelands
in the Philippines

High-value fruit trees such as mango, citrus, durian (Durio, Zibethinus, Murray),

lanzones (Lansium domesticum Correa), pili (Canarium ovatum Engl.), banana

and rambutan (Nephelium lappaceum L.) have become banner commodities of

profitable fruit production enterprise in the Philippines. Production areas have ex-

panded from flat rolling land onto hilly and marginal slopelands, so that the Slop-

ing Agricultural Land Technology (SALT) has been developed and propagated.
Basically, there are four SALT models (Escaiio and Tababa 1998):

e SALT 1: Ally cropping using leguminous tree or shrub species planted closely in
a belt along contour lines. Annual and perennial crops are planted between the
rows. These are a mixture of food and cash crops.

e SALT 2: Known as “simple agro-livestock technology”, this recommends a land
use of 40% for agriculture, 20% for forestry, and 40% for livestock, particularly
goats. The cropping mix includes forage crops as well as cash and food crops.

e SALT 3: Known as “sustainable agroforest land technology”, this promotes
food-wood intercropping where trees are planted in slopes of more than 50%.
Tree species are a mixture of fruit and timber crops.

e SALT 4 This is “small agrofruit livelihood technology”, and recommends the
planting of fruit trees on the upper two-thirds portion of a SALT farm.
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Fig.13.3. The West
Africa semi-arid
tropics (WASAT)

Source: Wikipedia free encyclopedia

13.4.2
The West African semi-arid tropics (WASAT)

The West African semi-arid tropics (WASAT) are of three zones, the Sahel, Su-
dan savanna and North Guinea savanna (Figure 13.3). These three zones represent
striking contrasts in production potential and risk. Climatic constraints (e.g., lim-
ited total precipitation, a short one-modal rainy season, high intraseasonal rain-
fall variability, high rainfall intensity and high evapotranspiration demands which
peak at seedling and grain-filling stages, etc.) are most limiting in the Sahel and de-
cline in importance in the Sudanian and Guinean zones (Matlon 1991). Its highly
weathered soils reinforce these climatic constraints. The feature of the soils (loamy
sands of the Sahel zone and sandy loams in the Sudanian and Guinean soils) result
in low water-holding capacity, poor fertilizer use efficiency and high risk of peri-
odic moisture stress.

Due to the close correlation of climatic and edaphic constraints across these ag-
roclimatic zones, the lowest technical potential is located in the Sahel and the high-
est in the Sudan and North Guinean zones (see Table 13.2).

The WASAT farmers employ a combination of risk-reducing methods which can
be defined as a management risk strategy. These tend to be interwoven as key ele-
ments of the farming systems in the region due to the particular constraints in the
environment. Some of these methods are focused on reducing downside yield risk
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Table13.2. Zonal differences in cropping patterns and production potential in the WASAT
(Source:Matlon,1991)

Sahel Sudan Savanna North Guinean
Savanna
principal crops millet, cowpea fonio, millet, sorghum cotton, maize,
ground nut rice, cowpea,
ground nut
secondary crops sorghum maize, ground nut, millet

cowpea, cotton

constraints / - particularly harsh - higher rainfall,
opportunities environment, - longer growing
- most limiting period allowing

constraints for

farmers to grow

sl wider range of
- lowest water - holding crops (solo,
capacity mixed or in relay
- short growing period - low water - cropping system)
holding
- capacity
productive - lowest potential - higher - higher production
. risk of highest failure production potential,
potential al .
potential, - lowest risk
- low risk
degree of crop - lowest diversification - most diversified
roduction
diversification P
pattern

directly, while the others are to generate compensatory income in the event that
production shortfalls still occur (Matlon 1991).

These risk-reducing options include diversification of crops, cultivars and lo-
cations), varietal diversification in which farmers select and maintain a diversi-
fied set of varieties for the major crops in order to enable the spread of risk of loss
due to period-specific stresses, diversify plot locations and land type diversifica-
tion and match crops to the micro-environments to reduce the risk of crop losses
due to stresses associated with particular land types, and interactive management
which involves sequential decision-making in which cropping patterns and culti-
vation practices are sequentially adjusted to correspond to changes in conditions
in the production area.

Additionally, Nyong in a 2005 study made on strategies of West African Sahel
farmers for crop management noted that these include selection of varieties, crop
field localization and ultimately, crop diversification. He has ranked these farming
techniques used as management strategies according to preference of farmers and
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Table 13.3. Ranking of farming techniques used in the West African Sahel as management tools
according to order of preference and length of practice (Source:Nyong, 2005)

Farming Techniques Preferred (ranking) Length of practice (ranking)
Mixed cropping 2 1

Early planting 3 4.5

Wetland farming 1 2

Early maturing/drought- 6 7

resistant crops

Increased spacing of 4 6
crops

Change in crop type 7 4.5
Increase in farm area 5 3

number of years they have practiced them. The most preferred and practiced the
longest are wetland farming and mixed cropping (see Table 13.3).

13.43
Improving rice-based cropping systems in the Indo-Gangetic Plains
and in north-west Bangladesh

In rainfed agricultural areas, when the rice farmers wait for the monsoon rains to
come, one crop management approach which has emerged as a promising part of
the solution is simple: rather than transplanting rice seedlings into flooded field,
rice seeds are sown directly into unflooded field.

The Indo-Gangetic Plains is a rich, fertile land encompassing most of northern
and eastern India, the most populous parts of Pakistan, and virtually all of Ban-
gladesh (see Figure 13.4). It is home to over 850 million people (Wikipedia). Rice-
wheat is the principal cropping system occupying 13.5 million ha. Its sustainability
is thus, vital to the livelihoods of the farmers of the region (Singh et al. 2005).

In India, rice and wheat are the staple food crops. Rice is traditionally trans-
planted at the end of the dry season (May/June) and wheat is sown after the rice
harvest (November/December). Likewise in Bangladesh, rice is also its staple food;
hence, it is of major importance due to the fact that its agriculture consists mainly
of subsistence farming on very small farm areas. Yet, it is the single largest produc-
ing sector of the Bangladeshi national economy. (Wikipedia).

Bangladesh has annual monsoon floods and cyclones are frequent. But the High
Barind Tract of NW Bangladesh is a drought-prone area. Its rainfed agriculture
has a predominant cropping pattern of a single crop of transplanted rice (about
100,000 ha ) grown during the monsoon ‘aman’ season from June to October dur-
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Fig. 13.4. Map of the Indo-Gangetic Plains showing the agroecological analysis of its rice-wheat
area and productivity (Source: IRRI, 2000)

ing which 80 per cent of the 1200-1400 mm annual rainfall occurs (Mazid et al.
2006). After rice harvest, in the ‘rabi’ season, approximately 20,000 ha is sown to a
range of dryland crops planted on the residual soil moisture. These include chick-
pea, linseed, mustard and/or wheat.

The late onset of the monsoon (as is being seen during most of the recent years)
can delay rice transplanting, as a minimum of 400 mm cumulative rainfall is need-
ed to complete land preparation for transplanted rice (Mazid et al. 2006). Howev-
er, changing rice establishment from transplanting to direct seeding can result in
yields (seasonally dependent and ranging from 2-4 tons/ha) similar to, or higher
than those by conventional transplanting.

Direct seeding is either dry-seeding or wet-seeding. Dry seeded rice can be
sown after land preparation with only 150 mm cumulative rainfall. On the other
hand, wet-seeded (pre-germinated) rice sown by drum seeder on to puddle land
removes the nursery bed requirement of transplanted rice and can advance the
crop establishment by one month. Harvest time is advanced even when the culti-
var used is not changed. Advancing crop establishment also reduces the risk of ter-
minal drought and allows earlier planting to ensure more reliable establishment of
a post-rice crop. A drawback though, is that the inherent advantage of weed sup-
pression through puddling and transplanting rice into standing water is lost. The
increased weed pressure after emergence of direct-seeded rice could, however, be
overcome by the timely application of a pre-emergence herbicide after seeding and
follow-up hand weeding.

In both India and Bangladesh, if soil moisture is adequate, pre-germinated rice
seed may be either broadcast by hand or sown in rows with an inexpensive plastic
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drum seeder (Rice Today 2006). And in many northeastern Indian farm, farmers

use tractor-mounted mechanical seeders that sow seeds at chosen rates and simul-

taneously apply fertilizer. Advantages cited by the scientists from different research

centers assisting the farmers (the International Rice Research Institute, the UK-

based Natural Resources Institute, the University of Liverpool in UK, the Bangla-

desh Rice Research Institute, and in India, the G.B. Pant University of Agriculture

and Technology in Pantnagar, Narendra Deva University of Agriculture and Tech-

nology in Faizabad, C.S. Azad Agriculture University in Kanpur and Rajendra Ag-

riculture University in Patna) include:

o relief in both the water and labor problems,
At the eastern end of the Plains in Bangladesh, farmers need about 500 mm cu-
mulative rainfall to establish a rice crop through transplanting. If farmers di-
rect-seed, they can establish the crop from about one-quarter of this rainfall
amount (Johnson and Mortimer 2005).
In Barind, farmers are supposed to transplant by July. But if there is no rain,
they can not transplant and the seedlings get older. Seedlings should be no older
than 30 days to get the best yields. Additionally, labor requirements are less.

e avoidance of damages from early-season drought.
Droughts during rice plants’ flowering stage (prolonged monsoon breaks) can
devastate the crop, causing yield losses of 50 per cent or more.

e Earlier establishment means earlier harvest; thus, increasing the chances of
growing a dry-season crop (for instance, chickpea),

e avoidance of crop yield losses due to delay in planting , and
In the rice-wheat belt of India, if rains arrive too late and there is no access to
water (irrigation), the crop is compromised and the equally important wheat
crop is also threatened. For every week beyond 1 November that wheat plant-
ing is delayed, the crop suffers a yield loss of 10 per cent in the most productive
areas because of cold temperatures.

e cost savings

e Direct seeding is generally cheaper than transplanting, which incurs the ex-
penses of nursery establishment and care and the labor that go with it. Addi-
tionally, even on larger farms, running tractors and machine seeders on dry,
unpuddled fields is less expensive than on a flooded one. In Barind, the average
crop establishment costs around US$120 ha™! for transplanted rice, while for di-
rect-seeded rice, there is a reduction of around 25 per cent in this cost with no
yield disadvantage (Mazid et al. 2006).

Every crop management system has its own disadvantages, and for direct-seeded
rice cropping, the constraint is in weed control. Because farmers can no longer rely
on the flooding to suppress the weeds during the crucial initial period of crop es-
tablishment, there is a need for better management in the farms. The scientists as-
sisting the farmers have already shown during the farmers’ trials that successful
weed management can be put in place in both rainfed and irrigated rice-cropping
systems in India and Bangladesh (Rice Today 2006).
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Fig.13.5. Map of Indonesia.

13.4.4
Special Case: Small-holder rubber production in South Sumatra, Indonesia

The Indonesian archipelago extends from 6°N to 11°S latitude and from 95° to
141°E longitude (see Figure 13.5). There are more than 13,000 islands, with Suma-
tra as one of its largest. Indonesia has a moist climate with high temperatures and
abundant rainfall.

Natural rubber is one of the most important agricultural industries in the In-
donesian economy (Purnamasari et al. 1999). The industry is dominated by small-
holders who have 85 percent of area planted and undertake 76 percent of produc-
tion. A rubber producer’s profit depends on the quality and quantity of latex yield
and the costs involved in producing it. These factors depend largely on tree-man-
agement decisions such as used clone tree density, rotation length, tapping method
and are also influenced by risks arising from climatic change and uncertainty of
rubber prices.

To determine optimal management strategy for small-holder rubber produc-
tion in South Sumatra, the use of a rubber agroforestry model was embedded in a
dynamic economic model. The results of the model could be used as a guide in the
tree-management options. For instance, the fact that the profitable cultivation pe-
riod of the clonal tree (which contained improved genetic materials) is longer than
for the wilding (unselected seedling), rotation length for the clone is longer than
for the wilding and expected Net Present Value (NPV) is higher. Management
practices recommended are earlier commencement of tapping from year 7 to year
6, higher density from 500 to 600 trees ha' and shorter cycles from 38 to 35 years
for the clone and from 34 to 31 years for the wilding.
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13.5
Conclusions

Coping strategies to address agrometeorological risks and uncertainties are many
and varied. These are, however, largely dependent on the farmer’s access to both
on-farm and off-farm resources. There are multiple stresses, which at times are dif-
ficult challenges to surmount unless access to resources is assured. However, inas-
much as technology has leapfrogged, it is hoped globalization will begin to reduce
the divide between the developed and developing world.

Yet, in many developing countries, persistence of poverty, particularly in the ru-
ral environments is most often due to the inability of the poor to gain access to sup-
port mechanisms in terms of technical expertise/technological innovations and
others, including formal sources of credit and crop insurance.
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CHAPTER 14

Water management in a semi-arid region:
an analogue algorithm approach
for rainfall seasonal forecasting

Giampiero Maracchi, Massimiliano Pasqui and Francesco Piani

14.1
Introduction

Methods and results of this recent branch of atmospheric sciences must be the
most simple and accessible as possible. For this reason, the Institute of Biometeo-
rology, (part of the National Research Council, http://www.ibimet.cnr.it), has de-
veloped a physically - based statistical approach to obtain seasonal forecasts, re-
garding rainfall precipitation, over Sahel region.

The method is based on the “similarity” conditions of the sea surface temper-
ature (SST) in three areas of the world defined as: Nifio-3 (5S-5N;150W-90W),
Guinea Gulf (10S-5N;20W-10E), Indian Ocean (5S-15N;60E-90E) which, in litera-
ture, are indicated as the most important areas to drive the precipitation patterns:
Indian Ocean and Southern Atlantic with regard to the trends of precipitation and
Nifo-3 with regard to the interannual time scale (Giannini et al. 2003).

The importance of the sea surface temperature to force the long-term atmospher-
ic anomalies, at least at a regional scale, is recognized with particular attention to
the Pacific area affected by El-Nino Southern Oscillation (Dalu et al. 2006).

Many atmospheric Research Centers have developed their own methods to de-
rive seasonal forecasts, based on the results of a large number of simulations of a
Global (GCM) or a Regional (RCM) Circulation Model, namely “Ensemble Fore-
casts”, or on statistical algorithms that relate the most important atmospheric
variables, or both (see for example: http://www.ecmwf.int or http://iri.columbia.
edu/).

This work describes a statistical method that relates the SST of three oceanic
areas with the precipitation in the semi-arid region called Sahel. The chance of
forecasting a reliable rainfall field is, in many parts of Africa, dependent on pre-
vailing patterns of sea surface temperature, atmospheric circulations, the El Nifo
Southern Oscillation and regional climate fluctuations in the Indian and Atlantic
Oceans. A brief summary of scientific background of the method is the following:
e West African Monsoon variability is strongly forced by the sea surface tem-

peratures standardized anomaly (SSTAs) of the Gulf of Guinea. Warm Gulf of

Guinea SSTAs generates a rainfall increase along the Guinean coast while the

precipitation decreases over the Congo Basin. These features can be understood

through the dynamical response of a Kelvin wave along the equator and a Ross-
by wave to the west of the SSTA. The first is associated with a weakening of the

Walker circulation, while the latter tends to strengthen the West African Mon-
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soon and the upward vertical velocity. The effects of Cold SSTAs are opposite,
but weaker (Vizy and Cook 2001).

e The monsoon circulation influences the precipitation over the Sahel, in particu-
lar southern Sahel (10N-15N), in two main ways. The moisture is transported by
the low-level southerly flow. The proximity of the monsoon circulation and cir-
culation over Sahara generates a strong low-level convergence to force air par-
cels to rise vertically until the level of free convection (Vizy and Cook 2002).

e Dositive SST anomalies in the Eastern Pacific and in the Indian Ocean, negative
anomalies in the northern Atlantic and in the Gulf of Guinea are related with
drought conditions over all the West Africa (Fontaine and Janicot 1996).

¢ Droughts limited to Sahel are due to a positive SST anomaly northward in the
southern Atlantic and a negative pattern in the northern Atlantic. Floods along
the West Africa are associated with positive anomalies in the northern Atlan-
tic, while the floods limited to Sahel are related to different forcing: northward
expansion of negative SST anomalies in the southern Atlantic, positive SST de-
partures in the northern Atlantic, and development of negative SST anomalies
in the eastern Pacific (Fontaine and Janicot 1996).

e The Principal Components Analysis (PCA) performed on the summer precipi-
tation in the Sahel region, demonstrates that the two leading principal compo-
nents (PCs) explain almost half of the variability of the precipitation. Moreover
two main patterns are present: the first along the Gulf of Guinea coast, between
the equator and 10°N, dominated the interannual variability, the second asso-
ciated with the continental convergence in the Sahel (between 10°N and 20°N)
affected by the interdecadal variability. The decomposition of these two leading
PCs into high and low-frequency components shows the role of the SST of the
Southern Atlantic and Indian Ocean for driving the long-term variability, while
the interannual variations are driven by the ENSO (Giannini et al. 2003).

14.2
Methods and Dataset

In the method each “month” is defined by six variables: three are SSTAs while the
other three take into account their respective tendencies (namely “Change Rates”
or CRs). The CRs are defined as the difference between the current SSTAs and
those of the previous month. The standardization is obtained with the subtrac-
tion of the 1979-2003 climatological mean and the division by the 1979-2003 cli-
matological standard deviation. The “similarity” to the current SST conditions is
evaluated by means of the minimization of the Euclidean distance to find the most
similar year (namely analogue) and assign the values observed in that year to the
forecast rainfall field. Due to the specific dynamical behavior of the West African
Monsoon this simple analogue characterization is able to catch main features of
rainfall precipitation patterns during the JJA period and a validation of this ap-
proach, through analysis of forecast skills, shows encouraging results.

SSTs used in the method are from three oceanic areas: the Nifio-3 area (5S-
5N; 150W-90W), the Guinea Gulf (10S-5N; 20 W-10E), the Indian Ocean (5S-15N;
60E-90E) as in Fig. 14.1.
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The SST data have been obtained by the NCEP/NCAR Reanalysis dataset
(2.5°x2.5° Lat-Lon, Kalnay et al. 1996; Kistler et al. 2001) while the precipitation
data have been derived from the Global Precipitation Climatology Project (GPCP,
Xie and Arkin 1996; Huffman et al. 1997; Xie et al. 2003) on a 2.5°x2.5° Lat-Long

grid.

For each month and for each grid-point, the precipitation time series has been
correlated to the SST time series, in order to have the relative weight of the three
different oceanic areas with regards of the precipitation. Based on these weights
and on the six variables defined above, the method searches for the most similar
SST conditions in the past (the year obtained is called “Analogue Year”), assigning
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the values observed in the closest year to the forecasts. Using 1979-2003 climatol-
ogy, precipitation anomaly and percentage anomaly are then computed (Fig.14.2).
The first is derived by means of the subtraction of the climatological mean from
the forecast precipitation. The latter is obtained from the former, dividing for the
climatological mean and it’s represented as a percentage. The dry regions of the
world, identified by a monthly cumulative precipitation under 30mm, are blanked
to avoid large values of anomalies and percentage anomalies (Table 14.1).

Table 14.1. An example of forecast maps of percentage anomaly for the year 2003 with the
correspondent observed values from CMAP (http://www.cdc.noaa.gov/cdc/data.cmap.html)
Janowiak and Xie 1999: for each month, June, July and August, forecasted maps were shown
with different time lags.

June 2003 July 2003 August 2003

OBS
CMAP

1 month
ahead

2 months
ahead

3 months
ahead
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14.3
Skill evaluation

A true validation strategy should be based only on data collected prior to the target
month to be forecasted. Such a calculation should then be repeated for all available
years. But the resulting skill depends on the amount of data used for each calcu-
lation. Another possible strategy is the adoption of a cross validation calculation.
Each prediction was estimated using only data before and after that specific year.
The cross evaluation hindcast method is able to represent a good forecast skill mea-
sure if two conditions were satisfied: the climate statistics do not change among
the period considered and there is a weak autocorrelation between neighboring
years data. In order to perform the cross — evaluation analysis we select all summer
time forecasts (June - July - August) in the 1979 - 2005 period. For each month
the rainfall anomaly has been computed based on the 1979 — 2005 mean value for
the region defined as Lat: 15°.0 - 17.5° Long: -10° — 10°. For this area the entire
monthly anomaly ensemble was divided into three categories below 33% percen-
tile (Below hereafter), above 66% percentile (Above hereafter) and between them
(Normal hereafter). Each monthly anomaly was aggregated in order to form three
ensembles. The same computation was performed for different forecast ranges: 3
months ahead, 2 months ahead and 1 month ahead respectively. For each observed
anomaly group, by means Below — Normal - Above, all the forecasted anomalies
were computed and showed as “chocolate wheels” graphs in Fig.14.3 to Fig.14.5
(Hayman 2000). As expected, using SSTA, for forecasting precipitation introduces
a lag time in the peak performances of the method, by means: best performanc-

1 Month Ahead 2 Months Ahead 3 Month Ahead

Above Above
0 Bekow B Abowe 0 Narm | 0 Beiow @ Above 0 Nom
Normal Normal

Fig.14.3 Chocolate wheels for Sahel area evaluation. Numbers represent the percentage of histor-
ical cases in the lower (light grey), middle (white) and upper (dark grey) terciles for June. Table
columns represent time lags and table rows represent different observed classes (Below — Above
- Normal from top to bottom).
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1 Month Ahead 2 Months Ahead 3 Month Ahead

|

Q bl
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Fig. 14.4 Chocolate wheels for Sahel area evaluation as in Fig. 14.3 for July.

es were obtained 2 o 3 months in advance. Same behaviors are present for all tar-
get months. Normal months were forecasted worse than Above or Below months,
probably this is a link to choice of SSTA as predictors emphasizing strong rainfall
anomalies.

One limitation of the evaluation strategy is the short period of time used: just 26
years. One single forecasted event can alter the statistics greatly. Further analysis will
be focused on extending this period back in time increasing the statistical ensemble.

14.4
Conclusions

The weather predictions today are established on solid theoretical and practical
bases, their reliability and accuracy are steadily increasing and their usefulness is
widely recognized in a variety of fields and applications, often in the frame of auto-
matic integrated prediction systems.

The current state of the art of the weather forecasts allows the short-term predic-
tion of rare and dangerous local events such as rainstorms, frost with high reliabil-
ity and accuracy and very high spatial resolution, as well as the accurate medium
range prediction. The role of conventional weather forecasts is precisely defined
as a strategic one, and as such, is considered the national as well as the regional
weather services (Soderman et al. 2003). Having information on the future trend of
precipitation three months or more in advance could be of extreme importance in
many fields of large economic, social, environmental and strategic relevance: agri-
culture and forestry, land and landscape management (to forecast droughts or heat
waves for example), international cooperation and catastrophy management (i.e.
food shortages, droughts, production and distribution of energy).
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1 Month Ahead 2 Months Ahead 3 Month Ahead

0 Below @ Abowe 0 Norm | 0 Bolow @ Abow 0 Norm 0 Bolow @ Abowe 0 Nom

0 Below @ Above 0 Norm

Normal

Fig.14.5 Chocolate wheels for Sahel area evaluation as in Fig. 14.3 for August.

Seasonal forecasts could answer these questions but not with the same efficien-
cy, accuracy and reliability of the meteorological forecasts. Although many en-
hancements have interested this branch of atmospheric science in the last decade,
large errors and uncertainties still affect this type of products. At the same time,
seasonal forecasts have assumed a relevant role for planning and decision making.

Authors would like to underline the experimental character of the results of the
method. They must be used just as an indication of the possible future trend of the
precipitation.
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CHAPTER 15

Water Management — Water Use
in Rainfed Regions of India’
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Central Research Institute for Dryland Agriculture, Hyderabad

Abstract

Large investments of about Rs.800 billion since Independence has gone into devel-
opment of surface irrigation projects and the gross irrigated area increased from
22.56 m ha to 75.14 m ha by 2000-01 in India. In spite of large-scale develop-
ments in irrigation sector, the agricultural production remains static at 212 mt, a
cause of great concern, which is mainly attributed to the inefficient water manage-
ment practices, poor maintenance of structures and water conveyance systems.
In this review article, various issues, perspectives and strategies in water manage-
ment research programs were highlighted. The impact of climate change on water
resources at global level and at national level has also been discussed. A few case
studies on improving the water use efficiencies through watershed programs car-
ried out at CRIDA, Hyderabad are mentioned. Social problems in implementing
water management strategies have been indicated.

15.1
Introduction

Huge investments amount to Rs.790.55 billions have gone in development of sur-
face waters by the Government of India during the period 1947-2001 (Parthasara-
thy, 2006). As a result, the gross irrigated area increased from 22.56 m ha in 1950-
51 to 75.14 m ha in 2000-01, thus creating largest irrigated area in the world. It is
reported that about 4400 (large, medium and small) dams have been constructed
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Table15.1 Crop wise status of irrigation facility across the country - India

Crop Irrigated area (1000 ha)

North South West East
Barley 125 92 158 NA
Cotton 1749 466 1671 NA
Fruits 444 278 417 250
Groundnut NA 600 224 72
Maize 413 303 523 138
Millet 363 266 459 121
Potatoes 147 92 138 83
Pulses 1309 141 1839 248
Rape seed 154 302 56
Rice 8,788 7,004 1,970 6,129
Sorghum 305 224 387 102
Soybean 286 179 268 161
Sugarcane 1650 809 777 NA
Vegetables 394 246 369 222
Wheat 6526 204 9,994 3,671
All irrigated crops 20,651 10,905 19,496 11,251
i‘ggﬁ’gﬁ for 16,032 10,020 15,030 9,018
Cropping intensity 129 109 130 125

so far in India. The expansion in irrigated area in the country is mainly due to de-
velopments in ground water exploitation and nearly 60 percent of the irrigation in
the country is met from ground water resources. These have contributed to the
increased agricultural production from 50 mt to 212 mt, thus becoming self-suffi-
cient in meeting the foodgrian requirements of the increased population to above
1.1 billion. The status of cropwise irrigation facilities across the country is given
in the Table 1.

It is inferred from the table that the irrigated area is high under rice in north,
south, west and eastern India followed by wheat in north, west and eastern India.
Sugarcane, cotton and pulses occupy the third place. In recent years, the agricul-
tural food production remains static, which is hovering around 210 mt, a cause of
great worry to the administration in meeting the future food requirements. Per-
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Table 15.2 Estimates of Water Need for India (M ha m)

Activity 1990 2000 2025
Irrigation 46.0 63.0 77.0
Domestic 2.5 3.3 5.2

Industrial 1.5 2.7 12.0
Energy 1.9 2.7 71
Others 3.3 3.5 3.7
Total 55.2 75.2 105.0

haps, the expected agricultural production levels could not be achieved due to mis-
management and over-exploitation of irrigated waters and little has been done to
improve the rainwater use efficiency in the rainfed regions of the country. Stagna-
tion or fall in agricultural production was also noticed especially in Indo-Gangetic
Plains due to practicing of mono-cropping system (Rice-Wheat).

The future total water need estimated for India by 2025 is shown in Table 2.

o The entire water potential of 1122 BCM need to be developed by all means by

2025 through surface and ground water development.

It is seen from this table that irrigation water requirement is increasing drastically
along with Industry requirement. It is hard task to achieve this unless better water
management practices are adopted to enhance efficient use of water. Lack of under-
standing of the importance of the cost involved in providing the irrigation water
absolutely free of charge among the farmers, non-practicing of modern irrigation
techniques in saving water, faulty structures and water transport system, absence
of strict legislation in controlling the abuse of water are some of the important rea-
sons in recording low water use efficiency of water resources in the country. This
paper is aimed at reviewing the different water management practices for improv-
ing and sustaining the food grain productivity from rainfed regions (61% of net
sown area) which contribute to about 44 percent of the total food production in
the country.

15.2
Water Resources of the Country

The total surface water resource of the country is estimated at 1869 km? at 50 per-
cent dependability and approximately 1500 km? at 75 percent dependability. It
has been estimated that due to extreme variability in precipitation which disallows
storage of flash and peak flows, and due to non-availability of suitable storage sites
in hills and plains, only about 690 km? of surface water can be stored for beneficial
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use. In addition, on yearly recharge basis, about 430 km? of ground water is avail-
able for different uses. Thus the total estimated utilizable water from surface and
ground water sources becomes 1120 km?

Ministry of Water Resources of Government of India has estimated the per capi-
ta annual availability of water for the population based on 1991 census as 2208 m3.
It has been estimated that per capita withdrawal of water in India during 1990 was
611 m3 as against 1870 and 665 m3 in the USA and France, respectively (Seckler,
1999). Therefore, there is a dire necessity for adopting efficient water management
practices in all sectors of its use and for agriculture, in particular.

15.3
Rainwater Management

Rainwater, a crucial natural resource, is the key input in Indian agriculture. It is
the prime mover in agricultural development in general and in rainfed agriculture
in particular. In India, 65 percent of the total cropped land is rain dependent and
hence subjected to vagaries of monsoon. In view of the fact that about 40 percent
of total annual precipitation goes as runoff, efforts should be made to capture this
precious rainwater for crop production. Storage of water in the soil and in natural
or man-made structures and efficient utilization of given quantity of water are im-
portant aspects of water conservation (Singh, R.P., 2000).

In situ water conservation is a more feasible and practical proposition under
most situations. The strategy for in situ moisture conservation lies in soil manage-
ment, which aims to maximizing the use of rainfall by increasing infiltration and
storage. Soil cover management (mulching / Canopy), tillage and land configura-
tions (ridge and furrow, BBF, etc.) are practices aimed at increasing infiltration and
soil moisture storage.

15.4
Issues and Perspective in Water Management

Some of issues, perspectives and strategies in water management under various
systems as envisaged by the National Commission for Farmers (Swaminathan,
2006) are reported below.

a) Creation of new infrastructure

e Conflicting interests of participating States

Land acquisition a long process

Relief and rehabilitation process is very slow

River linking has raised political and hydrological concerns.

b) Constraints in existing infrastructure

e Wide disparity between design and delivery

e Inadequate command area development

e Water logging and salinity at head reach and deficit water at tail end

e Heavy conveyance losses and the irrigation efficiency is only 40 percent
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Poor water delivery and reliability

Budgetary constraints adversely affect the maintenance

Under pricing of water led to cultivation of water intensive crops

Decline in irrigation by tanks in the southern peninsular region due to decrease
in carrying capacity

Less inflows into the rivers with increased watershed activities.

¢) Ground Water Exploitation

Abundant and timely supply of ground water improved agricultural produc-
tion

¢ Ground water utilization reduced water logging and salinity
e Over-exploitation of ground water recorded at many locations, results in deep-

ening of water table and reduced recharge capacity of dug wells in hard rock re-
gions
Least attention given to ground water recharge.

d) Problems in Rainfed Areas

Extreme variability in rainfall both in spatial and quantum dimension
Evaporative demand higher than rainfall during greater part of the year
Expansion of deep tube wells in hard rock regions aggravated water crisis

Poor ground water quality (saline / brakish water)

Deterioration in soil health in the intensively cropped rice systems

Low input farming practices and low fertility status and drought conditions at
different crop growth stages

e Less adaptation of in situ water conservation techniques by the farmers
e Implementation of Watershed Development Programs by various agencies
e Poor maintenance of watersheds and community involvement after develop-

ment has been negligible
Limited availability of drought tolerant crop species.

15.5
Strategies for Improving the Water Management
and Water Use Efficiencies

a) Surface Irrigation (Major Irrigation):

Priority to allocate resources across the projects on the basis of additional irriga-
tion from a given investment and time

Quick disposal of inter-state river water disputes by the Government through
River Board Authority

e Assured supply of required budget grants
e Water availability in the new projects should be assessed properly in view of Wa-

tershed Development Programs

The National Water Policy of 2002 proposed should be implemented to avoid fi-
nancial burden on the State Governments

For long-term sustainability of irrigation system pricing water should be en-
couraged
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Capacity building of water users as well the staff managing irrigation system
needs to be taken up for improving the water use efficiency

Proper repairing and maintenance of canals to be taken up for effective imple-
mentation of participatory irrigation management

Water release into the command area should be remotely regulated based on the
demand from various sectors.

b) Minor Irrigation (Tanks and Small Reservoirs)

Community surface water storage facilities be strengthened in supplementing
the drinking water needs supplied by PHED.

Water harvesting storage structures without any sluice gates such as kohlis in
Maharashtra, tanka, nadis, khadings in Rajasthan need to be improved and
strengthened through local voluntary organizations.

Promotion of ground water recharge through construction of low cost check
dams in drought prone areas be given priority.

Renovation of local community based irrigation system for increasing the car-
rying capacity, which may improve the rural employment.

¢) Excessive Ground Water Utilization
o Assured power supply would reduce the risk of over irrigation.
e Water supplied through field channels must continue for sufficient time to re-

duce loses due to absorption.

Ground water recharge should be encouraged through well-planned and main-
tained Watershed Program.

A water literacy movement among the stakeholders should launch and regula-
tions be developed for long-term use of ground water on a sustainable basis.
Constitution of Pani Panchayat at each village for maintaining equity distribu-
tion of water.

The farmers should be encouraged to tap good ground water resources within
the irrigation schemes.

Allocation of surface irrigation waters should be based on good quality ground
water.

Sub-surface drainage system and efficient irrigation methods be planned to pre-
vent further salinization.

Wherever possible, surface irrigation systems should be used for ground water
recharge.

d) Rainfed Areas

In situ water conservation techniques such as compartment bunding, ridges and
furrows, tide ridges, double cropping, strip cropping, mulching and vegetative
barriers for improving soil moisture needs to be further strengthened for the
benefit of small and marginal farmers.

Watershed development is the key to success for sustainable and improved agri-
cultural output from rainfed areas. Hence, liberal funding is essential for Wa-
tershed Programs.

Integrated Development of Watershed at macro-level “Watershed Plus” which
not only focuses on soil and water conservation but should deal and integrates
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measures that increases productivity and provide value addition to the commu-
nity living.

e The proposed National Rainfed Area Authority should be given responsibility
to manage entire Watershed Program, thus enabling the farming community to
achieve “Jal Swaraj” in relation to drinking and irrigation water.

e Rainwater harvesting through farm ponds for supplemental irrigations and re-
charging dead open dug wells be given top priority for enabling ground water
recharge as well as enhancing productivity.

e A Million Well Recharge Program proposed by NCF indicated that to create
awareness among the farmers about the importance of ground water recharge
for achieving future foodgrian demands by providing a rebate in the ratio of in-
ternet under enhanced Agricultural Credit Program on priority basis.

e Getting more crops per drop through efficient irrigation methods such as drip,
sprinkler, need to be promoted vigorously to conserve the water resources, food
security and enhance income.

e To improve the soil moisture in the black cotton soils, chiseling at 1 m interval
should be undertaken at few selected watershed areas on a pilot scale to assess
the economic viability and its impact on environment.

15.6
Water Management through Watershed Program

To overcome the uncertainty in production from rainfed regions due to frequent
failure of monsoon rains, the solution lies with the development of watersheds on a
large scale to achieve the second green revolution. The Watershed Programs taken
up by agencies that were funded through different Ministries of Government via its
various developmental programs are given in the following Table-3.

a) Crop Diversification for Efficient Water Use

The most farmers’ choice is paddy when water is available and many farm-
ers keep their land fallow both in kharif and rabi in anticipation of good rains or
ground water, but both are uncertain. Paddy is considered to be the poor water user
and requires 1200mm compared to 300 to 400mm by other irrigated dry (ID) crops
(Table 15.4). A two-pronged strategy (direct and indirect interventions) has been
launched in Mahaboobnagar, a drought prone district of Andhra Pradesh in a clus-
ter comprising of 4 villages in a project implemented by CRIDA and BAIF Insti-
tute of Rural Development, Karnataka (BIRD-K). Farmers have been convinced to
move away from paddy particularly during rabi by educating them that some crops
like chickpea, maize, ragi, etc., requires less water and hence can be cultivated in
more area using the some quantity of water as required for paddy.

Alternatively crops namely chickpea, maize and ragi which are essentially dry-
land crops but are able to produce substantially high yields with limited irrigation
have been introduced in the cultivators fields through supply of seed. These crops
could give substantially higher returns to the cultivators because of their higher
water use efficiency (Table 5).
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Table 15.3 Watershed programs details since inception on area coverage and expenditure

Scheme name Area treated Expenditure
(million ha.) (Rs. in billion)

Agriculture Ministry

g::;?ggllxi::mhed Development Program for 8.56 26.71

River Valley Project & Flood Prone area 6.25 20.38

Watershed Development Program for Shifting

cultivation Areas 035 2.56

Reclamation of Alkali Soils 0.69 1.06

Watershed Development Fund 0.04 0.21

Externally Aided programs 2.80 49.80

Total 18.69 100.72

Rural Development Ministry

Drought Prone Area Program 6.57 50.61

Drought Development Program 3.53 19.61

Integrated Watershed Development Program 8.45 22.28

Externally Aided programs 0.36 2.13

Total 18.92 94.62

Environment and Forests Ministry

National Afforstation Eco-development Program 0.88 8.52

Grand Total 38.49 203.87

b) Other Rainfed technologies developed / tested by Central Research Institute for
Dryland Agriculture for efficient rainwater management
1. In-situ measures for rainwater management in rainfall areas.
o Off season land treatment:
— Reduces weed growth and retains more moisture
— Summer tillage for alluvial, red and other light soils
— Compartment bund for heavy black soils for assured rabi crops.
o Conservation furrows
— Retains about 37% additional soil moisture compared to farmer’s practice.
— Better crop growth and higher yields by about 17%
e Ridges and furrows system in cotton
— Additional yield over farmer’s practice
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Table 15.4 Water requirement of paddy and ID crops

Crop Water requirement (mm) Area equivalent of paddy (ha)
Paddy 1200 -

Groundwater 400 3.0

Maize 400 3.0

Chickpea 250 4.8

Ragi 400 3.0

Table 15.5 Net returns and water use efficiency of different cropping systems based on water
requirements during kharif and rabi for a 3 acre farm.

Practice /Intervention  Cropping system Total net Water use
returns (Rs) efficiency Rs.
per mm
Farmers’ practice 1* Paddy (3) - Paddy (3) 36000 5.00
Farmers’ practice 2**  Paddy (3) - Paddy (1) 24400 5.08
Farmers’ practice 3**  Paddy (3) - fallow (3) 18300 5.08
Intervention 1 Paddy (3) - groundwater (3) 37560 7.83
Intervention 2 Paddy (3) - Maize(3) 31854 6.64
Intervention 3 Paddy (3) - Chickpea (3) 27936 6.42
Intervention 4 Paddy (3) - Paddy (1), Chickpea (2) 30824 5.82
Intervention 5 Paddy (3) - Paddy (1), Maize (2) 33436 5.97

Note: Figures in parenthesis indicate acreage
* When sufficient water is available for cultivating all the area in both the seasons.
** When water is available for cultivating all area in kharif season and less area in rabi season

e Cover cropping
— Improves soil quality with on farm generation of organic matter in off-sea-
son.

e Micro catchments
— Improves the perennial plant establishment even on steep slopes.

2. Medium term measures rain water management in rainfed areas.
— Stone and vegetative field bunds for soil and water conservation
— Graded line bund helps in efficient drainage.
— Trench cum bund for soil and water conservation.

3. Long term measures for rain water management in rainfed areas
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e Water harvesting
— Contour trenching for runoff collection.
— On-farm reservoirs
— CRIDA developed low-cost water harvesting structures
— Ground water recharge structure (percolation tanks).
— Recharge through defunct wells.

4. Strategies for improving water use efficiencies

Irrigation —furrows improves the efficiency of stored water
Micro irrigation techniques

— Drip irrigation

— Sprinkler irrigation

— Supplemented irrigation with harvested runoff.

— Crop diversification.

5. Alternate land use system
— Bush farming in arable and non-arable lands
— Agric silviculture
— Agric horticulture
— Participating ground water evaluation for efficient alternate land use pattern.

Summer tillage for alluvial, red and Compartment bund for heavy black soils for
other light soils assured rabi crops

Fig. 15.1 Off-season land treatment.

Wi : & o i

Conservation furrow in castor + Conservation furrow in Groundnut

Fig.15.2 Conservation furrow in castor and groundnut.
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6. Climate Change and its Impact of Water

Climate Change can affect the regional atmospheric circulation patterns, which
is important for taking decisions about water and land use planning and man-
agement. The information available from GCMs focuses on how climate changes
will affect the water balance. Considerable efforts have gone into study the effect

Cover cropping

Fig.15.4 Cover cropping.
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Fig.15.6 Contour trenching for runoff collection.

of global warming on water systems both space and in time. The reports of IPCC,
1996a & b have indicated the following:

e GCMs indicate that there will be some changes in the timing and regional pat-
terns of precipitation (very high confidence), but researchers have low confi-
dence in projections for specific regions because different models produce dif-
ferent detailed regional changes.
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Fig. 15.7. CRIDA developed low-cost water harvesting structures.

e GCMs consistently show that average precipitation will increase in higher lati-
tudes, particularly in winter (high confidence). Models are inconsistent in other
estimates of how the seasonality of precipitation will change.

e Research results consistently show that temperature increases in mountainous
areas with seasonal snow pack will lead to increases in the ratio of rain to snow
and decreases in the length of the snow storage season (very high confidence).
It is likely that reductions in snowfall and earlier snowmelt and runoft would in-
crease the probability of flooding early in the year and reduce the runoft of water
during late spring and summer.

e Increases in annual average runoff in the high latitudes caused by higher pre-
cipitation are likely to occur (high confidence).

e Research results suggest that flood frequencies in some areas are likely to change.
In northern latitudes and snowmelt-driven basins, research results suggest that
flood frequencies will increase (medium confidence), although the amount
of increase for any given climate scenario is uncertain and impacts will vary
among basins.

e Models project that the frequency and severity of droughts in some areas could
increase as a result of regional decreases in total rainfall, more frequent dry
spells, and higher evaporation (medium confidence). Models suggest with
equal confidence that the frequency and severity of droughts in some regions
would decrease as a result of region increases in total rainfall and less frequent
dry spells.

e Higher sea levels associated with thermal expansion of the oceans and increased
melting of glaciers will push salt water further inland in rivers, deltas, and
coastal aquifers (very high confidence). It is well understood that such advances
would adversely affect the quality and quantity of freshwater supplies in many
coastal areas.

e Water-quality problems will worsen where rising temperatures are the predom-
inant climate change (high confidence). Where there are changes in flow, com-
plex positive and negative changes in water quality will occur. Water quality
may improve if higher flows are available for diluting contaminants. Specific
regional projects are not well established at this time because of uncertainties in
how regional flows will change.

e A large number of studies suggest that climate changes will increase the fre-
quency and intensity of the heaviest precipitation events, but there is little agree-
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Rainwater from farm pond utilized through sprinkler

Curry leaf + Black gram Jatropha

Fig.15.9 Bush farming in arable and non-arable lands.

Table 15.6 Rainfall and fiver flows and their projections in two major river systems in India

River Basin Baseline (1961-1990) Future (2071-2100)
Annual Annual Annual Annual
Rainfall (cm) Flow (km?) Rainfall (cm) Flow (km?)
Krishna 91 60 112 67
Godavari 166 98 201 116

Ganga 134 482 150 543
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Fig.15.10 Rainfall in-
tensity at three major
river basins.

ment on detailed regional changes in storminess that might occur in a warmed
world. Contradictory results from models support the need for more research,
especially to address the mismatch between the resolution of models and the
scales at which extreme events can occur.

The Indian water resources under climate change scenario studied by Indian Insti-
tute of Tropical Meteorology suggest the following:

The hydrological cycle is predicted to be more intense, with higher annual aver-
age rainfall as well increased drought.

There is a predicted increase in rainfall in all three river basins towards the end
of the 21st Century (Fig.15.4). The Godavari basin is projected to have higher
precipitation than the other two given in the following Table 6.

The intensity of daily rainfall is also predicted to increase in these basins (Fig.
15.11).

Changes in the number of rainy days when examined, with results indicating
decreases in the western parts of the Ganga basin, but with increases over most
parts of the Godavari and Krishna basins.

Thus surface water availability showed a general increase over all 3 basins
(though future populations projections would need to be considered to project
per capital water availability).

. Weather-based Agro-advisories and Crop Water Management Strategies
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PRECIS Rainy days Changes 2080s A2 Baseline Fig. 15.11 Changes

in annual number
of rainy days (A2
scenario).
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Efficient irrigation water management plays a key role in improving agricul-
tural productivity and also protects the soil environment. Proper and timely dis-
semination of agro-advisories related to irrigation fertilizer and pesticide manage-
ment helps the farmers for better planning of agricultural operations. The pres-
ent system of weather-based agro-advisories is issued by 107 Agro meteorological
Field Units (AMFU) operating at State Agricultural Universities (SAUs) and In-
dian Council of Agricultural Research (ICAR) Institutes. Using the information
on latest crop condition at the region concerned and the medium range forecast is-
sued by NCMRWEF for that region, the agro-advisories are prepared by a group of
experts and the same is disseminated to the farmers through different mass com-
munication network systems such as Radio, TV, Newspapers. The information
that generally provided in Agro Advisory Services are status of crop condition,
current and expected weather and the advisory, which consists of agronomic mea-
sures and plant protection measures to be followed for each crop in the next few
days to come.
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Fig.15.12 Agro Ad-
visory Network
Group.

* National Agro-A‘dvlsory Network *
Nll.lﬂ[nll level

1 T TN |
Andhra Pradesh Arunachal Pradesh  Bihar Chattisgarh Gujarat

I Hational Crop Weather Watch G(NDI

FEAR, IMD, NCMITWE, Agriculture
Ministry, IT Minsitry, NIC

NCMRWF
 forecast |
e an
DNTU 44

1. Spatial cloud maps ks
2. Surfoce- and ERE N AGRO- ADVISORIES

ground- = USING
Sl INFORMATION
Cmg_ir‘_“ FROM RESEARCH
cloud maps BB STATIONS, CRIDA
e — AND NCMRWF »
Mission 2007

“\ Vilage Knowledge
Mandal/Block level ﬁ‘&}

centres -—
;i1 e et Vlge, s PPl #E.
— 4 WM A |
. \\ =
3

i, Pecaveg

ﬁrorn research station: ——— Monden — Makapuam
Weather T i
2. Crop condition i o
3. Diseases & pesls Kovasy Chodimeda
— Vioyai L Gudvalaanio

Project Parficipants; ICAR, CRIDA (AICRPAM & AICRPDA), NCMRWF, IMD, Agriciutural Minstry, IT Ministry, VASAT, SAUS

With the expansion of IT Network in the country, the information is also made
available through website which is expected reach each village shortly through
the efforts of Government of India and NGOs. The agro-advisories issued by 25
centers of AICRP on Agrometeorology (AICRPAM) located in various agro-cli-
matic zones spread across the country are made available through a website www.
cropweatheroutlook.org. On a trail basis, the Acharya N.G. Ranga Agricultural
University at Hyderabad in collaboration with various organizations such as NC-
MRWE, IMD, CRIDA, JNTU AND ICRISAT is issuing agro-advisories on district
basis based on input provided by agencies located in each district. Similarly, efforts
are on at different States to promote more regional websites.

Though the present websites are providing necessary advisories to the farm-
ing community, it is feared that it may not be reaching the needy farmers well
in time. Therefore, All India Coordinated Research Project on Agrometeorology
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(AICRPAM) Unit at CRIDA has planned a National level Agro Advisory Network
for efficient dissemination of information both to the stakeholders and to the plan-
ners. A sketch diagram of the proposal is shown below:

The aim of such national network is to disseminate information upto village lev-
el and the farmers will be able to interact with the Agro Advisory Network Group
located at district level.

Conclusions

The review suggests that there is scope to improve the water management effi-
ciency for sustainable agricultural productivity by adopting Integrated Watershed
Development Program through participatory approach method. A Million Well
Recharge Program proposed by NCF by providing some incentives may be given
priority to educate and create awareness about the importance of fresh water avail-
ability in the coming years. The impacts of climate change on regional water re-
sources need more attention. Expansion of the current Agro-advisory Network
System at National level shall play an important role in improving the water use
through eflicient water management practices.
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CHAPTER 16

Examples of coping strategies with
agrometeorological risks and uncertainties
for Integrated Pest Management

A K.S. Huda, T. Hind-Lanoiselet, C. Derry,
G. Murray and R.N. Spooner-Hart

16.1
Introduction

Some risks in the agricultural sector are unavoidable while others can be man-
aged. Agrometeorological risks in the farming sector include the temporal and
spatial variability of rainfall, temperature, evaporation and, in climate change sce-
narios, atmospheric carbon dioxide levels. While such factors may impact directly
on plant growth and development they can also exert an important indirect effect
by influencing the life cycles of plant diseases and pests. In addition they may have
a profound influence on attempts to control such pests, as is seen when an unex-
pected rainfall event causes dilution or early hydrolysis of a surface pesticide, or
when hail damage opens the way for mould, bacterial or insect attack. Integrated
pest management (IPM) must take into account such risks if crop damage is to be
minimized. The implications of agrometeorological risk studies in countries such
as Australia offer not only local perspectives on IPM but also provide information
for improved crop profitability, natural resource usage and agricultural sustain-
ability in other countries, where a critical relationship between crop success, re-
gional food security and human survival may exist.

The capacity of an individual farming enterprise to carry out IPM depends
largely on its given financial and economic situation. A business with a high level
of debt may only have capacity for low cost management options, such as the plant-
ing of disease-resistant varieties and routine pre-crop disease control, while a busi-
ness that is leveraging and expanding its asset base may be able to cope with high-
er cost management options, such as the introduction of new crops or rotation of
crops to preserve the long-term status of the land (Lloyd Kingham, NSW DPI, per-
sonal communication, 2006). Given these differences in ability to cope, perception
of risk may vary considerably with level, type and location of enterprise.

Global climate change will inevitably present a challenge to those engaged in
agroclimatic risk modeling in the interests of IPM. Agribusiness units most at risk
are likely to be those already stressed as a result of factors such as land degradation,
salinization and ecological change. Local economic setting must also be taken into
account when estimating possible impacts. In countries with a low level of agricul-
tural industrialization, many units may be based on low capital investment result-
ing in short-term land use policies, while in industrialized countries units may ex-
ist at the other extreme, having over-capitalized on items such as dedicated irriga-
tion systems, slow-growing cultivars and on-site processing facilities. Units at both
ends of this capitalization spectrum may, however, be economically marginal in
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terms of climate change, with increased reliance on state subsidy, off-farm income,
or secondary industry support. Such situations do not offer much leeway for farm-
ing sustainability through IPM in areas where climate change may be accompanied
by increased disease occurrence or pest invasion.

One way to cope with risk has traditionally been through the use of insurance,
although agricultural economists are becoming increasingly skeptical about insur-
ance as a regionally-sustainable risk management strategy. Some crop insurance,
however, may enable an enhanced ability to apply IPM in special situations. For ex-
ample, an agrometeorological risk that can be insured against in Australia is hail.
Hail can cause wound sites which allow pathogens to breach external defenses and
gain access to plant tissues, resulting in exacerbation of initially superficial dam-
age. In such cases insurance indirectly allows for a measure of protection against
microorganic degradation and pest damage. Only farmers in a stable or growing
financial situation may, however, be able to afford this luxury (Lloyd Kingham,
NSW DPI, personal communication, 2006).

Australian crops of wheat and canola have a local advantage in that the full po-
tential spectrum of destructive pathogens has not yet been established through as-
siduous quarantine control and an integrated agricultural management system.
In some cases, pathogens found in Australia offer less virulent or aggressive forms
than those found elsewhere. Pathogenicity generally relies on a subtle interplay be-
tween genetics and external biotic and abiotic factors operating within local eco-
systems. Abiotic factors may include farming practice, soil differences, seasonal
characteristics or climatic conditions.

The expenditure on integrated control is supported by studies which show that
when incursion of an exotic pest occurs or a new variety evolves locally, the result
is considerable loss to the industries concerned, with reduction of both quantity
and quality of a crop. Furthermore, there is an indirect cost associated with envi-
ronmental damage resulting from the need to apply additional pesticide (White
1983; Zadoks and Schein 1979). Where epidemic threats are anticipated, contin-
gency planning can enable the use of proactive or less extreme intervention, re-
sulting in reduced pest damage, pesticide use, and ecological impact (Murray and
Brennan 2001).

Two climate-sensitive diseases of Australian field crops are stripe rust of wheat
and Sclerotinia rot of canola, both having a high risk-ranking in the list of Austra-
lian crop diseases (Murray and Brennan 2001). Stripe rust of wheat is estimated to
cause on average a loss of about US$ 142 million per annum (Brennan and Mur-
ray 1998), while stem rot has been reported as causing losses up to US$ 37 million,
(Hind-Lanoiselet 2006).

In terms of the gross economic production value, wheat is the most important
crop in Australia, attracting a large share of public funds for research and devel-
opment. A substantial part of those funds is raised from production levies that
are matched by government funds then disbursed by bodies such as the Grains
Research and Development Corporation (Brennan and Murray 1998). Research
carried out in terms of this and other funding has already identified the impor-
tance of agrometeorological risk assessment (Huda et al. 2004; Wallace and Huda
2005).
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This chapter discusses some of the Australian research into climate sensitive dis-
eases, in particular wheat and canola, to present some thoughts on the approaches
needed for coping with the risks and uncertainties associated with IPM. A perspec-
tive on future considerations in this area is also given.

16.1.1
Crop Diseases - Stripe rust in wheat and Sclerotinia rot in canola

Stripe rust in wheat is caused by Puccinia striiformis f.sp. tritici (Figure 16.1). In-
fection and growth is favored at temperatures between 12 to 15°C, with longer
time required at lower and higher temperatures. At ideal temperatures, the cycle
from infection to new spore production takes about 12 to 14 days, given susceptible
plants and sufficient humidity. In the warmer months up to two cycles of the dis-
ease can occur per month (Murray et al. 2005).

Sclerotinia rot is caused by Sclerotinia sclerotiorum (Lib.) de Bary (Figure 16.2).
Sclerotia (asexual resting propagules) remain viable for many years in the soil.
When weather conditions are favorable, the sclerotia germinate to produce apo-
thecia (sexual fruiting bodies) (Le Tourneau 1979; Morrall and Thomson 1991).
Apothecia produce thousands of air-borne ascospores that can be carried several
kilometres by the wind (Brown and Butler 1936; Schwartz and Steadman 1978).
Spores that land on canola petals may lodge in the lower canopy of the crop during
senescence at the end of flowering. Germinating spores use the petal as a source of
nutrient, producing a fungal mycelium that grows and invades the canola plant.
Germination and infection are enhanced by wet weather (McLean 1958; Rimmer
and Buchwaldt 1995).

Sclerotinia is a monocyclic disease in Australia in keeping with the flowering
periodicity of canola, although in some parts of New South Wales (NSW) where a

Fig.16.1. Stripe rust on wheat (photo, Paul Lavis).



268 A.K.S.Huda, T. Hind-Lanoiselet, C. Derry, G. Murray and R.N. Spooner-Hart

Fig.16.2. Sclerotinia
stem rot on canola
(photo, Tamrika
Hind-Lanoiselet,
NSW DPI)

summer-irrigated crop is grown, two cycles may occur in one year (Hind-Lanoise-
let, unpublished data, 2006).

A potentially sustainable way of controlling crop diseases is the breeding of re-
sistant plants, although to optimise control other management strategies such as
fungicide use and good land management practices have to also be used. The lat-
ter can include crop rotation and general crop hygiene (Murray and Brown 1987).
The incorporation of multiple disease management strategies reduces the chance
and hence severity of attack and limits fungicide use which in turn reduces the risk
of the pathogen acquiring resistance to the fungicide. Conventional breeding has,
however, not always been successful at producing resistant plant varieties, as can be
seen until recently with attempts to breed resistance for S. sclerotiorum into canola
(Buchwalt et al. 2003). Even when resistance for a pathogen such as stripe rust has
been successfully bred into a variety for several decades this can be overcome by
the introduction of a new stripe rust race as occurred in Western Australia in 2002,
with spread of rust to the eastern Australian states by 2003 (Murray et al. 2005).
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When plant resistance cannot be relied on for the level of pathogen management
required, other management strategies such as fungicide application are generally
used (Sansford et al. 1995). Routine seasonal application of fungicides is, however,
not profitable as procurement and application costs are high, and disease incidence
varies greatly with year, region and locality (Sansford et al. 1995; Twengstrom et
al. 1998). A major consideration is the potential removal or dilution of fungicides
by early or unexpected rains, and in this regard short-term climatic modeling is
highly desirable. The result of climate-pest modelling only take on meaning when
interpreted in terms of broader risk management considerations.

Models can range in complexity from a simple set of anecdotal rules applied
by the subsistence farmer to complex, computer-based models such as those con-
structed by researchers in collaboration with state departments. The simplest mod-
els are likely to be based on relatively simple causal or “push-pull” relationships
(deterministic) whereas complex models are likely to be based on webs of such rela-
tionships involving a large number of agrometeorological factors and confounders,
with ability to take into consideration the chance of each causal factor potentiating
with time, or in terms of some spatial distribution (probabilistic).

All models offer a predictive dimension, giving opportunities for anticipating
and hence limiting crop damage. Some use early warning systems, such as chang-
ing weather patterns, to allow for early, corrective action (proactive), whereas oth-
ers rely on the onset of disease as an action trigger (reactive). The latter models are
likely to be of limited effectiveness in controlling damage, hence the need to ex-
plore new data and methodologies which can be effectively used in modelling for
proactive disease management (Gugel and Morrall 1986; Zadoks 1984). A corner-
stone of epidemiological modelling is the collection of relevant local data for dis-
ease occurrence and related risk factors, from which risk management models can
be developed to allow for a range of actions based on the excedence of limit values
within a predetermined data range (Abawi and Grogan 1975; Last 2001).

16.1.2
Implications for technology transfer

A preliminary step to breaking the epidemic cycle of disease in plant populations is
to identify strategic intervention points in the life cycle of the agent. This requires
a thorough knowledge of characteristics relating to the crop or plant population it-
self (host), the pathogen (disease-causing agent) and the place in which the disease
occurs (environment). While epidemiological study based on these characteris-
tics can yield great insights as to the establishment and continuation of disease in
plant populations, observations may be very specific to time and place and for this
reason great circumspection is required when transferring conclusions and hence
control strategies from one region to another.

Agrometeorological factors may vary considerably, as evidenced when early Eu-
ropean farming traditions were first imported to Australia. The intensive cropping
system used on European farms and originally imported into Australia and oth-
er Asia-Pacific countries has been found in many cases to be unsuitable in terms
of available area and soil characteristics. Disease control approaches for intensive
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horticulture may also be unsuitable for broad acre field crops, for example the prac-
tice of liming soil to pH 7.0-7.5 to control clubroot (Plasmodiophora brassicae) of
Brassica spp. (Donald et al. 2003).

Large scale migration from Europe to Australia from the early 19th century
brought farmers into contact with semi-arid and arid environments for the first
time. The response was to perceive drought as a symbolic national enemy, and to
attempt technological solutions to solve the “drought problem” with extensive eco-
nomic support. A better approach might have been to accept that certain areas of
the land were simply unsuitable for certain types of agriculture (Royal Geographi-
cal Society of Queensland 2001).

Relevance of specific technologies also changes with time. Tillage was tradition-
ally used in Australia to reduce the incidence of soil borne diseases including S.
sclerotiorum, but improved conservation practice suggests that zero tillage is desir-
able in conserving soil moisture, reducing erosion and limiting costs (Kharbanda
and Tewari 1996; Paulitz 2006). Furthermore, a number of studies on convention-
al and no-till systems have not found significantly different levels of disease inci-
dence (Paulitz 2006). To support place-sensitive technology transfer throughout
the Asia-Pacific region, Australia is developing a range of generic modeling and
intervention strategies which will be validated at selected sites in the region. An
important component of this ongoing research thrust, however, is the securing of
funding from regional agencies to augment support which the Australian govern-
ment is prepared to commit to such a project.

Australia offers a range of research experience relating to an integrated monitor-
ing system which sees regularly updated fact sheets for disease control distributed
to farmers throughout State Agriculture Departments (such as the NSW Depart-
ment of Primary Industries, http://www.dpi.nsw.gov.au), based on modelling stud-
ies supported in government and universities by funding bodies such as Grains Re-
search Development Corporation (http://www.grdc.com.au).

16.1.3
Resource allocation for risks

A rational allocation of resources for the control of plant diseases is based on the
potential economic losses which they may cause. This applies both at individual
level, when a grower decides whether or not control of a particular disease is finan-
cially warranted, and at the national level, when funds are apportioned to research,
risk communication and disease control. As the disease spectrum and economic
environment change with time, estimates of disease losses need to be based on cur-
rent data, if resource allocation is to be optimized (Brennan and Murray 1998).

In countries where primary industries are in an early stage of development,
farmers may have little income and may rely on loans at high interest rates for in-
put investments, and for crop protection. When there is crop failure due to high
climatic variability, as may result in droughts, farmers with low financial capac-
ity may loose their entire investment. Ultimate outcomes are not only economic;
farmers in India have been reported to perceive this as personal failure and wide-
spread anguish with high rates of suicide has been recorded (Sivakumar 2000). In
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Australia the suicide rate in male farm owners is about twice the crude national
average for males in all sectors, despite the fact that in Australia several organiza-
tions provide farmers with financial assistance when extreme weather conditions
have resulted in severe challenges, such as drought and floods.

Such assistance includes income support from Centerlink, interest subsidies
from the Rural Assistance Authority, advice and funding for developing a busi-
ness plan and succession planning from the Farm Help Program, and funding for
establishment of a farm Environmental Management System (EMS) from various
state agencies. In order to further the mental health and wellbeing of farmers in
NSW, Australia, a blueprint has been developed to improve access to mental health
support, including counselling, crisis lines and the teaching of coping skills (NSW
Farmers Association 2005).

While applied IPM is likely to remain a technological area, resource allocation
within a risk management framework needs to involve interdisciplinary collabo-
ration if the very real threats to the mental and physical health of those engaged in
farming as primary industry are to be addressed.

16.1.4
Supportive Decision-Making Tools

A decision support tool called RustMan was developed for stripe rust of wheat in
the 1990s. RustMan estimates the likely impact that stripe rust will have on wheat
yield and the benefits from spraying to control the disease. RustMan uses results
derived from field experiments at Wagga Wagga and Yanco from 1984-1987, with
the addition of current information on the reaction of wheat varieties to the races
of stripe rust in Southern and Central NSW. Estimates require the input of average
weather conditions occurring over one agricultural season (Gordon Murray, per-
sonal communication, 2006).

Sufficient macroclimatic data have now been collected for the development of a
similar tool for Sclerotinia rot on canola although the higher impact of post-treat-
ment climatic variation demands a longer-term forecast record.

16.1.5
Effectiveness of decision-making tools

The effectiveness of decision making tools depends on their ability to predict and to

facilitate risk management or mitigation, with subsequent assessment of outcome

(Meinke and Stone 2005). Some points relating to this effectiveness are:

e Farmers are only able to respond and adapt to climatic conditions, they cannot
expect the model to assist them to manage or mitigate the climatic event itself,

e Adaptation or ‘responsive adjustment’ as risk ameliorating strategy, must be tar-
geted and may be complex,

o The proactive dimension in risk amelioration is important if damage is to be mi-
nimised,
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e Outcomes need to be seen in practical terms if individual and societal benefits
through improved risk management practices and better targeted policies are to
be optimised.

16.1.6
Importance of Experimental Observation

Hind-Lanoiselet et al. (2004, 2006) demonstrated the importance of rainfall distri-
bution in relation to disease development, having observed that in years with low
rainfall and high temperatures Sclerotinia rot is not a limiting factor for crop de-
velopment. In such years the application of fungicide had impact on early disease
but no ultimate impact on yield (Figure 16.3). Such findings suggest that in similar
years finances can be directed away from this problem to be used more productive-
ly in other areas, with the proviso that this practice is not rigidified so as to prevent
successful financial re-targeting in subsequent growing seasons.

16.1.7
Desirable level of complexity

A management tool should only include easily obtained information and results
should be relatively simple for the user to interpret. Complex tools based on advanced
modeling need to clearly communicate the data for general stakeholder use. The eco-
nomic component needs to be included as part of a risk-benefit framework which
only encourages the use of fungicide when it is likely to enhance profitability.
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Fig.16.3. Incidence of S. sclerotiorum at 20% flowering on canola petals and disease incidence be-
fore harvesting after a dry finish at a trial in Wallendbeen in 2003.
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16.1.8
Economic balance in control

Due to the sporadic nature of stem rot it is uneconomical to apply fungicides rou-
tinely, although to be effective they need to be applied before the plant becomes
infected. In Australia, growers are advised to consider the current price of both
chemical and canola to determine the viability of Sclerotinia control before apply-
ing a fungicide (Hind-Lanoiselet and Lewington 2004, and Hind-Lanoiselet et al.
2005). A table is used to help determine the level of Sclerotinia infection that would
justify a fungicide application (Table 16.1).

Note: Net returns from Sclerotinia control for each fungicide are based on a 2 t/ha
potential yield and chemical and application costs of $82/ha for Rovral, and a rule
of thumb that yield loss = 0.5 (disease incidence).

The data in the table show that:

e Avyieldloss of 10% to 15% would be required to break even and justify using the
fungicide

e A 10% yield loss would represent 20% stem rot in the crop

e A 15% yield loss would represent 30% stem rot in the crop, a high disease level

The RustMan support tool can be profitably used before the rust is seen so that
farmers can make early decisions (Gordon Murray, personal communication,
2006). In reality the software is typically not used until the disease has taken hold
at which point effective management may not be possible. This delay is exacerbated
by the limited stock and thus appreciable waiting time for fungicide. To improve
this situation RustMan needs to be used early on in the assessment and to facilitate
this, relevant output information needs to be effectively communicated through
one of the public access web sites or by electronic mail.

16.1.9
Towards the Future

Agriculture in Australia has shown considerable capacity to meet challenges
through farm management practice, appropriate crops and cultivar selection, tech-
nologies to increase water use efficiency, and pest control. Global warming, howev-
er, poses a much greater and broader challenge than those previously experienced
and current financial resources may be inadequate. Dissention about the poten-
tial outcomes of global warming is problematic. While the agricultural impacts of
drought and floods of specific duration and intensity can be estimated, some parts
of Australia may, in response to global warming, experience improved conditions
as a result of longer growing seasons, fewer frosts, higher rainfall (northern Aus-
tralia) and increased atmospheric carbon dioxide (Australian Greenhouse Office
2006).

A future trend in climate prediction is likely to be in the area of macroclimate
forecasting, with medium range weather forecasts (3-10 days) being increasingly
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used in operational farm management decisions. There is increasing capacity to in-
tegrate seasonal climate forecasts, medium range weather forecasts and historical
climate information, to enhance the availability and accuracy of data to be includ-
ed in proactive decision making. In crop protection there have been simultaneous
advances in describing the relationships between plant diseases and crop microcli-
mate, such as those relating to field temperature and leaf wetness.

Further research is, however, urgently required to explore relationships between
macroclimate (climate of a region) and microclimate (climate immediately within
and surrounding a plant canopy), and this will require improved collection of mi-
croclimate and local disease incidence data. Recent work in Australia suggests the
value of such information in risk and opportunity-management decision making
(Wallace and Huda 2005; Huda et al. 2004).

Epidemiology and risk assessment will undoubtedly play an increasing role in
anticipating the complex interaction between climate and disease. In its broadest
sense, epidemiology is “the study of the distribution and determinants of health-
related states or events in specified populations, and the application of this study
to the control of health problems” (Last 2001). While originally developed as the
science of disease control in human populations (demos being Greek for “the peo-
ple”), epidemiological approaches are today fundamental to disease control in the
agricultural sector.

A basic concept in traditional epidemiology is the Host-Agent-Environment
(HAE) disease model which in its simplest form is represented by a triangle as
shown in Figure 16.4.

The model proposes that for a disease to exist, all three co-factors must be pres-
ent. In the case of the fungal diseases discussed in this paper, these factors in-
clude:

e Host (crop) factors: plant species and variety, time of planting, crop rotation,
general crop hygiene, coexistence of other pathologies.

e Agent factors: mould types present, load and viability of infectious forms, state
of spore activation.

e Environment factors: climate (including macroclimate, microclimate and sea-
sonal change, weather immediately following fungicide or pesticide application,

Fig. 16.4. The Host-Agent-Environment disease
triangle.

Host Agent

Environment
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hail damage and relative humidity), insect damage, sunlight duration, presence
of atmospheric gases including carbon dioxide, and acid-forming gases, soil fac-
tors (macronutrients, micronutrients, salinity and iron sulfides), irrigation fac-
tors (volumetric and qualitative, application technique, leaf runoft, soil pooling,
nutrient residue on leaf), availability, type and application of fungicide, and ag-
ricultural practice.

Some plant epidemiologists have suggested the addition of a fourth factor, time, to
the model (forming a “disease pyramid”) to take into account the temporal pro-
cess of disease development (Stevens 1960; Van der Plank 1975). The authors, how-
ever, view time not as a single, independent variable but as integral to each of the
three base variables, because of the need to consider distinct and complex time-se-
ries when developing probabilistic risk-factor distributions for a range of polycyclic
processes in risk modeling (Zadoks and Schein 1979).

Epidemiology is not only a study system but one committed to the management
of problems. The term “coping strategies” in this chapter title relate to an Austra-
lian commitment to view crop disease control not only as a theoretical field but as
a field of endeavor aimed at securing sustainable regional economic, social, eco-
logical and health outcomes. The centrality of integrated plant production and pest
control in achieving food security with limited environmental impacts has been
clearly identified by major international organizations (Food and Agriculture Or-
ganisation 2005; Unnevehr and Hirschhorn 2000).

Good risk assessment alone is powerless to bring about change unless operating
within a framework for sound and intersectoral risk management. This is particu-
larly true where a project must bring together a number of countries in collabora-
tive effort to ensure effective regional risk management.

At a recent workshop in Hyderabad it was proposed that an integrative model
proposed by Derry et al. (2006) be used to guide an Asia Pacific Network research
project into Asia-Pacific regional climate and disease risk management (Figure
16.5).

The model facilitates early identification of climatic hazard or change likely
to impact on agricultural security in terms of epidemiological realities (stage 1).
Proactive risk assessment (stage 2) incorporates the consideration of existing cli-
mate/crop-disease models and the possible development of downscaled models on
the basis of local epidemiological records and observed agricultural practice. In
practical terms this stage is already under development in Australia, with models
relating to disease frequency and impact being investigated. Risk assessment in-
formation communicated to government and farming organizations enables the
fine-tuning of policy (stage 3), to encourage proactive and cost-effective epidemio-
logical and economic interventions (stage 4). Examples are the application of fun-
gicide during a period of expected high humidity with suitable temperature range
for mycotic growth, or the avoidance of fungicidal leaf treatments prior to a period
of predicted rainfall, when wash-off can occur. Developing systems for monitoring
changes in crop health status following intervention (stage 5) provides feedback for
the further fine-tuning of policy and interventions.

It should be noted that the overall process is a cyclic one, with a potential start-
ing point at any one of the five loci. Thus there is no “correct” place to start, and
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Fig.16.5. Risk management
model (Derry et al. 2006).

1. Hazard
Identification

2. Risk
Assessment

5. Intervention
Monitoring

Risk and Policy
Communication

3. Policy
Analysis

4. Strategic
Intervention

all meaningful work can be “banked” at a relevant point within the conceptual

framework. Effective intersectoral and multi-staged communication of risk lies at

the hub of the model, which will involve the development of communication path-
ways and a common dialogue between scientists, managers and communities. The

Hyderabad workshop was seen to provide opportunities for such collaboration on

a regional level.

In terms of the model some envisaged policy-related strategies are:

e The assistance of agricultural development by anticipating short-term climatic
variations, in order to improve economic yield, and hence security relating to
food supply with positive outcomes on socioeconomic conditions and popula-
tion health

e The provision of a suitable framework for policy modification in the anticipa-
tion of important, short-term climatic change, enabling the incorporation of
proactive intervention in agricultural practice

o The exploration of new approaches to managing crop diseases and the applica-
tion of pesticides and herbicides to ensure economic use, and prevent overuse,
as an important component in human health and aquatic ecosystem protection

e The encouragement of multilateral agricultural risk communication and dia-
logue between all stakeholders in the agrometeorological process

16.2
Conclusions

In addressing risks and uncertainties for integrated pest management, Australian
researchers have concluded that more needs to be known about the complex rela-
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tionships between climate and pest cycles relevant to local place. In this regard,
collaborative activity is required between scientists, risk managers, government
and local farmers to determine best practice approaches for addressing pest man-
agement, with the aim of achieving economically-sound and ecologically-sustain-
able outcomes.

Research results relating to Sclerotinia rot in Australian canola and stripe rust
in wheat offer useful practical findings for the development of pest management
systems elsewhere. A major focus of Australian research is the optimization of nat-
ural controls relating to informed planting strategies, and the minimization of pes-
ticide application through the prediction of climatic influences, which can in turn
lead to optimal effectiveness in the control of disease agents. Technology transfer
is, however, a highly specialized area which has resulted in errors in the past, and
which must therefore be treated with circumspection.

The relationship between macro- and microclimate, and the effects on the cycles
of disease agents, needs special attention if quantity of applied pesticide is to be mi-
nimised, while optimising disease control outcomes.

While improvements in meteorological and crop-pest monitoring and model-
ing will remain important, a sound understanding of local economic, ecological
and social realities is essential if the effectiveness and accountability of interven-
tions is to be assured.
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Coping Strategies with Agrometeorological Risks
and Uncertainties for Drought Examples in Brasil
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Introduction

The 1997-1998 El-Nifio caused an extreme drought in the northeastern region
with considerable losses for agriculture, livestock, water resources and society. Re-
gionally, the impact of these anomalies can be striking. In the southeastern region,
for example, in the State of Sdo Paulo in the El Nifio period, the effects caused by
this phenomenon were quite different with above average rainfall in months like
May and June. This situation can be observed, as indicated by the rainfall anom-
alies represented by the monthly Standardized Precipitation Index (SPI) for the
month of May in 1998 (Figure 17.1). The occurrence of these anomalies lead the
State Government to create a task force involving the various sectors of society,
such as, research institutes, universities and the civil defense, to propose mitiga-
tion measures.
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Fig. 17.1. Monthly precipitation anomalies as indicated by the monthly SPI (SPI-1) for the month
of May 1998 in the State of Sdo Paulo.
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The National Meteorological Institute (INMET) determines the occurrence of
droughts by means of the SPI, and also in deciles and the monthly deviation in
precipitation compared to the climatological standard from 1961 to 1990. Studies
have shown that 18 to 20 years of drought occurs every 100 years. The frequency of
the drought occurrence in the Brazilian northeast is associated with the frequency
of the El-Nifio and of the Atlantic Ocean dipole; and the frequency of the drought
occurrence in the southern region is associated with the frequency of the La-Nina.
The areas affected by the drought vary in intensity, extension and time duration.

When a drought situation is confirmed through precipitation anomaly indices,
technical material is prepared containing the precipitation monitoring for the af-
fected region with a climate prognosis for the following quarter and this material is
forwarded to the federal authorities in order to support the Brazilian government
emergency actions. In the northeastern region of Brazil, there are several institu-
tions and technical and technological infrastructure to detect drought. A limiting
factor to ease detection of drought and corresponding mitigating actions is the lack
of training and capacity to define the applicable methodologies.

In addition to the National Meteorological Institute, some States of the Federa-
tion developed specific studies for droughts to support not only agriculture, but
also the civil defense activities and water resources planning and studies. An ex-
ample is the State of Sdo Paulo, through its Integrated Agrometeorological Infor-
mation Center (CIIAGRO), and the Drought and Hydrometeorological Adversities
Mitigation and Monitoring Center INFOSECA). In this aspect, the assessments of
the drought conditions and prognosis are prepared and distributed to farmers, ru-
ral cooperatives and other sectors of society.

The Ministry of Agriculture at Federal level and the Agricultural Secretariat of
the Sao Paulo State Government, at State level, apply the reports and bulletins of
drought monitoring in the Agricultural Activity Assurance Program (PROAGRO)
and as a subsidy to the Agricultural/Livestock Expansion and Agricultural Insur-
ance (FEAP) for the federal , and for Sdo Paulo State government, respectively.

The immediate results of these actions are a reduction in the request for cov-
erage for climatic events and the reduction of risks in Meteorological Adversities
upon agriculture, in addition to the monitoring of the insurance operations and
the agrometeorological management of PROAGRO and FEAP (sources: www.agri-
cultura.gov.br; www.agricultura.sp.gov.br.)

Regionally, there are programs that involve research institutions and the com-
munity in order to minimize risks for agriculture during drought situations. In the
northeastern region, the state governments have mechanisms of their own to aid
the population, such as distribution of water and foodstuff. In the drought areas,
communities are supported by the federal and state governments and NGOs that
orient the population. In order to improve health and reduce infant mortality, effi-
cient methods of collecting and storing water by means of rural cisterns, underwa-
ter reservoirs and desalinization units are being applied.

In the northeastern and southern regions, regional forums for the quarterly
climate prognosis for the rainy seasons are held. There is no specific forecast for
drought, but the climate prognosis indicates beforehand if there is a probability of
precipitation remaining below or above the normal. The State of Ceard, through its
Secretariat of Rural Development and the Ceara Meteorological Foundation indi-
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cates the beginning of the sowing time by means of the climate prognosis, and the
drought probability studies using real-time monitoring of precipitation and soil
moisture content.

In the southeastern region, the government of the State of Sdo Paulo implement-
ed the Drought and Hydrometeorological Adversities Mitigation and Monitoring
Center (INFOSECA), which is subordinated to the Instituto Agronémico (Agron-
omy Institute). The work performed by INFOSECA along with the activities car-
ried out at CITAGRO is pioneering in Brazil the agrometeorological monitoring of
drought and its effect on agricultural activities (source: http://ciiagro.iac.sp.gov.br
- www.infoseca.sp.gov.br).With its major territorial portion restricted to the equa-
torial humid or tropical areas, the effects of meteorological adversities on the Bra-
zilian territories, and most notably drought, are very distinct. An assessment of
the Humidity Index as proposed by Thornthwaite and Mather (1955) is presented
on Figure 17.2, involving some states in the southern, northeastern and midwest-
ern states.

In general, the macroclimatic characteristics indicate humid climate conditions
for the states in the southeastern and midwestern regions. Nevertheless, even for
humid regions, the climatic oscillations cause, in specific years, a drought condi-
tion that is highly unfavorable to crops. This statement is supported by the monthly
variation of the SPI for the areas of Campinas and Ribeirdo Preto in the State of Sdo
Paulo for the month of January (Figure 17.3). Even though the month of January
normally presents high rainfall indices, on specific years a meteorological drought
occurs. This phenomenon has an elevated consistency with values that are high-
ly unfavorable and prejudicial to crops. The same aspect can be observed by the
monthly variation of the Palmer Drought Severity Index for the locations of Votu-
poranga and Assis during the month of October (Figure 17.4).

Figure 17.4 further indicates an incisive factor which is the higher incidence of
dry periods in the month of October in the last 15 years, shifting the beginning of
planting of the summer crops to early November. This relationship with the PDSI,
as well as with the SPI oscillations support the importance of monitoring and prog-
nosis of drought in Brazil from the meteorological, hydrological and agronomic
standpoints, with greater focus on the socio-economic effects of this meteorologi-
cal adversity.

The methodologies and parameters used at federal level by the National Meteo-
rological Institute (INMET) and at a state level by the Integrated Agrometeorologi-
cal Information Center - CITAGRO, and by the Drought and Hydrometeorological
Adversities Mitigation and Monitoring Center (INFOSECA), of the Agricultural
Secretariat of the State of Sdo Paulo are described below.
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17.2
Methodologies to Assess Precipitation Anomaly and Drought

17.2.1
Meteorological Indices

17.2.1.1
SPI Standardized Precipitation Index

The Standardized Precipitation Index (SPI), proposed by McKee et al. (1993), cor-
responds to the number of standard deviations that the observed accumulated pre-
cipitation deviates from the climatological average, for a determined period of time.
The State of Sdo Paulo (Brunini et al. 2000, INFOSECA 2005), Pernambuco (San-
tos and Anjos 2001) as well as INMET have been monitoring droughts through
the SPI, presenting results that enable the use of the information to anticipate and
mitigate adverse effects.

It is common to see in literature an association between a range of values for
the SPI and the qualitative assessment of precipitation observed during the corre-
sponding period. The most frequent association is suggested by IRI (2005), as per
Table 17.1.

Calculation of the index begins with the adjustment of the gamma probability
density function to the monthly rainfall series. After this phase, the accumulated
probability of the occurrence for each monthly total observed is estimated. The
normal inverse function (Gaussian) is applied to this probability and the result is
the SPL

In this method, precipitation can be totalized in several scales (1 to 72 months).
When the time scale used is small (1, 2 or 3 months, for example), the SPI moves
frequently above or below zero, observing the meteorological drought regime. As
the assessment scale increases (12 or 24 months, for example) the SPI responds
slower to changes in precipitation observing the hydrological drought regime.

Table 17.1. Arbitrary correspondence between the SPI values and the climate categories
(adapted by Mckee et al., 1993)

SPI Values Categories

SPI >+2 Extremely Wet
+1.50 a +1.99 Very Wet

+1.00 a +1.49 Moderately Wet
-0.99 a2 +0.99 Near Normal
-1.00 a -1.49 Moderately Dry
-1.50 a -1.99 Severely Dry

<-2.00 Extremely Dry
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The gamma probability density function (GPDF) assumes distinct forms, ac-
cording to the variation of a. Values for this parameter inferior to 1 indicate a
strong asymmetric distribution (exponential form) with g(x) tending to infinite
when x tends to 0. In the case of a = 1 the function intercepts the vertical axis in
B for x=0. The increase in the magnitude of this parameter reduces the asymmet-
ric degree (deviation from the mode) of the distribution (the probability density is
displaced to the right). Values for a greater than 1 result in a GPDF with the maxi-
mum point (mode) in *( a-1). An increase in the § parameter stretches the GPDF
to the right, lowering its height and reducing the probability of the occurrence of
the mode value. Similarly, as the density is compressed to the left (reduction of the
B magnitude) and the height of the function becomes greater, the probability of the
event increases.

Thus, the spatial variation of a and p in a state or country, indicate which are the
regions with greatest degree of asymmetry in the temporal distribution of precipi-
tation (rainfall irregularity). Considering the phenomenon of drought, anomalies
in relation to environmental conditions of each area, these regions are at a greater
risk of being subjected to meteorological droughts.

17.2.1.2
Palmer Drought Severity Index Adapted to the State of Sdo Paulo — Pdsi Adap

The most important step of the PDSI is the calculation of precipitation, “Cli-
matologically Appropriate Existing Conditions” (P) which can be understood as
the amount of monthly precipitation necessary for a given area to remain under
normal climatic conditions. This parameter is calculated as described by Palmer
(1965). For the calculation of the monthly water anomaly (d), the precipitation ob-
served in the month (Pi) is compared to P in the same period.

d=Pi-P 1)

As Palmer (1965) developed a standardized index compared to different locations
at any period of time, it needs to be standardized (weighted) on a regional ba-
sis (Karl 1986). Thus, Palmer (1965) developed the climatic characterization factor
designated by the letter K.

12
K=17.67* K72, DK' (2)
i=1
Where,
K’ = 1.5 logo [(T +2.8)/(D)] + 0.5 (3)

T - the ratio between the demand and supply of water in a region, and
D - the monthly average of the absolute values for d.
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Table 17.2. Arbitrary

correspondence between the DKL dary Saseols

PD SIadgp and drought >3.00 Extremely Wet

categories
2.002a2.99 Severe Wet
1.00a1.99 Moderately Wet
0.51a0.99 Slightly Wet
0.50a-0.50 Near Normal
-0.51a-0.99 Slightly Dry
-1.00a -1.99 Moderately Dry
-2.00 a-2.99 Severely Dry
<-3.00 Extremely Dry

According to Blain (2005) adaptation of the PDSI to the State of Sdo Paulo, had its
major focus on the K factor of climatic characterization. The other elements of the
original methodology, such as precipitation, “Climatologically Appropriate Exist-
ing Conditions” and the d index were calculated as described in the original paper
by Palmer (1965). Drought categories, according to the PDSIadap are presented in
Table 17.2. The final expression for K in State of Sao Paulo is:

K=(22.8K’)/£DK’ 4)
and the final equation adapted to the State of Sdo Paulo is:

PDSIadapi = (Zi /0.94) + 0.15*PDSlIadapi-1 (5)

17.2.1.3
Decile Method

The method consists of, initially, the organization in ascending order and subse-
quent classification of the historic precipitation data accumulated during the peri-
od of interest (normally 1, 3, 6, 12 or more months) in 10 intervals of equal frequen-
cy (10 percent probability of occurrence in each class). These intervals are denomi-
nated deciles and are normally numbered 1 to 10. N being the number of historic
observations registered, the first decile will contain the nl smallest values for pre-
cipitation, where nl corresponds to the integer part of (N/10), the second decile
will contain the following values (n2 & nl), where n2 = (N/20), and so on.
Subsequently, a category will correspond to each decile, in other words, a de-
scriptive concept of the rainfall intensity, in which deciles may be grouped, this
means more than one decile may be associated with the same category. If we asso-
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Table 17.3. Alternative classifications used with the decile method

Decile | Originally Classification Currently Classification Adopted by INMET
Proposed Adopted by the Australien
Classification Office of Meterology
Category Category Category Index
Lowest on Record
1 Extremely Below Normal | -3
M Very Much Below Average
Normal
2 Below Normal -2
Below Average
3 Slightly Below Normal -1
— Below Normal
4 0
5 1
Near Normal Average Normal
6 2
7 3
Above Normal
8 Slightly Above Normal 1
Above Average
9 Above Normal 2
—— Much Above
Normal Very Much Above Average
10 Extremely Above Normal | 3
Highest on Record

ciate a color coding to each category, for example, we can plot precipitation behav-
ior maps verifying, for each point, a class corresponding to the rainfall value ob-
served during the period of interest, painting the point on the map with the color
associated with this category.

Originally, the proponents of this method suggested using a rainfall classifica-
tion per deciles as defined in the first part of Table 17.3. More recently, the Austra-
lian Bureau of Meteorology adopted the classification defined in the second part of
Table 17.3. On the other hand, INMET adopted the convention defined in the sec-
ond part of Table 17.3. On the other hand, INMET adopted the convention defined
on the third part of Table 17.3 and further associating, at each concept, a numerical
index between -3 and +3.

17.2.1.4
Quantile Method

In summary, the Quantile method, consists in the classification of the accumulated
precipitation values during the period of interest (timescale), X, in five categories
as defined below:
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Table 17.4. Rainfall anomaly classification based on Quantile methodology

Preciptation level Associated Probability Categories
(Observed Precipitation)

Quantile 1 15% Very Dry

Quantile 2 20% Dry

Quantile 3 30% Normal

Quantile 4 20% Wet

Quantile 5 15% Very Wet
o First Quantile, 0 < X < Qy, where Q is such that the Probability (X < Q;) =0.15
e Second Quantile, Q; < X < Q,, where Q, is such that the Probability (X < Q,) = 0.35
e Third Quantile, Q, < X < Qs, where Qs is such that the Probability (X < Q3) = 0.65
e Fourth Quantile, Q; < X < Qq, where Qq is such that the Probability (X < Q4) = 0.85
e Fifth Quantile, X > Q4

Similarly to the SPI, to determine the Qi, i=1,...5, values, a probability model is ad-
justed (normally a Gamma distribution) to the historic data observed. X being the
precipitation for the period and F(x) the Accumulated Density Function adjusted
to the historic values for X, and F1 to the inverse F function, thus:

Q; = F' (0.15), Q, = F! (0.35), Q3 = F! (0.65) e Q4 = F' (0.85) (6)

Each of the five quantiles defined above is associated with a qualitative classifica-
tion as indicated on Table 17.4. As with the previous methods, the period of interest
is normally 1, 3, 6, 12 or more months.

17.2.1.5
Comparison between methods

With the exception of the Palmer Index, the intrinsic principle of the various meth-
ods discussed above is the same and their results will differ only in the distinct
conventions adopted for the classification of precipitation in categories and by the
treatment, parametric or not, applied to the historic data. This comparison is dis-
cussed by Fortes et al (2006), which presents the chart reproduced on Figure 17.5.

17.2.2
Agrometeorological Indices

The understanding of the effect of the meteorological variables and their effect on
crops is vital to determine the indices that adequately reflect the climate-plant in-
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Rainfall Classification Suggested by Various Methods
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Fig. 17.5. Numerical scale indicating the estimated probability through the historical values of
precipitation, in order to verify if a specific recorded rainfall value is smaller, equal to or larger
than the historical case.

teraction and crop yield and that can be used in a constant, dynamic and easily
handled manner.

It is worth mentioning that the drought phenomenon can be assessed or moni-
tored, with emphasis on the meteorological, hydrological, agronomic and social-
economic aspects, however, from an agronomic standpoint, this monitoring and
prognosis must be evaluated with tools that involve agronomy and agrometeoro-
logical knowledge and that integrate them in the process for weather and climate
forecast.

In this aspect, the Instituto Agronémico do Estado de Sdo Paulo (Agronomy In-
stitute) has been developing the pioneering work with the implementation of CI-
IAGRO in 1988, and subsequently with the Drought and Hydrometeorological
Adversities Mitigation and Monitoring Center (INFOSECA) in 2005. The agro-
meteorological indices used on a routine and continuous basis by CIIAGRO and
INFOSECA are given below.
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17.2.2.1
Actual Evapotranspiration Standardized Index (IPER)

Developed by Blain and Brunini (2006), and based on the SPI methodology, this
index begins with the adjustment of the beta probability density function to the se-
ries of water balance in a ten days step. After this phase, the cumulative probabil-
ity of a given estimated value for ETR is calculated. The normal inverse function
(Gaussian), with a zero average and unit variance is applied to the accumulated
probability. The result is the value of the new index, named “Actual Evapotranspi-
ration Standardized Index” (IPER).

Considering that the beta distribution is defined in the interval [0 and 1] and
that the de average temperatures in the State of Sao Paulo do not allow decendial
ETR values above 100mm, the following variable transformation was chosen:

ETR” = ETR/100 )
Where,
ETR” actual evapotranspiration variable transformed so that 0 < ETR” < 1

G(ETR”) is then transformed into a normal variable (final value for the IPER)
through the equations developed by Abramowitz and Stegun (1965)

B €O + ¢t + G,t?
IPER = —(t 13 ditdisdo ) para0 < H(x) < 0.5
(8)
B €O + ¢t + G,t?
IPER = +(t T dtrdesdr ) para0.5 < H(x) < 0.5
Where:

(111 ((G(ETR)) jj ©)
\/(ln(u GETR)Y D (10)

And the values of the constants are defined as:
¢, = 2.515517; ¢; = 0.802853; ¢, = 0.010328; d;= 1.432788; d, = 0.189269;
ds; =0.001308

IPER values close to or greater than 0 indicate that the accumulated ETR in a 10-
day period is close to or greater than the climatologically expected value of this pa-
rameter in this period. Negative values for the index indicate that the actual evapo-
transpiration in a given 10-day period is below the expected level for this given
period. Variation of this index is directly related to the number of standard devia-
tions that a given value of the ETR is below the climatologically expected value for
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Table 17.5. Arbitrary corre-

spondence between the IPER Values Categories
IPER values and the IPER > -0.5 Near Normal
drought categories to ad-
dress the crop water re- —0.5to -1.0 Moderately Dry
quirements
-1.1to 1.99 Severely Dry
IPER< -2.0 Extremely Dry

a given period of time and location. Table 17.5 offers an arbitrary correspondence
between the IPER value and the water conditions for the soil to address the needs
of crops.

17.2.2.2
Crop Moisture Index (CMI)

Palmer (1968) developed the Crop Moisture Index (CMI) in order to perform
weekly monitoring of crop conditions on a climatological scale, based on the aver-
age temperature and the total precipitation for the current week. According to this
author, in simple terms, agricultural drought is an “evapotranspiration deficit”.
However, if the potential evapotranspiration is used as the maximum estimated
moisture required by plants, sub-humid and semi-arid areas will have a evapo-
transpiration deficit during summertime. It is suggested that the actual evapo-
transpiration anomaly be used, in other words, an estimating the total, the actual
evapotranspiration dropped in relation to the expected actual evapotranspiration
for that week. The CMI quickly responds to changes in climatic conditions for a re-
gion, being as such, appropriate for monitoring in small time scales (weeks or 10-
day periods). The index is not adequate for a larger time scales, such as months,
quarters and others.

17.2.2.3
Crop Development as a Function of Soil Moisture

Developed by Brunini (2005), this index seeks to relate the current soil moisture
conditions and the development of the crop, aiming at quantifying and qualifying
the water conditions in the soil which are favorable or unfavorable to plant devel-
opment. In this case, the crop water development factor (CWDF) is the function
between the ratio between the amount of water available in the soil (DAAS) and
the maximum available water (DISPMAX).

CWDF = DAAS/DISPMAX (11)
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Where:

0<=CWDF<=1
DAAS =0 implies in CWDF =0

DAAS = DISPMAX indicates that CWDF =1

Based on the agronomic, pedologic and agrometeorological aspects, the following
relationship is established as seen on Table 17.6.

Considering that the soil moisture factor (CWDF) can be observed as a punc-
tual value, as well as an average assessment, or an averaged value for soil moisture
and characteristics of the crop development above or below the median value, a in-
dex was introduced to the crop development (CWDI), which considers the average

Table 17.6. Arbitrary relationship between the average soil ratio (CWDF) and the plant

agrometeorological development conditions.

Average Soil Water Ratio

Plant Development Conditions

0.8 <= CWDF <=1
0.6 <= CWDF < 0.8
0.4 <= CWDF < 0.6
0.3<=CWDF< 0.4
0.2 <= CWDF< 0.3
0.1 <=CWDF<0.2

0.0<=CWDF < 0.1

Very Good
Favorable
Reasonable
Not Favorable
Harmfully
Severe

Critical

Table 17.7. Arbitrary relationship between the average soil moisture index and the conditions

related to the plant water satisfaction index

Soil Moisture Index

Conditions Related to the Plant Water
Satisfaction Index

1.0 <= CWDI <= 1.5

0.5<=CWDI< 1.0

0.0<=CWDI<0.5

-0.25<=CWDI < 0.0

-0.5<=CWDI < -0.25

-0.75<=CWDI < -0.5

CWDI <-0.75

Good
Favorable
Reasonable
Not Favorable
Harmfully
Severe

Critical
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characteristics of soil moisture and the crop. This relationship is indicated by the
formula below and in Table 17.7.

CWDI = [{(CWDF/0.40)-1}] (12)

These parameters and indices enable the monitoring of a culture, considering the
periods of crop development, type of soil and culture, as well as date of sowing and
the phenological phases.

17.2.2.4
Soil Water Supply Conditions and Water Stress on a Crop

Many drought indices consider either rainfall only or, in some cases, the interac-
tion with the water available in the soil as passive. As such, Brunini (2005) intro-
duced the Crop Water Stress Index (CWS), which is based on the relationship be-
tween actual evapotranspiration, potential evapotranspiration and the water avail-
able in the soil. In addition that to the water availability follows the evolution of
the root system.

In this case, values are estimated for general crops, in which the crop coefficient
Kc is not employed. However, assessments are made involving specific groups of
plants defined by Z1, Z2, Z3, Z4, which corresponds to the depth of the root sys-
tem, as shown below:

Z, (25 cm) = potato, onion, garlic, rice, garden produce, beans
Z, (50 cm) = beans, peanuts, corn, sorghum

Z3 (75 cm) = soybean, citrus, coffee, sugarcane, cotton

Z4 (100 cm) = coftee, citrus, sugarcane

This diversity in depth aims at differentiating crops, as well as to the different wa-
ter retention capability of the soil, which can reflect in a larger or smaller explora-
tion volume of the roots.

The water stress concept, based on the ETR.ETP relationship was developed as a
result of works from Brunini (1981, 1987); Camargo and Hubbard (1994), Camargo
and Hubbard (1999), in which the reduction in crop yield or plant development is
based on the sum or product of the (ETR/ETP) in the period.

In this case, we analyzed only the response of a plant and the average (ETR/
ETP) values during this period indicating the relationship between these two pa-
rameters. We then have a combination of Z for each value of the DAAS, which is a
double entry table. In other words:, for each value of water available in the soil and
for each potential evapotranspiration at the same period there is a unique value of
Z; having in mind that:

i) CWDF = (DAAS/ DISPMAX) 13)
and37. Mund- und Rachentherapeutika
Judith Giinther

ii) Z = f ([CWDF) (ETR/ETP)] (14)
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iii) CWS=1-Z (15)
Table 17.8 indicates the relationship between the Crop Water Stress Index (CWYS)
and the plant water supply, while Table 17.9 represents the relationship between the
average value of stress for a given culture in a given time interval (ACWS), which
is determined by the relationship:

ACWS=(3(CWS)/n (16)
i=1

n being the number of intervals used
17.3
Results and Analysis

17.3.1
Meteorological Aspects of Drought Monitoring and Prediction

Considering the Brazilian territory, the INMET performed the follow-up of the
drought in the 2005/2006 period, monitoring the monthly rainfall values and

Table 17.8. Arbitrary relationship between the Crop Water Stress Index (CWSI) and the plant
agrometeorological development conditions

Crop Water Stress Index Plant Development Conditions
0=CWS<0.1 Good

0.1 <=CWS<=0.2 Favorable

0.2 <=CWS < 0.4 Ordinary

0.4 <=CWS<0.6 Reasonable

0.6 <=CWS<0.8 Not Favorable
0.8<=CWS<=1.0 Critical

Table 17.9. Arbitrary relationship between the average Crop Water Stress Index (CWS) and the
average development conditions of the plant during the period

Average Crop Water Stress Index Average Development Conditions of the Plant
0.8<=ACWS <=1 Good

0.6 <= ACWS <= 0.8 Favorable

0.4 <= ACWS < 0.6 Ordinary

0.2 <= ACWS < 0.4 Reasonable

0.1 <=ACWS<0.2 Not Favorable

ACWS =0.1 Critical
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Fig.17.6a. Monthly
monitoring of rain-
fall anomaly in the
Brazilian territory as
indicated by the SPI
for June/05 to Au-
gust/05.
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SPI for October 2005 Fig. 17.6b. Monthly

monitoring of rain-
fall anomaly in the
Brazilian territory as
indicated by the SPI
for October/05 to
January/06.
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their duration (Figure 17.6 a; and Figure 17.6 b), which is presented below in the
sequence of figures corresponding the months from June 2005 to January 2006.
Extreme precipitation negative indices as indicated by the SPI value were observed
during this period up to the month of November 2005.

The severe drought experienced in the southern regions of Brazil during the
summer of 2005 caused important economic losses to the region, which has its key
agricultural cycle from October to March. This drought is well represented in Fig-
ure 17.7 and shows the SPI-3 index calculated for February 2005 (which considers
the accumulated precipitation from December 2005 to February 2006).

As a result of this adverse phenomenon observed in 2005, during the 2006 crop
growing season , INMET adopted a special procedure for follow-up, based on the
monitoring of the total accumulated precipitation measured on a daily, monthly,
quarterly, semesterly timescale in the stations that the Institute maintains in that
region (Anunciagdo and Fortes 2006). This enabled keeping the authorities respon-
sible for agriculture in the country alert to the repetition trends for the phenom-
enon and provided subsidies for decision making concerning preventive and miti-
gating measures.

The southeastern region of Brazil presents a severe history of critical drought
periods that often caused serious economic and social losses. Even though the val-
ues observed in Figures 17.2 and 17.3 indicate a punctual oscillation of the SPI and
PDSI for some locations, they did not quantify the magnitude of this adverse event
on a spatial scale.

As example, the 1963 and 1964 periods were extremely dry in this region, as in-
dicated in Figures 17.8 and 17.9 where we have the SPI on a monthly scale (SPI-1)
for the month of December 1963 and on an annual scale (SPI-12) for March 1964.
It can be noted that the SPI values indicate very severe conditions with negative ef-
fects on agriculture, and very serious on water resources, indicating that the socio-
economic losses were extremely severe. The figures obtained, inferior to -2.0, re-
flect a likelihood of occurrence of 2 to 3 times every 100 years. This phenomenon
occurred again in the 2004/2005 period, and this rainfall anomaly based on the SPI
values in a month analysis is presented in Figure 17.10. Such results have shown for
the State authorities the importance of drought monitoring and the proposed miti-
gation aspects to reduce the social impact of this phenomenon.

Perspectives for the summer of 2005/2006, based on precipitation data observed
and the climatic prognosis for the January/March quarter 2006 were analyzed in
greater detail by INMET. Long dry periods in the southern region of the country
were observed, most notably in the State of Rio Grande do Sul, severely penalizing
the agricultural crops and resulting in economic difficulties to a large number of
producers.

The assessment presented below is based on the monitoring of the total accu-
mulated precipitation measured on a daily, monthly, quarterly, 6-month basis in
the INMET weather stations located respectively in Passo Fundo northern region
of the state; Santa Maria, Central Region, and Bagé, southern region of the state
as pointed on the map in (Figure 17.11) defines, by black circles, the three stations
considered. The deviation of the precipitation throughout 1, 3 and 6 months is as-
sessed by means of the Standardized Precipitation Index (SPI). This monitoring
enabled forecasting of meteorological droughts and the issuance of alerts to deci-
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SPI-3 FOR FEBRUARY 2005
IN THE SOUTHERN STATES OF BRAZIL
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Fig. 17.7. Rainfall anomaly for the period December 2005 to February 2006 as indicated by SPI,
in a quarter analysis (SPI-3).

sion makers. Monitoring of the accumulated precipitation in the 1 and 6-month
periods facilitated the comparison of the current behavior with that of previous
years, as well as the formulation of a prognosis for the coming years. Figure 17.11
indicates that in the September-November quarter in 2005, the precipitation index
was situated slightly above the average for Passo Fundo and Santa Maria and with-
in the average for Bagé. The trend for the subsequent months was subsequently an-
alyzed for each station separately. In this sense, the concern was using the available
data in order to provide subsidies for the decision making process within the Min-
istry of Agriculture. As a result, the handling of each case was not homogenous; in
fact, there is more information available for Santa Maria, which has been studied
for longer period of time. In the future updating of this work, the treatment will
be uniform.

Considering climate prediction and prognoses of the rainy season, the National
Meteorological Institute (INMET), and the National Space and Research Institute
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Fig.17.11. Variation of the SPI for the months from September to November 2005, on a quarterly
scale (SPI-3) for the State of Rio Grande do Sul, highlighting the location of the Auto-mated Me-
teorological Stations.
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Fig. 17.12. Summary of the climatic prognosis corresponding to the December 2005 to February
2006, and January to March 2006 quarters, prepared by CPTEC/INPE and INMET.

(INPE) periodically carry out a climatic prognosis indicating if the meteorologi-
cal conditions, especially precipitation, will be above or below the historic average
(Figure 17.12). This trend is used by several institutions especially those dedicated
to agricultural planning.

Figure 17.13 presents the prognosis for precipitation prepared for the State of Rio
Grande do Sul by the 8th Meteorological District of INMET, together with the Me-
teorology Department of the Pelotas Federal University (CPPMet/UFPEL, 2005),
for the months of January, February and March 2006.

For CIIAGRO and INFOSECA in the State of Sdo Paulo, climatic prognosis is
not carried out, but the INMET/INPE prognosis is used for agricultural purposes
and planning. One of the uses is to establish a monthly prognosis of the SPT and
its effect on agriculture. Since the climatic likelihood for the coming months was
of precipitation below the average the SPI trend was projected as a function of the
possibility of this event for the July-August quarter (Table 17.10). Since results indi-
cate the persistency of the meteorological drought at least to the end of September
in the regions comprising the states of Parand, Sdo Paulo and Minas Gerais, pro-
jecting unfavorable conditions for the sugarcane, coffee and citrus crop, and a de-
lay for summer crops planting.
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Fig.17.13. Prognosis for precipitation in the State of Rio Grande do Sul in the months from Janu-
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17.3.2
Agrometeorological Aspects of Drought

Several institutions in Brazil try to make quantification and the monitoring of
drought from a meteorological and agronomic standpoint. Some examples are the
Ceara Meteorological Foundation (FUNCEME), National Meteorology Institute
(INMET) and the National Space Research Institute (INPE). Nevertheless, few of
these institutions routinely consider the assessment and characteristics of this phe-
nomenon towards agriculture and civil defense, embracing agronomy soil charac-
teristics and crop behavior.

With regards to the SPI, several assessments have been made specifically for
the southern region of Brazil, the INMET has tried to compare the behavior of the
crops with the SPI values. Figure 17.14 shows the behavior of soybean yield and the
SPI index for six months (SPI-6) calculation based on data from the Passo Fundo
(soybean producing region) and Santa Maria, for the period ranging from Octo-
ber to March. The estimation for the index for the October 2005 and March 2006
semester, and the forecast for the next crop, performed by CONAB, are indicat-
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Table 17.10. Estimated monthly values for the Standardized Precipitation Index (SPI-1) in relation
to the prognosis of rainfall

Estimated Monthly Values for the SPI ( SPI-1)

Locality July August September
Aragatuba -SP -0.89 -0.72 -0.55
Catanduva -SP -0.86 -0.69 -0.52
Jat -SP -0.84 -0.66 -0.49
Piracicaba -SP -0.81 -0.63 -0.46
Ribeirio Preto -SP -0.78 -0.60 -0.43
Sao José do Rio Preto -SP -0.75 -0.58 -0.40
Cambara-SP -1.05 -0.93 -0.81
Joaquim Tavora -PR -1.02 -0.9 -0.78
Maringa -PR -0.99 -0.87 -0.75
Paranavai-PR -0.96 -0.84 -0.72
Uberaba-MG -0.69 -0.66 -0.63

ed with distinct colors and highlighted by the oval (source production - CONAB
2005). The results highlight the importance of analyzing crop yield and rainfall
patterns.

Concerning the State of Sdo Paulo, the adverse effect of these precipitation
anomalies has been assessed for some crops. For example, the assessment of sugar-
cane yield in the Ribeirdo Preto region, demonstrated a good correlation between
the SPI values in 9-month scales (Figure 17.15) and sugar yield. Normally the grow-
ing period for the crop is from September to May, in which accumulation and the
increment of dry matter is directly influenced by the climate and in such a case. The
SPI for May with the 9-month recurrence (SPI-9) adequately reflects the water con-
ditions in this soil for this crop. But for maize in the off-season cropping in the As-
sis region when planting is performed between January and March, it is observed
that the averaged SPI on a monthly scale adequately reflects the water conditions
for this crop. This relationship is presented on Figure 17.16, and a good relationship
between the SPI and the productivity levels can be observed.

Another parameter that is adequately related to the agricultural production is
the Palmer Drought Severity Index (PDSI). The relationship between the average
PDSI adap values and maize yield in the State of Sao Paulo is presented in Figure
17.17, indicating the potential of this easily used index. These results are quite will
correlated to overall maize grain production in the State, and the same figures were
observed in the 2005/2006 crop growing season.
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Fig. 17.14. Comparison between soybean yield and the values for the SPI on a six-month scale
(SPI-6) for the State of Rio Grande do Sul, considering the period from October/05 to
March/06.

17.3.3
Drought Monitoring and Mitigation Center

The State of Sdo Paulo, through the Agronomic Institute (IAC) in a partnership
with the State Extension Service Agency CATI created the INFOSECA (Drought
and Hydrometeorological Adversities Mitigation and Monitoring Center), an op-
erational system that brings immediate reports of the actions and effects of meteo-
rological adversities upon agriculture and proposes ways of monitoring and miti-
gating the negative impact of these adversities, most notably, drought.

The work of INFOSECA allows systematically following up on the evolution
of drought conditions in the State, proposing mitigating and relief measures, as
well as physical and agronomic processes to bypass the problem. These processes
may include future prognosis of the drought conditions, and is available at the site:
www.infoseca.sp.gov.br.
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The users have two basic lines of work, in other words, a user may analyze the
effect of the drought from a fully meteorological as well as, an agrometeorologi-
cal standpoint. The INFOSECA system has the purpose of processing and mak-
ing available the agrometeorological information related to drought indices, and
communicates agrometeorological warning and outlook of these adversities to the
agribusiness. This system is based on agrometeorological parameters and relies on
a management model and the direct data input via web from the meteorological
stations. Furthermore, it has a module to provide information and counseling and
real-time consulting via Internet. Meteorological data are collected (mainly, pre-
cipitation, maximum and minimum air temperatures) from 130 locations in dif-
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ferent regions of the State of Sdo Paulo, that are recorded in to the CITAGRO sys-
tem. Data are consisted, assessed and transformed into agronomic parameters and
displayed in the form of tables and maps of indices (SPI, Palmer, ETM/ETP and DI)
and the agrometeorological indices (CMI, CWS, CWSI, IPER and Crop Develop-
ment Index). A daily bulletin containing drought prognosis is supplied. The sys-
tem was developed using the Sis Plant technology and is based on the HTML, ASP,
VbScript and SQL languages. Communication of Web data and database server is
performed via ODBC, using the MySQL database. Information is provided at mu-
nicipal level and consolidated by Administrative Region, Regional Development
Offices - EDR/CATI, Water Resource Management Units - UGRH and Regional
Research Centers.

The study allows the analysis of the meteorological conditions and drought
through the use of the universally adopted indices and introducing new analy-
sis that take into account soil characteristics, crop evapotranspiration and the re-
lationship between potential evapotranspiration and water availability in the soil
and the development of the root system. In this aspect, results referring to the dif-
ferent depths of root systems are also presented, as for crop with superficial root
systems and consequently more sensitive water storage such as rice, beans, onions
and deeper root systems, such as citrus, coffee and fruit.

Table 17.11 presents the average water stress conditions for the off-season maize
crop with a root system at 50cm in the period ranging from March 1st to April
30th, 2006, as well as for the sugarcane crops during the same period, however with
a the root system of 1 m deep. It can be noted that for sugarcane, the agrometeo-
rological conditions were not considered critical, due to larger soil volume explo-
ration by the sugar cane rooting system, however, for the maize crop, the situation
was highly prejudicial.
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Table 17.11. Average conditions of water stress for the off-season corn crop (Z=50cm) and for the
sugarcane crop (Z=100cm) in the period ranging from March 1, 2006 to April 30, 2006

Locality Rooting Depth (cm) ACWDI  Condition
Guariba (Maize-early stage) 25 0.03 Extreme Severe
Guariba (Maize- tasseling period stage ) 50 0.33 Not Favorable
Guariba (Sugar cane-full development stage) 100 0.65 Good
Jaboticabal (Maize -early stage) 25 -0.27 Extremely Severe
Jaboticabal (Maize -tasseling period) 50 -0.31 Extremely Severe
Jaboticabal (Sugar cane-full development stage )100 0.23 Harmfully
17.3.4

Climatic Risk Zoning

One of the most important aspects of agrometeorology is to define the timeframe
and location with probability of occurrence of drought and other adverse phenom-
ena for specific crop development stage, or the climatic risk assessment for agricul-
ture exploitation. Specifically considering drought, this assessment of water short-
age probability is made by comparing the crop water demand and the water avail-
ability in the ecosystem imposed by the rainfall precipitation regime. Crop Water
Requirement Index (CWRI), can be defined as:

CWRI = (ETR/ETM) (25)

where:
ETR - actual crop evapotranspiration ; and
ETM - maximum crop evapotranspiration, as defined by

ETM = Kc. ETo (26)

where:
Kc - crop coefficient
ETo - reference crop evapotranspiration

The studies that sought to quantify the climate-plant relationship and the risks of
meteorological adversities are one of the basic tools used in the agricultural financ-
ing programs. As examples we can name the PROAGRO at Federal Government
level and the FEAP at the State of Sdo Paulo Government level.

Figure 17.18 presents the climatic risk zoning for the summer maize crop in the
State of Sdo Paulo (Brunini et al. 2001) used in the PROAGRO Agricultural Insur-
ance Program.



310  0.Bruninietal.

1 53 52° 51 50° 49° 48° AT 46° 45° 44 4?'9,

20. s e NN mo

21° 29*

22 é 1920
&

{23°

25°

¢ 129

o PopnaTH 24
* fem

> 1aM
T zem
s nen L [Bomes | e | 2D
51° 50° 49° 4

* 1w
* 1aRaziaM

& Han
B & N R e i
Fig.17.18: Probability of water supply during the tasseling period of the maize crop in the State of
S3o Paulo. Between the 1st and 10th of October (source : Brunini et al 2001).

One further step was taken by the government of the State of Sdo Paulo in this
system for the risk characterization, with the introduction of the “Sistema de Aval-
iagdo de Riscos Climdticos e Monitoramento Agrometeoroldgico de Culturas” (Cli-
matic Risk Assessment System and Agrometeorological Monitoring of Crops).

In this process, climatic risks related to drought are assessed as well as the prob-
ability of addressing the water demand for any crop, be it annual or perennial. The
likelihood of addressing the water requirement is made on the beta distribution
(B), that the best represents the agro-system being analyzed, since the ETR/ETM
ratio has values between 0 and 1. Furthermore, following up on the evolution of the
agrometeorological parameters and behavior is allowed. The study can be made
for all critical phenological phases of the crop, and a subroutine allows that the
soil volume for each the crop inferred by the root system is also inferred (climate
Risk Evaluation and Crop Agrometeorology System).Information on the probabil-
ity for meeting crop water requirements for each planting scheduling for each criti-
cal phase of the crop is automatically inserted into the CITAGRO, enabling the on-
line assessment of climatic risks.

Table 17.12 indicates the probability of attending crop water requirements water
for the off-season maize crop in the region of Palmital - SP, as well as the risk of oc-
currence of frost or agricultural drought in the tasseling period.

Even though tables and charts allow the indication or the results of the occur-
rence of adverse phenomena, and the response of a crop in a given region, they do
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Table 17.12. Probability of attending crop water demands during specific phenological phases of
the corn crop planted between 1-5 January, and the risk of high or low air temperature

Day/Month  Phenological  Prob Prob Frost Dry Dry Spell
Stage ETR/ETM ETR/ETM  risk Spell Max-Days
0.7<p<0.8  p>=0.8 % Min-Days

1/1 Sowing 8.03 91.62 0 0 6

6/1 Sowing 0.03 99.96 0 0 6

Y Fast growing  0.01 99.98 0 0 13
6/2 Fast growing  0.01 99.98 0 0 13
16/2 Tasselling 0.01 99.98 0 0 21
21/2 Tasselling 0.01 99.98 0 0 21
26/2 Tasselling 0.01 99.98 0 0 21
1/3 Tasselling 0.01 99.98 0 0 21
6/3 Tasselling 0.03 99.96 0 0 21
Y Ripening 0.01 99.98 0 0 21
6/4 Ripening 0.01 99.98 0 0 21
11/4 Ripening 0.01 99.98 0 0 21

Prob - Probability function

not provide the spatial visualization of these parameters or their degree of occur-
rence in different time frames.

In order to make this information more readily understood by the general users
and by the decision makers, these data are transformed into agrometeorological
maps. Two basic tools were used for this— SURFER and ARG-GIS.

Figure 17.19 shows the water stress conditions for maize crop using the Surfer
methodology. Note the differences as a function of the spatial variability and the
topography of the state when the different types of soil are included.

On the other hand, with the use of the ARC-GIS, this information is more de-
tailed, enabling the overlapping of other variables. Figure 17.20 presents the same
map with the water stress conditions for the maize in the ARC GIS system. In this
case, minimum and maximum air temperatures lower than 16°C and higher than
32°C were superimposed on the map indicating restrictive areas due to thermal in-
sufficiency or elevated temperatures, as well as the water supply.
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17.4
Conclusions

The assessment of the aspects presented and discussed enabled the following prem-
ises:

Drought is a constant phenomenon in agriculture in Brazil, thus requiring con-
tinuous prediction and monitoring to provide valuable mitigating measures.

As aresult of the territorial extension, the mitigating measures are not necessar-
ily identical and must take into consideration the cultural aspects of the population
the climate regime, and the agricultural exploitation.

The various indices presented have proven to be adequate for monitoring and
mitigating the effects of drought, nevertheless, adjustments are necessary for the
use of these indices for each region and crop. For the PDSI, the parameters of the
equations should be estimated for each region in Brazil.

Every state should create a Drought Monitoring and Mitigation Center, subor-
dinated to the State‘s Agricultural Secretariat. It should be the responsibility of the
INMET, in association with state agencies, to propose norms and to define stan-
dards and policy for the monitoring and mitigation of drought on a regional and
nationwide scale.

It should be understood that the drought phenomenon cannot be assessed and
interpreted by only one field of expertise, but rather by a set of specialists and in-
stitutions. Furthermore, it is extremely important that researchers and specialist
in the areas of agronomy, agrometeorology, meteorology, civil defense, agro exten-
sion service, and others, should be involved in the study of the drought phenom-
enon.
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CHAPTER 18

Coping Strategies with Desertification in China
Wang Shili, Ma Yuping, HouQiong, Wang Yinshun

18.1
Introduction

Desertification was defined as “land degradation in arid, semi-arid or sub-humid
dry areas resulting from various factors including climatic variations and human
activities” in the United Nations Convention to Combat Desertification (UNCCD).
About two-thirds of the countries of the world, one-fifth of the global population
and one-fourth of the land of the earth are now affected by desertification with a
direct economic loss about US$ 42.3 billion every year. Desertification has become
a source of poverty and a constraint to socioeconomic sustainable development.
Combating desertification, ecological improvement and sustainable development
is an imperative hard task for the world.

China is one of the countries with a large area, wide coverage and heavy losses
from desertification and sand encroachment in the world. With rapid increase of
population and driven by economic benefits in socioeconomic development, vari-
ous human activities that deteriorate vegetation in sandy areas had prevailed, such
as over-grazing, wasteland cultivation, excessive firewood gathering, excessive gath-
ering of arenicolous plants and irrational use of water resources. The serious land
desertification and sand encroachment have been threatening China’s ecological se-
curity and sustainable socio-economic development.

Upon the entry of the twenty-first century, Chinese government raised its at-
tention to desertification combating and incorporated desertification manage-
ment oriented ecological improvement into the economic and social development
plan. Consequently several significant actions were taken, including promulgation
and execution of the Desertification Combating Law; release of the State Council
Decision About Further Accelerating the Desertification and Sadification Combat-
ing Work, formulation of the National Desertification and Sadification Combating
Plan. A number of key programs on sand enchroachment prevention and control
have been launched and implemented, such as the six major forestry programs,
grassland protection and improvement program, small watershed integrated pro-
gram.

In order to master the status and dynamic changes of desertification and sand
encroachment land nationwide, national monitoring survey for desertification was
carried out three times in 1994, 1999, and 2004, respectively. The results of the 3
national monitoring survey for desertification and sand encroachment show that
the expansion tendency of desertification and sand encroachment in China has
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been primarily brought under control and the ‘stalemate of rehabilitation and de-
struction’ has been realized (State Forestry Administration, 2005).

18.2
Status of Desertification in China

18.2.1
Status of Desertified Land

The land suffering desertification nationwide in 2004 was 2.6362 million km?, tak-
ing up 27.46% of the territory, located in 498 counties of 18 provinces including
Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin, Shandong, Henan,
Hainan, Sichuan, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia and Xinji-
ang.

18.2.1.1
Distribution of desertification in different Climatic zones

The area of desertified land in arid, semi-arid and sub-humid arid region is 1.15
million km?, 971,800 km? and 514,400 km?, taking up 43.62%, 36.86% and 19.52%
of total desertified land area respectively.

18.2.1.2
Desertification types

Wind-eroded desertification, water-eroded desertification, salinization and freeze-
thawing desertification lands cover 1.8394 million km?, 259,300 km?, 173,800 km?
and 363,700 km? respectively.

18.2.1.3
Degree of desertification

Lightly, moderately, severely and extremely severely desertified land respectively
covers 631,100 km®, 985,300 km?, 433,400 km” and 586, 400 km”.

18.2.1.4
Distribution of desertification in various provinces (Autonomous Regions)

Desertification in the country is mainly located in Xinjiang, Inner Mongolia, Tibet,
Gansu, Qinghai, Shaanxi, Ningxia and Hebei provinces (autonomous regions). The
area of desertified land in these 8 provinces occupies 98.45% of the total deserti-
fied land area.
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18.2.2
Status of land most vulnerable to sand encroachment

Land most vulnerable to sand encroachment is a kind of degraded land between
sand encroachment and non-sand encroachment due to over utilization of land
or shortage of water resource. The area of land most vulnerable to sand encroach-
ment is 318 600 km?, accounting for 3.32% of the total country’s territory, which is
mainly distributed in 4 provinces (autonomous region) including Inner Mongolia,
Xinjiang, Qinghai and Gansu.

18.2.3
Dynamic Changes of Desertification

Compared with 1999, the national desertified land area decreased by 37,924 km?,
representing an annual drop of 7585 km? In terms of different desertification
types, the area of desertified land caused by wind erosion decreased by 33,673 km?,
by water erosion decreased by 5525 km?, while that of desertified land caused by
salinization increased by 930 km?. In terms of desertification degree, the area of
lightly desertified land increased by 90,700 km?, moderately desertified land in-
creased by 117,300 km?, while that of severely desertified and and extremely se-
verely desertified lands decreased by 131,700 km? and 114, 200 km? respectively. As
for major provinces, the area of desertified land in 16 provinces has decreased.

18.3
Development and Causes of Desertification in North China

18.3.1
Development and Cause Analysis

18.3.1.1
Historical situation

Before the term desertification was defined, Chinese scientists were more concen-
trated on sandy desertification caused by wind erosion. Researches showed that in
the Pleistocene about 10 thousand years ago, several kinds of severe and frequent
climatic oscillations happened in China, the occurrence and reversion of desert
were mainly controlled by global climate change driven by earth orbital parame-
ters. Since the Holocene, especially recent 2000 years, due to the increase of popu-
lation, innovation of productive tools, and increase of the extension and intensity
in farming, human activities gradually became another important factor. How-
ever, sandy desertification was still primarily caused by climate change. In the last
one hundred years, the process of sandy desertification was affected by not only
climate change, but also the intensified human activities (Dong et al. 1998). For ex-
emple in Gonghe Basin of Qinghai province in China, during the 50s to 80s of 20!
century, the accumulated afforestation and conservation area was 1,700 ha, but the
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destructed forest area was five times this area, and the expansion area of desertifi-
cation even up to 32 times this area (Dong et al. 1998).

18.3.1.2
Type of human activities

In North China, where wind erosion is the main factor affecting desertification,
various human activities operated, including overgrazing (30.1%), excess rec-
lamation (26.9%), excess firewood gathering (32.7%), irrational use of water re-
source (9.6%) and lack of environmental protection in building factories, mines
and transportations (0.7%). In the southeast of Horqin grassland, which once was
sparse forest grassland, 1,333 square kilometer ground were cultivated once, some
of them even two or three times during the last one hundred years. The percentage
of shifting sand area occupying total land increased from 14% in late 1950s to 32%
in 1970s. In late 1980s and 1990s, it was up to 41.2% and 54% (Zhu 1998).

18.3.1.3
Key vulnerable region

The most severe area of desertification in Northern China is farm-pastoral transi-
tion zone and rainfed agriculture area with annual precipitation of 200 mm- 400
mm and annual evaporation of about 2000 to 2500 mm. Since the region is at the
edge of East Asia monsoon, there is vulnerable environment and sensitivity to cli-
mate change, resulting from low rainfall, arid climate, loose soil, and frequent high
wind. During early 1950s to late 1970s, as a result of excess reclamation and fire-
wood gathering, desertification developed further including acceleration of wind
erosion of sandy grasslands and increase in the area of shifting sands. Until late
20th century, it began to reverse in most area according to the monitoring results
from remote sensing. An example is Xijingzi village in semi-arid area which be-
longed to Shangdu County in Inner Mongolia where sandy desertification area
made up about 41.3% of whole region in the early 1960s, and then jumped to 57.8%
in 1978. Owing to adjustments in land use and countermeasures, the percentage
dropped to 22.7% in late 1980s.

The climate shifted to warm and dry in these areas. However, great changes in
land use have been taken place since 1980s. So it could be found that environmen-
tal changes resulting from climate change provided a basis for desertification in
farm-pastoral zone; but improper land use leads and accelerates its formation and
development.(Xue et al. 2005; Li and Lu 2002). It is obvious that desertification in
semi-arid and semi-humid areas in China during modern time is due to complicat-
ed interactions among climate change, human activities and desertified land under
vulnerable ecosystems. (Dong et al. 1998).
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18.3.2
Possible influence of climate change on desertification

Future climate change would continue to influence the development and adverse
processes of desertification. On the basis of meteorological data at national lev-
el, the influences of climate change on desertification in China were estimated by
HADCM2 model (Ci et al. 2002; Ci 1994). The results illustrated that if CO, dou-
bled and temperature increased by 1.5°C in 2030, the desertification area would
expand 184,023 km?. In 2056, another 175,024 km? would be desertificated. Ac-
cording to estimates from statistical regression prediction model (Dong et al. 1997;
Shang et al. 2001), rising temperature and decreasing precipitation would lead to
further desertification expansion in the future 80 years in northern desertification
land. Another research also indicated that the development process of desertifica-
tion in North China would be rapid and severe during the first ten years in 21* cen-
tury with climate change (Shang et al. 2001).

Moreover, recent studies made clear that during the future 10 to 50 years, tem-
peratures might be higher by 1.9 to 2.3 °C, precipitation would increase by 19%
in Northwest China (Ding 2002). It will be advantageous to control natural ex-
pansion and accelerate the adverse process of desertification. However, there are
uncertainties in long-term climate change, and regional climate is also likely to
change to warm and dry. Thus, the postive influence of increasing temperatures
and precipitation on desertification should not be overestimated.

18.4
Desertification Monitoring in China

18.4.1
Indicator system for desertification monitoring and evaluation

In order to make clear the status and damage degree of desertification and to op-
erate early warning, it is essential to establish a scientific indicator system for de-
sertification monitoring and evaluation. In 1977 at the United Nation Confer-
ence on Desertification (UNCOD) held in Nairobi, a “Map of the World Distribu-
tion of arid Regions” at 1:25 million scale was prepared by FAO, UNESCO, WMO
and UNDP together, and the global desertification was evaluated (Lu et al. 2000).
Aimed at making desertification maps and evaluating desertification status, indi-
cator system was paid more attention by many scholars and international organi-
zations (Berry and Ford 1977; Reining 1978; FAO and UNEP 1984; Oldeman 1998;
Marbutt 1986; Hunsaker and Carpenter 1990; Hammond 1995; Rubio and Bochet
1998; and Dregne 1999).

A series of indicators for sandy desertification evaluation was determined in
China in the past (Zhu and Liu 1984). In recent ten years, more progresses were
made in the studies of indicator system for desertification monitoring and evalua-
tion (Wang 2003). According to the definition of desertification and its character-
istics, an indicator system was developed consisting of four components: driving
forces indicators, state indicators, impact indicators and control indicators (Wang
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2003). It was pointed out that for national or regional level the first step is to de-
velop a frame of indicator system at macroscopic level. On the basis of it, execut-
able indicator systems could be established at different areas. Then relative data are
gathered according to the indicator system to monitor and evaluate desertification
(Wang 2003; Wu et al. 2005).

18.4.2
Desertification monitoring in China

18.4.2.1
National desertification surveys in the history of China

From 1994 to 1996, the State Forestry Administration (former the Ministry of For-
estry) of China organized experts and technicians to investigate desert, gobi and san-
dy desertification land in whole country. China national maps of desertification land
distribution at 1:1 million and 1:2.5 million scales were made in 1996 respectively,
and China Country Paper to Combat Desertification was finished (Wang 2003).

The second nationwide desertification survey was carried out in 1999. The frame
of indicator technical rules for desertification evaluation consists of 3 climate
zones, six types of land use and 4 desertification land types.

The 3™ National Monitoring Survey for Desertification and Sand Encroachment
was completed in 2004 under the auspices of the State Forestry Administration and
with the involvement of such sectors as agriculture, water conservancy, environ-
mental protection, meteorology and the Chinese Academy of Sciences. The focused
ground survey is combined with interpretation of remote sensing data, as well as
application of GIS and GPS. About 156 million units of information was obtained
based on investigation in 5.02 million sites. A National Geography Information
Management System for Desertification and Sand Encroachment was established.

18.4.2.2
Content and mission of China’s desertification monitoring

18.4.2.2.1

Scope of monitoring

It consists of arid, semi-arid and sub-humid area, distributed generally in ten prov-
inces belonging to North and West China and involving 270 counties. Key moni-
toring area was in farm-pastoral transitional zone occupying 82 counties of 9 prov-
inces of North China.

18.4.2.2.2

Contents of monitoring

The status of desertification land distribution and dynamic macroscopic data in
arid areas for the state, provinces and typical regions are requested to be provid-
ed at definded times. And maps of desertification land distribution should be pre-



Chapter 18: Coping Strategies with Desertification in China 323

pared in a timely when needed. Countermeasures and suggestions for desertifica-
tion combating are put forward based on surveys and analysis.

18.4.2.2.3
Monitoring classification system
It consists of determination of land use type, desertification type and degree.

18.4.2.3
China’s Desertification monitoring system

There are three levels of desertification monitoring.

18.4.2.3.1

The China National Desertification Monitoring Centre

Its main task is to provide timely data (number, figure and image) to central gov-
ernment in making strategic policy and specific measurements for desertification
combating and land protection, to provide dynamic decision-making and consul-
tation on some key development regions and sensitive eco-regions.

18.4.2.3.2
Provincial Sub-center
It is in charge of province monitoring.

18.4.2.3.3

Desertification monitoring station

Sequential investigations and records of desertification area, type and degree are
operated in the stations with representative zone, and then reported to sub-center
and national center.

18.4.2.4
Monitoring techniques and construction of information management system

18.4.2.4.1

Main techniques of macroscopic desertification monitoring

The ground observations are taken at fixed sample lands at appointed times. The
sampling method, combined with ground investigation and 3S (remote sensing,
GIS,GPS) techniques, is used to estimate desertification land area. Systematic sam-
pling and percentage sampling method are used in estimation of desertification
land area status and dynamic macroscopic monitoring. And aerial photograph and
remote sensing monitoring techniques are more and more applied to large area de-
sertification monitoring.
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18.4.2.4.2

Construction of monitoring information management system

A uniform information management system was established. It consists of data-
base and application analysis models. There are various applied models such as of
dynamic prediction, environment evaluation and desertification loss evaluation.
The desertification monitoring information system for nationwide and provinces
were built respectively.

18.5
China’s Key Forestry Programs on Combating Desertification

The essential strategy in combating desertification in China is to control structure
and function of agro-forest complex ecosystem, rationally use water and land re-
sources, so as to promote a virtuous cycle within ecosystem. The emphasis is put
on prevention and control of further desertification extension, especially for vul-
nerable eco-regions. At the national level, a number of key programs on sand en-
croachment prevention and control have been launched and implemented, such as
the six major forestry programs, grassland protection and improvement program
and small watershed integrated program (State Forestry Administration 2005).

18.5.1
Program for converting cropland to forest/shrubbery

18.5.1.1
Background

The first objective is to halt cultivation in the area with severe soil and water loss,
desertification, salinization and Karst rocky desertification, or low and unsteady
yields, and the second is to seed up tree and grass under specific local conditions
and restore vegetation.

18.5.1.2
Scope of Program Construction

In this program, 25 provinces and Xinjiang Production and Construction Group
were involved covering 1897 counties. The emphasis was put on West and Middle
China. And the important arable land with high ecological function in riverhead
region, steep slope land surrounding lakes, severe soil and water loss land, and se-
vere windstorm areas are given priority. In all, 856 counties were determined to be
key counties for program construction, occupying 29.9% of total national counties,
and 45.1% of total counties involved in the program region.
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18.5.1.3
Objectives and Assignment of Program Construction

The objectives and assignments by 2010 are fixed to achieve 14.7 million ha affores-
tation from arable land and 17.3 million ha afforestation from barren hills, to fin-
ish converting cropland to forest in slope land, and increase vegetation fraction by
4.5 percent.

18.5.2
Programme of Combating desertification in the wind sand sources
areas affecting Beijing and Tianjin city

18.5.2.1
Background

In order to mitigate the damage of wind and sand storm and build an ecological
defense for North China, central government made decision to implement a pro-
gramme of combating desertification in the wind sand sources areas affecting Bei-
jing and Tianjin.

18.5.2.2
Scope of Program Construction

This project region involves five provinces of Beijing, Tianjin, Hebei, Shanxi and
Inner Mongolia with 75 counties in total. The whole area of this project is 458 thou-
sand km?, in which the area of sand encroachment is 101.2 thousand km?.

18.5.2.3
Countermeasures and objectives

This project took comprehensive control measures mainly on forest and grass veg-
etation restore. It included conversion of cropland to forest, afforestation, agricul-
turalmeasure includeing manual grass planting, aerial seeding, enclosure, grass-
land construction, seed base, grazing prohibition, warm shed building, as well as
hydrlogical measure, such as riverhead project, water-saving irrigation project,
small watershed comprehensive treatment. There will be eco-immigration with
180 thousand people.
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18.5.3
Three-North Shelterbelt Programme and Shelterbelt Programme
in upper and middle reaches of the Yangtze River

18.5.3.1
Three North Shelterbelt Program

18.5.3.1.1

Background

In order to change the status of wind-sand damage and soil and water loss in
Northwest, North and Northeast China, Three North Shelterbelt Program started
to be implemented in November 1978.

18.5.3.1.2

Scope of program construction

This program covers 551 counties in northeast, north and northwest China, with a
total area of 4.069 million km?, i.e., 42.4% of China’s total land area.

18.5.3.1.3

Construction contents and size

The program started in 1978, and will completed in 2050 with a projected life span
of 73 years, including three phrases and eight period projects. A total of 35.08 mil-
lion ha of plantation is expected to be established under the program. When the
program is completed, forest fraction in Three North area would increase from
5.05% to 14.95%, and sand-storm damage and soil-water loss would be controlled
effectively. The fourth period started in 2001.

18.5.3.2
Five Shelterbelt Programs for Upper and Middle Reaches
of Yangtze River and other areas

Five shelterbelt programs started successively. It contains Shelterbelt Programs for
Upper and Middle Reaches of Yangtze River, Coastal Shelterbelt Program, Ecologi-
cal virescence project of plain, Ecological virescence project of Taihang Mountain,
and Shelterbelt Program for Pearl River.

18.6
Practical Strategies and Countermeasures
to Combat Desertification

The strategies and countermeasures to combat desertification are different in vari-
ous regions due to variations in natural conditions. The people in sandy areas ob-
tained large numbers of experiences in combating desertification during a long
period of time, and some of them are successful in preventing, alleviating, and re-
versing.
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The major measures involve stabilizing sands, afforestation, small watershed man-
agement, rational use of water resources, and agro-forest ecological system
(Combating Desertification Management Center 2001; Wang 2003).

18.6.1
Stabilizing sands techniques system

The aim of stabilizing sands is to transform shifting sandy land into semi-fixed
sandy land or fixed sandy land so as to establish stable sandy ecosystem.

18.6.1.1
Biological stabilizing sands techniques

Compared with other stabilizing sands techniques biological techniques have more
benefits: (1) lower cost and stable function; (2) improvement of soil properties; (3)
improvement of ecosystem of sandy areas; (4) stabilizing sands plants may be used
as feed, fuel, wood, fertilizer etc. Conventional biological stabilizing sands tech-
niques are difficult to practice, which include man-made forest/shrubbery, aerial
seeding, so some operational and easy techniques are adopted in China.

A sands enclosure to restore natural vegetation is a typical and major measure of
biological stabilizing sands technique. It refers to fencing in vegetation-destroyed
land in arid and semi-arid areas so as to prevent human activities and animal use,
and gradually restore natural vegetation. The ways of enclosure are fully enclosure,
half- enclosure and alternate enclosure. Full enclosure means to forbid all the hu-

Fig.18.1. Sands enclosure in pasture



328  Wang Shili, Ma Yuping, HouQiong Wang Yinshun

man activities destroying plants growth. The duration of enclosure is 3-5 years,
sometimes 8-10 years. Half- enclosure is implemented mainly during the season.
Alternate enclosure refers to be implemented around the divided zones in turn.
Sands enclosure is proving to be the low cost alternative and highly efficient (Fig.
18.1).

18.6.1.2
Engineering stabilizing sands techniques
(stabilizing sands with sands barriers)

Sand barriers, made by straw, brushwood or branch, are used to control the direc-
tion and speed of wind sand so as to prevent deposition of sand carried by wind.
Sands barriers are also the precondition and necessary condition for biological sta-
bilizing sand (Fig. 18.2). There are vertical and horizontal sand barriers. The ver-
tical sand barriers are 50-100 cm high above sand surface, horizontal barriers are
20-50cm.

Height of vertical sand barriers: The sand particles move at the lower layer of
ground (bellow 10 cm), so the height of sand barriers is normally 15-20 cm, and
sometimes 30-40 cm.

Lacuna of sand barrier: The accumulated sand scope in front of barrier is 2-
3 times of height of sand barriers, with 25% lacuna. The smaller the lacuna, the
shorter is the reach distance of the sand. Normally 25%-50% is adopted.

Shape of sand barrier: The benefit of preventing and stabilizing sands is deter-
mined by shape of sand barrier. The sand barrier should be vertical to dominant
wind direction with a check- board of Im x 1m.

Fig.18.2. Sands barriers.
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18.6.1.3
Chemical stabilizing sands techniques

Some chemical materials are sprinkled on the sandy surface, forming a concre-
tion layer so as to fix the sands. The materials include oil-products, macromolecule
polymer etc.

18.6.2
Shelterbelt techniques system

18.6.2.1
Shelterbelt system in oasis

Shelterbelt system in oasis consists of stabilizing sands belt with sands enclo-
sure, shelterbelt on the edge of oasis and cropland shelterbelt inside of the oasis
(Fig. 18.3). In order to prevent springing up wind and head off shifting sand, there
is a need to build a wide shrub shelterbelt with a width of 200 m at least outside
of oasis. As the second defense line a shelterbelt on the edge of oasis is located be-
tween shrub stabilizing sands belt and cropland. Cropland shelterbelt inside of the
oasis plays the important role in adjusting microclimate on cropland, sustaining
oasis and improving agricultural production.

—
Wind
direction

River discouraging shrub- Cultivated  narrow
from sand grass shrub belt forest
belt belt

Fig.18.3. Shelterbelt system in oasis. (Source: Combating Desertification Management Center of
State Forestry Administration)
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18.6.2.2
Shelterbelt system in pasture of sandy land

It is meaningful in combating desertification to develop shelterbelt in pasture with
annual precipitation of 350-400 mm. The main shelterbelt should be vertical to
dominant wind direction and accessory shelterbelt is orthogonal with main shel-
terbelt. The density of forest network has a direct effects benefit on combating wind
sands.

18.6.2.3
Shelterbelt for railway in sandy land areas

Building shelterbelt for railway in desertification and semi-desertification is the
most difficult projection. Shapotou railway Shelterbelt in Ningxia of China is a suc-
cessful example of combating desertification (discussed details bellow).

18.6.3
Typical models in combating desertification in China

18.6.3.1

Typical models for combating desertification

in oasis of arid areas— Shelterbelt system

in oasis in Hetian, XinJiang Autonomous Regions

18.6.3.1.1

Natural conditions

Hetian county is located north of the Kunlun Mountain, southwest of the Takli-
makan Desert with an annual precipitation of 34.8 mm and an annual evaporation
of 2564 mm. The Taklimakan Desert is approaching Hetian county at a speed of
3-5m per year.

18.6.3.1.2

Strategies for combating desertification

Sands enclosure, protecting and constructing shelterbelt were implemented by
making use of local fine water condition. By selecting appropriate economic trees
and fruits trees, an ecological —economic shelterbelt was build up.

18.6.3.1.3

Practical countermeasures

Sands enclosure: To protect and restore natural desert vegetation such as Populus

enphratica forest and Tamarix ramosissima so as to maintain and expand oasis.
Shelterbelt system in oasis: To build shelterbelt system with tree-shrub-grass

and multi-trees varieties in the edge of oasis and desert. The length of main forest

belt is 600 km while a desert vegetation protection belt with 10-15 km built outside

main forest belt.
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Cropland shelterbelt network: To build a cropland shelterbelt network with
narrow forest belt and small network in oasis, such as economic trees or grape
aisle.

18.6.3.2
Typical model for combating desertification
for railway in arid areas — Shapotou, Ningxia railway sands stabilization

18.6.3.2.1

Natural conditions

Shapotou District, Zhongning Couty, Ningxia is located in south-east of Tengger
Desert and bordered upon irrigated Plain in Zhongwei. There are lots of high shift-
ing dunes threatening the Bao-lan railway. Mean annual precipitation is 186.2 mm
with ground water at 80 m. The vegetation fraction is less than 1%.

18.6.3.2.2

Strategies for combating desertification

In order to prevent the middle segment of Bao-lan railway from the invasion of for-
warding sand dunes, a forefront stopping sands belt along with railway was built.

18.6.3.2.3

Practical countermeasures

The shelterbelt system consists of five belts outward of the railway with the length
300 meters of windward and 200 meters of leeward and a straw barrier belt is the
core part.

Sands stabilization and fireproof belt: Stones, loess or slag are laid along with
railway roadbed, 20 m windward and 10 m leeward.

Afforestation belt with irrigation: The aim is to reclaim terraces for farming and
build irrigation channel for afforestation in the scope of 60 m of windward out-
side of the first belt and 40 m of leeward outside. The trees are planted mixed with
shrub.

Straw barrier belt: In the scope of 240 m of windward outside and 160 m of lee-
ward outside, straw check-board barriers of 1m x 1m are set up to stabilize sands
in autumn, then shrub seeds are planted in the center in the season with more rain-
fall and application of irrigation. With the benefits of vegetation shelterbelt in a
long time the soil macrobiotic crust gradually formed on the sands surface and be-
come thick, which adjusted soil water and nutrition, and consequently with some
vegetation survival (Bai et al. 2003; Long and Li 2003).

Forefront stopping sands belt: The vertical sand barriers made from wattle are set
up at the top of dunes, and the barriers with height of 1 m are buried 30 cm under-
ground.
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Sands enclosure belt: The windward slope of dunes in forefront stopping sands
belt, is enclosed with sand barriers and planting shrubs so as to promote growth
and reproduction of natural vegetation.

The combating techniques in Shapotou received an award of special prize in Sci-
ence and Technology in China, and also by UNEP and UNDP.

18.6.3.3
Typical model for combating desertification
in farm-pastoral transition zone in semi-arid region

18.6.3.3.1
Model 1: Integrated measures in sand area in Yulin county Shaanxi Province

18.6.3.3.1.1

Natural conditions

The Yulin Sand Area (Shaanxi Province) is located in south of Ordos Plateau,
south-east of Mu Us Sand Land. The annual precipitation is 316-450 mm and an-
nual evaporation is 2092-2506 mm, with a mean annual wind speed of 2.0-2.5 m/s.
The high wind days total is 14-33 on the average, with maximum of 77 days. The
annual dust days totaled 81 with dust storm days of 11.5 per year.

18.6.3.3.1.2

Strategies of combating desertification

Firstly the shifting sandy land is stabilized and followed by adjusting the structure
and ways of land use.

18.6.3.3.1.3

Practical countermeasures

To build shelterbelt system with different structures: The shelterbelt systems
with different structures are built according to topography, water resources and
features of sandy plants.

To develop integrated exploitation models: Agricultural production is developed
giving priority to farm land with irrigation. Integrated models with agro-forest
system are carried out including fruits trees, medicinal materials, economic crops,
trees nursery, and animal husbandry.

18.6.3.3.2
Model 2: Converting cropland to forest shrub land
in the north of Yinshan Mountain in Inner Mongolia

18.6.3.3.2.1

Natural conditions

It is located in the north Yinshan Mountain of Inner Mongolia with an annual pre-
cipitation of 220-350 mm, most of which was received during July to September.
Average wind speed is 4-6 m/s and there are 50-80 days with wind force scale be-
yond 8.
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18.6.3.3.2.2
Strategies of combating desertification
The converting cropland to forest and shrub is mostly emphasized.

18.6.3.3.23

Practical countermeasures

Bio-measures are given priority: The wide shelterbelt is modified to narrow shel-
terbelt. Shrubs are dominant with tree-shrub-grass combination.

Hills as unit for rehabilitation: The top of upland hills with severe wind ero-
sion and sloping cropping field with gradient greater than 15° are converted to
grass and shrubs. Sloping cropping fields along with slope at the middle and bot-
tom of the hills are changed as contour ploughing so as to control water erosion.
The bottomland is improved as cropland with high productivity.

18.6.3.3.3
Model 3: Integrated ecological-economic exploitation
in family courtyard in Wongniute county in Inner Mongolia

18.6.3.3.3.1

Natural conditions

Wongniute county is located in middle of Chifeng city in Inner Mongolia, west
of Horqin Sandy land with a mean annual precipitation of 340 mm, mean annu-
al evaporation of 2233.7 mm, and an average annual wind speed of 4m/s and 73.9
days of wind force scale beyond 8.

18.6.3.3.3.2

Strategies of combating desertification

An integrated exploitation model in family courtyard was adopted. It consists of
utilizing solar energy, developing biogas, growing vegetables in plastic green house
and feeding pigs in heating shed.

18.6.3.3.3.3

Practical countermeasures

The key technique is to transform solar energy to heat in green houses and shed for
vegetable, grape tree and animal husbandry in winter, and also to use biogas pro-
duced from dejecta of pigs to heat and fuel for family.

18.6.3.3.4
Model 4: Combating desertification and sandification in Naiman county of Inner Mongolia

18.6.3.3.4.1

Natural conditions

It is located in central of Horgin sand land interlaced by dunes and interdunes.
The desertified soil acreage increased from 20% in 1950s to 77.6 % in beginning of
1990s.
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18.6.3.3.4.2

Strategies of combating desertification

The basic principle is to modify current land use status with unitary agriculture,
to implement the sand enclosure, and set up plant barriers to stabilize sands in the
surface of dunes.

18.6.3.3.4.3

Practical measures

In undulating sandy lands, converting farmland to forest/shrubbery is given a pri-
ority, and shelterbelt forest network is set up. As for the sand encroached area with
interdunes, different countermeasures are taken according to local natural condi-
tions.

18.6.3.4
Typical model for combating desertification in steppe in semi-arid region —
Fenced grassland development in Erdos of Inner Mongolia

18.6.3.4.1

Natural conditions

In Erdos, the mean annual precipitation is 266-412 mm, with an average annual
wind speed of 3.5 m/s, and sand storm days totalling 11-24.

18.6.3.4.2

Strategies of combating desertification

“Ku lun” refers to fenced grassland in Mongolia language. It is the basis of pasture
development, and its establishment is focused on “water, grass, forest, feed, and
machine.”

18.6.3.4.3

Operational countermeasures

The combination of tree-shrub-grass is adopted to control sand damage. The objec-
tive is to promote integrated development with agriculture-forestry-animal hus-
bandry.

18.7
Services for combating desertification
in Chinese Meteorological Offices

18.7.1
Research on desertification development
and combating in terms of meteorological conditions

A large number of observations and research on the development and causes of de-
sertification as well as climatic effects of combating desertification measures were
carried out in China Meteorological Administration (Lu et al. 2006; Bai et al. 2006;
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Fig.18.4. Changes in average annual temperature and precipitation Apr. to Sep.

Liand Lu 2002; Zhou et al. 2002). A case study on causes of desertification in Xi-
linguole Steppe made by Xilinhaote Institute of Animal Husbandry-Meteorology
is demonstrated in paper.

18.7.1.1
Effects of climate change on desertification in Xilinguole Steppe

Figure 18.4 shows the smoothing average of annual temperature and precipitation
in Apr.-Sep. in meadow steppe, typical steppe and desert steppe. It is clear taht the
temperature increases and precipitation falls during growing period of pasturage.

According to calculations, the decrease of every 1 mm precipitation would re-
duce grass yield by 100-200 kg/ha. So drought results in sand encroachment and
degradation.

18.7.1.2
Effects of man-made interference on wind erosion
and soil degradation in Xilinguole Steppe

The effects of man-made interference on capacity of anti-wind erosion in typical
steppe was carried out by means of wind tunnel and taking soil under original sta-
tus (Xu et al. 2005). Several man-made interferences includes free grazing, fenced
grassland in 1987 and 2003, and cropland. The results indicate that when the wind
speed is lower than 12 m/s the wind erosion increases slowly, while it rapidly in-
creases at wind speed of 12-16 m/s. It also can be seen that at any wind speed the
wind erosion rate in free grazing land is higher than fenced grassland, and wind
erosion rate in earlier fenced grassland (1987) is lower (Fig. 18.5). It is proved that
fencing is an effective measure to control degradation of typical steppe.
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Fig. 18.5. Wind erosion rate under different wind speed in different steppes. (Source Yu et al.)

18.7.1.3
Effects of man-made interference on biomass in Xilinguole Steppe

The biomass above the ground was measured in free grazing land, fenced grass-
land (in 1987, 1997, and 2003) and cropland respectively in April, July, August and
October. The results show that the order of biomass value is: fenced grassland in
1987> fenced grassland in 1997> fenced grassland in 2003>free grazing>cropland.
It indicates that reclaimation and grazing might reduce the biomass of ecosystem,
while fencing is in favor of increasing biomass.

18.7.2
Monitoring and assessing services
to combating desertification of grassland

18.7.2.1
Estimation of carrying capacity in animals in grassland

In Xilinhaote Steppe feed of animals is mainly from reaped hay in autumn and re-
mainder on grassland in winter, therefore the carrying capacity for animals in cold
season depends on growth status of natural grass and snow recovery on grassland
in winter. A model to calculate carrying capacity for animals in cold season was
developed (Yang et al. 2001) as follows:

_ 5 Yie & (gz-- Y.+ Yy) ab f( L)
M=2 55+ O brm)

=1 et
The rational carrying capacity for animals in cold season in 1996 and 1997 were
calculated and compared with actual values (Table 18.1). It can be seen there are
imbalances in carrying capacity with excess or shortage. This information is use-
tul for local government to rationally use resources in grassland and alleviate de-
sertification.
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Table 18.1. Comparison between rational and actual carrying capacity for animals in cool season
in Xilinguole (sheep unit/km?)

steppe  Harvest year Rational values Actual values Excess -)

Type shortage (+)%
1996 1997 1996 1997 1996 1997 1996 1997

desert bumper  poor 42 28 50 61 -19 -118

typical ~ bumper  bumper 72 50 107 83 —49 —-66

meadow bumper bumper 154 113 76 101 +51 +11

Source: Yang et al.

18.7.2.2
Monitoring and forecasting system of animal husbandry in steppe

In order to provide meteorological information services for farmers and govern-
ment a monitoring and forecasting system of animal husbandry for northern
steppes in China was established (Wei et al. 2005). The system includes 5 sub-mod-
els: data base, climatic monitoring and diagnosing sub-model, forecasting sub-
model and decision-making as well as service sub-model. In climatic monitoring
and diagnosing sub-model the effects of climate conditions on growth, develop-
ment and yield formation of grass are assessed. The forecasting sub-model includes
functions of predicting date of green grass return and date of enough grass for ani-
mals, prediction of grass output, death rate of animals in spring and carrying ca-
pacity for animals in cold season.

18.7.2.3
Meteorological information services to animal husbandry of steppe

The animal husbandry-meteorology station and forest- meteorology station in
the agrometeorological station network in China Meterological Administration
(CMA) play a role in combating desertification and restoring ecosystem. For ex-
ample, the Xilinhaote Institute of Animal Husbandry-Meteorology provides the
information services of monitoring and forecasting of animal husbandry and con-
sultation services in ecosystem restoration and combating desertification. Various
bulletins are reported for the government and the department of ecosystem pro-
tecting and combating desertification, which include climate review, effects of cli-
mate on ecological environment, outlook of climate-environment, and suggestions
on ecosystem protecting and combating desertification. The forecasting of date of
green grass return and date of enough grass for animals is adopted by government
as the basis for determining beginning and ending dates of seasonal sand enclo-
sure, and the estimation of carrying capacity for animals in cold season is used to
determine proper number of full-grown animals.
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18.7.3
Monitoring and predicting of dust storms in China

The occurrence and development of dust storm are related to ecosystem and gen-
eral circulation, so the monitoring and predicting of dust storm is not only a part
of preventing from dust storm, but also a service task of NMHSs to combating de-
sertification. CMA set up monitoring network of sand storm in China, and devel-
oped numerical forecast system of sand storm.

The sand storm monitoring network in China includes:

18.7.3.1
Observation network of C(MA

It consists of 2456 meteorological observation stations. Apart from conventional
observation data in CMA, some data of adjacent countries is made available by
WMO data exchange are used in dust storm monitoring.

18.7.3.2
Sand storm monitoring network in CMA

There are 24 observation stations located in the areas suffered by sand storms in
northern region of China, important data such as PM10 (particle matter with di-
ameter less than 10 um), visibility measured by instruments and dust fallout are
obtained in real time.

18.7.3.3

Sand storm monitoring network in China Environment Protect Administration

There are 45 observation stations located in the 11 provinces in northern region of
China. PM10 and TSP (total suspended particle) are measured.

18.7.3.4

Monitoring using meteorological satellite

The data from meteorological satellite -China Fengyun 2C are retrieved to obtain
information on the distribution and extension of east Asia sand storms.
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18.7.3.2
Present operational services of Monitoring
and numerical predicting of dust storms in China

18.7.3.2.1

China dust storm website and information services

China dust storm website (http://www.duststorm.com.cn) issues monitoring and
forecasting information on dust storms provides knowledge and research progress
in dust storm to public. The contents of website are dust storm monitoring, dust
storm forecast, dust storm assessment, dust storm yearbook, yearbook knowledge
as well as dust storm research results.

18.7.3.2.2

Numerical forecasting of dust storms

Center for Atmosphere Watch and Services (CAWAS) in CMA developed an ad-
vanced numerical forecast system of dust storms, which describe the concentration
distribution of sand dust in Asia, and has been put into operation in CMA. It pre-
dicted well the dust storm weather process in 2004, 2005 and 2006. The numerical
forecast information is issued on the official website of CMA (http://www.cma.gov.
cn) and website of WWRP, International Sand storm Research Programme.

18.8
Conclusions and Discussion

Desertification has been threatening human survival and society development. It
is the result of interaction between irrational human activities and vulnerable en-
vironment especially atrocious weather and extreme climate. The occurrence of
desertification is accompanied with extreme climate events, such as drought, high
winds and sand storms etc.

Much progresses in combating desertification were made around the world.
However we are still faced with serious challenges in coping with desertification.
The global climate warming and frequent and severe droughts are existing facts,
and future climate change will continue to influence desertification. At the same
time there are still various human-driving factors leading to deteriorating vegeta-
tion in sandy areas and extension of sand encroachment. Combating desertifica-
tion is a big problem with a long time horizon and large scale, which requires more
dense monitoring networks making observations more frequently. The research
on relationship between climate and occurrence, development of desertification as
well as combating countermeasures should be carried out furthermore. And it will
take a long time to rehabilitate the plant community to a stable status and to restore
ecological system of sandy lands.

There are lots of opportunities to cope with desertification. In view of charac-
teristics of desertification, some structural measures are needed. It is important
to promote the measures of prohibiting reclamation, grazing and firewood collec-
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tion. Successful practical technologies and models for desertification prevention
and control should be popularized and applied. The principle contains conforming
to natural laws, and adopting biological, agronomical and engineering measures
and combining artificial rehabilitation with human-promoted natural restoration
according to local conditions. In addition, techniques for training and demonstra-
tion are useful to make farmers master and apply countermeasure to cope with de-
sertification.

Non-structural measures could be taken by NMHSs. The desertification mon-
itoring in terms of meteorological conditions in desertified region should be
strengthened. Moreover, further research should be carried out to clarify the re-
lationship between climate and desertification, and combating countermeasures.
The agrometeorological information services are useful for governments and farm-
ers to prioritize and adopt countermeasures in combating desertification.
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CHAPTER 19

Coping strategies with agrometeorological risks
and uncertainties for water erosion, runoff and soil loss
P.C. Doraiswamy, E.R. Hunt, Jr., V.R.K. Murthy

19.1
Introduction

The pressure of increasing world population demands for higher crops yields from
the finite area of productive agricultural lands. Meeting the needs especially in de-
veloping countries through more intensive use of existing agricultural lands and
expansion into more marginal lands will substantially increase erosion. There is
an urgent need to take preventive and control measures to mitigate the threat to
global food security. These concerns are supported by a report by El Swaify (1994)
that the annual rates of soil erosion can often range between 20 to over 100 t ha™,
which results in about 15-30 per cent annual decline in the soil productivity. An
estimated loss of about 6 million ha annually is estimated as a result of degradation
by erosion and other causes (Pimental et al. 1993). The data for these estimates are
often selective from small scale studies conducted over short time periods, howev-
er, this does draws attention to the increasing problem of soil loss. In the western
world the loss in productivity from erosion may be masked or compensated by in-
creased costly and efficient management practices such as improved crop variet-
ies, fertilizer, pesticides, and irrigation. Even under these management practices,
soil erosion has continued and sediment loss has become a very costly factor in the
overall picture.

The processes of water erosion are closely linked to the pathways taken by water
in its movement through vegetation cover and over the ground surface. During a
rainstorm, part of the water falls directly on the soil, because there is no vegetation
or because it passes through gaps in the plant canopy. The rain falling directly on
the soil surface can potentially produce rain splash erosion. Rain intercepted by
the vegetation may either evaporate or drip down the plant to the soil surface. The
rain and intercepted water reaching the soil may infiltrate contributing to the soil
moisture storage. However, when the soil is either saturated with water or surface
conditions prevent infiltration, the excess contributes to runoff on the surface, re-
sulting in erosion by surface flow causing rills and gullies. The infiltration rates
are controlled by the soil characteristics such as the water holding capacity and hy-
draulic conductivity, surface dryness, the rate of rainfall, land slope and soil man-
agement practices. Higher rates of runoff from eroded surfaces wastes valuable
moisture—the principal factor limiting productivity in arid lands.

The agrometeorological coping strategies would first require the study and eval-
uation of the causes of water erosion, runoft and soil loss for the area of interest.
The erosion process begins at the local level, but requires evaluation at the land-
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scape and regional levels to adapt effective measures to minimize and control the
erosion and soilloss. Soil runoft models are used to study the temporal and spatial
extent of erosion and soil loss. The EPIC model (Williams 1995) is one example
used extensively in the U.S. and internationally to study the process and extent of
erosion at local and watershed levels. Data from satellite remote sensing can help
in defining the channel flow of surface water based on the digital elevations imag-
ery maps and also other surface characteristics such as landuse and surface rough-
ness.

Soil erosion is a three stage process: (1) detachment, (2) transport, and (3) de-
position of soil. Different energy source agents determine different types of ero-
sion. There are four principal sources of energy: physical, such as wind and water,
gravity, chemical reactions and anthropogenic, such as tillage. Soil erosion begins
with detachment, which is caused by break down of aggregates by raindrop im-
pact, sheering or drag force of water and wind. Detached particles are transported
by flowing water (over-land flow and inter-flow) and wind, and deposited when the
velocity of water or wind decreases by the effect of slope or ground cover. Three
processes — dispersion, compaction and crusting — accelerate the natural rate of
soil erosion. These processes decrease structural stability, reduce soil strength, ex-
acerbate erodibility and accentuate susceptibility to transport by overland flow,
interflow, wind or gravity. These processes are accentuated by soil disturbance
(by tillage, vehicular traffic), lack of ground cover (bare fallow, residue removal or
burning) and harsh climate (high rainfall intensity and wind velocity).

The effects of erosion and soil loss on soil properties vary by soil series, manage-
ment, landscape position and climate. In general, soil erosion affects the chemical
properties by loss of organic matter, plant nutrients, and exposure of subsoil mate-
rials with low fertility or high acidity (Olson et al. 1999). The changes in physical
properties of soil, include structure, texture, bulk density, infiltration rate, rooting
depth, and available water-holding capacity (Frye et al., 1982). The mineralogical
properties of soils are also affected by the thinning of the plow layer (Ap horizon)
and subsequent mixing of the subsoil (B horizon) into the Ap horizon by tillage.
Eroded soils are subject to higher temperatures, have lower porosity and microbial
activity.

19.2
Agrometeorological coping strategies

The soil erosion process is modified by biophysical environment comprising soil,
climate, terrain and ground cover and interactions between them (Figure 19.1).
Soil erodibility - susceptibility of soil to agent of erosion - is determined by in-
herent soil properties e.g., texture, structure, soil organic matter content, clay
minerals, exchangeable cations and water retention and transmission proper-
ties (Lal 2001). Climatic erosivity includes drop size distribution and intensity of
rain, amount and frequency of rainfall, run-off amount and velocity, and wind
velocity. Important terrain characteristics for studying soil erosion are slope gra-
dient, length, aspect and shape. Ground cover strongly reduces the impact of the
eroding energy before it has a chance to reach the soil; hence, most strategies to
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limit erosion begin with having some sort of vegetation, live or dead, covering
the ground.

The risk of soil erosion begins when natural vegetation, grasslands and forested
areas, are either cleared for cultivation or used for grazing. The problem is accel-
erated by attempting to farm slopes that are too steep, cultivating up-and-down
hills, continuous use of land for the same crop without rotation or fallow, inade-
quate use of fertilizers and organic manures, compaction of soil through of heavy
machinery and pulverizing of the soil when creating seed-beds. Soil conservation
strategies are also aimed at protecting the soil from direct exposure to natural el-
ements such as establishing and maintaining good ground cover. Of particular
importance in areas of the world where the first rains of a wet season area highly
erosive, is the selection of crops that can establish ground cover rapidly. Where
climatic conditions permit, early-season and between-season vegetation cover can
be provided by off season crops that can be disked in or destroyed by pre-planting
applications of herbicide.

Soil conservation relies upon good management of soil combined with agro-
nomic practices and the use of mechanical measures playing a supportive role (Fig-
ure 19.1). The basics of soil conservation practices to minimize soil erosion and
enhance its prevention are shown in Figure 19.1. The initial task in adaptation of
conservation practices to minimize the risk of water erosion, run off and soil loss
would be to study the specific conditions in the study area or region that is con-
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Fig.19.1. Soil conservation strategies for cultivated land (El-Swaify et al. 1982)
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tributing to the degradation. Some very obvious examples is the use of crop resi-
due to increase soil organic matter which may be impractical in some countries as
the residue are used for animal feed. Introduction of no-till for crop cultivation
is another example that maybe impractical in countries where there is no mecha-
nization and most cultivation is done by human labor. Particularly in developing
countries, limitation in resources and traditional methods of farming can hinder
the adoption of a particular management practice.

19.3
Soil Management Strategies

19.3.1
Organic Matter

The ultimate goals of sound soil management are to maintain the fertility and
structure of the soil. Highly fertile soils produce higher crop yields while main-
taining good plant cover and minimizing the erosive effects of rainfall, runoff and
wind. One of the ways to achieve and maintain soil fertility is to apply organic
matter which improves the cohesiveness of the soil of the soil, increases its water
retention capacity and promotes a stable aggregate structure. Organic matter may
be added as green manures or residue. Under no-till management, the crop resi-
due and the roots are left as added organic matter. Green manures, which area nor-
mally leguminous crops ploughed in, have a high rate of fermentation and yield a
rapid increase in soil stability (Kolenbrander 1974). However, the long-term use of
the land for cropping reduces the organic carbon content. Soil erosion accounts for
only part of the reduction. Biological mineralization of the carbon from the soil in
sity is the most important process, particularly in semi-arid areas where bare soil
summer fallows are used to conserve moisture (Rasmussen et al. 1998).

19.3.2
Tillage Practices

Tillage is an essential management technique that provides a suitable seed bed for
plant growth and in some areas of the world, the only non-chemical method to
control weeds. The tillage tools pulled upwards by a tractor are designed to apply
an upward force to cut and loosen the compacted soil, sometimes to invert it and
mix it. The other main negative effect of driving a tractor across a field is compac-
tion of the soil. Compaction may result in an increasing shear strength through an
increase in bulk density, followed by low infiltration and increased runoft and ero-
sion. The compaction generally extends to the depth of the previous tillage, up to
300 mm for deep ploughing, 180 mm for normal ploughing and 60 mm with zero
tillage (Pidgeon and Soane 1978). Spoor et al. (2003) completed a study summariz-
ing the risk of soils to compaction in relation to texture and wetness.
Conventional Tillage is the standard system of tillage practice involving plough-
ing, secondary cultivation, with disc harrowing, suitable for planting for a wide
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range of soils. The mouldboard plough inverts the soil in the plough furrow and
moves all the soil in the plough layer to a depth of 100-200 mm. Secondary disc
cultivation helps form seed beds and remove weeds by breaking up the cloddy sur-
tace produced by ploughing. The increased surface roughness due to tillage can be
a successful deterrent to water erosion (Cogo et al. 1984).

Contour Tillage for planting and cultivation can reduce soil loss from sloping
land compared with standard cultivation up-and-down the slope. It is inadequate
as the only conservation practice to reduce soil loss for lengths greater than 180 m
at 1° steepness (Troeh et al. 1980). This technique may be effective against soil loss
and water erosion only for low rainfall intensity. Protection against more extreme
storms is enhanced by supplementing contour farming with strip cropping, dis-
cussed later in this paper. Contour ridging and connecting the ridges with cross-
ties over the intervening furrows, thereby forming a series of rectangular depres-
sions that fill with water during rain can be very effective in controlling soil ero-
sion along slopes. This practice known as tied ridging, should be used only in well
drained soils to minimize water logging and damage to crops. Tied ridging on
sandy soils in Zimbabwe with no till over a period of three years gave soil losses of
less that 0.5 t ha™ compared with up to 9.5 t ha! for conventional ploughing with
mouldboard under maize cultivation (Vogel 1994).

Conservation Tillage can be defined as any practice that leaves at least 30% cov-
er on the soil surface after planting. Numerous studies have examined the effects
of different types of conservation tillage as outlined in table 1 (Natural Resources
Conservation Service, USDA 1999). The success of various systems is highly soil
specific, landscape, climatic pattern and also dependent how well weeds, pests and
disease are controlled. The main barriers to adoption are the expense of special-
ized equipment for managing cultivation in crop residues, problems of weed con-
trol and increases in pest, particularly rodents.

Practice Description

Conventional Standard practice of ploughing with disc or mouldboard plough, one or
more disc harrowing, a spike-tooth harrowing and surface planting.

No Tillage Soil undisturbed prior to planting, which takes place in a nar row,
25-27 mm-wide seed bed. Crop residue covers of 50-100% retained on
surface. Weed control by herbicides.

Strip Tillage Soil undisturbed prior to planting, which is done in narrow strips
using rotary tiller or in-row chisel, plough-plant, wheel track planting.
Intervening areas of soil untilled. Weed control by herbicides and
cultivation.

Mulch Tillage Soil surface disturbed by tillage prior to planting using chisels, field
cultivators, discs, or sweeps. At least 30% residue cover left on surface.
Weed control by herbicides and cultivation.

In general the better drained, course- and medium textured soils with low organ-
ic content respond best and the systems that are not successful occur on poorly
drained soils with high organic content or heavy soils, where the use of the mould-
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board plough is essential. The effectiveness of the tillage practice is very depen-
dent on the types of crops planted and the use of crop rotations.

No tillage system usually restricts tillage only to that necessary for plantings and
carried out by drilling directly into the stubble of the previous crop. Weed con-
trol by herbicide application is an essential part of this system. This conservation
technique has been found to increase the water-stable aggregates in the soil com-
pared to disc cultivation and ploughing (Suwardji and Eberbach 1998; Mrabet et
al. 2001). It is not suitable in soils that easily compact and seal because it can lead
to lower crop yields and greater runoff.

In the Corn Belt of the USA, where maize, soybean and wheat are cultivated in
rotation, no tillage is one of leading technologies to control erosion in areas. Mold-
enhauer (1985) reviewed the various tillage systems in this area and showed that
annual soil loss under no till on a range of erodible soils was 5-15% of that from
conventional tillage. In the southern regions of the USA, no till is recommended
on ultisol soils which have become severely eroded after 150 years of continuous
cropping. In this area, Langdale et al. (1992) studied three no tillage systems un-
der soybean production as an alternative to the conventional system of growing
soybean with a bare fallow over winter: Soybean with winter cover using in-row
chisel; soybean with barley as winder cover and using fluted coulters; and soybean
with rye as a green manure and using fluted coulters. The respective mean annual
soil losses for the four systems (starting with conventional tillage) were 26.2, 0.1,
0.1 and 3.4 t ha™, respectively. One other environmental benefit to no tillage oper-
ations is that there is no exposure of the sub-layer soils to oxidation and release of
carbon dioxide to the atmosphere.

In strip tillage, the soil is prepared for planning along narrow strips, with the in-
tervening areas left undisturbed. In a single plough-planting operation, typically
up to one-third of the soil is tilled. The plough-plant systems caused the least soil
compaction, conserved most soil moisture and reduced losses of organic matter,
nitrogen, phosphorus and potassium (Quansah and Bonnie 1981). In studies con-
ducted in Ghana, the technique reduced soil loss in maize plots from multiple rain
storms totaling 452 mm to 0.2 t ha™ compared with 1.4 t ha™ for traditional tillage
using hoe and cutlass (Baffoe-Bonnie and Quansah 1985).

Mulch Tillage system in general has been successful to reduce water and wind
erosion and to promote the conservation of soil moisture in drier wheat-growing
areas (Fenster and McCalla 1970). The soil is prepared in such a way that at least
30% of the surface is covered with plant residues, or other mulching materials, are
specifically left on or near the surface. Mulch tillage is a broad term and includes
practices such as no-till, disk plant systems, chisel plant systems, and strip tillage
systems. Sometimes a cover crop, usually a legume, is specifically grown within the
cropping cycle to produce mulch material. Another variant of planted fallowing,
practiced in North America, is referred to as summer fallow or ecofallow. The latter
is a system of fallowing in which weed growth is restricted by shallow cultivation
or by using herbicides to conserve soil moisture. Crops are grown every other year
or once in 3 years. This type of “cropless” fallow is mostly used in arid climates to
conserve soil moisture, without having to resort to irrigation.

Minimum Tillage or reduced tillage is a practice using chiseling or disking to
prepare the soil while retaining a 15-25 % residue cover. Minimum tillage is not
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an easy option; it demands commitment, time and patience. This option is selected
based on the soil and cropping needs of a particular region. Drier and more sta-
ble structured soils are best suited to minimum tillage. Chisci and Zanchi (1981)
found that minimum till was suitable for silt clay soils in northern Italy under con-
tinuous wheat production. Soil moisture was maintained and in turn reduced the
cracking while promoting high infiltration rates. Despite higher runoff, annual soil
loss was almost one third of that under conventional tillage. In the U.S. Corn Belt,
farmers use chiseling in the autumn to produce a rough surface but retain residue
cover, followed by disc cultivation in the spring to smooth the seed bed and cover
the residue. This can reduce soil loss by an order of magnitude compared to con-
ventional tillage (Siemens and Oschwald 1978).

19.3.3
Crop Management Strategies

Agronomic measure and strategies for soil conservation use the protective effect
of plant cover to reduce erosion and soil loss. In considering effectiveness of crop
management strategies, there are many factors that need to be considered such as
type of crop or vegetation used in a crop rotation, tillage practices, landscape char-
acteristics, rainfall magnitude and intensity. In general, row crops are less effec-
tive and may cause some erosion. In a 100 year study, land under continuous maize
has only 44% as much of the top soil compared to land kept under grass, whereas
the land under a rotation of maize and pasture had 70 % of the top soil (Gantzer
et al. 1990). Legumes and grasses used on a rotation scheme with row crops can
provide good ground cover and also help maintain the organic content of the soil,
contributing to the soil fertility and stability of aggregate structure. This type of
rotation can also potentially increase the yields of the main crop.

Maize grown on 2-4° slopes as a row crop with conventional tillage and clean
weeding, can result in soil loss between 10 and 120 t ha!, taking data from India
(Singh et al. 1979) and Zimbabwe (Hudson 1981). Soybeans are often used in the
rotation with maize because of their apparent ability to reduce soil loss by inter-
cepting a higher percentage of the rainfall and that it requires minimal nitrogen
fertilizer. However, studies in the U.S. Midwest indicate that soybean cultivation
can result in as much if not more erosion than maize (Laflen and Moldenhauer
1979). The mean soil loss over a seven year period for maize in a silt-loam soil with
a 4% slope was 7 t ha! for continuous maize, 6.5 t ha™ for maize followed by soy-
bean. Lal (1976) found that when using sequential cropping near Ibadan, Nigeria,
on a slope of 6 °, maize crop followed by cowpeas with no tillage produced a soil
loss of only 0.2 t ha™ but when growing cowpeas followed by maize but with tillage
gavealossof 6.2 tha™. Although the effects of tillage and no till are difficult to iso-
late, it seems that a maize-cowpeas sequence produces less erosion than a cowpeas-
maize because maize is a soil-depleting crop and when grown second, is planted
into an already partially exhausted soil.

Fallow crops can be useful only for grazing or fodder, but have no immediate
value to the farmer who does not have a cattle farm. Thus this type of management
strategy is not followed by the main cereal-growing areas and is not a practical to
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control soil erosion. An alternative approach in the temperate regions is to mini-
mize the period of bare ground, for example, by leaving crop residue on the land
after harvest and delaying ploughing until the following spring. Another practice
is to have a winter cover crop that is planted late in the fall and ploughed in to form
a green manure prior to sowing the main crop. The cover crops are rye, oats, mus-
tard, sweet clover and other similar crops. Although the cover crop grows rapidly
and retains nutrients in the soil that would be otherwise lost to leaching, the cost
of growing a cover crop may outweigh the benefits an individual farmer receives.
This is especially true on small holdings where farmers do not have sufficient cash
reserves. Depending on the seasonal rainfall pattern, the cover crop could com-
plete for the available soil moisture and, in dry areas, adversely affect the growth
of the main crop.

An area that is receiving significant attention now as a coping strategy for soil
erosion and also carbon sequestration is mulching or covering the soil with crop
residue and sometimes standing stubble. The cover protects the soil from raindrop
impact and reduces the velocity of runoff and wind. This is a useful alternative
form of cover crop in dry areas where insufficient rain prevents the establishment
of ground cover before the onset of heavy rains or strong winds or where a cover
crop completes for soil moisture with the main crop. In semi-humid tropics, one
of the benefits of mulching is to lower the soil temperature, and prevents surface
evaporation to maintain the soil moisture which may increase crop yields. How-
ever, in cool climates, a reduction in soil temperature may shorten the germination
and the growing season, whereas in wet areas, higher soil moisture maintained in
mulch soils may induce anaerobic conditions. Furthermore, crop yields can be re-
duced because fungal and bacterial decomposition of mulch competes for nitrogen
with the main crop so mulching generally requires added nitrogen fertilizer for
compensation. Therefore one has to be selective in applying mulches or maintain-
ing crop residue and aware of the potential changes in soil environment while re-
ducing the rate of soil erosion. Numerous studies have successfully demonstrated
the benefits of mulches and crop residue in minimizing soil loss under different
landscape and slope conditions (Lal 1976; Khybri 1989; Sherchan et al. 1990).

19.3.4
Mechanical Control Strategies

Mechanical methods are usually adapted to support agronomic and soil manage-
ment strategies. The methods adapted depend on whether the objectives for con-
trolling movement of water over soil is to reduce the velocity of runoff, increase
the surface water storage capacity or safely dispose excess water. We will briefly
review only control strategies that help minimize runoft and soil loss. Construc-
tion of contour bunds and terraces are the most common strategies of mechanical
methods for erosion control. Contour bunds are soil banks 1.5 to 2 m wide con-
structed across the landscapes with slopes of 1-7 ° as a barrier for runoff and form
water storage areas and to break up the slope into shorter segments. The banks are
placed at 10 to 20 m intervals depending on the slope and extent of the landscape.



Chapter 19: Coping strategies with agrometeorological risks and uncertainties 351

Soil characteristics such as texture can be considered in the design of the counter
bunds and there are no precise specifications for their design.

Numerous studies have demonstrated a range of effectiveness in the construc-
tion of contour bunds (Hurni 1987; Clark et al. 1999).

Terraces are an earth embankment, or a combination ridge and channel, con-
structed across the field slope that intercepts, detains and safely conveys runoft to
an outlet. Terraces are used to shorten the length of long slopes and serve as small
dams to catch water and guide it to an inlet. They also serve as a guide for a contour
row pattern in the field and help to improve water and soil quality. Terraces can be
classified into three main types: diversion, retention and bench. The primary pur-
pose of a diversion terrace is to intercept runoft and channel it across the slope to a
suitable outlet. These diversion terraces can be as narrow as 3-4 m wide and cannot
be cultivated with machinery. Also for cultivation to be possible, the banks should
not exceed 14° slope if small machinery is used or 8 ° if larger farming equipment is
used. In general diversion terraces are not suitable for agriculture if ground slopes
exceed 7 ° because of the expense of construction and close spacing required.

Retention terraces are used where water storage is necessary on the hillside and
generally designed with a capacity to store the expected runoff volume. They are
recommended only for permeable soils on slopes that do not exceed 4.5°. Bench
terraces are generally used where landscape with slopes up to 30° needs to be cul-
tivated. A series of shelves and risers are constructed and should be properly con-
structed and maintained to prevent erosion. Vegetation cover or stones are usu-
ally used to minimize erosion and unprotected risers can be the source of most of
the erosion in terraced systems (Critchley and Bruijnzeel 1995). Bench terraces
are constructed in various modifications to suit the landscape, soil properties and
rainfall patterns or water supply.

19.4
Conclusions

The risk farmers take in cultivating crops and uncertainties that follow due to nat-
ural disasters is always present. Preparing for uncertainties has to always be part
of the management strategies even in the case of natural disasters. Unfortunately
such preparations are not feasibly in most small farmers in developing countries.
In more advanced agricultural systems, country level policies are established to
mitigate the impact of natural disasters and provide assistance to farmers. The
problems of soil erosion and decline in soil quality are confounded by high demo-
graphic pressure, low per capita arable land area, resource-poor farmers who can-
not afford to invest in soil erosion control measures. The grain production is di-
rectly linked with soil quality and productivity which are declining along with the
per capita arable land area, especially in densely populated countries of Asia and
Africa. Soil erosion and erosion-induced decline in productivity in these regions
are an increasing problem.

The discussions presented here are primarily on methods to reduce the risks and
uncertainties in crop production through intervention management techniques
for the farming systems to help minimize soil erosion and loss of top soil to ex-
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cessive water runoff. The entire farming systems should be considered for devel-
oping a comprehensive solution in reduction of soil erosion, soil loss and runoft.
This system should include the soil management practices such as tillage, the crops
cultivated, sequence of cropping with cover crops planted where possible, the use
of crop residue, and finally development of mechanical barriers to slow down the
runoff over sloping landscapes. The specific strategy that is suitable for a particu-
lar site depends on many factors such as landscape characteristics, soil properties,
rainfall patterns and intensity, adaptability of soil and crop management practic-
es in the region. Developing a proper combination of these strategies based on a
good assessment of the problem is critical for a successful implementation of cop-
ing risks and uncertainties in crop production. Finally, we need further research to
develop and refine new methods for application in Asia and Africa that account for
the soils, crops and resources available for these areas.
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CHAPTER 20

Developing a global early warning system
for wildland fire

Michael A. Brady, William J. de Groot, Johann G. Goldammer, Tom Keenan,
Tim J. Lynham, Christopher O. Justice, Ivan A. Csiszar, Kevin O’Loughlin

20.1
Introduction

Fire is a prevalent disturbance on the global landscape with several hundred million
hectares of vegetation burning every year. Land and forest fires (collectively referred
to as wildland fires) occur annually on every continent except Antarctica, and most
global fire is unmonitored and undocumented (Figure 20.1). Increasing trends in
wildland fire activity have been reported in many global regions. Wildland fires have
many serious negative impacts on human safety, health, regional economies and
global climate change. Developed countries spend billions every year in an attempt
to limit the impact of wildland fires. In contrast, developing countries spend little,
if any, money to control fire, yet they are often the most susceptible to the damaging
impacts of fire because of increased vulnerability of human life and property (due to
limited fire suppression capability), increased risk due to high fire frequency (often
caused by the cultural use of fire), and sensitive economies (tourism, transport).

To mitigate these fire-related problems, forest and land management agencies, as
well as land owners and communities, require an early warning system to identify
critical time periods of extreme fire danger in advance of their occurrence. Early
warning of these conditions with high spatial and temporal resolution incorporating

MODIS Rapid Response Fire Detections for 2005
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Fig.20.1. Global vegetation fires detected in April 2005.
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measures of uncertainty and the likelihood of extreme conditions allow fire man-
agers to implement fire prevention, detection and pre-suppression plans before fire
problems begin. Considering the fact that the majority of uncontrolled and destruc-
tive wildfires are caused by humans as a consequence of inappropriate use of fire in
agriculture, pastoralism and forestry, it is crucial that international wildland fire ear-
ly warning systems are developed to complement relevant national fire danger warn-
ing systems where they exist, to provide early warning where national systems do not
exist, and to enhance warnings applied or generated at the local (community) level
(people-centered early warning systems — as requested by the UN Secretary General
and as laid down in the Hyogo Framework for Action 2005-2015: “Building the Re-
silience of Nations and Communities to Disasters”). This will ensure delivery of tar-
geted information reflecting specific local conditions and allowing the involvement
of local communities in wildland fire prevention.

Fire danger rating is a mature science and has long been used as a tool to pro-
vide early warning of the potential for serious wildfires. Fire danger rating systems
(FDRS) utilize basic daily weather data to calculate wildfire potential. FDRS early
warning information is often enhanced with satellite data such as hot spots for early
fire detection, and spectral data on land cover and fuel conditions. Normally, these
systems provide a 4-6 hour early warning of the highest fire danger for any particu-
lar day that the weather data is supplied. However, by using forecasted weather data,
as much as 2 weeks of early warning can be provided, depending on the length of the
forecast. Ensemble weather prediction systems through multiple realisations of fore-
casts provide distributions of weather forecasts and capture their inherent predict-
ability and uncertainty associated with such forecasts. As well, FDRS indices can
be calibrated with local data to provide longer term early warning, such as a 30-day
early warning tool developed for Southeast Asia to indicate the potential for disaster-
level haze events from peatland fires (see section 20.8).

FDRS tools for early warning are highly adaptable and have demonstrated their
application to a wide range of users, from independent remote field stations (for mak-
ing local fire suppression and preparedness decisions) to global and regional fire in-
formation centres (for large-scale decision making, such as multi-national resource
sharing). There are numerous examples of current operational systems utilizing GIS
technology and computer modelling of landscape level fire danger, which process
and transfer early warning information very quickly via the World Wide Web.

Long-term knowledge of conditions during wildfires and the utility of fire dan-
ger forecasts are important to the immediate development of early warning sys-
tems and to undertake the planning and preparation associated with the impacts of
climate change. Understanding the characteristics of extreme wild fire events is a
paramount consideration. A long-term global dataset of fire danger metrics is also
required to meet these requirements.

20.1.1
EWS-Fire Proposal

Following the recommendations of the UN World Conference on Disaster Reduc-
tion (WCDR) in Kobe, Japan, January 2005, and the proposal of the UN Secre-
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tary General to develop a Global Multi-Hazard Early Warning System (GEWS), a
call for project proposals for building a GEWS was issued in preparation for the
3rd International Conference on Early Warning (EWC-III) (27-29 March 2006,
Bonn, Germany), sponsored by the United Nations International Strategy for Di-
saster Reduction and the German Foreign Office (www.ewc3.org/). An interna-
tional consortium of institutions cooperating in wildland fire early warning re-
search and development submitted a proposal for the EWS-Fire, and it was se-
lected for presentation at EWC-IIIL. The outcomes of the discussions, which are
documented on the GFMC Early Warning Portal (www.fire.uni-freiburg.de/fwt/
EWS.htm), reveal the high interest in and endorsement by government and inter-
national institutions.

The early warning system is also included as a yet-to-be-funded task in the 2007-
2009 work plan of the Global Earth Observation System of Systems (GEOSS), an
international initiative involving more than 69 countries and 46 international or-
ganizations. Regionally, it was presented at the Conference on Promoting Partner-
ships for the Implementation of the ASEAN Agreement on Transboundary Haze
Pollution, 11-13 May 2006 in Hanoi, Vietnam. Within the international fire sci-
ence community the scientific and technical aspects of the EWS-Fire were present-
ed by de Groot et al. (2006) at the Fifth International Conference on Forest Fire Re-
search (24 November to 1 December 2006, Figueira da Foz, Portugal).

Objectives and development stages of the EWS-Fire, and the international con-
sortium of institutions to be involved are described below. To illustrate the antici-
pated sustainability of the EWS-Fire, a case study is presented on the transfer and
ongoing operation of a regional FDRS in Southeast Asia.

20.2
Objectives and Expected Impact of EWS-Fire

The goal of the proposed Global Early Warning System for Wildland Fire (EWS-
Fire) is to provide a scientifically supported, systematic procedure for predicting
and assessing international fire danger that can be applied from local to global
scales. The objectives of the EWS-Fire are to develop and implement:

e a global early warning system for a 0-10 day prediction of wildland fire danger
based on existing and demonstrated science and technologies;

e an information network to quickly disseminate early warning of wildland fire
danger that reaches global to local communities;

e an historical record of regional and global fire danger information for early
warning product enhancement, validation and strategic planning purposes;
and

e a technology transfer program to provide the following training for global, re-
gional, national, and local community applications:

- early warning system operation;

- methods for local to global calibration of the System; and

— utility of the products and System for prevention, preparedness, detection,
and, where appropriate, fire response decision-making.
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The EWS-fire is not intended to replace the many different national FDRS cur-

rently in use, but rather to support existing national fire management programs

by providing:

e new longer term predictions of fire danger based on advanced numerical weath-
er models; and

e a common international metric for implementing international resource shar-
ing agreements during times of fire disaster.

An additional benefit is that the EWS-Fire provides a FDRS for the many countries
that do not have the financial or institutional capacity to develop their own system.
Because the system can be used at the local level, it can support local capacity-build-
ing by providing a foundation for community-based fire management programs.

There are several expected impacts of developing the EWS-fire. Firstly, early
warning (0-10 day) of wildland fire danger, on a regional and global basis, will pro-
vide international agencies, governments and local communities the opportunity
to mitigate fire damage by assessing threat likelihood and possibility of extreme
behaviour enabling implementation of appropriate fire prevention, detection, pre-
paredness, and fire response plans before wildfire problems begin. Secondly, a
globally robust operational early warning framework with an applied system will
provide the foundation with which to build resource-sharing agreements between
nations during times of extreme fire danger. Thirdly, technology transfer and train-
ing will develop local expertise and capacity building in wildland fire management
for system sustainability.

20.3
Planned System Development

Development of an operational EWS-Fire is proposed through three phases. The
overall system structure, including information technology and fire and weather
science, is prepared during the system design phase. Establishment of standard op-
erating procedures to provide and distribute daily early warning products will oc-
cur during the operational implementation phase. Finally, a technology transfer
phase will facilitate sustainability of system operations and ensure applicability of
the system to practical fire management through training programs.

20.3.1
Warning System Design

The EWS-Fire needs to address two distinct issues: 1) to establish a methodology to
use forecasted weather to provide predicted fire danger, and 2) it must also provide
ameans of interpreting the fire danger in practical and locally relevant fire manage-
ment terms. These criteria imply that the FDRS used for the EWS-Fire must have
fairly simple and reasonably predictable weather inputs over the forecasted range,
and it must be possible to locally calibrate the fire danger indices. The following steps
are envisaged, with additional detail provided by de Groot et al (2006):
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e Review and summarize literature and data on global fire activity to assess risk to
global communities and areas of priority.

e Adapt a current risk monitoring system for global application, using the Cana-
dian Forest Fire Weather Index System (FWI) in a prototype (Figure 20.2).

e Develop protocols for utilizing state of the art (0-10 day) global weather fore-
casting models for fire danger prediction.

e With latest numerical weather prediction ensemble prediction techniques,
adapt FWI System to operate in a forecasting mode providing probability of
event characteristics.

e Utilize historical satellite detected hotspot and archived numerical analysis of
FWTI to provide: further calibration of the FWI system for early warning pur-
poses; a fire status product (where current fire problems are and basis to assess
severity of forecasted fire danger conditions); and historical records of fire dan-
ger and behaviour regionally and globally.

o Studies to assess form and utility of products with end users and their social and
economic impacts.

20.3.2
Operational Implementation

Daily (actual) FWI products are already being generated for many countries and
some global regions on an operational basis (Fig. 20.2). Linking or networking
these agencies would provide a significant start to compiling a global product of
current fire danger. An advantage of building on existing national and regional
systems is that it will ensure direct connection and applicability of the EWS-Fire
from local to global scales. Provision of a complete global product of current fire
danger will require a coordinating agency or facility to compile existing spatial
data, to produce fire danger maps for regions where there currently are none, and
to integrate the current fire danger maps with hot spot data (and possibly other
remotely sensed data in the future, such as vegetation and rainfall). This will be a
large task and may need the assistance of a number of regional agencies. The over-
all structure and procedures for this will depend on many factors, including the
range and scale of products, availability of data, facilities, etc.

The following steps are envisaged:

e Undertake concept evaluation through operational trials with users.

e Support the institutional arrangements required for relevant agencies in the re-
gion to consider the new operational system.

e Develop procedures within the robust framework of the World Weather Watch
(global network of operational meteorological services) to run the EWS-Fire on
a daily operational basis, which includes analysis and production of current and
forecast fire danger assessment, and dissemination of early warning informa-
tion through multiple channels.

e Establish procedures with operational meteorological services to maintain and
update the System as new tools and products are developed.
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Fig. 20. 2. Example of potential EWS-Fire product using the Drought Code (DC) component of
the FWI System.

20.3.3
Technology Transfer

Training on the operational and application aspects of the system will occur

through established institutions specializing in technology and information trans-

fer. Through the WMO framework and the United Nations University, training

and workshops will be provided in:

e EWS-Fire operations

Basic understanding of fire danger and early warning

Calculating FWI components

Provision of FWI algorithms

Developing and implementing decision-aids based on early warning to mitigate

the impacts of fire through prevention, preparedness, detection, and fire response

e Involvement of local communities in the application of early warning informa-
tion in wildland fire management (Community-Based Fire Management — CB-
FiM), especially in wildfire prevention, and preparedness for coping with wild-
land fire disasters (including smoke pollution and public health)

As well, the EWS-Fire project will be promoted through presentations to land and
forest fire managers at conferences, professional meetings, etc., and documents will
be published on the EWS-Fire.

20.4
Implementing Organizations and Division of Tasks

Development of the EWS-Fire requires an integrated effort by organizations with
different areas of specialization. The six organizations below include the required
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areas of expertise, resources and experience. Other organizations will be asked to
participate as needed, particularly during operational implementation and tech-
nology transfer.

20.4.1
Natural Resources Canada - Canadian Forest Service (CFS)

Provide scientific, technical and fire management systems expertise to:

Expand current international fire danger (FWI) monitoring system to full glob-
al coverage (presently monitoring approx. 1/3 global area for current daily con-
ditions).

Develop criteria to interpret FWI output in terms of fire danger levels for early
warning purposes (e.g., conditions that define Low, Moderate, High, and Ex-
treme fire danger).

Develop practical decision-aid tools based on early warning for fire prevention,
preparedness, detection, and fire response (e.g., when fire danger is High, open
burning restrictions are imposed, tower detection is implemented, fire fighting
staff and equipment are ready for immediate dispatch, etc.).

Prepare and assist in delivering a technology transfer program to train early
warning system users.

20.4.2
Bureau of Meteorology Research Centre (BMR()

Australia with UK Met. Office, in cooperation with WWRP/WMO:

Adapt Canadian Forest Fire Weather Index System as a Numerical Weather
Prediction (NWP) Suite Module to provide medium range (up to two weeks)
forecasts of FWI. Approach includes an ensemble of current operational deter-
ministic global model outputs e.g. Canadian Meteorological Service, UK Met.
Office, National Center for Environmental Prediction, Japanese Meteorologi-
cal Agency, European Centre for Medium-Range Weather Forecasts, Australian
Bureau of Meteorology, Deutscher Wetterdienst, etc. This activity will provide
an initial globally-based FWI employing current global weather prediction sys-
tems in a manner that optimizes forecast skill.

Validation and evaluation of initial Ensemble Prediction System (EPS)-based
FWI. Employ satellite based hotspot data and ground-truthing where available.
Provide FWI module to WMO members as required for global, regional, na-
tional and local implementation within the World Weather Watch operational
framework.
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20.4.3
Bushfire Cooperative Research Centre, Australia

e Validation and intercomparison of FWI with other wild fire indices. Employ
satellite based hotspot data and ground truthing where available.
e User evaluation and optimisation of EPS Global FWI products.

20.4.4
University of Maryland (UMD), USA, acting on behalf of GOFC-GOLD

e Provision of global MODIS hotspot data from the daytime and night-time orbits
of the Terra and Aqua satellites.

e Provision of global MODIS Normalized Difference Vegetation Index (NDVTI)
data, aimed at the assessment of vegetation condition, based on deviations from
optimal and average conditions.

20.4.5

Global Fire Monitoring Center (GFMC), Germany on behalf

of the UNISDR Wildland Fire Advisory Group / Global Wildland Fire Network
and the United Nations University (UNU)

e Collection and global dissemination of FWT and associated early warning products.

e Technology transfer — through the United Nations University, to facilitate local-
level implementation of a people-centered Early Warning System for wildland
fire / CBFiM.

20.4.6
Global Observation of Forest
and Land Cover Dynamics (GOFC-GOLD) Secretariat, Edmonton, Canada

e Assist the coordination and outreach mechanism for observations and prod-
ucts.

e Support the utilization and evaluation of products and assist in system imple-
mentation through EWS-Fire application within the GOFC-GOLD and UN re-
gional networks.

20.5
Sustainability

The sustainability of the EWS-Fire will be secured through the long-term scope
of the research, operational and extension agendas of the participating organiza-
tions. All organizations have demonstrated and will continue to have an interest in
a coordinated and collective approach in dedicated research and capacity building,
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notably through the existing and expanding networking activities. The UNISDR

Global Wildland Fire Network and the GOFC-GOLD Fire Implementation Team

and associated Regional Networks will jointly work in:

e technology transfer and training for development of local expertise and capac-
ity building in wildland fire management; and

e involvement of the United Nations University through the new partnership
agreement signed on 7 October 2005 (GFMC is now functioning as an UNU
Associated Institute).

The anticipated sustainability of EWS-Fire can be illustrated through the case
study below, which describes the development and operational implementation of
new fire early warning systems at the regional, national and local levels in the fire
prone areas of Southeast Asia.

20.6
Case Study in EWS-Fire Development

Forest and land fires in Southeast Asia have many social, economic, and environ-
mental impacts. Tropical peatland fires affect global carbon dynamics, and haze
from peat fires has serious negative impacts on the regional economy and human
health. To mitigate these fire-related problems, forest and land management agen-
cies require an early warning system to assist them in implementing fire prevention
and management plans before fire problems begin. From 1999 to 2004 the Cana-
dian Forest Service, in collaboration with partner agencies in Southeast Asia, de-
veloped an FDRS for the region, as well in Indonesia and Malaysia (de Groot et al.
2007). The FDRS’ provide early warning of the potential for serious fire and haze
events. In particular, they identify time periods when fires can readily start and
spread to become uncontrolled fires and time periods when smoke from smoulder-
ing fires will cause an unacceptably high level of haze.

20.6.1
System Development

The FDRS were developed by adapting components of the Canadian Forest Fire
Danger Rating System, including the Canadian Forest Fire Weather Index System,
to local vegetation, climate, and fire regime conditions. A smoke potential indica-
tor was developed using the Drought Code (DC) of the FWI System. An ignition
potential indicator was developed using the Fine Fuel Moisture Code (FFMC) of
the FWI System. Historical hot spot analysis, grass moisture, and grass ignition
studies were used to calibrate the FFMC to track the ability for grass fires to start
and spread. The Initial Spread Index (ISI) of the FWI System was used to develop
a difficulty of control indicator for grassland fires, a fuel type that can exhibit high
rates of spread and fire intensity. To provide early warning, the FDRS identifies
classes of increasing fire danger as the FEMC, DC, and ISI approach key threshold
values, which were defined through several calibration and validation studies.
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20.6.2
Operational FDRS

In 2002 the Indonesian FDRS commenced operations nationally at the Indone-
sian Meteorological and Geophysical Agency (http://meteo.bmg.go.id/fdrs/index.
html). In 2003 the Malaysian Meteorological Service began operating the Malay-
sian FDRS (www.kjc.gov.my/english/service/climate/fdrsl.html) and displaying
regional outputs for the Association of Southeast Asian Nations (www.kjc.gov.my/
english/service/climate/fdrsl.html) (Figure 20.3). The FDRS are being used by for-
estry, agriculture, environment, and fire and rescue agencies to develop and imple-
ment fire prevention, detection, and suppression plans.

Sustained use of newly transferred technology is often a challenge. To ensure on-
going FDRS operations after the Southeast Asia FDRS Project, a summary of FDRS
technical information, reference material, guides for interpretation, and practical
applications for user groups were compiled in a manual. As well, FDRS operating
agencies in ASEAN, and in Indonesia and Malaysia prepared manuals of standard
operating procedures (Figure 20.4). Also, a regional team of training specialists
prepared a train-the-trainer course curriculum. By 2004, 20 fire management spe-
cialists from Indonesia, Malaysia, and Brunei completed the one-week course to
become agency trainers. Finally, a Southeast Asia Fire Science Network was formed
in 2001 to continue development of fire science expertise within the region. The
network includes scientists from local universities and management agencies that
share common interests and the goal to further advance knowledge in areas such
as fire weather, fuel models, and fire behaviour.

20.6.3
Lessons Learned

The experience of developing the FDRS for Southeast Asia provided insight that
can benefit the implementation of similar projects in other regions. The most criti-
cal aspect of developing new FDRS is identification and analysis of the local fire
problem. Understanding of local fire climate, vegetation as fuel, fire regime, fire
management capabilities and policy, and culture is required to understand the fire
problem. The next important step is to determine what information the FDRS need
to provide so that fire managers can address the fire problem. By developing the
FDRS around fire management, the FDRS are designed to serve as a decision-mak-
ing tool with practical application. The final step is to link the information required
by fire managers to the underlying physical aspects of the fire environment that are
causing the fire problem, and then connecting those factors to FDRS indicators. To
illustrate the process in this project, haze was identified as the main fire problem in
Southeast Asia. The underlying cause was smouldering peat fires and the best indi-
cator of this potential is the DC, which is a relative measure of the dryness of deep
organic layers in the forest floor.

Sustainability of new FDRS also requires local capacity strengthening. Tech-
nology transfer through workshops, training courses, and information sessions is
important for the successful implementation of FDRS. Fire science education is
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also important to understanding FDRS principles, and this aspect can be achieved
through partnerships with universities. By training people in the science and tech-
nology of FDRS, local expertise is developed in system calibration and the FDRS
can be designed for other applications in the future as new fire issues and fire man-
agement practices evolve.
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CHAPTER 21

Scientificand Economic Rationale
for Weather Risk Insurance for Agriculture
Peter Hoppe

21.1
Introduction

Munich Re is one of the largest global reinsurers and has a long tradition in both
the assessment of weather-related hazards and their impact on crop production
and the development of appropriate risk management tools and crop insurance
schemes. Munich Re’s underwriting of agricultural risks throughout the world is
concentrated in its agricultural underwriting department. This department has
long been a world-renowned centre of competence. It develops Munich Re’s strat-
egy and underwriting guidelines and is responsible for the underwriting of ag-
ricultural insurance within the Munich Re Group. This involves a wide range of
segments like crops, crop hail, multi-peril and named perils, livestock including
aquaculture and greenhouses. With a premium income of about €400m in 2006,
Munich Re is the world’s largest agricultural reinsurer.

Munich Re also has a long tradition of analysing natural disasters and their
trends. The company recruited its first two geoscientists in 1974. Now the depart-
ment has a staff of 27. The team consists of experts in geophysics, meteorology, ge-
ography, hydrology and many other fields, all contributing to the analyses of natu-
ral disasters.

21.2
Natural Disasters and Losses

Munich Re has one of the world’s largest global databases on natural catastro-
phes, the Munich Re NatCatSERVICE. Currently, it contains entries for more
than 23,000 individual natural events which have caused human suffering and/
or property losses. Figure 21.1 shows the development in the number of great nat-
ural disasters (causing billion dollar losses and/or thousands of fatalities) since
1950, broken down into the different perils: floods, windstorms, geophysical disas-
ters (earthquakes, tsunamis, volcanic eruptions) and other weather-related events
(heatwaves, forest fires, droughts). The figure clearly shows a steep increase in the
number of such events. While in the 1950s there were about two of them per year,
the expected value has now risen to about seven. Most of the trend is driven by
weather-related disasters, whereas there has been only a small trend upwards as far
as geophysical events are concerned.
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Fig. 21.1. Development of the number of Great Natural Disasters between 1950 and 2005 (Data
from Munich Re NatCatSERVICE)

As a result of the growing number of weather-related disasters, but also as
a result of population growth and increasing standards of living with higher
values at risk, the losses from such disasters have increased dramatically. As
Figure 21.2 shows on a global level, there has been an exponential increase in
both overall economic and insured losses (both adjusted for inflation) since the
1950s, reaching a record level in 2004, which was topped again by new loss re-
cords in 2005.

Similar to the global trends, there has been an increase in the frequency of weath-
er-related disasters in India, too. Figure 21.3 shows the development of weather-re-
lated disasters in India since 1980. Their number has risen from about five per year
at the beginning of the 1980s to more than 20.

This increase in the disaster frequency in India is reflected in the corresponding
losses (Figure 21.4). Here too we see a general trend towards higher losses, although
the losses caused by the Gujarat flood in 1993 still mark the record. Figure 21.4 also
clearly shows that, in India, insured losses account for a very small proportion of
the overall economic losses, in most years far below 10%. This means that the peo-
ple affected by these disasters and eventually the state as a financial source of last
resort have to cope with these losses. In a country where the majority of the popu-
lation still relies on agriculture for their livelihood, the effects of extreme weather
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Fig. 21.2. Development of economic and insured losses from Great Weather Disasters between
1950 and 2005 (Data from Munich Re NatCatSERVICE)

events are severe because in many cases they mean a loss of the entire harvest and,
as a consequence, the people’s sole source of revenue.

Figure 21.5 maps the regional distribution of natural disasters in India between
1980 and 2005. It shows that hardly any state in India has not been affected by such
disasters, and that windstorms (cyclones) mostly affect the states along the east
coast, while floods and disasters caused by extreme temperatures are distributed
more evenly over almost all states.

The last few years have brought records in the frequencies and intensities of
weather-related catastrophes in many regions of the globe. In 2002, a hundred-
year flood occurred in eastern Germany, causing economic losses of about €16bn,
of which €3.4bn had been insured. Just one year later, the extremely hot summer
in Europe killed more than 35,000 people. It was the largest human catastrophe in
Europe for centuries. New records were then set in 2004 for hurricane losses in the
USA. Four hurricanes making landfall in Florida in one season set a new record
for that state with overall economic losses of US$ 62bn and insured losses of about
half this amount. In March the same year, the first hurricane occurred in a region
that had previously been thought to be hurricane-free, the South Atlantic. Just one
year later, in 2005, we saw the largest loss from a single event in history, caused by
Hurricane Katrina with overall economic losses of US$ 125bn and insured losses
of US$ 60bn. The 2005 hurricane season was the most active since records began in
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Fig. 21.3. Development of the number of Weather Disasters in India between 1980 and 2005
(Data from Munich Re NatCatSERVICE)

1851, with 27 named storms (old record: 21), including the strongest (Wilma), the
fourth strongest (Rita) and the sixth strongest (Katrina). Then there was the first
real hurricane system to approach Europe: Hurricane Vince, which formed close to
Madeira and made its way into Spain and Portugal. The year 2005 also brought ex-
tremes in terms of floods. For Switzerland, the August 2005 floods in the northern
Alps were the most expensive natural catastrophe ever (overall economic loss: US$
2.1bn). In India, the highest ever 24-hour precipitation was measured in the Mum-
bai area: 944 mm. This extreme flood killed more than 1,000 people and caused
economic losses of US$ 5bn and insured losses of US$ 770m. In 2006, there were
again major floods in several Indian states, especially Gujarat.

21.3
Climate Change and Natural Disasters

Scientific research is now producing mounting evidence of a causal link between the
increasing frequencies and intensities of weather-related disasters and anthropogen-
ic climate change. Global warming is a fact and will further accelerate in the coming
decades. A British study (Stott et al. 2004), for example, shows that human influence
has already at least doubled the risk of a heatwave exceeding the magnitude of the
European heatwave in 2003. Another study modelling the effects of climate change
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on hurricanes has found that, due to global warming, the maximum wind speed of
hurricanes and the associated precipitation will increase (Emanuel 2005). The num-
ber of major tropical storms has already increased in all ocean basins (Webster et al.
2005). There is now evidence that, evidence that, again due to global warming, sea
surface temperatures have already increased by about 0.5°C (Barnett et al. 2005).
Hoyos et al. (2006) show that of all the factors that drive a major tropical storm, only
the steady increase in sea surface temperatures over the last 35 years can account for
the rising strength of storms in six ocean basins around the world. So the logical link
between the fact that global warming has increased sea surface temperatures and the
fact that only this increase can explain the greater intensities of tropical storms re-
sults in the suggestion that anthropogenic climate change has already increased the
intensity of these storms. This implies that if sea surface temperatures continue to
increase due to global warming, we have to expect even more loss and damage.

21.4
Agricultural Risk Insurance

Agriculture is definitely the industry which is most vulnerable in respect of extreme
weather and will therefore be the first to be affected by global warming. According
to Kumar et al. (2007), two-thirds of the total sown area in India is already drought-
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prone today, 40 million ha are liable to be flooded and the coastlines are vulnerable
to tropical cyclones. The prospects for India in the future: further increases in air
temperature, a decrease in the number of rainfall days and a rise in rainfall intensi-
ty, an increase in the severity of droughts and the intensity of floods, and rising sea
levels may lead to a loss of settlements, property, and agricultural infrastructure.

Agricultural insurance can help farmers to cope with the increasing risks to
their business. The requirements for successful crop insurance programmes are
that the government introduces a Private-Public-Partnership Insurance Scheme by
law, that insurance carriers specialise in agricultural insurance, that there is com-
petition in services, that special insurance products are developed and that insur-
ers have loss adjustment expertise.

21.4.1
Crop Insurance Products

There are basically four different groups of crop insurance products:

1. Loss insurance (hail and named peril) with fixed sums insured (e.g. hail insur-
ance in Europe) or adjustable sums insured (e.g. cotton insurance in Australia)

2. Yield guarantee insurance (MPCI) with coverage of regional average yield (e.g. new
MPCI programs) or individual historic yields (APH) (e.g. MPCI in USA, Spain)

3. Index insurance with meteorological triggers (single parameters or indices),
area yield triggers (e.g. Group Risk Plan in USA), vegetation indices (increasing
use of satellite data) and modelling of yields (a current example being the grass-
land programme in Spain)

4. Revenue insurance with covers comprising yield and price elements, which are
only feasible for crops traded in existing commodity markets and boards of trade.

The requirements for successful crop insurance programmes are the control of
anti-selection and the moral hazard, risk-adequate rates (exposure, crop type, fluc-
tuation) facilitated by premium subsidies, regional differentiation of rates, suffi-
cient market penetration as well as coverage levels and deductibles geared to the
specific exposure. Figure 21.6 shows the 2005 premium levels of multi-peril crop
insurance (MPCI) and crop hail insurance in different markets.

21.4.2
Crop Insurance in Developing Countries

In 2005, gross premium in India amounted to €95m. Crop insurance started there
in 1972 and then developed in different phases. The National Agriculture Insur-
ance Scheme (NAIS by AIC) has provided insurance products in all states and to
all farmers since 1999. The main covers are yield guarantee and area yield, and a
pilot project is under way for a product with a meteorological trigger. Thirty differ-
ent crops can be insured during Kharif (SW monsoon, July-October), 25 crops dur-
ing Rabi (winter months, only in the irrigated areas). In 2004/05, nearly 18 million
farmers had bought insurance cover, 4 million farmers received indemnification.
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Emerging markets are characterised by special circumstances with regard to ag-
ricultural insurance. Many of them provide dual agricultural structures, i.e. small-
scale farms with limited access to technology and markets and modern farms.
Governments have limited financial capacity to support agricultural insurance
programmes and the lack of an insurance tradition makes the marketing of insur-
ance products difficult. Small-scale farms hardly have any chance to have access
to the traditional insurance market. A solution for them may be microinsurance
systems especially designed for agriculture. These are based on low premiums and
correspondingly low indemnification in the event of loss or damage, but they en-
able farmers to restore their basic business, i.e. to buy seeds for the next growing
season.

Munich Re and the Munich Re Foundation, along with the traditional agri-
cultural insurance sector, have started several initiatives especially for develop-
ing countries. The Munich Re Foundation has organised several conferences on
microinsurance over the last two years and recently published a 600-page book
on this. In 2007, another international microinsurance conference is to be held in
Mumbai. In 2005, Munich Re launched the Munich Climate Insurance Initiative
(MCII): a group of experts from the World Bank, NGOs, science and the insurance
industry working on new insurance solutions to cover increasing loss and damage
from weather-related disasters in developing countries. They are working in close
contact with the negotiations of a Post-Kyoto Protocol under the umbrella of the
UN Framework Convention on Climate Change.

21.5
Conclusions

Weather-related catastrophes like windstorms, floods and droughts have been in-
creasing worldwide and will do so even more in the future. There is mounting evi-
dence that global warming is contributing to the hazard situation. Agriculture is
especially vulnerable to the changing weather patterns if no adaptation measures
are taken (new seeds, production techniques). Proper insurance systems can help
farmers to cope with the increasing volatility of their losses. Munich Re is the lead-
ing reinsurer worldwide for agro risks and offers its expertise to promote agro in-
surance systems in developing countries. The Munich Re Foundation has been -
and will continue to be - very active in promoting microinsurance systems.

The insurance industry is quite powerful in supporting climate protection. It
has a great potential to help raise awareness among decision-makers of the prob-
lems associated with global warming. By directing investments into companies
and projects that promote renewable energies and sustainable processes, the insur-
ance industry can help to reduce greenhouse gas emissions.
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CHAPTER 22

Weather index insurance for coping with risks
in agricultural production
Ulrich Hess

22.1
Introduction

This article presents innovations in agricultural risk management for natural di-
sasters, focusing on the role of weather derivatives and weather index insurance in
developing agricultural risk management strategies. The success story of weath-
er risk insurance in India demonstrates to the world, that organized markets for
risk can emerge and finance agricultural losses. Currently, many developing coun-
tries are particularly exposed to natural disaster risk without the benefit of ex-ante
structures to finance losses. Instead, following each major drought event or other
natural disaster, those affected must appeal for financial support and are left vul-
nerable to the mercy of ad-hoc responses from donor governments. Livelihoods are
rarely insured by international insurance or reinsurance providers, capital mar-
kets, or even government budgets in developing countries where natural disasters
and agricultural price risk impede development of both formal and informal bank-
ing. Trapped into this cycle of institutional underdevelopment, poor, risk-averse
farmers are locked in poverty, burdened with old technology and faced with an in-
efficient allocation of resources.

22.1.1
Are there any effective precedents for agricultural insurance mechanisms
in developing countries?

While financial innovations are just taking hold in some countries and others are
continually being tested, progress has been made with weather insurance for farm-
ers in India, Ukraine, Nicaragua, Malawi, Ethiopia, and Mexico. Several other ex-
periments are also documented in this work.

Weather insured farmers in India say they either have a good crop in which
case it does not matter if they do not recoup the insurance premium, or they have
a monsoon failure in which case they receive an insurance payout. The payout at
least covers the farmers’ cash outlay and absorbs part of the agricultural income
deficit resulting from shock, so that families may keep their children in school
and preserve household assets that they would otherwise be forced to liquidate,
often at greatly reduced prices. Given the right incentives, farmers can invest a
little more in the right seeds and fertilizer and optimize their returns. Quanti-
fying the impact of insurance is a delicate task requiring robust monitoring and
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evaluation systems, several years of household data including baseline data from
both control and experimental groups as well as controls for the numerous oth-
er shocks that impact vulnerable populations. A large impact assessment is un-
derway, led by the World Bank’s Research Department and Professor Townsend,
which will soon provide more information on the effectiveness of these risk man-
agement systems. What is already clear, however, is that when offered the choice,
many farmers in India are willing to pay for fully-priced weather insurance. Even
farmers with access to the government-subsidized crop insurance product choose
to buy the market-priced weather insurance product, claiming preference for the
objective nature of the weather index whose values they may personally veri-
fy with easily accessible weather station measurements. Farmers also prefer the
timeliness of payout, guaranteed by index insurance to be made shortly after the
close of the agricultural season, as opposed to payout made under the national
crop insurance product, which may be paid out as much as eighteen months fol-
lowing the season.

22.1.2
Is this kind of insurance only suitable
for large-scale commercial farmers?

Another advantage of weather insurance is that it can be sold to small farmers, as
no monitoring is needed to verify farm-level losses. The Indian experience dem-
onstrates that small farmers find value in weather insurance. BASIX , India’s larg-
est microfinance organization based in Andhra Pradesh, estimates that all of the
427 farmers who bought weather insurance policies in 2003 have small to medi-
um-sized farms ranging from two to ten acres, producing average annual incomes
of 15,000 to 30,000 Rupees, that is an average income of US$1 to US$2 per day.
Currently, many farmers buying weather insurance in India are repeat customers
whose low-income status does not limit them from buying the product. Early sur-
vey results demonstrate that more than half of those purchasing insurance prod-
ucts list managing risk as their primary reason. Some opt for insurance over the
prospect of paying high interest to moneylenders when cash is urgently needed fol-
lowing harvest failure.

22.1.3
Is India’s insurance program sustainable?

The weather insurance pilot programs launched in India in 2003 were main-
streamed into insurance programs offered by the major insurance companies sold
to around half a million farmers. The biggest private insurer offering the prod-
uct has broken even after two years. BASIX, the MFI that started the product
has also mainstreamed the weather insurance product and automated delivery to

See Giné, Xavier, Robert Townsend and James Vickery, 2007, Patterns of Rainfall Insurance
Participation in Rural India, working paper, 2007.
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more than 10,000 clients for the 2006 season. Countries in sub-Saharan Africa,
Latin America as well as other countries in Asia are setting up their own weather
insurance projects at micro- and macro-levels. Malawi is now in its third year of
smallholder based weather insurance as part of a credit package for quality seeds,
however the package program experiences problems due smallholders unwilling-
ness to repay despite good harvests. Local traders finally offered higher prices and
therefore some farmers defaulted on their obligations to the programme. These
problems are not related to the weather insurance which works well, yet they hin-
der scale-up and might even to an early termination. In 2006, the Government of
Ethiopia successfully established contingency funding for emergency drought re-
sponse in the form of weather index insurance. Thailand has a pilot for flood index
insurance, Nicaragua launched a pilot in 2005, and Vietnam is setting up a large
scale weather index insurance program. Markets seem to indicate that weather in-
surance is a sound and sustainable business, especially considering that the India
experience was spurred without the support of government subsidies.

This article begins with an overview of risk in agriculture, focusing on how de-
cision-makers currently cope with and manage risk in developing countries and on
obstacles that impede development of effective risk transfer markets. Section 22.3
reviews the experiences of some developed countries with agricultural risk trans-
fer. Section 22.4 explores alternative solutions based on the concept of weather in-
dex insurance, highlighting the advantages of such systems for developing coun-
tries. Section 22.5 describes the role of government in these markets. Section 22.6
provides an overview of a number of ongoing agricultural risk pilot programs and
case studies in various countries.

22.2
Risk and Risk Management in Agriculture

To set the stage for the discussion on how to deal with risk in agriculture, we classi-
ty the different sources of risk. Agriculture is often characterized by high variabil-
ity of production outcomes, that is, by production risk. Unlike most other entrepre-
neurs, agricultural producers cannot predict with certainty the amount of output
their production process will yield, due to external factors such as weather, pests,
and diseases. Agricultural producers can also be hindered by adverse events dur-
ing harvesting or collecting that may result in production losses. In discussing how
to design appropriate risk management policies, it is useful to understand strate-
gies and mechanisms employed by producers to deal with risk, including the dis-
tinction between informal and formal risk management mechanisms and between
ex-ante and ex-post strategies.

As explained in the 2000/2001 World Development Report (World Bank 2001),
informal strategies are identified as “arrangements that involve individuals or
households or such groups as communities or villages,” while formal arrangements
are “market-based activities and publicly provided mechanisms.” The-ex ante or
ex-post classification identifies the time in which the response to risk takes place:
ex-ante responses take place before the potential harming event; ex post responses
take thereafter. Ex-ante informal strategies are characterized by diversification of



380 Ulrich Hess

income sources and choice of agricultural production strategy. One strategy pro-
ducers employ is risk avoidance. Extreme poverty, in many cases, makes produc-
ers very risk-averse, pushing them to avoid high-risk activities, even though the
income gains to be generated might be far greater than those gotten through less
risky choices. This inability to accept and manage risk respectively reflected in the
inability to accumulate and retain wealth is sometimes referred to as the “the pov-
erty trap” (World Bank 2001).

22.2.1
Informal risk management mechanisms

The production strategy selected becomes an important means of mitigating the
risk of crop failure. Traditional cropping systems in many places rely on crop and
plot diversification. Crop diversification and intercropping systems signify com-
mon strategies of reducing the risk of crop failure due to adverse weather events,
crop pests, or insect attacks. Morduch (1995) presents evidence that households
whose consumption levels are close to subsistence (and which are therefore highly
vulnerable to income shocks) devote a larger share of land to safer, traditional va-
rieties such as rice and castor than to riskier, high-yielding varieties. Morduch also
finds that near-subsistence households diversify their plots spatially to reduce the
impact of weather shocks that vary by location. Apart from altering agricultur-
al production strategies, households also smooth income by diversifying income
sources, thus minimizing the effect of a negative shock to any one of them. Accord-
ing to Walker and Ryan (1990), most rural households in villages of semi-arid India
surveyed by the International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT) generate income from at least two different sources; typically, crop in-
come is accompanied by some livestock or dairy income. Off-farm seasonal labour,
trade, and sale of handicrafts are also common income sources. The importance
to risk management of income source diversification is emphasized by Rosenz-
weig and Stark (1989), who find that households with high farm-profit volatility are
more likely to have a household member engaged in steady wage employment. Ac-
cumulating a buffer stock of crops or liquid assets at the expense of credit expendi-
ture presents obvious means by which households can smooth consumption. Lim
and Townsend (1998) show that currency and crop inventories function as buffers
or precautionary savings. Crop-sharing arrangements in renting land and hiring
labour can also provide an effective means of sharing risk among individuals, thus
reducing producer risk exposure (Hazell 1992). Other risk sharing mechanisms,
such as community-level risk pooling, occur in specific communities or extended
households where group members transfer resources among themselves to rebal-
ance marginal utilities (World Bank 2001). These arrangements, however, while ef-
fective for counterbalancing the consequences of events affecting only some mem-
bers of the community, do not work well in the cases of covariate income shocks
(Hazell 1992). That is, in the event of widespread shock where most members of
the same community are affected, as is often the case with natural disasters, small-
scale risk pooling offers little in the way of absorbing the impact of shock.
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Typical ex-post informal income-smoothing mechanisms include the sale of as-
sets, such as land or livestock (Rosenzweig and Wolpin 1993), or the reallocation of
labour resources to off-farm labour activities. Gadgil et al. (2002) argue that south-
ern Indian farmers who expect poor monsoon rains can quickly shift from 100
percent on-farm labour activities to predominantly off-farm activities. Fafchamps
(1993), in his analysis of rain-fed agriculture among West African farmers, em-
phasizes the importance of building labour flexibility into the production strategy.
In contrast, Rosenzweig and Binswanger (1993), Morduch (1995), and Kurosaki
and Fafchamps (2002) all find considerable efficiency losses associated with risk
mitigation, typically due to lack of specialization and inability to reach economies
of scale. In effect, farmers stabilize income flows at the detriment of maximiz-
ing profits; this tendency to smooth consumption not only against idiosyncratic
shocks but also against correlated shocks comes at a serious cost in terms of pro-
duction efficiency and reduced profits, thus lowering overall levels of household
consumption and prospects for asset accumulation.

A major consideration for innovation would be to shift correlated risk away from
rural households (Skees 2003). One obvious solution would be for rural households
to share risk with households or institutions from areas largely uncorrelated with
the local risk conditions. Examples of such extra-regional risk sharing systems are
found in the literature, including, credit and transfers between distant relatives
(Rosenzweig 1988; Miller and Paulson 2000); migration and marriages (Rosenz-
weig and Stark 1989); or ethnic networks (Deaton and Grimard 1992). Although
the examples above convey some degree of risk sharing and thus of informal in-
surance measures against weather, such systems cannot be scaled up to offer wider
coverage nor do come even close to providing a fully efficient insurance mecha-
nism. The world’s most vulnerable households are therefore left largely unprotect-
ed against correlated risks, the main source of which is weather.

22.2.2.1
Formal risk management mechanisms

Formal risk management mechanisms can be classified as publicly provided or
market-based. Government action plays an important role in agricultural risk
management, both ex-ante and ex-post. Ex-ante education and services provided
by agricultural extension help familiarize producers with the consequences of risk
and help them adopt related coping strategies. Governments also help to reduce
the impact of risk by developing relevant infrastructure and by adopting social
schemes and cash transfers for relief after shocks have occurred. As mentioned un-
der the explanation of informal mechanisms, production and market risks prob-
ably inflict the largest impact on agricultural producers. Various market-based,
risk management solutions have been developed to address these sources of risk.
Insurance is another formal mechanism used in many countries to share produc-
tion risks. However, insurance does not as efficiently manage production risk as ef-
ficiently as do derivative merkets. Price risk is highly spatially correlated, and fu-
tures and options are tailor-made derivative instruments appropriate for dealing



382 Ulrich Hess

with spatially correlated risks. In contrast, insurance is most appropriate for man-
aging independent risks that are spatially uncorrelated.

22.2.2.2
Challenges for traditional crop insurance

Agricultural production risks typically lack sufficient spatial correlation to be ef-
fectively hedged using only exchange-traded futures or options. At the same time,
agricultural production risks are generally not perfectly spatially independent;
therefore, insurance markets do not work at their best. Skees and Barnett (1999)
refer to these risks as “in-between” risks. According to Ahsan et al. (1982), “good or
bad weather may have similar effects on all farmers in adjoining areas,” and, con-
sequently, “the law of large numbers, on which premium and indemnity calcula-
tions are based, breaks down.” In fact, positive spatial correlation in losses limits
the risk reduction capacity obtained by pooling risks from different geographical
areas, thus increasing the variance in indemnities paid by insurers. In general, the
greater the positive correlation in losses the less efficient traditional insurance is as
a risk-transfer mechanism.

The lack of statistical independence is not the only problem with providing in-
surance in agriculture. Another set of problems relates to asymmetric information,
the situation in which the insured has more knowledge about his or her risk pro-
file than does the insurer. Asymmetric information causes two problems: adverse
selection and moral hazard. In the case of adverse selection, farmers have better
knowledge than do the insurers about the probability distribution of losses. The
farmers thus occupy the privileged situation of knowing whether or not the insur-
ance premium accurately reflects the risk they face. Consequently, only farmers
bearing greater risks will purchase the coverage, generating an imbalance between
indemnities paid and premiums collected. Moral hazard similarly affects the in-
centive structure of the relationship between insurer and insured. After entering
the contract, the farmer’s incentive to take proper care of the crop diminishes,
while the insurer has limited effective means to monitor what may prove hazard-
ous behaviour by the farmer. Insurers may thus incur greater than anticipated loss-
es. Agricultural insurance is often characterized by high administrative costs, due,
in part, to the risk classification and monitoring systems that insurers must put in
place to forestall asymmetric information problems. Other costs include acquiring
the data needed to establish accurate premium rates and conducting claims adjust-
ments. As a percentage of the premium, the smaller the policy, typically, the larger
the administrative costs. Spatially correlated risk, moral hazard, adverse selection,
and high administrative costs are all important reasons why agricultural insurance
markets may fail.

Cognitive failure among potential insurance purchasers and ambiguity load-
ing on the part of insurance suppliers are other possible causes of agricultural in-
surance market failure. If consumers fail to recognize and plan for low-frequency,
high-consequence events, the likelihood that an insurance market will emerge di-
minishes. When considering an insurance purchase, the consumer may have dif-
ficulty determining the value of the contract or, more specifically, the probability
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and magnitude of loss relative to the premium (Kunreuther and Pauly 2001). Many
decision makers tend to underestimate their exposure to low-frequency, high-con-
sequence losses and thus are unwilling to pay the full costs of an insurance product
that protects them against these losses. Low-frequency events, even when severe,
are frequently discounted or ignored altogether by producers trying to determine
the value of an insurance contract. This happens because the evaluation of proba-
bility assessments regarding future events is complex and often entails high search
costs. Many people resort to various simplifying heuristics, but probability esti-
mates based on these heuristics may differ greatly from the true probability distri-
bution (Schade et al. 2002; Morgan and Henrion 1990).

Evidence indicates that agricultural producers forget extreme low-yield events.
The general finding regarding subjective crop-yield distributions is that agricul-
tural producers tend to overestimate the mean yield and underestimate the vari-
ance (Buzby et al. 1994; Pease et al. 1993; Dismukes et al. 1989). On the other side,
insurers will typically load premium rates heavily for low-frequency, high-conse-
quence events where considerable ambiguity surrounds the actual likelihood of
the event (Schade et al. 2002; Kunreuther et al. 1995). Ambiguity is especially seri-
ous when considering highly skewed probability distributions with long tails, as is
typical of crop yields. Uncertainty is further compounded when the historical data
used to estimate probability distributions are incomplete or of poor quality, a very
common problem in developing countries.

Small sample size creates large measurement error, especially when the under-
lying probability distribution is heavily skewed. Kunreuther et al. (1993) demon-
strate via experimental economics that when risk estimates are ambiguous, loads
on insurance premiums can be 1.8 times higher than when insuring events with
well specified probability and loss estimates. Together, these effects create a wedge
between the prices that farmers are willing to pay for catastrophic agricultural in-
surance and the prices that insurers are willing to accept. Thus, functioning pri-
vate-sector markets may fail to materialize or, if they do materialize, they may cov-
er only a small portion of the overall risk exposure (Pomareda 1986).

To better understand agricultural risk management markets and government
policies to facilitate access to risk management instruments, it is worthwhile to
analyze critically the experiences of some developed countries. The experiences of
the United States, Canada, and Spain are thus described for reference, but it is im-
portant to consider that these systems may not be replicable in or suitable for most
developing countries. In addition, many developed countries have involved market
support and income transfer programs that extend well beyond crop insurance. To
the extent they are based on farm income, these programs involve levels of protec-
tion against severe crop failures. The European community has extensive policies
focusing on income protection.

22.3
Crop Insurance Programs in Developed Countries

This section provides an overview of agricultural risk management programs
in three developed countries: the United States, Canada, and Spain. Substantial
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progress in developing commercial crop insurance markets has taken hold in
these countries through which agricultural producers may reduce yield and rev-
enue risk.

While these programs offer a variety of risk management products for farmers,
the programs require levels of government support unfeasible for most, especially
developing, countries.

22.3.1
The United States

In the United States, multiple peril yield and revenue insurance products are of-
fered through the Federal Crop Insurance Program (FCIP), a public/private part-
nership between the federal government and various private sector insurance com-
panies. The program seeks to address both social welfare and economic efficiency
objectives. With regard to social welfare, private companies selling federal crop in-
surance policies may not refuse to sell to any eligible farmer, regardless of past loss
history. At the same time, the program aims to be actuarially sound. Policies are
available for over one hundred commodities but in 2004 just four crops-corn, soy-
beans, wheat, and cotton-accounted for approximately 79 percent of the US$4 bil-
lion in total premiums. Excluding pasture, rangeland, and forage, approximately
72 percent of the national crop acreage is currently insured under the FCIP. About
73 percent of total premiums are for revenue insurance policies, while 25 percent
are for yield insurance policies.

Most ECIP policies trigger indemnities at the farm, or even sub-farm, level. Yield
insurance offers are based on a rolling four-to-ten-year average yield, known as the
actual production history (APH) yield. The federal government provides farmers
with a base catastrophic yield insurance policy, free of any premium costs. Farm-
ers may then choose to purchase, at federally subsidized prices, additional insur-
ance coverage beyond the catastrophic level. This additional coverage, often called
“buy-up” coverage, may be either yield or revenue insurance. Farm-level revenue
insurance offers are based on the product of the APH yield and a price index that
reflects national price movements for the particular commodity. For some crops
and regions, defined along county barriers, area yield and/or area revenue buy-up
insurance policies are offered through FCIP. On a per acre insured basis, area-level
insurance products tend to be less expensive than farm-level insurance products.
Thus, in 2004, area yield and area revenue policies accounted for 7.4 percent of to-
tal acreage insured but less than 3 percent of total premiums.

The U.S. government also provides a reinsurance mechanism that allows in-
surance companies to determine (within certain bounds) which policies they will
retain and which they will cede to the government. This arrangement is referred
to as the standard reinsurance agreement (SRA). The SRA is quite complex, with
both quota share reinsurance and stop losses by state and insurance pools; howev-
er, in essence, it allows the private insurance companies to adversely select against
the government. This is considered necessary since the companies do not estab-
lish premium rates or underwriting guidelines but are required to sell policies to
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all eligible farmers. The federal costs associated with the U.S. program have four

components.

1) Federal premium subsidies range from 100 percent of total premium for cat-
astrophic (CAT) policies to 38 percent of premium for buy-up policies at the
highest coverage levels. Across all FCIP products and coverage levels, the aver-
age premium subsidy in 2004 was 59 percent of total premiums.

2) The federal government reimburses administrative and operating expenses for
private insurance companies that sell and service FCIP policies. This reimburse-
ment is approximately 22 percent of total premiums.

3) The SRA has an embedded federal subsidy with an expected value of about 14
percent of total premiums.

4) The program, by law, can be considered actuarially sound at a loss ratio of 1.075.
This implies an additional federal subsidy of 7.5 percent of total premiums. On av-
erage, the federal government pays approximately 70 percent of the total cost for
the FCIP - farmer-paid premiums accounting for the remaining 30 percent. While
the direct farmer subsidy varies by coverage level, the United States has consistent-
ly passed legislation increasing the subsidy level to farmers for crop and revenue
insurance products. The rate of subsidy is one component that has influenced the
growth in overall premium. The growth in premium subsidy is greater than the
growth in farmer-paid premiums. The rate of subsidy increased in 1995 and 2001.

22.3.2
Canada

In 2003, Canada revised its agricultural risk management programs. The “Busi-
ness Risk Management” element of the new Agricultural Policy Framework (APF)
is composed of two main schemes: Production Insurance and Income Stabiliza-
tion. The Production Insurance (PI) scheme offers producers a variety of multiple-
peril production or production value loss products similar to many of those sold in
the United States. One major distinction, however, is that the Canadian program
is marketed, delivered, and serviced entirely and jointly by federal and provincial
government entities, although it is the provincial authorities who are ultimately
responsible for insurance provision. This allows provinces some leeway to tailor
products to fit their regions and to offer additional products. Production insurance
plans are offered for over one hundred different crops, and provisions have been
made to include plans covering livestock losses as well. Crop insurance plans are
available based on either individual yields (or production value in the case of cer-
tain items, such as stone-fruits) or area-based yields. Unlike the U.S. program, Ca-
nadian producers are not allowed to separately insure different parcels but rather
must insure together all parcels of a given crop type. This means that low yields on
one parcel may be offset by high yields on another parcel when determining wheth-
er or not an overall production loss has occurred. Insurance can also be purchased
for loss of quality, unseeded acreage, replanting, spot loss, and emergency works.
The latter coverage is a loss mitigation benefit meant to encourage producers to
take actions that reduce the magnitude of crop damage caused by an insured per-
il. Cost sharing between the federal government and each province for the entire
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insurance program was fixed at 60:40, respectively, in 2006. Federal subsidies as a
percentage of premium costs vary, however, from 60 percent for catastrophic loss
policies to 20 percent for low deductible production coverage. Combined, the fed-
eral and provincial governments cover approximately 66 percent of program costs,
including administrative costs. This is roughly equivalent to the percentage of to-
tal program costs borne by the federal government in the U.S. program. Provincial
authorities are responsible for the solvency of their insurance portfolio. In Canada,
the federal government competes with private reinsurance firms in offering deficit
financing agreements to provincial authorities.

Beginning in 2004, the Canadian Agricultural Income Stabilization (CAIS)
scheme replaced and integrated former income stabilization programs. CAIS is
based on the producer production margin, where a margin is defined as “allowable
farm income,” including proceeds from production insurance minus “allowable
(direct production) expenses.” The program generates a payment when a produc-
er’s current year production margin falls below that producer’s reference margin,
which is based on an average of the program’s previous five-year margins, less the
highest and lowest. One important feature of CAIS is that producers must par-
ticipate in the program with their own resources. In particular, a producer is re-
quired to open a CAIS account at a participating financial institution and deposit
an amount based on the level of protection chosen (coverage levels range from 70
percent to 100 percent of the “reference margin”). Once producers file their income
tax returns, the CAIS program administration uses the tax information to calcu-
late the producer’s program year production margin. If the program year margin
has declined below the reference margin, some of the funds from the producers’
CALIS accounts will be available for withdrawal. Governments match the produc-
ers’ withdrawals in different proportions for different coverage levels. The total in-
vestment by federal and provincial governments for the “business risk manage-
ment” programs is CANS$1.8 billion per year. In 2004, approximately CAN$600
million was provided by governments as insurance premium subsidies.

22.3.3
Spain

The Spanish agricultural insurance system is structured around an established
public/private partnership. On the public side is the National Agricultural Insur-
ance Agency (ENESA), which coordinates the system and manages resources for
subsidizing insurance premiums, and the Insurance Compensation Agency (Con-
sorcio de Compensacién de Seguros) that, together with private reinsurers, provides
reinsurance for the agricultural insurance market. Local governments are involved
only to the extent that they are allowed to augment premium subsidies offered at
the national level. On the private side, insurance contracts are sold by Agroseguro,
a coinsurance pool of companies that aggregates all insurance companies active
in agriculture. Farmers, insurers, and institutional representatives are all part of a
general commission hosted by ENESA that functions as the managing board of the
Spanish agricultural insurance system.
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Similar to programs in the United States and Canada, Spain’s combined program
offers insurance policies covering multiple perils. Policies are available for crops,
livestock, and aquaculture activities, with risks being pooled across the country
by Agroseguro. Compared to the United States and Canada, however, farmers’ as-
sociations are more actively involved in implementation and development of ag-
ricultural insurance. The government has reserves to cover extreme losses, and,
as a final resort, the government treasury covers losses that occur beyond these
reserves. Total premiums for agriculture insurance policies purchased reached
around US$550 million (€490 million) in 2003, of which approximately US$225
million (€200 million) or 41 percent of total cost, have been provided by the gov-
ernment (Burgaz 2004). The rationale behind subsidizing agricultural insurance is
that this outlay serves as a disincentive for the government to also provide free ad-
hoc disaster assistance. To reinforce the point, Spanish producers are ineligible for
disaster payments for perils for which insurance is offered. For non-covered perils,
ad hoc disaster payments are available, but only if the producer had already pur-
chased agricultural insurance for covered perils.

22.34
Experiences of developed countries provide inadequate models
for developing countries

For various reasons, developing countries should avoid adopting approaches to
risk management mirroring those adopted in developed countries. Clearly, devel-
oping countries are more limited by fiscal resources than are developed countries.
Even more importantly, the opportunity costs of employing those limited fiscal re-
sources are significantly greater. Thus, it is critical for developing country govern-
ments to consider carefully how much risk management support is appropriate and
how to leverage limited government dollars to spur insurance markets. In devel-
oped countries, government risk management programs are as much about income
transfers between economic sectors as they are about risk management. Develop-
ing countries cannot afford to facilitate similar income transfers, given the high
proportion of the population engaging in agriculture. On the other hand, because
large segments of developing country populations depend on agriculture or agri-
culture-related industries for their livelihoods, catastrophic agricultural losses will
have much greater relative impact on overall GDP as well on affected populations.

Policymakers should also carefully consider the varying structural character-
istics of agriculture in different countries. In general, farms in developing coun-
tries are significantly smaller than are farms in countries like the United States and
Canada. For traditional crop insurance products, smaller farms typically imply
higher administrative costs as a percentage of total premiums. A portion of these
costs is related to marketing and servicing (loss adjustment) insurance policies.
Another portion is related to the lack of farm-level data and cost-effective mecha-
nisms for controlling moral hazard.

Developing countries also have far less access to global crop reinsurance mar-
kets than do developed countries. Reinsurance contracts typically involve high
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transaction costs related to due diligence. Reinsurers must understand every as-
pect of the insurance product development and transaction process, including
contract design, pricing, underwriting and establishing controls against adverse
selection and moral hazard. Some minimum volume of business, or the prospect
for strong future business, must be present to rationalize incurring these largely
fixed transaction costs. For a global reinsurer to be willing to enter a market, the
enabling environment must foster confidence in contract enforcement and institu-
tional regulations. An enabling environment is, in fact, a prerequisite for effective
and efficient insurance markets, and these components are largely missing in de-
veloping countries. Setting rules and then precedents assuring that premiums will
be collected and indemnities paid is not a trivial undertaking. The alternative risk
management products discussed in Sections 22.4 and 22.5 are structured to over-
come many of these problems.

224
Weather index insurance alternatives

Given the problems with some traditional crop insurance programs in developed
countries, finding new solutions to help mitigate several aspects of the problems
outlined above has become critical. Index insurance products, designed to over-
come many of the problems plaguing multiple-peril farm-level crop insurance
products, offer some potential in this regard (Skees et al. 1999). These contingent
claims contracts base payments on an independent measure, such as rainfall or
temperature that is highly correlated with farm-level yield or revenue outcomes.
Unlike traditional crop insurance that attempts to measure individual farm yields
or revenues, index insurance makes use of variables exogenous to the individual
policyholder but have a strong correlation to farm-level losses. For most insurance
products, a precondition for insurability is that the loss for each exposure unit be
uncorrelated (Rejda 2001). For index insurance, a precondition is that risk be spa-
tially correlated. When vyield losses are spatially correlated, index insurance con-
tracts can be an effective alternative to traditional farm-level crop insurance. Index
products also facilitate transfer of risk into financial markets where investors ac-
quire index contracts as another investment in a diversified portfolio. In fact, index
contracts may offer significant diversification benefits, since the returns generally
should be uncorrelated with returns from traditional debt and equity markets.

22.41
Basic characteristics of an index

The underlying index used for index insurance products must be correlated with
yield or revenue outcomes for farms across a large geographic area. In addition, the
index must satisfy a number of additional properties affecting the degree of con-
fidence or trust that market participants have that the index is believable, reliable,
and void of human manipulation; that is, the measurement risk for the index must
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be low (Ruck 1999). A suitable index required that the random variable measured
meet the following criteria:

observable and easily measured;

objective;

transparent;

independently verifiable;

reportable in a timely manner (Turvey 2002; Ramamurtie 1999); and

stable and sustainable over time.

Publicly available measures of weather variables generally satisfy these properties.

For weather indexes, the units of measurement should convey meaningful in-
formation about the state of the weather variable during the contract period, and
they are often shaped by the needs and conventions of market participants. In-
dexes are frequently cumulative measures of precipitation or temperature dur-
ing a specified time. In some applications, average precipitation or temperature
measures are used instead of cumulative measures. New innovations in technol-
ogy, including sophisticated satellite imagery from which high resolution weath-
er data may be extracted and low-cost weather monitoring stations that can be
placed in many locations, will expand the number of areas in which weather
variables can be measured as well as of the types of measurable variables. Mea-
surement redundancy and automated instrument calibration further increase
the credibility of an index.

22.4.2
Structure of index insurance contracts

The terminology used to describe features of index insurance contracts resembles
that used for futures and options contracts rather than for other insurance con-
tracts. Rather than referring to the point at which payments begin as a trigger, for
example, index contracts typically refer to it as a strike. They also pay in increments
called ticks. Consider a contract being written to protect against deficient cumu-
lative rainfall during a cropping season. The writer of the contract may choose to
make a fixed payment for every one millimetre (mm) of rainfall below the strike. If
an individual purchases a contract where the strike is one hundred millimetres of
rain and the limit is fifty mm, the amount of payment for each tick would be a func-
tion of how much liability is purchased. There are fifty ticks between the one hun-
dred mm strike and fifty mm limit. Thus, if $50,000 of liability were purchased, the
payment for each one mm below one hundred mm would be equal to $50,000/(100
-50), or $1,000. Once the tick and the payment for each tick are known, the indem-
nity payments are easy to calculate. A realized rainfall of ninety mm, for example,
results in ten payment ticks of $1,000 each, for an indemnity payment of $10,000.
Figure 22.1 maps the payout structure for a hypothetical $50,000 rainfall contract
with a strike of one hundred mm and a limit of fifty mm.

In developed countries, index contracts that protect against unfavourable weath-
er events are now sufficiently well developed that some standardized contracts are
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traded in exchange markets. These exchange-traded contracts are used primarily by
firms in the energy sector, although the range of weather phenomena that might po-
tentially be insured using index contracts appears to be limited only by imagination
and the ability to parameterize the event. A few examples include excess or deficient
precipitation during different times of the year, insufficient or damaging wind, tropi-
cal weather events such as typhoons, various measures of air temperature, measures
of sea surface temperature, the El Nifio Southern Oscillation (ENSO) tied to El Nifio
and La Nifia, and even celestial weather events such as disruptive geomagnetic radia-
tion from solar flare activity. Contracts are also designed for combinations of weath-
er events, such as snow and temperature (Dischel 2002; Ruck 1999).

The potential for the use of index insurance products in agriculture is thus sig-
nificant (Skees 2003). A major challenge in designing an index insurance product
is minimizing basis risk. Basis risk refers to the potential mismatch between index
triggered payouts and actual losses. It occurs when an insured has a loss and does
not receive an insurance payment sufficient to cover the loss (minus any deductible)
or when an insured has a loss and receives a payment that exceeds the amount of
loss. Since index-insurance indemnities are triggered by exogenous random vari-
ables, such as area yields or weather events, an index-insurance policyholder can
experience a yield or revenue loss and not receive an indemnity. The policyholder
may also experience no yield or revenue loss and still receive an indemnity. The ef-
fectiveness of index insurance as a risk management tool depends on how positive-
ly correlated farm yield losses are with the underlying index. In general, the more
homogeneous the area, the lower the basis risk and the more effective area-yield
insurance will be as a farm-level risk management tool. Similarly, the more closely
a given weather index actually represents weather events on the farm, the more ef-
fective the index will be as a farm-level risk management tool.
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22.4.3
Relative advantages and disadvantages of index insurance

Index insurance can sometimes offer superior risk protection compared to tra-
ditional farm-level, multiple- peril crop insurance. Deductibles, co-payments, or
other partial payments for loss are commonly used by farm-level, multiple-peril
insurance providers to mitigate asymmetric information problems such as adverse
selection and moral hazard. Asymmetric information problems are much lower
with index insurance because, first, a producer has little more information than the
insurer regarding the index value, and second, individual producers are generally
unable to influence the index value. This characteristic of index insurance means
that there is less need for deductibles and co-payments. Similarly, unlike tradition-
al insurance, few restrictions need be placed on the amount of coverage an individ-
ual purchases. As long as the individual farmer cannot influence the realized value
of the index, liability need not be restricted. An exception occurs when govern-
ments offer premium subsidies as a percentage of total premiums. In this case, the
government may want to restrict liability (and thus, premium) to limit the amount
of subsidy paid to a given policyholder. As more sophisticated systems, such as
satellite imagery, are developed to measure events causing widespread losses, in-
dexing major events should become more straightforward and quite acceptable to
international capital markets. Under these conditions, traditional reinsurers and
primary providers may begin offering insurance in countries they would have nev-
er previously considered. New risk management opportunities can develop if rel-
evant, reliable, and trustworthy indexes can be constructed.

22.4.4
The trade-off between basis risk and transaction costs

Among the most significant issues for any insurance product is the question of how
much monitoring and administration is needed to keep moral hazard and adverse
selection to a minimum. To accomplish this goal, coinsurance and deductibles are
used so that the insured shares the risk and any mistakes in offering too gener-
ous coverage are mitigated. Considerable information is needed to tailor insurance
products and to minimize the basis risk even for individual insurance contracts.
Increased information gathering and monitoring involve higher transaction costs,
which convert directly into the higher premiums needed to cover them. Index in-
surance significantly reduces these transaction costs and can be written with low-
er deductibles and without introducing coinsurance. When farm yields are highly
correlated with the index being used to provide insurance, offering higher levels
of protection can result in risk transfer superior even to individual multiple-per-
il crop insurance (Barnett et al. 2005). The direct trade-oft between basis risk and
transaction costs has implications for achieving sustainable product designs and
for outlining the role of governments and markets. Section 21.5 will introduce the
idea of layering risk — an approach that also greatly depends on understanding the
trade-off between basis risk and transaction costs. Under the risk-layering exercise,
at least one party is assumed to accept a certain degree of basis risk at each layer of
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the risk transfer if the product is to be both sustainable and affordable. Otherwise,
extremely high, and most likely, unaffordable transaction costs must be paid for
products specifically designed to minimize or nullify basis risk. In effect, the social
cost of having products with some basis risk may be significantly lower than the so-
cial cost of having products with no basis risk but high transaction costs.

22.4.5
Where index insurance is inappropriate

As with traditional crop insurance, index insurance contracts are not suitable for
all agricultural producers. Many agricultural commodities are grown in microcli-
mates. For example, coffee grows on mountainsides in countries with varied cli-
mates, and fruit such as apples and cherries also commonly grow in areas with very
large differences in weather patterns within only a few miles. In highly spatially
heterogeneous production areas, basis risk will likely be so high as to make index
insurance problematic. Under these conditions, index insurance will work only if
itis highly localized and/or can be written to protect only against the most extreme
loss events. Even in these cases, it may be critical to tie index insurance to lending,
since loans are one method of mitigating basis risk.

Opver fitting the data is another concern with index insurance. If one has a lim-
ited amount of crop yield data, fitting the statistical relationship between the index
and those limited data can become problematic. Small sample sizes and fitting re-
gressions within the sample can lead to complex contract designs that may or may
not be effective hedging mechanisms for individual farmers. Standard procedures
that assume linear relationships between the index and realized farm-level losses
may be inappropriate. While scientists are tempted to fit complex relationships to
crop patterns, interviews with farmers may reveal more about the types of weath-
er events of most concern. When designing a weather index contract, one may be
tempted to focus on the relationship between weather events and a single crop.
When it fails to rain for an extended period of time, however, many crops will be
adversely affected. Likewise, when it rains for an extended period of time, result-
ing in significant cloud cover during critical photosynthesis periods, a number of
crops may suffer.

Finally, when designing index insurance contracts, significant care must be tak-
en to assure that the insured has no better information about the likelihood and
magnitude of loss than does the insurer. Farmers’ weather forecasts are often high-
ly accurate. Potato farmers in Peru, using celestial observations and other indica-
tors in nature, are able to forecast El Niflo at least as well as many climate experts
(Orlove et al. 2002). In 1988, an insurer offered drought insurance in the U.S. Mid-
west. As the sales closing date neared, the company noted that farmers were sig-
nificantly increasing their purchases of these contracts. Rather than recognize that
these farmers had already made a conditional forecast that the summer was going
to be very dry, the company extended the sales closing date and sold even more
rainfall insurance contracts. The company experienced very high losses and was
unable to meet the full commitment of the contracts. Rainfall insurance for ag-
riculture in the United States suffered a significant setback. The lesson learned is
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that when writing insurance based on weather events, it is crucial to be diligent
in following and understanding weather forecasts and any relevant information
available to farmers. Farmers have a vested interest in understanding the weather
and climate. Insurance providers who venture into weather index insurance must
know at least as much as farmers do about conditional weather forecasts. If not, in-
tertemporal adverse selection will render the index insurance product unsustain-
able. These issues can be addressed; typically, the sales closing date must be estab-
lished in advance of any potential forecasting information that would change the
probability of a loss beyond the norm. But beyond simply setting a sales closing
date, the insurance provider must have the discipline and the systems in place to
ensure that no policies are sold beyond that date.

22.5
Application of weather index insurance in developing countries:
The role of government

Should the lack of effective private-sector agricultural insurance markets in de-
veloping countries be addressed through government intervention? High trans-
actions costs preclude emergence of many markets, but this does not necessarily
justify government intervention. In the case of high-frequency, low-consequence
losses, government intervention is likely to distort incentives and create rent-seek-
ing opportunities, possibly to an extent that actually reduces net social welfare.
Instead, farmers can employ other risk management mechanisms to cover these
losses. In fact, insurance products for high-frequency, low-consequence losses are
seldom offered because the transaction costs associated with loss adjustment ren-
ders the insurance cost prohibitive for most potential purchasers. Governments
may have no inherent advantage over markets in trying to facilitate the provision
of individual farm-level yield or revenue insurance products. The private sector
typically does not provide these insurance products in part because of information
asymmetries that cause moral hazard and adverse selection problems (Miranda
and Glauber 1997); it is difficult to see how a government provider would have any
advantage in addressing this problem.

22.5.1
Premise: The concept of risk layering

Segmenting risk into different “layers” is a key risk management principle. Consid-
er, for example, Figure 22.2, which shows the probability distribution for average
April to October rainfall at thirteen weather stations in Malawi (Rejda 2001). Sup-
pose that farmers start incurring production losses whenever rainfall is less than
one thousand millimetres. The domain of losses might be segregated into three risk
layers, with different entities holding each layer:

e For rainfall in excess of 700 mm, farmers would retain the loss risk, either indi-

vidually or with financial service providers: the risk retention layer.
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e For rainfall between 500 and 700 mm, the risk would be transferred to an in-
surance company via a weather index insurance product: the market insurance
layer.

e For rainfall levels below 500 mm, the risk in this example would not be insured
due to cognitive failure and ambiguity loading: the market failure layer.

Farmers would absorb losses in the risk retention layer using self-insurance strate-
gies such as those described in Chapter 22.2. Strategies for effectively transferring
the other risk layers are described below.

Referring again to Figure 22.2, suppose that an insurance provider writes a rain-
fall index insurance contract with a strike of 700 mm and a limit of 500 mm. Lim-
its are commonly used by weather index insurance writers to avoid open-ended
exposure to catastrophic weather events. The insured would select the amount of
insurance (the liability) and the payment per tick would be calculated using this
formula.

. Liability

Payment per Tick = Timit—Strike
Assume that a farmer has a crop with an expected value of $15,000. At only 500
mm of rainfall, the farmer is estimated to lose two-thirds of the value of the crop.
Thus, the farmer purchases $10,000 of liability, with a payment for each tick (each
mm of rainfall) of fifty ($10,000 divided by (700 x 500)). If the realized value for the
rainfall index is 600 mm, for example, the indemnity will be $5,000 ((700 x 600)
$50) (Barnett et al. 2005). The limit of 500 mm caps the insurance provider’s loss
exposure on the index insurance product. Without the limit, the contract would be
extremely expensive, since it would protect against losses in the extreme lower tail
of the probability distribution. Buyers would exhibit cognitive failure regarding

Average April to October Rainfall for Thirteen Malawi Weather Stations
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Figure 22.2. Average April to October rainfall for thirteen Malawiweather stations
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the probability of events with less than 500 mm of rainfall, while insurance pro-
viders would load the premium for ambiguity regarding these same events. Thus,
even if insurance was available to protect against rainfall events of less than 500
mm, few transactions would be likely, since the premium would exceed most buy-
er’s willingness to pay.

Market failure layer: At the catastrophic loss layer represented by market failure,
private decision makers will likely not purchase adequate insurance due to cogni-
tive failure, ambiguity loading of premiums rates, and perhaps, expectations of
government or donor disaster relief. Some form of government intervention may
be required to facilitate adequate transfer of the risk.

22.5.2
Policy instruments

Risk layering provides an helpful conceptual framework for thinking about gov-
ernment intervention in risk transfer markets. The discussion of the market in-
surance layer described situations in which government packaging or pooling of
risk could potentially reduce the transaction costs associated with risk transfer and
thus the premiums paid by end users. This section explores other possible govern-
ment interventions, including government facilitation of risk transfer in the mar-
ket failure layer, the role of government subsidies in risk transfer markets, and po-
tential uses of index insurance instruments to finance government disaster relief
and safety net policies.

22.5.2.1
Government Disaster Option for CAT Risk: A Policy for the Market Failure Layer

Cognitive failure and ambiguity loading occur primarily with events in the ex-
treme tail of the loss distribution, the area previously termed the market failure
layer. For this reason, and as a substitute for ad hoc disaster relief payments, gov-
ernments may decide to co-finance risk transfer mechanisms for these events. A
government, for example, could design Disaster Option for CAT risk (DOC) index
reinsurance contracts for catastrophic risks. Returning to the example in Figure
22.2,a DOC could insure against rainfall less than 500 mm with a payment per tick
of say, US$50. Primary insurers could then offer coverage beyond the earlier im-
posed limit of 500 mm and transfer the catastrophic tail risk to the government us-
ing the DOC. Even if primary insurers are selling traditional crop insurance, they
could use a DOC to transfer part of the catastrophic tail risk in their portfolio of
crop insurance policies (Schade et al. 2002). DOCs could be offered for a variety of
strikes and settlement weather stations, as long as the coverage is for catastrophic
risk layers and can be offset in international weather risk markets. The government
could even offer other DOC indexes (for example, excess rainfall or wind speed) to
reinsure other lines of insurance, such as property and casualty. The government
would reinsure DOCs in international reinsurance or capital markets using any of
the three risk transfer strategies described earlier (Skees and Barnett 1999). Since
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DOCs would address only extreme catastrophic loss events, reinsurance premium
rates would likely contain an ambiguity load. Premiums could be subsidized to off-
set part of this ambiguity load so that DOC purchasers would pay something closer
to a pure premium rate (Skees 2003). DOCs could be tailor-made to individual in-
surers’ needs; for example, DOCs could be based on individual weather stations or
written as regional weighted average baskets of weather stations. Strikes should be
set so that the DOC covers only infrequent events (for example, events with an ex-
pected frequency of once every thirty years or less). This is the domain of the prob-
ability distribution over which potential insurance purchasers tend to experience
cognitive failure and insurance providers engage in ambiguity loading. Primary in-
surers and ultimately insured parties would pay a premium for this catastrophic
protection, but it would be significantly less than what the market would charge.
Those who reinsure DOC contracts will insist on verifying the credibility of the un-
derlying indexes. The premium required to transfer the risk to international mar-
kets would provide a baseline for setting DOC premium rates. The risk-layering ap-
proach proposed here would institutionalize the social role of government in sub-
sidizing extreme risk events at the local level. Premium rates could be subsidized to
offset ambiguity loading. Furthermore, by organizing DOC contracts at the local
level, victims of isolated severe events that fail to capture national policymakers’ at-
tention could still receive some structured assistance. The following list summarizes
the major advantages of offering index-based DOCs:

e DOC contract provisions established ex ante allow for better planning than do
ad hoc disaster payments.

e DOCs provide a structure that provides more spatial and temporal equity in
government disaster assistance.

e DOC:s facilitate commercial insurance product development by providing a
means by which catastrophic risk layers can be effectively transferred into inter-
national markets.

e DOCs can be subsidized to address the market failure associated with ambigu-
ity loading and cognitive failure.

e Governments can estimate their own DOC subsidy cost exposure based on actuar-
ial estimates of the risk inherent in the index. Reinsurance coverage adds a market
check on the credibility of the index and the adequacy of DOC premium rates.

e While DOCs may be partially subsidized, end users still pay part of the cost to
transfer the risk into international markets. This reduces the potential for per-
verse incentives that could encourage excessive risk taking.

22.5.2.2
Justification for government involvement

In the case of low-frequency, high-consequence loss events, however, government in-
tervention may be justified. As explained in the Section 21.2 on production/weath-
er risk management, research suggests that many decision makers tend to underes-
timate their exposure to low-frequency, high-consequence losses - a tendency that
is reinforced when the decision-maker believes the government will provide assis-
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tance in the event of a disaster. Thus, producers thinking in this way will be un-
willing to pay the full costs of insurance products that protect against these losses.
Those who do buy insurance against low-frequency, high-consequence losses often
cancel the policy if they do not receive an indemnity for an extended period. Thus,
it seems that successful agricultural insurance products must be constructed so
that they make indemnity payments with reasonable frequency, for example, once
every seven or ten years. On the supply side, insurers will typically load premium
rates heavily for low-frequency, high-consequence loss events where considerable
ambiguity surrounds the actual likelihood of the event. Together, these effects cre-
ate a gap between the prices farmers will pay for catastrophic agricultural insur-
ance and the prices insurers will accept. Thus functioning private sector markets
fail to materialize, or, if they do materialize, they cover only a small portion of the
overall risk exposure. This type of market failure is commonly cited as justification
for government interventions to facilitate provision of products or services not oth-
erwise provided (or provided in sufficient quantity) by private markets.

Subsidies for catastrophic reinsurance are a type of government intervention
that can facilitate the provision of insurance for low-frequency, high-consequence
loss events. Hardaker et al. (2004), provide the following arguments for such an
approach:
¢ Governments already provide disaster relief, even though providing assistance

through reinsurance might be more efficient;

e The financial involvement of a government may address the moral hazard prob-
lem: many catastrophes can either be prevented or magnified by government
policies or lack thereof. For example, governments that are financially responsi-
ble for some losses might provide incentive for putting appropriate hazard man-
agement and mitigation measures in place;

e A government’s financial involvement in reinsurance may reduce political pres-
sure to provide distorting and often capricious ad-hoc disaster relief;

e Governments can potentially provide reinsurance more economically than can
commercial reinsurers. A government’s advantages, including its deep credit ca-
pacity and unique position as the country’s largest entity, enable it to spread
risks more broadly. If governments are to intervene in agricultural insurance
markets, the social benefits of reducing the inefficiencies brought on by risk
must outweigh the social cost of making agricultural insurance work.

22.5.2.3
Policy objectives

Governments that seek to spur growth and eradicate poverty almost inevitably

mix economic policies meant to enhance efficiency and growth with social policies

meant to address poverty and vulnerability. Governments also often pursue equity

or income redistribution objectives. Thus, government policies related to agricul-

ture and rural areas tend to pursue the following objectives:

o Growth. Economic growth in rural areas—particularly, higher agricultural yields
and value-added processing as well as development of off-farm activities—is per-
ceived to be the best way out of poverty in the medium-term. While better in-
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centives for market players and an enabling infrastructure are key drivers, bet-
ter management of agricultural production risk is also critical for growth, as it
enhances access to credit and adoption of new technologies.

e Reduction of poverty and vulnerability in rural areas. To achieve social and eq-
uity goals, governments directly intervene in a targeted manner, because free
markets do not necessarily alleviate poverty for those in society who cannot
effectively participate in them. Safety nets provide one tool for such govern-
ment intervention.

22.5.2.4
Implementing policy objectives

Given the limited resources in developing countries and the existence of other sec-
tors requiring government attention, these objectives are typically pursued with-
in an environment of binding fiscal constraints. The two objectives target differ-
ent segments of the rural population and different risk profiles. Growth objectives
focus on increasing profitability so that less poor farmers can continue adopting
production technologies even when high-frequency, low-consequence loss events
occur. Poverty reduction policies seek to increase the average income of poor farm-
ers, thus decreasing the volatility of their income and the likelihood that a risk
event will wipe out hard-won asset gains.

A precondition for achieving sustainable growth and poverty reduction is an ex-
ante system for disaster risk management. Disaster risk management covers severe
and very infrequent events affecting mostly the poor, because the poor are more
vulnerable and tend to live in marginal and more risk exposed areas. Susceptibil-
ity to and the experience of major natural disasters tend to trap people in poverty,
due to the lack of efficient risk management at the household level. Government di-
saster challenge is to deliver timely and predictable aid in disaster situations. This
requires ex-ante planning rather than just ex-post disaster responses. This also im-
plies efforts to forestall political demands for ex-post, ad hoc government disaster
assistance. Indeed, a credible and reliable disaster risk management system can put
farmers and countries on a higher growth path by making people more comfort-
able with taking calculated and protected risks.

Naturally growth and poverty-reduction objectives overlap, but this makes
it even more important to identify clear objectives and to design effective and
cost-efficient ways to achieve them. Mixing objectives can lead to suboptimal
outcomes. Many government-facilitated crop insurance programs, for example,
attempt to accomplish social welfare and economic efficiency objectives simul-
taneously.

22.5.2.5
Subsidies

Governments frequently subsidize agricultural insurance products. These subsi-
dies take a variety of forms. The government may co-finance insurance purchas-
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ing with direct premium subsidies, reimburse primary insurers for administrative
or product development costs, or provide reinsurance at below-market premium
rates. Regardless of the form, government subsidies are generally designed to in-
crease insurance purchasing by lowering the premiums charged to agricultural in-
surance buyers. Such subsidies are extremely controversial, and for some, are seen
to benefit operators of larger farms more than those of smaller farms. A wide range
of stakeholders can and will engage in rent-seeking once subsidies are introduced.
Subsidies are costly to maintain and are subject to close scrutiny regarding social
costs versus social benefits. Many times, subsidies are provided based on the ratio-
nalization that agricultural insurance markets are missing or incomplete, without
careful consideration of the core reasons why such market limitations exist. This
document has carefully considered why agricultural insurance is missing or in-
complete in many settings: adverse selection and moral hazard, high transaction
costs, cognitive failure and ambiguity loading, and exposure to highly correlated
loss events. Any government subsidies should be carefully targeted to address one
of these specific sources of market failure. Even then, however, the costs of address-
ing that market failure may simply be too high to justify use of limited government
resources to that end. The rents resulting from even the most carefully targeted
subsidies can still be captured by politically powerful elites. Government insur-
ance subsidies may crowd out demand for private sector risk transfer instruments.
Any efforts to facilitate the provision of risk transfer instruments should be based
on careful consideration of whether subsidies or grants can be provided without
distorting or inhibiting the growth of private sector financial markets.

Some types of subsidies are likely to be less distorting than others. Subsidies
and grants for supporting financial intermediaries and financial infrastructure,
such as technical assistance and data systems needed to develop effective index in-
surance products, generally create little distortion. Beyond distortions in the mar-
kets, legitimate reasons exist for supporting infrastructure to improve market ac-
cess among the rural poor. Finally, some public support for product development
may be justifiable because of the free rider problem. Innovative insurance products
are costly to develop, yet it is difficult to recoup these costs in a competitive mar-
ket. Any firm can simply copy and compete with the new product without the ex-
pense of recovering product development costs. Unfamiliarity with index insur-
ance products can heighten these problems in many developing countries. Exam-
ples of subsidies for financial intermediaries and infrastructure include:
¢ Providing technical assistance to financial intermediaries to improve systems

that enhance efficiency, such as management information systems;

Developing and introducing demand-driven products on a pilot basis;

Helping to develop or improve service delivery mechanisms that enable greater

outreach into rural areas;

e Covering a portion of the cost of establishing new branches in areas lacking fi-
nancial intermediaries to serve the poor;

Creating capacity within regulatory and supervisory bodies;

Supporting the creation of industry associations;

Developing training institutes and insurance information agencies;
Supporting data for weather stations or other data to be used to develop effective
indexes; and
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e Providing technical assistance to develop new products in an emerging market
in developing countries.

22.5.2.6
Premium Subsidies

While it is common for developed countries to co-finance premiums for farmers
with direct premium subsidies, these types of subsidies are particularly problem-
atic. Generally, direct premium subsidies reflect income enhancement objectives as
much or more than they do risk management objectives. Such subsidies are typi-
cally provided on a percentage basis. This clearly benefits higher risk areas relative-
ly more than lower risk areas. Even attempts to subsidize to levels that represent a
pure premium or expected loss basis may favour higher risk areas relatively more
than lower risk areas, since in a commercial market, premium rates for higher risk
areas would likely contain higher catastrophic loads. Thus, any attempt to intro-
duce premium subsidies will likely be distorting. In principle, if subsidies are tar-
geted to the market failure layer, as described above, market distortions should
be minimal. Given the ambiguity loading and cognitive failure that occur in this
layer, carefully targeted subsidies may even be welfare enhancing. For the market
insurance layer, however, subsidies should, in general, be avoided. Any subsidies
in the market insurance layer should be targeted to reducing uncertainty loads
in premium rates. Commercial insurers will tend to load premium rates based on
the quantity and quality of data used to generate pure premium rates. The better
(worse) the data used to generate the pure premium rates, the lower (higher) the
premium load. These loads could be offset with co financing from donors. Here
again, however, governments should be very clear about the level of these subsidies
and the intent behind them.

22.6
Overview of ongoing agricultural risk pilot programs

22.6.1
India

In 1991, a household survey in India addressing rural access to finance revealed
that barely one-sixth of rural households had loans from formal rural finance
institutions and that only 35 to 37 percent of the actual credit needs of the ru-
ral poor were being met through these formal channels (Hess 2003). These find-
ings implied that over a half of all rural household debt was to informal sourc-
es, such as moneylenders charging annual interest rates ranging from 40 to 120
percent. A survey based on the Economic Census of 1998 (Hess 2003) showed
that India’s formal financial intermediaries reportedly met only 2.5 percent of
the credit needs of the unorganized sector through commercial lending pro-
grams. In this context, the CRMG, in collaboration with the Hyderabad-based
microfinance institution BASIX and the Indian insurance company ICICI Lom-
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bard, a subsidiary of ICICI Bank, initiated a project to explore the feasibility of
weather insurance for Indian farmers and to determine if, by reducing exposure
to weather risk, it would be possible to extend the reach of financial services to
the rural sector.

22.6.2
Malawi

Malawi and SADC: weather risk transfer to strengthen livelihoods and food security

22.6.2.1
Country context and risk profile

Malawi is dominated by smallholder agriculture, cultivating mostly maize - the
staple food. Maize is very weather sensitive and requires a series of inputs. The
economy and livelihoods are affected by rainfall risk (and resulting food insecuri-
ty), soil depletion, lack of credit, and limited access to inputs. Malawi suffers seri-
ous capacity constraints because it is ravaged by poverty and AIDS. Very few peo-
ple have the energy and sKkills to build financial service programs.

22.6.2.2
Current response

Malawi used to have a paternalistic state culture. The role of the state in agricultur-
al marketing (mainly tobacco, and also maize) is still strong and therefore, prices
are not free and smallholder incentives are distorted due to food aid and the state
marketing board sale of subsidized maize. The state and donors respond to recur-
rent drought-induced food crises by ad hoc disaster relief programs.

22.6.2.3
Proposed agricultural risk management structures

Micro-level: At the farm level, weather-based index insurance allows for more sta-
ble income streams and could thus be a way to protect peoples’ livelihoods and im-
prove their access to finance. The Government of Malawi has supported the imple-
mentation of an index-based weather insurance program at the smallholder level.
In 2005, 900 groundnut farmers in Malawi bought weather insurance to increase
their ability to manage drought risk and in turn access credit for better inputs. Na-
tional Smallholder Farmer Association of Malawi, in conjunction with the Insur-
ance Association of Malawi and the CRMG of the World Bank, designed an in-
dex-based weather insurance contract that would payout if the rainfall needed for
groundnut production in four pilot areas was insufficient for groundnut produc-
tion. Because these weather contracts could mitigate the weather risk associated
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with lending to farmers, Opportunity International Bank of Malawi and Malawi
Rural Finance Corporation agreed to lend farmers the money necessary to pur-
chase higher-yielding certified groundnut seed if the farmers bought weather in-
surance as part of the loan package. Given the success of 2005 pilot, 2500 farmers
secured weather insurance-linked crop production loans for groundnut and hy-
brid maize in 2006, in a second pilot involving the same stakeholders. It is recog-
nized that more weathers stations are required so that farmers in more locations
can access insurance. To address this issue the Government of Malawi installed
two new automatic weather stations and together with CRMG invested in creation
of synthetic historical data at these sites. For the 2006/2007 pilot, one of these two
new stations allowed previously excluded farmers to access weather insurance and
input financing and the products were sold in five areas in 2006. There are plans
to expand the pilot in 2007. CRMG and DECRG of the World Bank conducted a
baseline survey partnering with the International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) in 2006 to begin monitoring and evaluating the pro-
gram (World Bank 2001).

Macro-level: A specific nationwide maize production index for the entire coun-
try could form the basis of an index-based insurance policy or an objective trigger
to a contingent credit line for the government in the event of food emergencies that
put pressure on government budgets. Applying the approach outlined above to the
macro-level situation, we can define a Malawi Maize Production Index (MMPI) as
the weighted average of farmer maize indexes measured at weather stations locat-
ed throughout the country, with each station’s contribution weighted by the cor-
responding average or expected maize production in that location. Given the ob-
jective nature of the MMPI, and the quality of weather data from the Malawi Me-
teorological Office, such a structure could be placed in the weather risk market.
Analysis shows that Malawi could need up to US$70 million per year to financially
compensate the government in case of an extreme food emergency (World Bank
2001). The Government of Malawi has recently expressed interest in engaging in
such a drought risk management program and with assistance from the World
Bank'. The proposal is to pilot the use of an index-based insurance contract to
transfer the financial risk of severe and catastrophic national drought that adverse-
ly impacts the Government’s budget to the international risk markets. The aim of
such a contract would be to secure timely and reliable funds for the Government
if a contractually specified severe and catastrophic shortfall in precipitation oc-
curs during the agricultural season, as measured by weather stations throughout
the country. Access to such contingency funds in a time of crisis would gener-
ate a supplemental source of emergency financing in May to complement existing
budget resources, giving the Government more flexibility in its drought response
and enhancing the Government’s ability to launch an efficient and cost-effective
drought response.

The weather index/drought risk management approach suggested for Malawi is
one that could be extended to a regional level to include all members of SADC at
some point in the future. Weather risk can be retained and managed internally if
the areas under management are significantly diverse in their weather risk char-

! CRMG, January 2007.
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acteristics. This immediately suggests that the weather sensitivity of neighboring
countries, the SADC members, must be taken into account when considering Ma-
lawi’s weather risk profile and its need for outside insurance. Analysis of the SADC
region shows that on average, two countries suffer a drought each year (Hess and
Syroka 2005). However, the distribution of drought events in SADC is extremely
long-tailed, with the possibility of widespread drought events that could potential-
ly devastate the region. This indicates that the most efficient way to layer and thus
manage the risk is as follows:

SADC Fund: If the average financial impact of four average droughts in the
region is approximately US$80 million for example, this could be the size of the
SADC fund, with each member contributing its share determined by an actuarially
fair assessment of the expected claim of each country.

Reinsurance and/or contingent credit lines: SADC-wide events incurring a fi-
nancial loss of say US$80-350million could be transferred to the weather-risk re-
insurance/professional investor market. Alternatively, the SADC members could
have access to a World Bank contingent credit line in such situations.

Securitization: The final and extreme layer of risk, such as drought in 10 coun-
tries, occurring 1 percent of the time, could be securitized and issued as a CAT
bond (investors lose the principal if the event occurs in exchange for a higher cou-
pon) in the capital markets. The advantage of capital markets for this risk transfer
is the immense financial capacity of these markets and also the longer tenure of
CAT bonds - up to three years, possibly longer.

A more efficient means of transferring risk implies that costs could be greatly
reduced for the member countries by transferring risk as part of a regional strategy
rather than by transferring that risk one country at a time. For example, the SADC
fund approach above would reduce insurance costs by 22 percent for Malawi due
to risk pooling effects (Hess and Syroka 2005).

22.7
Conclusions

Agricultural producers and other rural residents are often exposed to a variety of
biological, geological, and climatic factors that can negatively affect household in-
come and/or wealth, as well as tremendous variability in output and/or input pric-
es. Given this environment, risk-averse individuals often make investment deci-
sions that reduce risk exposure but also reduce the potential for income gains and
wealth accumulation. Thus, risk contributes to the “poverty trap” experienced by
rural people in many developing countries. For a variety of reasons, markets for
transferring these risks are typically either very limited or nonexistent. This “mar-
ket failure” has stimulated a number of policy responses. Many developed coun-
tries have highly subsidized, farm-level agricultural insurance programs. Critics
argue that, in addition to being very expensive, these programs stimulate rent-
seeking activity, are highly inefficient, and may actually increase risk exposure by
encouraging agricultural production in high-risk environments. Given fiscal con-
straints in most developing countries, highly subsidized, farm-level agricultural
insurance programs are not a realistic policy option. Index-based insurance prod-
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ucts have been proposed as an alternative risk-transfer mechanism for rural areas
in developing countries. While not a panacea for all risk problems, index-based in-
surance products may prove to be valuable instruments for transferring the finan-
cial impacts of low-frequency, high-consequence systemic risks out of rural areas.
For a variety of reasons, however, government intervention may be required to gen-
erate socially optimal quantities of risk transfer. Governments must carefully con-
sider the extent and nature of any intervention in markets for index-based insur-
ance products. These efforts can be facilitated by international organizations policy
advice, lending instruments, technical support (WMO and FAO in particular) and
monitoring and evaluation systems.
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CHAPTER 23

Weather Risk Insurance for Coping with Risks
to Agricultural Production

Pranav Prashad

23.1
Weather and Indian Agriculture

Indian agriculture has high dependence on weather, especially monsoons. A caus-
al analysis of agricultural losses as compiled by General Insurance Corporation of
India’s crop insurance cell (Table 23.1) shows that a major reason of crop losses can
be attributed to weather vagaries.

23.2
Introduction to Weather Insurance

As the name suggests, Weather Insurance is an insurance coverage against the
vagaries of weather. It is an insurance product based on a weather index, hence,
provides financial protection based on the performance of specified index in rela-
tion to a specified trigger. Detailed correlation analysis is carried out to ascertain
the way weather impacts yields of the crops to arrive at compensation levels. The
weather indices could be deficit/excess rainfall, extreme fluctuations of tempera-
ture, relative humidity and/or a combination of above.

23.2.1
Process of making an index based product

The steps involved in the development and implementing an index based insurance
programme are:

Table 23.1. Major causes of agricultural losses in India (Source: Varsha Bonds and Options -
Rajas Parchure)

Cause Proportion of Loss
Drought / Low Rainfall 0.7
Floods / Excess Rainfall 0.2
Others* 0.1

*(Storms, Pests, Negligence, Earthquakes)
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23.2.1.1
Peril Identification

Peril identification involves appreciation of agronomic properties of the crops or
nature of the economic activity. Detailed correlation analysis is carried out to as-
certain the way weather impacts yields of the crops/ output of other economic ac-
tivities.

23.2.1.2
Index Setting

The index is created by assigning weights to critical time periods of crop growth.
The past weather data are mapped on to this index to arrive at a normal threshold
index. The actual weather data are then mapped to the index to arrive at the actual
index level. In case there is a material deviation between the normal index and the
actual index, compensation is paid out to the insured on the basis of a pre-agreed
formula.

23.2.1.3
Back testing for payouts

In order to ensure the robustness of the structure, the normal index is extensively
tested based on historical data to ascertain if the payouts made on the basis of the
chosen indices would have adequately indemnified the loss in the past or not.

23.2.1.4
Pricing

Pricing is determined based on components of expected loss, volatility of historical
losses and management expenses.

23.2.1.5
Monitoring

This entails collection of weather data during the policy period and concurrent as-
sessment of the ground conditions.

23.2.1.6
Claims Settlement

The claim settlement is a hassle-free process, as the beneficiary is not required to
file a claim for loss to receive a payout. Instead ICICI Lombard compensates the
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beneficiary at the end of the crop season for any deviations from the normal condi-
tions on the basis of the data collected from an independent source accessible to all,
like a local weather station, thus removing the need for carrying out field surveys.

23.3
Advantages of Index based Insurance products
like Weather Insurance

Index based insurance products like weather insurance carry the following advan-
tages:
e Along term sustainable solution
e A market-based alternative to traditional crop insurance, which overcomes
challenges of
- High monitoring and administrative cost
- Moral hazard and adverse selection
e Transparency - replaces human subjective assessment with objective weather
parameters
e Scientific way of designing product
Simple terms of insurance delivery
Speedy claims settlement process

Weather insurance has multiplier effect on the economy as it enables access to fac-
tors of production. Adequate protection offered through the weather insurance
product enhances the risk taking capacity of the farmers, banks, micro-finance
lenders and agro-based industries. This in turn would result in boosting the entire
rural economy.

Further, as the product is developed on the foundation of universally accept-
able parameters, it is easier to transfer the risk to international financial markets
through reinsurance. This allows for global pooling of risk and thereby more com-
petitive “portfolio adjusted” pricing for the insurer and ultimately for the farmers.

23.4
Initiatives in Weather Insurance

ICICI Lombard has been a pioneer in bringing weather insurance solutions to In-
dia’s farming community. Beginning with a small pilot for 230 groundnut and cas-
tor farmers in Mahbubnagar, as on date close to 80 weather insurance deals were
executed across the country which have provided weather insurance solutions to
150,000 farmers covering an area of 225,000 acres.

These 80 deals represent experience in wide-ranging crops such as groundnut,
castor, cotton, black gram, soybean, grapes, paddy and oranges. The deals were ex-
ecuted across 9 states: Andhra Pradesh, Madhya Pradesh, Uttar Pradesh, Rajast-
han,
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Punjab, Karnataka, Gujarat, Maharashtra and Tamil Nadu, with a wide variety
of intermediaries such as micro finance organizations, agri-input corporates, non
governmental organizations, banks, governments, and Internet kiosks.

ICICI Lombard has a Memorandum of Understanding with Commodity Risk
Management Group of the World Bank wherein the two parties have committed
themselves to jointly work on devising innovative weather index based insurance
solutions.

23.5
Innovative ways to reach to the hinterland — reduction of basis risk

A common issue faced at the field level while providing Weather Insurance is Ba-
sis risk. Most of ICICI’s current weather stations owned and maintained by Indian
Meteorology Department (IMD) are located at the district headquarters, but most
of the agricultural activities are carried out in much interior locations. As a result,
most of the time, ICICI was unable to measure weather data at precisely the cus-
tomer location. To build up the network of weather stations in the interiors, ICICI
Lombard has a tie up with National Collateral Management Services Limited for
installing Automated Weather Stations (AWS) at the block level. These data supple-
ment India Meteorological Department’s district level weather stations and ICICI
gets sub-district level data which help in better monitoring of the policies. A ma-
jor advantage of these AWS is that they provide real time daily data through auto-
mated calling process. Currently, through this network 91 locations are covered to
reduce basis risk (up from 64 locations in 2005).

23.6
Designing Crop and situation specific products

ICICI attempts to cover the entire crop cycle which is divided into phases, so that
complete protection can be provided. Different phases may involve different weath-
er parameters which are illustrated as follows:

23.6.1
Wheat

In the early 20'" century, Howard, a British Scientist at the Pusa Institute observed,
‘Wheat cultivation in India is a gamble with temperature’.

After analyzing the impacts that temperature has on wheat cultivation, ICICI
Lombard had designed a Weather Insurance Product for wheat cultivators which
addresses the dual risks of extreme temperature fluctuations and unseasonal rain-
fall (Table 23.2).
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Table 23.2. Weather Insurance Product for wheat

Time Period Jan - Mar Mar - Apr

Stage Grain Filling Stage Harvesting phase

Risk Extreme temperature fluctuations Unseasonal rainfall

Weather Index ~ Deviation in fortnightly average Tmin and Max. rainfall on any
Tmax on higher side from benchmark single day

Table 23.3. Weather Insurance Product for Apple

Time Period Dec to Mar Mar to May April to Aug
Stage Dormancy (Rest) Flowering Fruit set and
development

Risk Non availability of Extreme temperature  Non availability of
sufficient chilling and  fluctuations sufficient water
moisture

Weather Index Chilling units as per ~ GDD, a Tmin and Aggregate rainfall
Utah model Tmax based index that during subphase of the
Aggregate captures deviations on crop phase
precipitation higher and lower side

Table 23.4 Weather Insurance Product for salt manufacturers

Time Period Mar - Sep

Stage Production period, when normally rainfall is not expected

Risk Unseasonal rainfall

Weather Index A Non Production Day (NPD) has been defined as a day with rainfall

during the production period.

NPDs have further been categorised as type A (1 - 9 mm), type B
(10 - 24 mm) and type C (> = 25 mm)

Compensation paid if NPDs observed is higher than a pre-determined
level. Compensation is highest for type C NPDs and lowest for type A
NPDs.

23.6.2
Apples

Weather Insurance Product for apples is shown in Table 23.3.
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23.6.3
Salt manufacturing

Expanding the market to get benefit of diversification for agricultural risks, the
first Weather Insurance deal for salt manufacturers was designed (Table 23.4),
Weather Insurance was provided to an industry which was non-agricultural in na-
ture in India.

23.7
Snapshot of 2005-2006

Till the financial year 2005-06, ICICI Lombard had covered 9 states through 11
major products, covering approximately 150,000 farmers on 180,000 acres of land.
Table 23.5 provides an overview of the program run in 2005-06.

23.8
Distribution: a key challenge

The major challenge faced not only by Weather Insurance product, but by all rural
financial products are that sheer spread and diversity of target customers makes

Semi-Urban locations

Tehsil / Blocks

Villages >5000 population

Villages <5000 population

Locally available channels are effective since trust is the cornerstone
of relationships

Fig23.1. The challenge of distribution of weather insurance products
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Table 23.5. Overview of ICICI Weather Insurance during 2005-06

Crop Risk Details States Number Area Sum
of farmers covered (in Insured
covered acres) (Rs mn)

Soybean Deficit rainfall RJ, MP 4,112 16,418 66

Oranges — Deficit rainfall RJ 453 1,223 6

- Prolonged dry spell

Generic - Deficit & Excess AP,MP,MH, 19,100 22,000 66

product rainfall Jharkhand,

for all field KK, Orissa,

crops RJand TN

Grapes — Deficit & Excess MH, AP 365 395 20

rainfall, Temp

Paddy - Prolonged dry spell Punjab 1,625 7,643 30

- Excessive rainfall

Cumin - High relative RJ 686 688 6

humidity

Coriander - Frost like temperature R] 2,075 2,200 6

- Unseasonal rainfall
Fenugreek - Excessively high R] 70 260 2
temperature during
days with high RH
Kinnu - Excessively high RJ 62 80 4
temperature
— Deficit rainfall
Wheat - High temperature Punjab, 874 875 4
— Unseasonal rainfall Haryana
Cotton — Deficit rainfall MH 100,018 100,084 160
Total 150,000 225,000

cost effective distribution a big challenge. In India, 37% of the urban population
lives in 23 cities whereas 37% of the rural population lives in 100,000 villages.

To overcome this challenge, a three pronged strategy is important to implement
wherein ICICI Lombard takes help of all contact points to reach farmers and sell
the product concept (Fig. 23.1). ICICI Lombard takes help of various aggregators
to sell the policies and is in touch with various State Governments and the Central
Government to endorse the product and also has its own dedicated distribution
channel to market the product. It has been realized that locally available channels
are not only cost effective but also trustworthy for the end customer.
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Technology based solutions like smart cards offer a cost effective distribution
and also quicker service delivery.

23.9
Conclusions

In conclusion, insurance backed development is an effective way forward since:

e Rural demand for products and services is no different from urban require-

ments provided

A fairly priced and relevant product is made available

Cost effective distribution systems are established

Effective administration is ensured

Easy accessibility and quality service is ensured

Focused approach along with appropriate regulation will help build a model

which is viable, sustainable and scalable

e Availability of financial services and insurance would change the rural land-
scape in future



CHAPTER 24

Contingency planning for drought - a case study
in coping with agrometeorological risks

and uncertainties

Roger C Stone, Holger Meinke

24.1
Introduction

“Contingency Planning - a plan designed to take account of a possible future event
or circumstances” (Australian Oxford Dictionary).

Contingency planning provides an important component in improving mea-
sures to reduce the impacts of climate variability on crop production and other ag-
ricultural production systems. In particular, ways must be found to avoid, reduce,
or cope with climatic risk. In some of the drought-prone areas around the world,
contingency planning is used by governments as an effective strategy to cope with
risks.

Past attempts to manage droughts and its impacts through a reactive, crisis
management approach, have been ineffective, poorly coordinated, and untimely.
The so-called ‘hydro-illogical cycle’ illustrates this issue (Wilhite 2005). Because
of the ineffectiveness of the crisis management approach there has been increasing
interest in the adoption of a more proactive risk-based management approach. An
interesting aspect is that these actions are partly due to the apparently more recent
occurrence of drought episodes or of more severe droughts in some instances. Ad-
ditionally, there may be little respite to allow recovery plans to take effect between
more frequent drought episodes. The potential for increased frequency of drought
in the future, possibly as a result of long-term climate change, has also caused
greater anxiety about the absence of drought preparation plans (Wilhite 2005).

However, contingency planning for agrometeorological purposes is not neces-
sarily receiving high attention in scientific literature, despite the fact that there is a
trend towards the need to improve drought preparedness and policy development
worldwide. This is needed to alleviate the increasing costs or impacts associated
with drought, to manage the complexity of impacts on sectors well beyond agricul-
ture, to alleviate increasing social and environmental effects, and to better manage
increasing water conflicts between users. Another factor that may be responsible
for constraint in drought preparedness has been the dearth of methodologies avail-
able to planners to guide them through the planning process. Drought differs in
its characteristics between climate regimes and drought impacts are more locally
defined by unique economic, social, and environmental characteristics. The aim of
this paper is to provide examples of recent case studies and approaches to contin-
gency planning with a particular emphasis on drought contingency planning as a
means of furthering its use in government and agricultural industry world-wide.
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24.2
The basis of drought contingency planning

Drought planning and water crisis management needs to be proactive. This is
largely because overall policy, legislation, and specific mitigation strategies should
be in place before a drought or water crisis affects the use of the country’s water
resources. Bruins (2001) provided the basic elements involved in the development
of proactive drought contingency planning and their respective relationships.
These basic elements (Figure 24.1) involve drought risk analysis, drought impact
assessment, and drought scenarios. Assessments have to be made of the impact of
drought on the various water resources, economic sectors, population centres, and
the environment. Different types of drought should be considered in the impact as-
sessment studies. Drought scenarios have to be calculated on the basis of available
information, including development of a frequency and severity index. From this,
drought risk assessment can be investigated, primarily on the basis of meteorologi-
cal data but may also include paleoclimatic information and other historical data
in relation to climatic variation. The latter may be important as the time scale of
recurrence of severe drought may well exceed the average human lifespan. Finally,
proactive drought contingency planning needs to be developed (Bruins 2001).

To aid in drought assessment remarkably comprehensive meteorological and
climatological information and advice is now starting to appear as output prod-

Fig.24.1. Basic ele-
ments involved in
proactive drought
contingency plan- i i

Drought risk analysis

ning (Bruins, 2001). l 1 l
Meteorological Historical Palaeoclimatic
data data data

Drought impact
assessment

]

| | |
Environment Economic Society
activities

Drought scenarios

]

[ | ]
Natural Socioeconomic Human-made
droughts drought calamity drought

— Proactive drought contingency planning
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ucts emanating from meteorological and agricultural departments of governments
worldwide. These can have fundamental value to those organizations that need to
assess information related to the potential likelihood for drought and exceptional
drought conditions in a region. Examples include those under The World Agrome-
teorological Information Service (WAMIS) of WMO in which products, (e.g. out-
put from Germany) include monthly agro-weather bulletins, soil temperature in-
formation, actual and potential evaporation, grain dampness, forest and grass fire
indices, and animal thermal load (http://www.wamis.org).

Policy makers, analysts, and farmers in regions prone to drought requiring ac-
cess to the most recent climate, drought status, and crop prospects are able to use
information on specialised drought exceptional circumstance information on sites
such as the Australian National Agricultural Monitoring System (NAMS) (http://
www.nams.gov.au). However, major stakeholder groups involved in preparedness
planning (policy makers, regulators and large agribusinesses, including financial
institutions) and those involved directly in crop production (farmers, farm manag-
ers, rural businesses and consultants) may require widely varying different infor-
mation. This means that information sources need to be continually re-evaluated
and assessed as to their appropriateness in provision of most appropriate informa-
tion for key users. Tactical as well as strategic preparedness decisions need to be
made continuously and some climate forecast-related information outputs might
only be relevant for some of these decisions.

Another approach in drought assessment is to apply crop or pasture simulation
models that contain over 100 years of historical daily weather data to construct
time series of modeled crop yield or pasture growth and so provide frequency data
on occurrence of the likelihood of extremely low yields. In an Australian exam-
ple for assessing exceptionally poor wheat yields the APSIM model (Keating et al.
2003) has been applied to over 100 years of historical data to provide simulated
wheat yields for each of the 100 years in the study. From these data an assessment
of the relative severity of the current or recent drought was made (Fig. 24.2) and the
results provided to authorities responsible for exceptional drought circumstance
payments (Keating and Meinke 1998; deJager et al. 1998). For grazing industry
needs the Aussie GRASS modelling framework (Carter et al. 2000) has been adapt-
ed to provide alerts of impending drought for Australian shires. This approach
combines calculations of pasture utilization by livestock and other animals. Ad-
ditionally, the Aussie GRASS system has been modified to provide pasture condi-
tion alerts. Figure 24.3 provides an illustration of the structure of this drought alert
system. Figure 24.4 provides an example of routine forecast of simulated pasture
growth values using known soil moisture levels, recent and forecast temperature
and rainfall values. The pasture condition alert takes into account the fact that high
pasture utilization under conditions of relatively high pasture growth can have
different impacts (e.g. woody weed increase) than that under low pasture growth
(e.g. loss of perennial grasses and pasture cover). The development of an associat-
ed ‘drought alert’ system in 1991 produced interpolated percentile maps of pasture
growth (as well as rainfall) and similar products that were particularly instrumen-
tal in convincing policy agencies as to the severity and spatial extent of drought.
At the end of the drought period, indices such as pasture growth can be used in the
drought assessment process to provide additional evidence that, although rainfall
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Fig.24.2. Estimation of drought severity using simulated wheat yield analysis from 1890 to 1997
at Wentworth, Australia (Keating and Meinke 1998).
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Fig.24.3. Flow diagram depicting Aussie GRASS system for drought and land degradation warn-
ing (Day et al, 2003).

patterns had returned to ‘normal’, the outputs from the pasture growth model in-
dicated drought conditions were continuing as the rainfall received was still insuf-
ficient to produce growth in major grass species in Queensland (Day et al. 2003).
It has been suggested that more recent interest in, and development of, contin-
gency planning programs to aid agrometeorological coping strategies may be due
to important shifts in underlying climatic systems that have had a large influence
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Fig. 24.4. Example of forecast output from Aussie GRASS depicting pasture growth likelihood
for subsequent three month period (September to November 2006) using climate forecast system
integrated into pasture growth simulation model for 5 degree pixel regions.
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on agricultural production and sustainability over the past 30 years. For instance,
the long period of dominance of La Nifa patterns from 1950 to 1975 brought im-
proved conditions for agriculture in many countries through generally increased
rainfall, with flow-on benefits for pastoral and cropping industries. The beginning
of this period coincided with rapid agricultural development in many regions en-
couraged by high world prices for many commodities. Provision of drought re-
lief during these periods would have constituted a relatively simple process in the
relatively few El Nifio-induced drought years (such as 1957, 1965, or 1972) (Hay-
lock and Ericksen 2001). However, as La Nina’s dominance faded in the mid-1970s
so did the standard of living of many rural economies. Unfortunately, instiga-
tion of government assistance schemes encouraged farming in marginal country
which also helped to intensify farming in some areas that were more susceptible to
drought impacts. The response to losses from drought was for governments to in-
tervene with various forms of assistance (Haylock and Ericksen 2001).

Reformed drought policy has been associated with the development of contin-
gency plans for more severe droughts in New Zealand. In New Zealand an over-
arching Contingency Plan refers to and reflects the central government policies for
adverse climatic events assistance. In this example this overarching Contingency
Plan makes a distinction between local events and national events. Local events are
those which have impacts on the rural sector but which are not considered severe
enough to warrant central government involvement. In these events, producer or-
ganizations representative of the affected groups are responsible for managing the
local response with the assistance of local government agencies. While the Minis-
try of Agriculture and Fisheries (MAF) has no direct operational role it liaises with
local organizations, and may be contracted to help such organizations develop di-
saster response plans (Haylock and Ericksen 2001). Nevertheless, as is common in
a number of countries, central government may have a role in responding to na-
tional events, particularly those which are beyond the coping capacity of the lo-
cal community. In this case, a series of actions and responsibilities operates. Local
farmer organizations, in association with local government agencies in the affected
areas, make a request for assistance to the central government through the relevant
Ministry (Haylock and Ericksen 2001).

In New Zealand the general criteria for a drought event to be of national signifi-
cance include:

e An exceedence of meteorological norms,

e An extension across territorial authority boundaries,

e Proof that responding to the event is beyond the capacity of local communities
and agencies,

e More than one government agency is involved in the recovery operation, and

e Considerable stock and property is at risk (Haylock and Ericksen 2001).

The Contingency Plans extend responsibility for initial response to extreme
drought events from the central government to local communities and agencies.
Remarkably, anticipated changes to New Zealand drought policy include increas-
ing the meteorological criteria for an event of national significance from a one in
twenty year event (5% annual probability of exceedence) to a one in fifty year event
(2% annual probability of exceedence). It is unknown whether attention to like-
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ly changes in drought frequency or intensity under long-term climate change has

been assessed in formulating these changes (see later sections in this chapter for

further discussion). Further, a new category of event has been created where in ad-
dition to local and national events are regional significant events which may attract
limited government assistance such as social welfare grants and labour assistance

(Haylock and Ericksen 2001).

In terms of water supply issues drought contingency planning can take on the
following processes:

e The need to forecast the supply situation in relation to demand,

e The need to assess drought mitigation options such as supply enhancement and
demand reduction and timing necessary to obtain results,

o The need to establish triggering levels for mitigation actions by working back-
wards from a worst case scenario,

e The need to develop phased demand reduction programs,

o The need to adopt a drought plan with a key component to work with users and
also the press and associated media and with special interest (‘lobby’) groups af-
fected by drought,

e The need to adopt a formal adoption process,

o The need to monitor results and adjust responses as necessary,

o The need to provide evaluation of the contingency plan in any post-drought pe-
riod (Macy 1993).

Engagement of the community is especially important in the development of con-
tingency plans for drought. The community is then more likely to implement a wa-
ter conservation program to combat likely drought rather than pay for other op-
tions. Including community needs in contingency planning such as this is difficult
as the community may well provide widely differing responses depending on when
the community consultation takes place. For instance, there are likely to be widely
differing responses in a drought or dry years compared to a wet year (Macy 1993).

Additionally, it is important to include contingency planning within the con-
text of an overall drought preparedness program. In particular, it is important to
improve preparedness and triggering mechanisms to produce timely and appro-
priate responses. While contingency planning may remain at the level of theory,
Davies (2001) argues more concerted risk management can be regarded as being
at the core of drought preparedness. Nevertheless, preparedness and contingency
planning can form the very important first stages of the risk management pro-
cess (Davies 2001). Davies (2001) also notes that those in drought-prone areas have
highly developed information systems which they use to predict likely disruptions
in rainfall and to then diagnose and produce responses. Notably, in India even in
‘normal years’, Indian farmers remain aware of the possibility of drought and un-
dertake water management, crop management, and contingency planning. Then,
it is through their informed decisions that they make that they produce their relief
and mitigation strategies. All these local strategies (at individual, household, and
community levels) can then become part of an effective overall contingency plan-
ning process (Subbiah 2001).

Many drought-prone countries have some form of drought contingency plan on
paper but many have not been translated into effective policy covering the range
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of activities required to address short and long-term consequences. In many cases,
information is not linked to response and the use of information that is available is
partial and unsystematic. Additionally, coordination between the different sectors,
agencies, or individuals involved in the response planning may be poor or impos-
sible. The process from policy development to effective drought preparedness may
not be effective or well thought out with the result that little effective drought pre-
paredness actually takes place by the farmer or industry. As Davies (2001) points
out ‘there is more to (drought) contingency planning than simply drawing up a
document’. Additionally, contingency planning must be strong enough to with-
stand the pressures of crisis and relief operations. Contingency planning must con-
tinually be reinforced, must involve local people, personnel must be trained, and
flexible responses must be field tested in advance of emergency situations (Davies
2001).

A final point is that, as a means towards proactive drought contingency plan-
ning, effective and interactive management systems need to be set in place. This ap-
proach helps ensure that future adjustments can be made through actual realiza-
tions during drought events and updated as may be required (Bruins and Lithwick
1998; Bruins 2001).

24.3
Preparedness strategies

Few countries have actually implemented risk-based drought policies and pre-
paredness programs or strategies. However, Australia is an exception to this and
some components associated with effectiveness in program development can be
provided.
Wilhite (2003; 2005) identified four key components that have been identified
for effective drought risk reduction strategy. These are:
o The availability of timely and reliable information on which to base decisions,
e DPolicies and institutional arrangements that encourage assessment, communi-
cation, and application of that information,
e A suite of appropriate risk management measures for decision makers,
e Actions by decision makers that are effective and consistent.

Thus, the Australian national drought policy has developed in the context of de-

regulation of the agricultural sector with the aim of creating efficient and inter-

nationally competitive farming systems. The policy has multiple objectives that

include (adapted from Drought Policy Task Force 1997 and cited in Botterill and

Wilhite 2005):

e Encouraging self-reliant approaches to managing climate variability;

e Protecting the natural resource base in times of extreme climate stress;

e Ensuring adequate welfare support for farm families commensurate with that
available to other Australians;

e Ensuring that the policy does not impede structural adjustment in the farm sec-
tor; and
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e A high level of awareness and understanding of drought and drought policy
(also Wilhite 2003, 2005).

Wilhite (1996) argued that drought policy should be informed about the impact of
climate variability on key policy relevant outcomes such as farm incomes and prof-
itability. Thompson and Powell (1998) showed how this could be done using whole-
farm models. They concluded that a preoccupation with climate and environmen-
tal definitions of drought was not consistent with a need to holistically manage all
sources of risk on farms. The relevance gap that has emerged between the informa-
tion necessary to support drought policy, and that being supplied has been high-
lighted through the work of Nelson et al. (2005). Nelson et al. (2005) showed that
understanding the capacity of rural households to cope with risk requires broad
measures of the human, social, natural, physical and especially financial assets
from which rural livelihoods are derived (Figure 24.5a). However, Meinke et al.
(2006) suggest that the information used to inform the implementation of climate
policy in Australia agriculture is mostly related to measures of variability in rain-
fall, soil water analysis and plant growth (see Bureau of Rural Sciences 2006). How-
ever, policy may be somewhat powerless to influence the impact of climate variabil-
ity on these scientific measures of exposure to climate risk and may also bear little
relation to more holistic measures of the key policy outcome: the coping capacity
of rural communities (Figure 24.5b) (Meinke et al. 2006).

It is also suggested that beyond engaging with public policy makers, public-
private partnership models need to be further explored in order to ‘mainstream’

(b)
B 10% (most extreme)
10 to 25% (extreme)
B below 25% (least extreme)

Fig. 24.5. The coping capacity of Australian broadacre farms using a combined measures of hu-
man, social, natural, physical and financial capital (a, left) and exposure of Australian broad-
acres farms to climate risk using a measure of extreme pasture growth conditions (b, right; after
Nelson et al. 2005).
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drought risk management. Mainstreaming involves developing risk management
tools and approaches within the context of overall rural livelihood strategies, inte-
grating risk arising from markets, management skill and threats to the natural re-
source base. It also involves communicating risk management knowledge through
functional, existing communication networks of farmers and other landholders,
rather than pursuing specific communication programs. Although some small
steps have been taken in this direction, this has in most cases not yet advanced be-
yond the proof-of-concept stage (Nelson and Kokic 2006).

The degree to which central government assistance is provided can depend to an
extent on the effectiveness of local farming lobby groups or local government bod-
ies in persuading central government of the need for assistance. In this respect, it
is difficult to ascertain the extent to which central government’s resolve to restrict
drought relief to the exclusively severe events will hold in the future, especially in
respect to the potential for changing climatic patterns under greenhouse induced
climate change. In fact, in Australia and New Zealand central government policy
goals for a reduction in drought relief have occasionally been undermined as a re-
sult of various economic factors and political processes (Stehlik et al. 1999; Hay-
lock and Ericksen 2001).

In southern Africa, Wilhite (2005) notes that one of the common problems with
drought planning is maintaining interest beyond the relatively short window of op-
portunity that follows the event, ‘given the on-again, off-again nature of drought’.
Indeed we have noted that government interest in developing drought research
and development programs, drought planning programs, and other associated is-
sues can wane almost immediately when it starts raining, irrespective of whether
the rains have provided the type of moisture levels to ensure a return to improved
grazing, cropping, or water resource conditions. This may be due to what Wil-
hite (2005) considers to be a problem related to governmental agencies trying to
cope with the ‘mysterious processes’ of effective drought planning that in our view
are made more complex because of all the associated complexities of dealing with
emotional and stressful situations of the farmers, issues related to compiling ac-
curate economic data for regional or industry losses, issues related to dealing with
stress situations faced by departmental staff who are working with drought affect-
ed families, and issues related to needing to continually work effectively with rural
industry lobby groups who are also being pressured to provide immediate response
to their constituents (also Stehlik et al. 1999). It is no surprise, therefore, that inter-
est in undertaking further planning beyond the critical core drought period and
its immediate aftermath can quickly wane. This appears to be especially the case in
those countries where drought is regarded as a completely unforeseen type of event
that could be prepared for. Remarkably, while farmers may treat both normal and
reduced rainfall due to drought as an integral part of climatic variation and man-
age the situation in a holistic manner, public policy implementers in many coun-
tries perceive drought as a discrete and unexpected event (Bruins 2001; Haylock
and Ericksen 2001; Subbiah 2001; Wilhite et al. 2005).

Meinke et al. (2006) point out that drought should be regarded as a social con-
struct and represents the risk that agricultural activity will be severely disrupted
given spatial and temporal variations in rainfall. The basic philosophy of the Aus-
tralian Government’s drought policy is to encourage primary producers to adopt
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self-reliant approaches in managing the risks associated with climate variability.
Australian drought policy recognises that producers are responsible for manag-
ing the commercial performance of their enterprise and for ensuring that agricul-
tural activity is carried out in an economically and environmentally sustainable
manner (Botterill 2003). The concept also recognises that the Australian Govern-
ment should not inhibit the natural course of structural adjustment due to other
pressures such as declining commodity prices (White and Karssies 1999; Botter-
ill 2003).

In arid, semi-arid, and marginal areas with a probability of drought incidence it
is important for those responsible for land-use planning and agricultural programs
to seek expert climatological advice regarding rainfall expectations. Drought can
also be regarded as being the result of the interaction of human patterns of land use
and the rainfall regimes (Das 2005). There is therefore an urgent need for detailed
examination of rainfall records (including trends) related to these regions. Addi-
tionally, climate and weather forecasting systems can play a very important role in
providing advance warning of rainfall likelihood or deficits (Das 2005). More so-
phisticated integrated crop production/climate forecasting systems can also pro-
vide scenario analysis of likely crop production under varying soil moisture and
likely climatic states for the forthcoming season (Stone and Meinke 2005). While
at this stage there may be limited uptake of these more recent advances in forecast-
ing systems, there are a few examples where they form a necessary component of
drought contingency plans within overall drought policy (e.g. Queensland Gov-
ernment 1992).

As a preparedness strategy, food reserves are needed to meet emergency re-
quirements of up to two consecutive droughts. Also a variety of policy decisions on
farming, human migration, population dynamics, livestock survival, and ecology
must be formulated. Furthermore, sustainable strategies must be developed to al-
leviate the impact of drought on crop productivity. This may be achieved through
varietal manipulation, that can also be facilitated through judicious use of season-
al climate forecasts, through which drought effects can be minimized by adopting
varieties that are more drought resistant at different growth stages. Alternatively,
strategies that include changing planting times and nitrogen fertilizer application
to better suit the likely drought conditions can be employed (Das 1999, 2005; Stone
and Meinke 2005, 2006).

However, Podesta et al. (2002), in their case study of farmer’s use of climate fore-
casts in Argentina as a means of drought preparedness, found a reluctance to use
seasonal forecasts for drought preparedness because the temporal and spatial reso-
lution of the forecasts was perceived as not relevant to local conditions (Buizer et
al. 2000). These types of issues must be taken into account in order to improve the
relevance and potential adoption of seasonal climate or crop forecasts in drought
preparedness. For example, for effective management systems to be put into place,
integrated climate-crop modeling systems need to be developed at the appropriate
farm or regional scale suitable for the decision-makers needs (Meinke and Stone
2005).

Challinor et al. (2003) also make the point that reliable forecast output for
drought preparedness will not result from simply linking climate and crop models.
In this respect, they suggest consideration should be given to the spatial and tem-
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poral scales on which the models operate, the relative strengths and weaknesses of
the individual models, and the nature and accuracy of the model predictions. A
key aspect of this approach is that on longer timescales, process-based forecasting
has the potential to provide skilful forecasts for possible future climates where em-
pirical methods would not necessarily be expected to perform well.

Another preparedness strategy may include identifying the potential to harvest
other types of crops in different months of the year which, in turn, may require the
assessment of the suitability of land for cultivation of other crops, the availabili-
ty of water, and the orientation and training of farmers to harvest new crops. This
preparedness approach may help mitigate the effects of failure of the main crop on
farming families (Das 2005).

Continuing issues are related to determining more precisely what the precise
trigger points should be that would indicate a need for government assistance in
some countries. For example, it is well known that certain meteorological criteria
usually need to be met although these have generally been made more stringent
in recent years. However, some countries have introduced criteria related to a re-
gion’s economy. Yet, while such criteria, such as the need to establish ‘significant’
financial loss during a drought is a stated aim of national drought relief policies,
in practice it has proved difficult to determine the degree and type of regional eco-
nomic impact that would then be used as a threshold. In addition, in practice it
has proved difficult for agencies to provide lengthy economic data to support their
claims for assistance as a one in twenty or one in fifty year event (Stehlik et al. 1999;
Haylock and Ericksen 2001).

In the case of establishing triggering levels there is a need to know drought de-
mands, demands with mitigation actions in place, the drought inflows into stor-
age systems (includes knowledge of worst historical drought, use of drought mod-
elling systems to develop likely return intervals), the timing necessary to achieve
the objective of drought mitigation plans (especially lead times), and the need to
know the worst case scenario of supply such as reaching the ‘dead storage capacity’
of a reservoir. For multiple storages it is necessary to set up multiple trigger levels
for each of the storages. There is an additional need to establish least-cost planning
where it is necessary to undertake a detailed assessment of the cost of various mea-
sures and their impacts on the environment. It is necessary to ask users what their
demands will be and which of these do the water authorities need to meet with
100% reliability or those with less reliability. The user then determines what they
are willing to pay for based on the costs involved. This type of contingency plan-
ning may be a detailed and lengthy process (Macy 1993).

24.4
Risk management systems and tools

Risk management tools suitable for drought management are now becoming more
common world-wide. These tools appear to have high benefit at the broader indus-
try level where the additional aspect of use of seasonal climate forecasting can have
considerable benefit. We would argue that use of integrated agricultural manage-
ment, crop simulation models, and climate forecast systems offers the highest ben-
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efit. This is especially the case when applied at the whole farming system scale and

across industry value chains. This approach has the potential to benefit industries

in many areas. For example these systems can produce strategies that include:

e Improved on-farm profitability by better using scarce water resources, increas-
ing water use efficiency and enabling higher production with consequent mini-
mal movement of nutrients and pesticides oft-farm,

e Improved planning for early season supply and better scheduling of milling op-
erations leading to more effective use of resources (e.g. milling capacity, haulage
capacity, haulage equipment, shipping, together with enhanced on-farm profit-
ability),

e Enhanced industry competitiveness through more effective forward selling of
the commodity based on enhanced knowledge of the amount of supply and im-
proved efficiency of commodity shipments (Everingham et al. 2002).

The value of integrated climate/crop modelling efforts in strategic management
and contingency planning can also be seen when probability distributions of a
large number of simulated yields and gross margins can be produced and incor-
porated into risk assessment tools. Furthermore, the large number of simulations
using the modelling approach allows the exploration of climate influences such
as ENSO on extreme climate outcomes such as drought, a difficult approach with
purely historical series that are typically short in duration (Sivakumar 2002; Pod-
esta et al. 2002; Meinke and Stone 2005).

Strategic management decisions that could benefit from more integrated and
targeted forecasts can be made at a range of temporal and spatial scales. These
range from more tactical decisions regarding the scheduling of planting or harvest
operations to broader policy decisions regarding land use allocation (eg. grazing
systems vs cropping systems).

Hammer et al. (2001) stress that the most useful lessons for strategic manage-
ment lie in the value of an interdisciplinary systems approach in connecting knowl-
edge from particular disciplines in a manner most suited to decision-makers. The
RES AGRICOLA project is an example of evolution of the ‘end-to-end’ concept
proposed by Manton et al. (2000). Importantly, it distinguishes three discipline
groups that need to interact closely if farmers and others impacted by drought or
similar agrometeorological events are going to benefit. These fundamentally im-
portant discipline groups are: (i) climate sciences, (ii) agricultural systems science
(including economics) and (iii) rural sociology (Meinke and Stone 2005).

Improved pay-offs for those impacted by drought are facilitated when such an
integrated systems approach is employed that includes farmers, government plan-
ners, and scientists across the various disciplines which ensures that the issues that
are addressed are relevant to the farmer (Meinke et al. 2001).

Hansen (2002) stressed that the sustained use of such a framework requires in-
stitutional commitment and favourable government policies. An example where
links could be strengthened is in the area of connecting agricultural simulation
with both whole farm economic analyses and broader government policy analyses.
Using a case study, Ruben et al. (2000) reviewed the available options for adapting
land use systems and labour allocation for typical households in a region in Mali.
They showed that compensatory strategic policy devices could, at least, partial-
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ly offset consequences of climatic patterns, largely through better-informed price
policies which would enable welfare-enhancing adjustments for better-endowed
farm households, while poor farmers would benefit from reductions in transac-
tion costs.

Decision-support systems as risk management tools have often been cited as
an effective means of providing output of integrated climate-agronomic infor-
mation in the form of scenario analyses relating to impending drought or within
the drought period that can be valuable to users. Such examples include the rain-
fall analysis computer package: ‘Rainman’ (Clewett et al. 1994); crop management
planning systems: ‘Wheatman’ (Woodruft 1992), and ‘Whopper Cropper’ (Nelson
et al. 2002); grazing management systems: Aussie GRASS (Day et al. 2003); irriga-
tion management systems such as ‘Flowcast’ (Abawi et al. 2001; Ritchie et al. 2004);
and agricultural management systems: CLIMPACTS (Campbell et al. 1999); Crop-
Syst (Stoeckle et al. 2003), DSSAT (Jones et al. 2003) that provide sophisticated
crop simulation platforms useful for integrating and simulating future climate sys-
tems scenarios, and ‘UAS’ (UAS 1999). Yet, despite the amount of effort develop-
ing these systems there is also a perception that these systems have been less than
ideal in their overall effectiveness (Stone and Meinke 2005). However, when used
in the manner of ‘discussion-support’ users can engage in discussions with advisors
and government agencies regarding drought patterns and crop and grazing man-
agement scenarios while maintaining ownership of the overall processes and final
decision-making. In this way discussion-support systems move beyond traditional
notions of supply-driven decision-support systems and can compliment partici-
pative action research. The critical role of interaction and dialogue among the key
participants impacted by drought - strategic planners, policy agencies, farmers,
advisors, crop modellers, and climate or meteorological scientists - is paramount
(Plant 2000; Podesta et al. 2002; Nelson et al. 2002).

24.5
Issues associated with contingency planning
for drought under climate change

Contingency planning for future risks associated with long-term climate change
could be regarded as managing low frequency components of climate variability
with the important point that the same quantitative approaches currently being
developed for strategic planning issues associated with climate variability could
also be applied to the complex issues likely to be encountered under climate change
(Meinke and Stone 2005). Moreover, despite there being likely complex issues as-
sociated with climate change such as changes in land cover and changes in runoff
associated with altered precipitation and temperature patterns, some suggest that
farmers are likely to cope and adapt to climate change. Some studies assessing fu-
ture economic impacts of climate change on agriculture suggest that farmers will
continue to produce the same commodities on the same land using the same man-
agement tools (Rogers and McCarty 2000; Abler et al. 2002).

Yet, extreme weather events, including extreme droughts, over the past 30 years
have already caused severe crop damage and induced significant economic toll for



Chapter 24: Contingency planning for drought 429

United States’ farmers alone. This has occurred against a back-drop of greater vari-
ability in crop yields, price and farmer income, part of which can be related to
long-term climate change (Rosenzweig et al. 2000). Additionally, it is the authors’
experience that farmer needs and requests in eastern Australia for climate-related
information (while engaging in participative workshops) have shifted markedly
over recent years from needs for more tactical issues to be addressed that are only
associated with three month to two year patterns of climate variability to more
high-level strategic issues associated with climate change. Issues include the need
to find ways of coping with perceived more extreme weather events that are like-
ly to be linked to more complex whole-farm economic issues associated with 2-20
year planning horizons. Typical management examples often cited relate to long-
term reduction of cattle stocking rates on available land because of perceived long-
term decline in rainfall and pasture availability (with some expectation these con-
ditions will, more or less, continue) or to, otherwise, make the high-risk decision to
purchase an adjoining property in order to maintain constant stocking rates under
potentially increasing drying and warming conditions.

Many strategic impact assessments regarding climate change on agriculture are
typically based on smoothly varying climatic change trends, whereas Schneider
et al. (2000) note ‘farmers in the real world will need to adapt to climate change
trends embedded in a very noisy background of natural climatic variability’. They
argue this variability can mask slow trends and delay necessary adaptive responses
by government agencies. To add to this complexity, strategic climate change infor-
mation is needed to anticipate and plan in a dynamic world in which many factors
are changing both simultaneously, and not necessarily independently. Contin-
gency plans developed in response to anticipated climate change will need infor-
mation on shifting market and social conditions which may render adaptive be-
haviour for climate change much more multi-faceted that may be assumed (Risbey
et al. 1999; Schneider et al. 2000). While, in some developed countries, research
and development agencies continually monitor environmental trends, potentially
leading to contingency planning and subsequent adaptive strategies, in develop-
ing countries problems with agricultural pests, extreme weather events and lack of
capital to invest in adaptive strategies and infrastructure may be a serious impedi-
ment to reducing climatic impacts for agriculture (Schneider et al. 2000).

It has also been suggested that information dissemination networks, such as ag-
ricultural extension services, should now start to carefully provide data on trends
and observed weather in local regions (Fankhauser et al. 1999). It is suggested that
amore focused and urgent effort be made world-wide to provide enhanced and tar-
geted climate trend and scenario information that is of direct relevance and value
to a government’s contingency planning policy. This may especially be the case in
developing countries where climate change may shift farming regions into increas-
ingly more vulnerable farming zones (Rosenzweig and Parry 1994).
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24.6
Conclusions

It is clear that drought contingency planning provides an important component
in improving measures to reduce the impacts of drought on agricultural produc-
tion and natural resource systems. Droughts have mostly been managed through
a reactive, crisis management approach but have largely been ineffective. Never-
theless, it is clear that investments in preparedness and mitigation will pay large
dividends in reducing the impacts of drought and a growing number of countries
are realizing the potential advantages of drought contingency planning. Improved
preparedness programmes that involve suitable drought impact assessments and
drought risk analyses (including use of agricultural simulation models) will help,
not only current drought impacts but enable improved capability to respond to
longer-term changes in climate. A common and key requirement for contingency
planning to be successful is to develop a formal adoption process and to engage the
likely affected community. Otherwise, as Susanna Davies points out, the plan may
remain merely ‘a piece of paper’.

A worthwhile development has been the initiation of decision-support systems
that can aid in drought management preparedness practices. However, more re-
cent assessment of these systems suggests they could be used more as discussion
support tools that are then able to be more effective in providing planning tools for
drought preparedness.

Aspects associated with global warming and long-term climate change appears
to have received little attention in relation to future drought contingency planning.
Additionally, current or recently developed policies regarding exceptional circum-
stance provisions for exceptional droughts (rare and exceptional droughts with a
current frequency of one in twenty years or similar criterion) may not be relevant
in the future as the frequency of severe droughts may potentially change either in
severity or in frequency in some regions. This means that the impacts associated
with a current one in twenty year drought may be encountered more often in some
regions in the future (e.g. one in five years). It is suggested any changes in severe
drought frequency due to climate change will greatly impact on drought contin-
gency planning policies with a possible result that governments will revert to again
taking a more reactive role. (Indeed, this may already be happening). It is suggest-
ed aspects of drought contingency planning, drought preparedness, and drought
impact assistance policies need to be urgently considered as to their future effec-
tiveness under long-term climate change.
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CHAPTER 25

Agrometeorological services to cope with risks
and uncertainties
Raymond P. Motha, V.R.K. Murthy

25.1.
Introduction

Agriculture is defined as “the production and processing of plant and animal life
for the use of human beings” and also “a system for harvesting or exploiting the
solar radiation.” Meteorology is “the science of atmosphere.” “The study of those
aspects of meteorology, which have direct relevance to agriculture,” is defined as
agricultural meteorology for which the abbreviated form is “Agrometeorology”
(Murthy 1996). The primary aim of agricultural meteorology is to extend and
fully utilize the knowledge of atmospheric and other related processes to optimize
sustainable agricultural production with maximum use of weather resources and
with little or no damage to the environment. This science also provides the neces-
sary information to help reduce the negative impact of risks and uncertainties of
adverse weather through agrometeorological services (Motha et al. 2006). Accord-
ing to Murthy and Stigter (2003), agrometeorological services are “all agrometeo-
rological and climatological information that can be directly applied to improve or
protect agricultural production (yield quality, quantity, and income obtained from
yields) while protecting the agricultural production base from degradation.” Si-
vakumar et al. (2004) observed that the current status of agricultural production
and increasing concerns with related environmental issues call for improved ag-
rometeorological services for enhancing and sustaining agricultural productivity
and food security around the world.

25.2
Weather, Natural Disasters, and Agriculture

The risks and uncertainties in agriculture are directly related to the nature of
weather and climatic hazards and their associated damages, and their potential
impacts on loss of crops, animals, land, produce, etc. Agrometeorological servic-
es play a valuable part in making daily and seasonal farm management decisions
and in management of risks and uncertainties pertaining to agriculture, forestry,
rangelands, environment, and livestock.
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25.2.1
Fundamental importance of weather in agriculture

Agriculture is one of the most weather dependent industries. It is the world’s single
largest employer and one of the main sources of export earnings, thereby signifi-
cant from foreign exchange point of view (Sivakumar et al. 2004). Weather is de-
fined as “the day-to-day condition of the atmosphere at a particular place and giv-
en instant of time,” whereas, climate is “the summation of weather conditions over
a given region during a comparatively longer period.” The knowledge of weather
is essential in the daily management of crops and animals, and the science of cli-
mate aids in the selection of crops and animals. Of all the weather elements, solar
radiation controls organic life by heating the earth and atmosphere and also pro-
vides the energy required in photosynthesis for the conversion of carbon dioxide
and water into primary source of food (carbohydrates). Air temperature influenc-
es rates of biochemical reactions in crops (approximately double with each 10°C
rise in temperature), leaf production, expansion, and flowering. Soil temperature
influences crop production. Murthy et al. (2002) mentioned that both cold and
heat waves and abnormal soil temperatures are risks to crop growth and develop-
ment. Humidity is an important factor in crop production and is closely related
to rainfall and temperature. It is of great importance in determining the vegeta-
tion of a region and affects the internal water potential of plants, which in turn,
determines the water requirements of crops. The significance of wind on crops
and animals was reported by several authors, among which Murthy (2003) report-
ed that the moderate wind turbulence promotes the consumption of carbon diox-
ide in photosynthesis and prevents frost by disrupting the temperature inversion.
The economy of many nations, more so the under-developed and developing coun-
tries, depends largely on the amount and distribution of rainfall received each year.
This is a significant agricultural input because rainfall is the major source of wa-
ter, which is essential for seedbed preparation and plant growth and development.
Plant physiological processes like cell division and enlargement depend largely on
water (rainfall), which in turn influences plant growth and development.

25.2.2
Impact of natural disasters in agriculture,
rangeland, forestry, and environment

Agriculture, rangelands, and forestry are highly dependent on weather and cli-
mate. Climate change is inevitable and the impacts are visible, which are adversely
effecting the environment. Anderson (1990) defines natural disasters as “the tem-
porary events triggered by natural hazards that overwhelm local response capac-
ity and seriously affect the social and economic development of a region.” Increas-
ing climate variability and anthropogenic climate change lead to floods, cyclones,
earthquakes, hurricanes, tornados, snow storms, avalanches, tidal waves, heat and
cold waves, land slides, forest fires, droughts, blasting mildew, frost, droughts, sand
and dust storms, etc. These are the natural disasters that principally impact agri-
culture, rangelands, forestry, and worldwide environmental degradation. Infor-
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mation on natural disasters and trends is basically available from global databases
that provide essential information on the occurrence, recurrence, and location of
disasters and disaster trends over time (World Disaster Report 2003). The natural
disasters, risks, and uncertainties of weather and climate have shown an increase
from 1993 to 2002. There is evidence of this from different parts of the world.
Of a grand total of 2,654 disasters during this period, floods and windstorms ac-
count for about 70% and the remaining 30% of the disasters are accounted for by
droughts, landslides, forest fires, and heat and cold waves. At the regional level, in
South East Asia and Bangladesh over the last century, 700 disasters have occurred
of which 23% were between 1900 and 1979, and 77% between 1972 and 1996. For
the Latin American and Caribbean region, Charveriat (2000) showed a noticeable
trend of increase in the frequency of natural disasters. Loss in crop and animal
production and land degradation from droughts that occur twice a year cost Aus-
tralia billions of dollars. The economic cost associated with all natural disasters
has increased 14-fold since the 1950s (World Disasters Report 2001). Worldwide,
annual economic costs related to natural disasters have been estimated at about
USD $50 to $100 billion. The world land use data (FAO 1999) show that 70% of the
global land use is for agriculture, rangeland, and forestry with 12% of the land use
for arable and permanent crops, 31% for forest and woodlands, and 27% for perma-
nent pasture. By the year 2050, it is predicted that the global cost to natural disas-
ters could top USD $300 billion annually. In India, according to Roy et al. (2002),
the Orissa state has been disaster-affected for 90 years (floods have occurred for 49
years, droughts for 30 years, and cyclones have hit the state for 11 years). The Unit-
ed States experienced more disasters between 1970 and 1999 than any other region,
but the impact on national development was not as severe as in some of the devel-
oping countries. For example, Hurricane Andrew in 1992 caused a total damage of
USD $26.5 billions in the United States, but it was a mere 0.4% of GDP.

25.2.2.1
Impact of natural disasters on agriculture

Agriculture is one of the sectors most heavily impacted by natural disasters. As
Das (2003) explained, the impact of natural disasters on agriculture can be direct
or indirect in their effect. Direct impacts arise from the direct physical damage on
crops, animals, and horticultural orchards caused by extreme hydro-meteorologi-
cal events. Disasters also cause indirect damage through increased costs of crop
production. Floods occur due to overflow of rivers. Sudden hazards such as storms
usually have fewer long lasting effects than droughts, which are often described as
creeping in nature because of the slow rate at which they develop. The most pro-
longed and widespread droughts occurred in 1973 and 1984, when almost all the
African countries were affected, and in 1992 when all southern African countries
experienced extreme food shortages. In 1973 alone, drought killed 100,000 people
in the Sahel (Gommes and Petrassi 1996). The Committee of Agricultural Organi-
sation in the Union (COPA) and the General Committee for Agricultural Co-op-
eration in the European Union (COGECA) estimate that drought and fires dur-
ing 2003 have cost European Union farmers $13.5 billion - with Austria, France,
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Germany, Italy, Portugal, and Spain identified as countries most affected. One of
the major impacts of droughts is regressive distributional effects across communi-
ties and across households within communities. Scott and Litchfield (1994) pro-
vided evidence of these impacts in the rural regions of Coquimbo in Chile where
inequality and poverty at the community level increased significantly in Las Tazas
due to the cumulative effects of very low rainfall over the years. The projected cli-
mate change and the attendant impacts on agriculture in the arid and semi-arid
tropical regions add additional layers of risk and uncertainties to agricultural sys-
tems that are already impacted by land degradation due to growing population
pressures.

25.2.2.2
Impact of natural disasters on rangeland

Rangelands include natural grasslands, savannas, shrub lands, most deserts, tun-
dra, alpine communities, coastal marshes, and wet meadows in certain parts of the
globe. These expanse lands are suitable for livestock to wander and graze on. Due
to the impact of natural disasters on rangelands, it was estimated that hundreds of
thousands of people died and nearly half of the entire livestock herds and two mil-
lion herds of wild animals were killed due to the severe droughts and land deserti-
fication at the southern edge of the Sahara desert. Droughts cause inappropriate
herding practices, forcing liquidation of livestock at depressed prices (Sivakumar
etal. 2004). Cyclones cause destruction of vegetation and livestock in rangelands.
Similarly, floods are the greatest natural disasters that cause extensive damage to
rangelands because of loss of pasture use, permanent damage to perennial crops,
trees, livestock, etc.

25.2.2.3
Impact of natural disasters on forestry

The forests cover nearly 30% (3,500 Mha) of the world’s land area. The response of
forest ecosystems to climate change, risks, and uncertainties can be expressed in
terms of boundaries shift, changes in productivity, and risk of damages (e.g. forest
fires). In Europe, most climate change scenarios suggest a possible overall enlarge-
ment of the climatic zone suitable for Boreal forests. During 1982/83 and 1994/95
El Nifio events, South East Asia experienced severe smoke and haze episodes as-
sociated with the forest and bush fires due to reduced rainfall and drought condi-
tions. According to the National Interagency Fire Center (NIFC) published ma-
terial covering the period January 2003 to early November 2003 inclusive, around
56,000 United States” wild fires have affected 3.8 million or so acres. Forest fires
are another natural disaster that causes large scale damage to plants, animals, and
human lives and property. Forest fires seriously affect human health, economy,
and environment. The extent of damage to human health from smoke inhalation
depends on the constituents of smoke, concentration, and exposure time. The en-
vironmental impacts from forest/bush fires range from local to global. Local im-
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pacts include increased soil degradation, increased risks of wet-season flooding
and dry-season drought, reduced number of animals and plants, and increased
risk of recurrent fires. The global effects of these fires include the release of large
amounts of various amounts of greenhouse gases, reduced rainfall, and increased
day lighting and reduction of biodiversity through extinction of populations and
species. Emissions from forest fires are lofted high into the atmosphere and sig-
nificantly impact air quality on local, regional, and even global scales. The forest
fire plumes are known to contain a highly variable mix of gases and particulate
pollution.

25.2.2.4
Impact of natural disasters on environment

Droughts, floods, heat waves, frost, and extreme weather periodically wreak havoc
on crops, pastures, livestock, and contribute to pollution both downstream and oft-
farm. Environmental degradation is one of the major factors contributing to the
vulnerability of agriculture, forestry, and rangelands to natural disasters because
it directly magnifies the risk of natural disasters, or by destroying natural barriers
leaving agriculture, forestry and rangelands more vulnerable to their effects. De-
forestation, land clearing, weed invasion, and loss of wetlands could lead to eco-
system alteration, including changes to vegetation cover and composition and the
incidence of diseases and pests on plants and animals. Water erosion, wind ero-
sion, siltation and sedimentation, and coastal erosion could result in transport of
soil and deposition elsewhere. Soil salinity, degradation of soil structure, soil fer-
tility decline, soil acidification, water logging, and soil pollution could lead to soil
degradation, involving the alteration of soil properties in situ. Clearing of vegeta-
tion, rapid abandonment of exhausted cropland, and expansion of cropping into
new and marginal land all set up a vicious pollution cycle that is hard to break.
Poverty and environmental degradation are closely linked, often in a self-perpetu-
ating negative spiral in which poverty accelerates environmental degradation and
degradation results in or exacerbates poverty. While poverty is not the only cause
of environmental degradation, it does pose the most serious environmental threat
in many low income countries. Expanding aquaculture could also increase pollu-
tion and the use of scarce water and land resources, threatening the environment
in under-developed and developing countries.

25.2.3
The role of Indigenous Technical Knowledge (ITK)
in agrometeorological services

Human beings (Homo sapiens) have been on the earth for approximately two mil-
lion years. They have been hunters and gatherers for 99.5% of their existence. They
started domesticating plants and animals only 10,000 years ago. Of all the human
endeavors, agriculture is the first sector in which there is evidence to show depen-
dence and strong relationship with weather and climate. However, humans were



440  Raymond P. Motha, V.R.K. Murthy

often mystified and frustrated by the variability of the weather, climate, and sea-
sons. Therefore, they developed some agrometeorological services and managed
their environments for generations by following environmentally-friendly agricul-
tural practices (Reddy 2002) and without significantly damaging local ecologies
(Singh et al. 2004). This is strong proof that indigenous knowledge has immense
potential to manage the disasters, risks and uncertainties like climate change and
variability, floods, cyclones, droughts, and pests and diseases on crops and animals
through agrometeorological services.

These services were developed by humans based on their understanding of
weather and climatic patterns. Such services have been used over the centuries and
continue to be used right up to the present day. The ITK products on weather in
Asia are strong knowledge pools developed by different communities through keen
observations, natural selection, and centuries of trial and error. All Asian cultures
and civilizations have developed a form of astrology to understand seasons and
weather in relation to movements of planets. As the position of planets was prede-
termined, the rainfall was forecast for any time in future. The first agrometeoro-
logical service developed and being used in the present day modern technology era
in India is the classical Hindu almanac known as “Panchanga” (Murthy 2003). It
is a book or record of astronomical phenomena containing calendar days, weeks,
and months of the year. Weather prognostications, predicted rainfall distribution,
based on cropping patterns and area were decided for a state or country.

The other ITK based agrometeorological services in India include the use of
calotropis to control thrips and mealy bugs, the use of cow dung cake gas as burrow
fumigant, and use of bow traps to control field rats, use of leaf powder of Margosa
(Azadiracha indica), Nicotine (nicotiana tobaccum) and extract of custard apple
(anona squamosa) for pest control on crops and animals and storing the grains in
wooden bins. In addition, different species and varieties of crop seeds are mixed
and sown to delay the onset and spread of pests and diseases, which also modify
the micro climate for better harvest of all crops. The Himalayan farmers main-
tain their own rangelands plus a share in village managed community rangelands.
They rare the animals and use cow and buffalo milk and milk products during fail-
ure of crops in drought situations. According to Dafu et al. (1990), the farmers of
China in mountainous regions follow irrigated (level), dry (bench), and complex
(bench + level) terracing to manage water scarcity for crops and rangelands. Simi-
larly, farmers in Pakistan follow the same practices to derive the same benefits in
addition to sustaining the productivity of mountain soil against landslides (Bhatt
1992). It was stated by Singh et al. (2004) that “three north” system of shelterbelts
was evolved a few thousand years ago and is still being practiced in China. This
system protects the existing forests and rangelands against flood damages.

Alteri (1991) described an indigenous system called waru-warus followed in
Peru for over 3000 years. This system consists of a platform of soil surrounded by
ditches filled with water. During droughts, the moisture from canals slowly as-
cends through the roots in capillary action, and during floods, the furrows drain
away excess run off. This system produces bumper crops even in the events of
both droughts and floods. In Mexico, a low-cost and self-sufficient farming sys-
tem called chinampa has been practiced for centuries. In this system, small plots
of land are prepared, which are separated by water channels. The water in the
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channels helps to grow fish and is also useful for irrigation (when in excess) and
when scanty (drought), plants grown in the sides of chinampas give income to the
farmers. The “Sami” are the indigenous people in the northern Scandinavia. They
live in Sweden, Norway, Finland, and Kola Peninsula of Russia. They are a 70,000
strong population of which 16% of 17,000 Swedish Sami are still reindeer herders
who live in close contact with nature. They are not nomadic because the reindeer
herding is their culture. However, they follow the path of reindeer, an agrometeo-
rological service, between summer grazing lands in mountain regions and winter
grazing lands in forests.

25.2.4
The role of contemporary technological advances
in agrometeorological services

Weather and climate data systems for agricultural activities are necessary to expe-
dite the generation of products, analyses, and forecasts (Sivakumar et al. 2004) to
develop preparedness measures against natural disasters, management strategies
for risks and uncertainties in agriculture, forestry, rangelands, and environmen-
tal protection (Rao et al. 2004). The following products, tools, and services of con-
temporary science and information technology have been providing newer dimen-
sions to effectively monitor and manage the weather and climate related disasters,
risks, and uncertainties.

25.2.4.1
Satellites and remote sensing

According to Maracchi et al. (2000), one of the most important sources of agro-
meteorological data that compliments traditional methods of data collection is re-
mote sensing. The satellite remote sensing is a new technique which provides spa-
tial coverage of earth’s surface and the surrounding atmosphere. Use of remote
sensing for rainfall estimation, monitoring crop condition progress, etc., is state-
of-the-art technology for food security. Recent advances in satellite and computer
technology have led to significant progress in remote sensing and proved its po-
tential to meet the requirements of farmers at the operational level. Towards this
direction, a new numerical method was developed for drought detection and im-
pact assessment in any part of the world from NOAA operational environmen-
tal satellites (Kogan 2000). In the MARS project, a software system (SPACE) was
implemented for crop growth monitoring. In order to quantify vegetation stress
and to monitor drought, the Portuguese Meteorological Institute calculates the
NDVI based on NOAA-AVHRR data. The wildland fire assessment system (WEF-
WAS), developed by the USDA Forest Service, became operational in the middle
1990s and has been providing useful information such as a “greenness” map using
AVHRR-NDVT (Burgan and Klamer 1998). In India, Landsat TM optical bands
data were used for computation of regional surface albedo. An albedo image was
generated for the snow and forest covered Himalayan Mountains of India using



442 Raymond P. Motha, V.R.K. Murthy

NOAA-AVHRR chl and ch2 data following an empirical relationship for broad
band albedo and narrow band albedo. Thapliyal et al. (2004) used microwave ra-
diometer data for assessment of drought with 6.6 GHz brightness temperature.
They are developing a suitable index to indicate the severity of drought conditions
over India. According to Susman et al. (1983), a methodology was developed to
estimate flood damage to rice production using temporal synthetic aperture radar
data. It was concluded that the method could easily be adopted to estimate flood
damage to the crop by just acquiring a single date data coinciding with the flood
event. Itis observed that the methodology is cost-effective in Indian context where
rice is grown over 30 mha, often in a large contiguous area as a single most domi-
nant crop during rainy season. Madhavi et al. (2004) analyzed IRS WIFS data at
10-day intervals over the Raisen Forest division in India and assessed the spread of
fire damaged areas in different forest segments. The studies provided information
on progression and recovery of fire burnt areas, which are quite useful in planning
for control operations.

25.2.4.2
Geographical Information Systems (GIS)
and Geographical Positioning Systems (GPS)

The review of Jayasheelan and Chandrasekhar (2002) indicates that GIS refers to a
description of characteristics and tools used in the organization and management
of geographical data. The term GIS is currently applied to computerized storage,
processing and retrieval systems (Murthy 2006) that have hardware and software
specially designed to cope with geographically referenced spatial data and corre-
sponding informative attribute. GIS enables management of large datasets such as
traditional digital maps, databases, and models. The quantitative data handling ca-
pability offered by GIS would assist the users to overlay numerous spatial data sets
and statistically analyze the same. Through this procedure it is possible to develop
quantitative relationships which are not achievable through the use of simple map
drawing or graphics display programmes. GIS technology is a powerful agromete-
orological tool for combining, or overlaying, various map and satellite information
sources in meteorological and climatological models that simulate interactions of
complex natural systems. Therefore, it is possible to prepare decision support sys-
tems based on GIS to manage weather related disasters, risks and uncertainties.
These tools are state-of-the-art technology for appropriate planning, coordination,
and monitoring of these events. The expected cyclone characteristics, rainfall pat-
terns, water levels in rivers, environmental impact assessments and vulnerabili-
ties, can assist in modeling disaster consequences accurately. They can also help
to evolve effective decision-making on logistic and infrastructure requirement and
their development in an area.

The ultimate use of GIS lies in its modeling capability, using real world data to
represent natural behaviour and to simulate the effect of specific processes. With
this scientific background the frost risk map and the desertification climatic in-
dex were developed using spatial modeling with GIS, at the Portuguese Institute
of Meteorology. On the same lines several information products (soils, crops, and
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meteorology) were integrated in ISOP project in France, which is in operational
use and it assesses real-time forage production over France. The prediction and
management maps of chilling injury of banana and litchi trees were developed us-
ing GIS in Guangdong province, China (Wang et al. 2003), which are highly suc-
cessful and are being used by the farmers. A new major programme LANDFIRE
uses GIS technology to map all wildfire fuels across the United States at 30m spa-
tial resolution. This is intended to be the safety net for land management agencies.
A few studies have focused on the collection of historical data and habitat condi-
tions with the dynamics of locust development stages, and synthesis of data using
GIS and evolving decision support systems (Hodell et al. 1995). This system inte-
grates remotely sensed and farm soil texture, soil moisture and vegetation density
with the daily weather data to forecast the suitable breeding sites and time of on-
set of locust upsurge in and around study area. Reliable drought interpretation re-
quires a GIS based approach, since the topography, soil type, spatial rainfall vari-
ability, crop type and variety, and irrigation support and management practices
are relevant parameters. The conventional methods of surveying and navigation
require tedious field and astronomical observations for deriving positional and di-
rectional information. The GPS service consists of three components: space, con-
trol, and user. Rapid advancement in higher frequency signal transmission and
precise clock signals along with advanced satellite technology have led to the de-
velopment of GPS (Ramesh et al. 2004). The outcome of a typical GPS survey in-
cludes geocentric positions accurate to 10 m and relative positions between receiver
locations to centimeter level or better. The capabilities of surveying, mapping, and
locating geophysical positioning of GIS immensely help in combating the natural
disasters in agriculture, forestry, rangelands, and effective control of environmen-
tal pollution.

25.2.4.3
Information technologies and communications

It is important that information is disseminated to the user by agrometeorologi-
cal services, which are easily understandable and in time through a rapid commu-
nication system. For effective communication, information related to disasters,
risks, and uncertainties is a major challenge in the developing and under devel-
oped countries. Reliable communication networks connect the scientific and tech-
nological advances of the developed countries with these nations. The Internet,
digital satellite technology, wind-up machines, computers, etc., are new possibili-
ties for rural areas in the under developed and developing world. Mobile phones,
facsimiles, e-mail, wireless technologies, etc., which are available in the developed
countries, offer the greatest potential and must be recommended for the develop-
ing countries and under developed countries. The Internet can accomplish accu-
rate, timely, useful, and cost-effective information to the rural areas. The RANET
(Radio and Internet) system is an innovative system that brings new communica-
tions and technologies together and delivers operational agrometeorological ser-
vices on risks and uncertainties of weather and climate over a distributed network
in Africa. This is managed by the local communities and is rated as the most suc-
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cessful communication network for efficient communication of agrometeorologi-
cal services.

In a developing country like India, NCMRWF’s weather forecast bulletin for the
subsequent three days is disseminated biweekly to AAS units every Tuesday and
Friday over the telephone, telefax, or satellite based very small aperture terminal
(VSAT) communication system. The VSAT system has the capabilities for reliable
interactive data communication and picture transmissions. Also, dissemination
of short- and medium-range forecasts to the farmers is operational through ra-
dio and television. The long-range forecast regarding onset of monsoon seasonal
rain is disseminated through newspapers. The newly developed agrometeorologi-
cal techniques are being communicated through the extension workers who reach
the end users directly (Kashyapi 1998). The introduction of the satellite-based cy-
clone warning dissemination system in the 1980s in Andhra Pradesh state of India
was the single most important step to improve the speed and credibility of trans-
mission of warnings for operational use by the farmers. The farming communities
in a developed country like Germany are interested in receiving the longest-term
and most exact weather forecasts possible, as well as information about the expect-
ed conditions at the production sites. Therefore, telefax, T-online, and agrometeo-
rological online services are in operation (Rudolph 1998).

25.3. Operational Agrometeorological Services to Cope with Risks
and Uncertainties of Natural Disasters

25.31
United States (U.S.A.)

The U.S. National Weather Service (NWS) was created in 1870 and was officially
transferred to the Department of Agriculture (USDA) in 1891 and then to the De-
partment of Commerce (DOC) on June 30, 1940. As early as 1941, operational ag-
rometeorological services were provided for orchardists under DOC and USDA
weather, climate, and agricultural activities. The farmers were advised on con-
ditions suitable for spray on fruit trees. Pioneering research at USDA resulted in
the publication of “Atlas of Climatic Types in the United States 1900-1939” (Mo-
tha et al. 2006), categorizing climate by moisture regimes, providing definitions
of effective precipitation, the use of vegetation as climatic indicators, and discus-
sions of climate variations. While the meteorological requirements of USDA are
numerous, they can be categorized into four basic areas. They include: current
measurement and observational data and services; climate services including the
summarization of historical weather data, the analyses of climatological data to
characterize climate conditions or regimes for different geographical areas or time
periods, and the development of normals, freeze probabilities, and drought indi-
ces; forecasting services including the prediction of future weather events or cli-
matic conditions and their associated probabilities that impact agriculture, forest-
ry and rangelands; and other services such as consultation, analyses of particular
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weather events, interpretation of forecast materials, monitoring and summarizing
recent weather events, weather briefings and summaries, special studies and anal-
yses, and user education (Motha et al. 1997; Rippey et al. 2000). USDA has a vast
need for weather and climate data to assist agriculturalists with their management
operations, which include strategic decisions such as what to plant, or tactical de-
cisions including when to irrigate. As a result, USDA agrometeorological services
that assist farmers directly or indirectly in their decision-making process require a
detailed set of weather information. Based on this information, certain operation-
al agrometeorological services have been developed by USDA of which the most
important are as follows:

25.3.1.1
Weekly Weather and Crop Bulletin (WW(B)

In 1872, the then “Division of telegrams and reports for the benefit of commerce”
in the War Department began publishing the “Weekly Weather Chronicle” for the
benefit of commerce and agriculture. It evolved into the present Weekly Weath-
er and Crop Bulletin (WWCB). It contains a global summary of weather for each
week and also provides information pertinent to regional, national, and interna-
tional agricultural weather. Detailed maps and tables of agrometeorological in-
formation for appropriate seasons along with a summary of weather and crop in-
formation are provided. In the bulletin, the report usually discusses crop weather
conditions suitable for field work and crop development, pests and disease out-
break, soil moisture conditions, crop progress, and livestock conditions. The bul-
letin is an effective means of distributing weather information to farmers and the
public. The WWCB has been cooperatively produced by USDA since 1978. The
users of this agrometeorological service range from farmers to marketing agencies
of agricultural products.

25.3.1.2
Joint Agricultural Weather Facility (JAWF)

This is a global agrometeorological service which was established in 1978 and
serves as USDA’s overall focal point for weather/climate information and agricul-
tural impact assessments. The JAWF was created as a world agricultural weather
information center, located in USDA, and is jointly staffed and operated by the De-
partments of Commerce and Agriculture. The primary mission of this facility is to
monitor global weather and determine the potential impacts on agriculture. The
JAWF provides information on weather related developments and their effect on
crops and livestock. This information in turn helps the decision-makers in formu-
lating crop production forecasts and trade policy. In addition, JAWF developed a
Data Base Management System (DBMS), which effectively manages a global weath-
er, climate, and agriculture data base for analyses. GIS techniques are utilized in
the products of DBMS, which enhance the analytical capability of the agrometeo-
rologists to produce crop-weather assessments. In May 1996, a JAWF field office (a
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weather/GIS data center) was established at the Mississippi State University (MSU)
to meet the local demands for agricultural weather information required for re-
search and production agriculture in the Delta growing region. The main mission
of this facility is to ensure collection and archival of vital agricultural weather data
in the Mississippi Delta. This center provides weather and climate data, crop prog-
ress information, tailored products using GIS, and weekly weather briefings to re-
searchers, producers, county extension agents, and agricultural industries in the
Delta. A product called “Node above white flower five rule” is an unique agrome-
teorological product developed from the research at the center. The cotton plant-
ing recommendation is based on soil temperature and other agrometeorological
products from this center.

25.3.1.3
U.S. Drought Monitor

Comprehensive weather, water, soil moisture, mountain snow amount, and cli-
mate observations are the foundations of monitoring and assessment activity that
alerts the nation to impending drought. An operational drought product called
the U.S. Drought Monitor was established in 1999 and since then has been con-
sidered a major agrometeorological service to the nation. JAWF contributes to the
Drought Monitor. It monitors drought conditions including aerial extent, sever-
ity, and type around the country. Over the last 6 years, this product has become a
highly successful agrometeorological tool for assessing the development and dura-
tion of drought conditions. The significant reason for the outstanding success of
this agrometeorological service is the process of information by many experts lo-
cated across the country. The Drought Monitor is a dynamic product, the uses of
which range from farmers to government policy-makers.

25.3.1.4
National Resources Conservation Service’s (NRCS)
Water and Climate Center (WCC)

NRCS’s cooperative Snow Survey and Water Supply Forecast (SS/WSF) program
provides farmers and other water management groups in the western states with
water supply forecasts to enable them to plan for efficient water use management.
The program also provides the public and the scientific community with a database
that can be used to accurately determine the extent and amount of seasonal snow
resources. The SS/WSF also provides nationwide climate services to the NRCS and
USDA in partnership with other Federal agencies and universities. The SS/WSF
operates a 715-station SNOTEL (SNOw TELemetry) network in the western U.S.
and a 111-station SCAN (Soil Climate Analysis Network) in 39 states throughout
the U.S. and Caribbean. The SS/WSF program provides essential products from
these data networks necessary to monitor and mitigate drought and floods. The
SS/WSF program has also sponsored the development of the Applied Climate In-
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formation System (ACIS) for information dissemination, and the PRISM climate
mapping technology used for spatial analysis worldwide.

25.3.2
India

The India Meteorological Department (IMD) was established in 1875. It is the na-
tional meteorological service of the country and the principal Government agency
in all matters pertaining to agricultural meteorology. One of the major objectives
of this department is to provide meteorological statistics required for agriculture
(Rao 2004). India has diverse agroclimatic regions with large variations of rainfall
ranging from 150 mm in the northwest/western part of the country to over

10,000 mm in the northeast region. Two thirds of the country comes under arid
and semi-arid region. This area is prone to recurrent droughts. The vast Indian
coastal belt is frequently affected by cyclonic storms. Over 40 million ha of

land area in the country is vulnerable to floods, out of which, about 8 million ha
is severely affected by floods each year. The country’s hilly region is prone to land
slides due to heavy rains and the Himalayan region to avalanches. These risks and
uncertainties cause major setbacks to agriculture and the economy. Therefore, a
number of initiatives are taken by the Government of India to improve various
types of agrometeorological services for managing the weather related disasters,
risks, and uncertainties as detailed below.

25.3.2.1
Flood meteorological offices and cyclone forecasting
and warning systems

The IMD established 10 flood meteorological offices in areas prone to floods. These
offices issue operational agrometeorological services like prevailing synoptic situ-
ation, heavy rainfall warnings and quantitative precipitation forecasts which are
highly useful to the all farmers in general and the poorest of the poor in particular
across the nation. The IMD also has developed a well established organizational
setup for observing, detecting, tracking, and forecasting cyclones and issuing cy-
clone warnings. The frequency of occurrence of cyclones in eastern India is pre-
sented in Figure 25.1. The cyclone warning bulletins are issued to state owned ra-
dio stations and televisions and disseminated through landline telegrams, police
stations, telex, telephones, fax, cell phones, bulletins to the press, internet, satel-
lites, etc.

25.3.2.2
Agrometeorological advisories

The Agrometeorological Advisory Service in the country was started first in the
India Meteorological Department in 1976. Agrometeorological advisories are bul-
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Fig.25.1. District wise occurrence of tropical cyclones for Andhraand Orissa coasts (1877 - 2000)
(source: Chittibabu et al., 2004)

letins prepared for farmers, taking into account prevailing weather, soil, crop con-
dition, and weather prediction. In these bulletins, the suggestions on measures
practiced are provided to minimize the losses and optimize inputs in the form of
irrigation, fertilizers and pesticides, drought mitigation strategies like water man-
agement, minor and micro irrigation, water conservation, crop management, crop
rotation, inter cropping, planting date, crop variety, alternate land use systems, fuel
and fodder plantation, Silvi pasture, Agro horticulture, Agro forestry, and live-
stock management. The IMD issues Agrometeorological Advisory Service bul-
letins twice a week in an operational mode in consultation with the Director of
Agriculture of the respective States and disseminated through All India Radio,
Doordarshan, newspaper, Internet, etc. On the basis of long-range forecast, an im-
portant agrometeorological service, various pre-emptive and relief measures like
procurement, transport, storage, and distribution of food grains are taken by the
Government.
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25.3.2.3
National Center for Medium-Range Weather Forecasting (NCMRWF)

The NCMRWF was established in 1988 by the Government of India as a scientific
mission to develop operational numerical weather prediction (NWP) models for
forecasting weather in the medium-range (3-10 days in advance) scale and setting
up of agrometeorology advisory service units in the 127 agroclimatic zones of the
country. The Agrometeorology Advisory Service farmers (AAS Farmers) receive
the medium-range weather forecast based on the agrometeorological advisories,
including optimum use of inputs for different farm operations. Due to judicious
and timely use of inputs, the cost of production of AAS farmers reduced approx-
imately by 3-6%. At the same time, the yield level of the AAS farmers also in-
creased. The increased yield level and reduced cost of production led to increased
net returns.

25.3.2.4
Other services

Some other activities tailored to meet the user communities are on the dry farm-
ing meteorology, which helps the dry land farmers to minimize the uncertainty
of rainfed agriculture. Similarly, the forecasts on desert locust meteorology help
in issuing the warnings about the migrations of locust in relation to low-level flow
and to support the plant protection and quarantine and storage directorate in their
locust eradication programmes. The satellite instructional television experiment
(SITE) started functioning in 1975, catering to mass communications by giving
weather information, advising on sowing operations, application of insecticides,
cautioning on floods, etc. The crop weather calendars (Figure 25.2) prepared by
the IMD on cereals, pulses, oilseeds crops, etc., improve the knowledge of farmers
on the weather elements influencing the crop and help in planning agricultural op-
erations and taking up precautionary measures. The drought research unit, started
at Pune in 1967, prepares aridity anomaly maps for the country during kharif sea-
son (June to September) in order to monitor droughts over the country on a real-
time basis. These are prepared on a fortnightly basis and also provide information
about the crop stress conditions and its intensity experienced by the plants, and
thus help to monitor the drought situation in the country.

25.4
Strategies to Improve the Agrometeorological Services
to Cope with Risks and Uncertainties

Sivakumar et al. (1998 and 2000) emphasized that the agrometeorological informa-
tion plays a valuable part not only in making daily and seasonal farm management
decisions but also in the management of disasters, risks, and uncertainties. Earlier,
Das (1999) expressed that it may not be possible to prevent the occurrence of natu-
ral disasters, but agreed with the observations of Sivakumar et al. (2004) that the
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Fig.25.2. Crop Weather Calendar

resultant negative and disastrous effects can be reduced considerably through the
agrometeorological services. Therefore, the role of agrometeorological services is
crucial for advance planning in the management of disasters, risks, and uncertain-
ties because of the significance of their impact and influence on the overall well be-
ing of humanity and livestock. Murthy and Stigter (2003) stated that the agrome-
teorological services play a key role in strategic and tactical planning and efficient
monitoring of crops and is a growing recognition of the importance of operational
agrometeorological services in all the sectors mentioned above around the world.

25.4.1
Improving the agrometeorological services

To cope with the risks and uncertainties pertaining to agriculture, forestry, range-
land, environment, and livestock, agrometeorological services must develop strat-
egies to improve management and operational decisions in an efficient manner.
Some of these strategies have been examined by CAgM since 1999.



Chapter 25: Agrometeorological services to cope with risks and uncertainties 451

25.4.1.1
Agrometeorological characterization, using different methodologies

The purpose of agroclimatic characterization is to identify those aspects of cli-
mate which distinguish a region from the nearby regions and to draw inferences on
the influence of climatic factors on crop production. The hypothesis is that under
given climatic conditions there are similarities in crop growth and development,
there by the yield in that homogenous region. According to Reddy (2002), four de-
cades ago, Chang observed that the failures or disappointing results of agricultural
development projects in various parts of the world including projects to produce
pineapples in Philippines, sugar in Puerto Rico, peanuts in East Africa, and rub-
ber in the Amazon basin may have been largely due to failures in proper agrocli-
matic classification. It was also stressed that adequate assessment of agroclimatic
resources is an essential prerequisite for proper planning of agricultural develop-
ment. The homogenous crop zone boundaries with relevant crops and cropping
patterns could be delineated with different methodologies through appropriate
and scientific agrometeorological characterization. The resultant agroecological
zoning offers the potential for developing strategies for efficient and sustainable
natural resource management, including sustainable management of agriculture,
forestry, rangeland, environment, livestock, etc. Therefore, it is imperative to give
top priority to agroecological zoning in agrometeorological services. In addition,
agricultural risk zoning is an essential component of natural disaster mitigation
and preparedness strategies. Given the complex nature of databases, GIS and re-
mote sensing should be employed in the future in any studies to facilitate strategic
and tactical applications at the farm and policy levels.

25.4.1.2
Advice on microclimate management

The climate of a region determines the extent of adaptability of a crop (or ani-
mal) species and weather influences its day to day growth. In turn, the crops not
only modify their own microclimate and weather within their canopies but also
the soil underneath them due to emission of long wave radiant energy. According
to Robert (2000), any modification in soil agricultural practices or ground cover
vegetation may have consequences for the global carbon cycle via their impact on
the dynamics of soil organic matter. Conversely, changes in composition of atmo-
sphere may bring about changes in certain soil characteristics. Stigter et al. (2004)
give the examples of parkland agroforestry and other stabilizing intensive man-
agement of scattered or clumped or allayed trees for microclimate management
and manipulation to cope with temperature changes in the northern China Plain.
There should be more research at the micro level into the physical behaviour of
crop growth like profiles of solar radiation, temperature, wind speed, vapour pres-
sure, carbon dioxide demand, and moisture regimes to develop better agricultural
mitigation strategies at the micro level against risks and uncertainties. Micromete-
orological knowledge about energy exchange and transports at the surface has use-
ful applications in agriculture. The changes on a small scale are relatively easy to
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initiate and control. Therefore, studies also on increasing surface absorptive pow-
er, exposure through site selection, and artificial or natural shading for reduction
of day length need to be encouraged.

25.4.1.3
Advice on crop phenology using recent climatic variability data
and agrometeorological information

Response farming is defined as a method of identifying and quantifying the sea-
sonal rainfall variability and predictability to address the problem of the farmers
at field level. However, Stigter et al. (2005) suggested that response farming should
not only be considered with respect to fitting cropping seasons to variable rainfall
patterns but also for temperature patterns. A case study from Vietnam shows that
either a planting date or a combination of planting date and variety could be varied
to make sure that the rice flowers optimally with the detailed knowledge of tem-
perature. Response farming has become a promising technology in the past two
decades to alter cropping systems/patterns in relation to fluctuations in seasonal
weather. Therefore, it is suggested that response farming be considered with in-
digenous technical knowledge to form new solutions to farming problems by im-
proved use of available forecasting in the cropping season(s).

25.4.1.4

Establishing measures to reduce the impacts and to mitigate

the consequences of weather and climate related natural disasters
for agricultural production

The plan of implementation of the world summit on sustainable development
(WSSD) held in Johannesberg in 2002 highlighted the need to mitigate the effects
of disasters, risks, and uncertainties. Measures were suggested such as improved
use of climate and weather information and forecasts, early warning systems, land
and natural resource management, agricultural practices, and ecosystem conser-
vation. The WSSD noted that these measures would reverse the current trends and
minimize the degradation of land and water resources, which are the basic needs
for agricultural production. There is a need to promote the access and transfer of
technology related to early warning systems, and disaster mitigation programmes
to the developing countries which are seriously affected by agrometeorological
risks and uncertainties. A comprehensive documentation of risks and uncertain-
ties related to agriculture and allied fields at national, regional, and international
levels is very important. This process helps to develop mechanisms for more effi-
cient assessment of the impacts of the risks and uncertainties in all fields in general
and pertaining to agriculture in particular. Collaboration with other international
and regional agencies is essential to develop an integrated coastal management ap-
proach in reducing the impacts of natural disaster on agriculture, forestry, range-
lands, environment, and livestock given the importance of storm surges to coastal
lowlands.
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25.4.1.5
Monitoring and early warning exercises directly connected
to already established measures

The role of early warning and advance planning for natural disaster management
and the mitigation of extreme weather/climate events is crucial for agriculture,
forestry, rangelands, environment, livestock, etc. The application of weather and
climate information to improve the effectiveness and efficiency of emergency pre-
paredness and response activities is essential. Critical thresholds must be moni-
tored that should trigger early warnings. So, it is essential to survey the status
of trends in land degradation and to report on appropriate criteria to conserve
and manage material and environmental resources for the benefit of these sectors.
Rapid advances in information technology need to be rapidly transferred to oper-
ational applications to more effectively disseminate agrometeorological informa-
tion to the user community. All users of the information as well as the providers
of the information must be involved to ensure that the right information is deliv-
ered to the right user at the right time for early warnings. Information gaps must
be identified and guidelines and procedures must be established to improve the
flow of timely and accurate information to farmers, including both monitoring and
early warning systems. Current natural disaster management is largely crisis driv-
en. There is also an urgent need for a more risk-based management approach to
natural disaster planning in agriculture, rangelands, forestry, environment, live-
stock, etc. The concept of the drought monitor map product should be promoted
as a tool for all drought prone countries to better understand drought severity us-
ing multiple indicators. The feasibility of organizing joint training workshops on
national and regional drought monitor products under the auspices of WMO and
the NDMC should be examined. Indices used in China in their agrometeorologi-
cal bulletin could be effective training tools.

25.4.1.6
Climate predictions and forecasts and meteorological forecasts
for agriculture and related activities

Weather forecasts play an important role in agriculture. The study of climatic fluc-
tuations in the rainfall and their impact of agriculture has become an important
area of climatology in recent decades. The average distribution of weather and cli-
mate phenomena along with the average variations in frequency and extent give a
better insight into agronomic importance. One of the persistent demands of agri-
culturists is for more reliable forecasts of seasonal climate information to make ap-
propriate crop decisions. These decisions include which crops and cropping pat-
terns are chosen well ahead of the growing season in order to avoid undue risks and
uncertainties. Hence, there is also an urgent need to assess the forecasting skills
for natural disasters to determine those where greater research is needed. Lack of
good forecast skill in drought, for example, is a constraint to improved adaptation,
management, and mitigation. This has to be pursued uncompromisingly. For the
identification of climatic fluctuations in rainfall data, long and continuous records
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are needed. Such data series are available only at a few stations in developing coun-
tries. Different techniques like relative rainfall probabilities, moving average, and
iterative auto-regression may be adopted for better defining the climatic fluctua-
tions, cause and effect of such fluctuations, and expected fluctuations to food-pro-
ducing ecosystems.

25.4.1.7

Development and validation of adaptation strategies

to increasing climate variability and climate change in the physical,
social, and economic environments of farmers

Scientific assessments have shown that over the past several decades, human ac-
tivities, especially burning of fossil fuels for energy production and transportation,
are changing the natural composition of the atmosphere. Providing an adequate
standard of living (adequate food, water, energy, health, environment, etc.) for the
current and future generations is a major challenge. So, there is a need in many
agricultural areas around the world to enhance the understanding of climate vari-
ability in order to assess the impact of causal factors (natural and human). A bet-
ter understanding of the climate of the major ecosystems of the world where ag-
riculture and related sectors are at risk could help develop effective in situ coping
strategies (Salinger et al. 2005). There is a need for thorough understanding of the
effects of changes in regional climate on crop production, forestry, rangelands, en-
vironment, livestock, etc. Given the growing incidence of dust and sand storms
around the world, it is essential to include measurement of Aeolian sedimentation
loads in the standard agrometeorological stations of NMHSs. It is also essential to
include a routine and comprehensive analysis of wind speed and direction data and
disseminate this information to the users. These data should be applied to analyze
the impact of sand storms on agriculture. The issue of distinguishing long-term
climate variability (e.g., IPO) and long-term climate change is important, as is the
need to consider the impacts of both on agriculture, water resource management,
and disasters such as bushfires. This is important because there are implications
for long-term sustainability of certain types of activities, especially agriculture.
There is modeling work at more overseas institutions (e.g., the Hadley Centre) that
would be of relevance here. These issues need to be drawn to the attention of na-
tional policy-makers.

25.4.1.8
Specific weather forecasts for agriculture

In natural ecosystems and also in cultivated or forest ecosystems, climate change
is capable of disturbing the balance between the species, whether they are plant or
animal, in terms of individual and population (Lorean et al. 2001). The effect of
climate changes on development of pests and diseases could manifest a direct ef-
fect on the biological cycle of parasites and host parasite interaction. Weather in-
fluences the degree to which plants and animals are attacked by pests and diseases
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or harbour them. It also affects the biology of insects and disease organisms, and
determines the nature, numbers, and activity of pests (and of predators on pests)
and extent and influence of diseases. In crop and livestock protection, the spread
and aerial transport of pests and diseases and the effectiveness of applied control
or eradication methods depend upon atmospheric agencies. Agrometeorologists
need accurate and reliable climate forecasts to assist the agricultural community
in planning and operations.

25.4.1.9
Advice on measures to reduce the contributions
of agricultural production to global warming

Agriculture in the 21* century not only will have to make its contribution to the re-
duction of GHG emissions (particularly CO,, CHy, N,O) to satisfy the vital needs
of populations in food, energy, fiber, and other products. The adoption of agricul-
ture to global warming triggers new requirements from major contemporary re-
search efforts. This research shall aim both to increase the forecasting capacity
and to anticipate the design of new cropping and forestry systems. Global warm-
ing in all sectors of agricultural production necessitates the adoption measures that
must be economically feasible. Such measures could improve resilience of agricul-
tural production systems to global warming, but, do not necessarily reduce emis-
sions from the agricultural sector. To serve the agricultural sector, there is a need
to thoroughly review the interactions between greenhouse gas emissions and agri-
cultural activities. Also, there exist needs to document both positive and negative
influences of agriculture on weather and climate systems and develop guidelines
for increasing awareness within the farming communities of the related adapta-
tion/mitigation strategies to address global warming and poverty issues. More at-
tention should be given to the impacts of potentially increasing frequency and se-
verity of extreme events associated with global warming and appropriate mitiga-
tion strategies.

25.4.1.10
Measures for sustainable agricultural development
with strong agrometeorological components

While scientific and technological advances have resulted in higher quality infor-
mation and increased capabilities in providing agrometeorological information,
major difficulties remain. Technological advances in remote sensing (hand-held
and space-based) such as soil moisture detection and evapotranspiration estima-
tions and GIS constitute new sources of data for many agrometeorological applica-
tions and should help reduce some of these problems in the future. The RS and GIS
data sets not only complement ground observations but also offer new types of data
and also provide greater global coverage and improve aerial averaging. Regional
and global cooperation can hold the countries that lack the financial and technical
resources to acquire such data. As indicated above, recent technological advanc-
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es in GIS offer significant improvements in spatial analyses of meteorological and
agricultural databases. Sustainable research and development has occurred in the
application of crop models ranging from the field level to country level and even
larger scale modeling. Various modeling techniques range from statistics-based
regression analysis to more complex process-oriented approaches. Models are also
used in global change impact studies. The problem is how to develop an integrat-
ed information management system with technology and standardized analyti-
cal techniques that can be applied operationally for validation of selected models
in agriculture, rangelands, forestry, environment, etc., at the eco-regional level.
Therefore, it is recommended that an integration of GIS, remote sensing, simula-
tion models, and other computational techniques be used to develop more effec-
tive early warning alerts of natural disasters risks and uncertainties. Also, there is
a need and opportunity for the agrometeorologists to supply design requirements
for new satellite sensors. This applies in particular to droughts, rangeland manage-
ment, and to combat forest fires from a disaster mitigation point of view.

25.4.2
Improving the support systems of agrometeorological services

To cope with the risks and uncertainties pertaining to agriculture, forestry, range-
land, and environment agrometeorological support systems must have a solid
foundation of data, analytical support, educating and training extension service
for application and dissemination of operational results, and policy support.

25.4.2.1
Data

At present, collection, management, and analysis of atmospheric and surface data
are being done with both manual and automated station networks. The new tech-
niques like remote sensing and GIS cover the data from near ground to outer space.
However, these data systems have grown only in the developed countries. To over-
come the difficulties faced by the developing and under developed countries, the
cooperation among international, regional, national, and where possible local spe-
cialized bureaus and organizations is essential. Assessment of the impact of nat-
ural disasters on agriculture, rangelands, forestry, and environment requires the
design of a comprehensive data base in accordance with the users needs. There
is a need for an integrated data management system, from adequate collection to
quality control, analysis, presentation, and also metadata not just meteorological
data. Presentation should make use of the best available technology, e.g., GIS and
Internet. Effective management of, and preparedness for, natural disasters, risks,
and uncertainties require free and unlimited access to relevant databases that will
allow monitoring, assessment, and prediction. It is recommended that all agencies
responsible for these databases develop good collaborating links for the exchange
of information included in these databases.
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25.4.2.2
Research

Agrometeorological services need regional, national, and local coordination. The
priority items identified at Accra (1999) are agrometeorological aspects of the ef-
ficient use and management of resources in the full production environment; re-
duction of impacts on the resource base, yields, and income from natural disasters,
risks, and uncertainties; validations and applications of databases and models for
well specified systems and users; and, ways to ensure that research results are ad-
opted in farming. There is an urgent need to assess the forecasting skills for natural
disasters to determine where greater research is needed.

25.4.2.3
Education/training/extension

With increasing incidence of natural disasters, risks, and uncertainties around the
world, a comprehensive assessment of their impacts on agriculture, forestry, range-
lands, environment, and livestock and strategies for mitigation of natural disas-
ters is critical for sustainable development, especially in the developing countries.
Education and training is an important component in these sectors. It is recom-
mended that strategies for education and training address the needs at national,
regional, and international levels in order to exploit the synergies and share expe-
riences. Community involvement and education is essential in preparedness and
mitigation.

25.4.2.4
Policies

An appropriate policy environment based on social concerns and environmental
considerations can help develop the right mix of strategies for preparedness and
problem solving practices against natural disasters, risks, and uncertainties. It is
recommended that countries develop policies aimed at effective natural disaster
management. Such policies should emphasize incentives over insurance, insur-
ance over relief, and relief over regulation. The growing frequency of natural di-
sasters requires effective use of the media to better inform and educate the general
public and policy-makers about the potential impact of natural disasters and the
need to adopt the preparedness strategies. Given the regional and global nature of
natural disasters, it is essential to promote and foster collaboration between agen-
cies and between international and regional programs and build partnerships.
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25.4.3
A comprehensive agrometeorological service strategy
to cope with risks and uncertainties

With the increasing incidence of events such as natural disasters, risks, and un-
certainties around the world, a comprehensive assessment of their impacts on ag-
riculture, forestry, rangelands, environment, and livestock needs to be addressed
by country. Strategies for mitigation are critical for sustainable development, es-
pecially in the developing countries. Agrometeorological services and informa-
tion must increasingly be made available to assist farmers in characterization of
agroclimate, microclimate management and manipulation, advisories on response
farming, monitoring of and early warning on natural disasters. Measures need to
be established to reduce their consequences. Climate prediction and forecasting
along with forecasts for pests and diseases and management of natural resources
must be improved. Remote sensing, GIS applications, simulation models, and oth-
er computational techniques hold a lot of promise for improving operational agro-
meteorological services. These technologies must be used along with indigenous
technical knowledge as Blended Technologies (BTs) for more effective early warn-
ing alerts of these events. More attention needs to be paid to enhancing such appli-
cations. There should be more research into the physical behaviour of crop growth
and moisture regimes to develop better agricultural mitigation strategies and stan-
dardization of services and products. The research shall also be aimed at improved
agrometeorological services, not just for enhancing agricultural productivity, but
also for protecting the environment and biodiversity, coping with climate change,
and drought and desertification for ensuring sustainable development. Training
programmes and education at regional levels, which include aspects related to cli-
mate modeling and integration of satellite imagery oriented to agricultural GIS an-
alytical tools, need to become a standard feature. Regional exchange programmes
that will consider the transfer of methodologies and knowledge of professionals
of different services, by means of seminars, workshops, and/or hands on training,
must be given top priority. The regional and global nature of the natural disasters,
risks, and uncertainties and the complexity of issues involved demands promot-
ing and fostering collaboration between agencies and between international and
regional programs and builds partnerships. This process helps in increasing the
network of agrometeorological stations, maintaining the existing ones, and devel-
oping competitive agrometeorological products. New initiatives such as the World
AgroMeteorological Information Service (WAMIS) could help strengthen oper-
ational agrometeorological services through the provision of agrometeorological
products on a near real time basis on the Internet and through training modules
to enhance the quality of agrometeorological products. Priority shall also be given
and enough funds allocated for dissemination of meteorological tools applied to
agriculture and oriented towards small and medium farmers.
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25.5
Conclusions

Agrometeorological services help the farmers in reducing the impact of risks and
uncertainties, in addition to efficient management of pests and diseases on their
crops, there by helping to increase their agricultural production. Agrometeorolog-
ical services are useful in crop management systems that extension services pro-
vide to the agricultural community and help the extension personnel in perform-
ing their functions more efficiently at the end-user. The research scientists work
in collaboration with different departments as a multi-disciplinary team with the
expert knowledge to evolve agrometeorological products and services for farmers
in different farming systems. They include forecasts of weather and climate, moni-
toring and early warning products for drought, floods, or other calamities, gener-
al agrometeorological advisories, etc. These products and services would increase
the preparedness of the farmers, well in advance, to cope with risks and uncertain-
ties. In education, the successes, failures, and experiences of researchers and ex-
tension specialists are taught in the curricula of agrometeorology departments in
the universities, training centers, and other capacity building institutions. Such
exercises will enlighten the classical training and strengthen the usefulness of the
services for the farmers and other user communities. These agrometeorological
services help the government decision-makers to involve the private sector on pri-
ority issues like crop insurances, providing infrastructure facilities, enhanced co-
operation between the institutions providing information and relevant advisories,
and those responsible for their transfer to the farming community to solve the risks
and uncertainties associated with production agriculture, forestry, rangelands, en-
vironment, and livestock.

Agrometeorological services are the end products of agrometeorological re-
search. Improved management of climatic and weather related events such as di-
sasters, risks and uncertainties is central to the profitability of our rural industries
and the ecological sustainability of its resource base. Agriculture, forestry, range-
lands, environment, livestock, etc., are the most important sectors heavily impact-
ed by these events. The current status of agricultural production and increasing
concerns with related environmental issues calls for improved agrometeorological
services for enhancing and sustaining agricultural productivity around the world.
The requirements for the agrometeorological services were described in the light of
emerging issues related to environment, climate change, biodiversity, drought and
desertification, food security, and sustainable development. The Agenda 21, In-
ternational Conventions including the United Nations Framework Convention on
Climate Change (UNFCCC), the Convention on Biological Diversity (CBD), and
the United Nations Convention to Combat Desertification (UNCCD), the World
Food Summit Plan of Action and the World Summit on Sustainable Development
(WEFSPAWSSD) include the elements that have implications for strengthening op-
erational agrometeorological services. The weather related disasters around the
world have been increasing in the recent past and operational agrometeorological
services could help the farming community with better preparedness and mitiga-
tion strategies.
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CHAPTER 26

Using Simulation Modelling as a Policy Option in Coping
with Agrometeorological Risks and Uncertainties
Simone Orlandini, A. Dalla Marta, L. Martinelli

26.1
Introduction

Agricultural systems are largely dependent on weather and climate, then manage-
ment and planning decisions are made in condition of risk or uncertainty due to
the high level of complexity of the agricultural systems. Despite the important ad-
vances in technology over the last decades, many production factors are not well
defined and they are outside of the farmer control (Orlandini and Cappugi 2001).
The lack of precise information increases the level of uncertainty in farm man-
agement. To overcome these problems, farmers increased the level of energy and
chemical inputs above the necessary requirements with the aim of decreasing the
impacts of the variability of agricultural systems. Unfortunately, the consequence
of this strategy was the increasing of environmental impact and production costs
without obtaining the expected goal (Travis et al. 1992). A solution to interrupt this
negative trend is to substitute expensive and pollutant chemical and energy inputs
with elaborated information of high quality. In this way it is possible to decrease
the risk of the uncertainties of decision making and thus to minimise the applica-
tion of excessive inputs and increase the potential income (Maracchi 2001).

Therefore, the monitoring of environmental variables and the elaboration of in-
formation represent a necessary support for decision making both for long-term
and short-term management of agricultural activities. Information can hardly be
used as a raw datum, but it needs to be analysed, processed and organised accord-
ing to the final operational use. A new approach to agriculture seeks to increase
the application of agrometeorological information for the development of models
for the assessment of the quality of agricultural products, estimation and monitor-
ing of yields, environmental protection and cultural rural heritage conservation.
Agriculture needs agrometeorological models to minimise environmental costs of
its activity and to determine short and long term consequences (reduction of soil
fertility).

Agrometeorological models are basically formal expressions of biological, phys-
ical and chemical functions fed with environmental and climatic forcing variables
(Table 26.1). Models are often the only tools available to study the behaviour of
complex systems, and they offer unique insights to understand the frequent non-
linear interactions among processes in soil-plant systems.

In the last few years an increasing interest in this subject was observed and a
high number of computer applications for agrometeorological purposes was de-
veloped.
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Table 26.1. Examples of agrometeorological forcing variables and their effect in epidemiological
models.

Variable Effect

Temperature Phenological development

Solar radiation Biomass assimilation and growth
High temperature Rate of infection

Higher threshold of development and survival

Low temperature Spore and insect conservation
Lower threshold of development and survival

Leaf wetness Inoculation
Survival of organism

Precipitation Dispersion of spore and insect
Survival of organism

Relative humidity Presence of saturation conditions
Survival of organism

Wind Dispersion of spore and insect
Modification of temperature and humidity

Modelling can find useful applications in many fields: plant growth and devel-
opment, crop yield quality and quantity estimation, water balance, plant protec-
tion against pests, diseases, weed and weather hazards, climatic changes, genera-
tion of weather data, spatial and temporal interpolation or extrapolation, soil ero-
sion and conservation, etc. (Orlandini 1996).

Moreover, concerning a more complex and articulated context, models can be
included for setting up Decision Support Systems (DSS) and Early Warning Sys-
tems (EWS). In this case, models are usually integrated with other technologies
such as remote sensing, geographic information systems, and numerical weather
models. Information elaborated is used not only for regulating the agricultural and
land management activities but also, in more critical cases such as in developing
countries or in particularly vulnerable areas, to manage food security concerns.

26.2
Conditions of model implementation and application

Agrometeorological models can be set up with different methodologies. From the
simplest to most complex: tables for manual calculations (Goidanich and Mills ta-
bles), electronic plant stations, computer and integrated systems, which combine
models, monitoring networks and GIS for the production of information spatially
distributed on the territory. The quality of the information increases in the same
direction, but obviously also technological requirements have the same trend. So,
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particularly in developing countries, simple methodologies seem to be prefera-
ble.

The required inputs are meteorological (temperature, rainfall, relative humid-
ity, leaf wetness, solar radiation, wind direction and speed), physical (CO; concen-
tration, soil structure) and biological (observed symptoms, crop monitoring, plant
parameters) data. Meteorological data are generally required with hourly time step
for epidemiological models, while daily data are required for the other kinds of
simulations; soil erosion models require a shorter time step (minutes). Sometimes,
also historical data are needed to define the climatic characteristics of the agri-
cultural environment. The availability of meteorological information can be im-
proved by further developing the spatial interpolation methods and by a more ef-
fective use of weather radar and satellite information in addition to traditional
meteorological ground data. Automation of weather observing stations may have
impacts on the availability of some meteorological parameters (Mestre 2006). The
use of atmospheric models as a source of meteorological data is also an alternative
that is worth considering (Dalla Marta et al. 2003).

Model outputs represent the basis for implementing support systems based on
information technologies to disseminate advices and early warnings to the poten-
tial users: policy-makers, extension services, farmers, plant breeders. Insurance
companies are also interested in the results of these analyses and they will be in-
volved in the evaluation of agricultural risk insurance. Risk maps and other meth-
ods (graphics, tables, etc.) can be used to provide the end users with a detailed de-
scription of agricultural system conditions (Friesland and Orlandini 2006).

Particularly in case of applications oriented to support farmers, local or terri-
tory alternatives can be chosen. In the first case, the model is applied directly by
farmers, with evident benefits in the assessment of real epidemiological condition
and microclimate assessment. On the other hand, the management of the simula-
tions and the updating of the systems represent big obstacles. The second (territo-
ry) is probably preferable because it allows a better management and updating of
the system. This solution requires the application of suitable methods for the in-
formation dissemination among the users (personal contact, newspaper and mag-
azines, radio and television, videotel, televideo, telefax, mail, phone, Internet, and
SMS). The use of mobile phones to acquire information is interesting because it
enables access from the field and does not require the use of computer. PlanteInfo
(Jensen and Thysen 2003) contains weather forecast and plant protection warnings
developed in two ways: “push-type” sent regularly when criteria are met, as speci-
fied by the user, while “pull-type” are sent on the user’s request by SMS.

Also in future, difficulties in validation will remain with some models due to
compatibility of simulation results and field assessments, but nevertheless valida-
tion is necessary and often is possible. Uncertainty of models and their output can
be minimised only within limits, by improving biometeorological understanding,
extending results into an area, or better weather forecasts. Validated models still
grow in practical importance, and an increasing number of them is and will be
used in routine procedures for the benefit of agricultural users (Friesland and Or-
landini 2006).

However starting from knowledge and technologies developed since the last de-
cades, the operational application to the agricultural practice of this knowledge
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is limited by the following constraints, practically everywhere and in any case, in

Europe:

e Meteorological data at local scale are not available or not accurate enough.

e Models are not accurate enough in term of information compared with the em-
pirical rules adopted by the farmers.

o Links between the farmers and the agricultural extension services are too weak
and in many cases the activity of extension services are more devoted to help the
farmers in burocratic duties instead of supporting them in the technical choic-
es.

e The time taken in delivering information is often too long to help the farmers to
take decisions in time.

e No agency did a reasonable study on the improvements of agricultural practice
and the consequent economic benefits that can be derived through the utilisa-
tion of agrometeorological information.

26.3
Examples of Using Agrometeorological Models

26.3.1
Models for soil erosion

Soil erosion is a natural phenomenon: it has occurred over the millennia as part of
geological processes and climate change. However, erosion is more severe nowa-
days: soil degradation affects almost 2 billion ha of arable and grazing land (Table
26.2). More than 55% of this damage is caused by water erosion and nearly 33% by
wind erosion.

Every year soil erosion and other forms of land degradation rob the world of 5-7
m ha of farming land and 2.5 billion tonnes of topsoil are washed away. The United
States lost about one-third of its topsoil since settled agriculture began. Worldwide,
soil erosion puts the livelihoods of nearly one billion people at risk. The effects of

Table 26.2. Soil degradation by area and type (million ha) (www.fao.org).

Water Wind Chemical Physical Total
erosion erosion degradation  degradation
Asia 440 222 73 12 747
Africa 227 187 61 19 494
South-America 123 42 70 8 243
Europe 115 42 26 36 219
North and 106 39 7 6 158

Central America

Southwest Pacific 83 17 1 2 103
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Global status of human-induced
soil degradation
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Fig.26.1. Global status of human-induced soil degradation (www.fao.org)

erosion are legion (Fig. 26.1). Soil washed off bare hillsides, ruins aquatic habitats
and clogs waterways. Riverbeds rise, increasing the risk of floods. However, erosion
can be reduced and eroded land can be restored.

Soil erosion is among the major environmental threats related to agricultural
land use (Helming et al. 2005). Important European policies and directives, such as
the Water Framework Directive, the European Commission Strategy for Soil Pro-
tection as well as agro-environmental measures address the issues of soil erosion.
During recent decades, international research has greatly contributed to an im-
proved understanding of soil erosion processes at various scales from single plots
to complex watersheds. Research focus evolved from descriptive approaches over
process analyses of soil-hydrological dynamics to in depth studies of the tempo-
ral interactions of rainfall and soil erosion. The analysis of spatial dynamics of soil
surface characteristics, runoff and erosion patterns is a recent topic of research,
which is a crucial piece of the puzzle when analysing connectivity issues and when
linking upland area processes of sediment production with channel processes of
sediment transport.

Patterns of runoff and soil erosion represent the two-dimensional response of
the landscape to rainstorm events. These patterns illustrate in a complex and yet
incompletely understood way the spatial variability of important soil, land use and
landscape characteristics. There has been increasing recognition of the significance
of such patterns for understanding and predicting erosion and its environmental
impacts. For example, improved insight into the way in which patterns of runoff
and soil loss evolve over time and vary with spatial scale may help us to better com-
prehend the value and limitations of short-term plot studies with respect to ero-
sion in a wider, real-landscape context. A better appreciation of the role of dynam-
ic connectivity in runoff and sediment delivery may assist in improving our esti-
mates and surface functions of landscape response to rainfall events.

At present, numerous models for the estimation of soil erosion have been set up
and some of them are available on-line (Table 26.3).
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Table 26.3. Examples of soil erosion simulation models.

AGNPS (Agricultural Non-Point Source pollution model)

AGNPS-UM (Agricultural Non-Point Source pollution model, modified)
ANSWERS (Areal Nonpoint Source Watershed Environment Response Simulation)
CREAMS (Chemicals, Runoff and Erosion from Agricultural Management Systems)
EPIC (Erosion-Productivity Impact Calculator)

EROSION-3D

EUROSEM (European Soil Erosion Model)

GLEAMS (Groundwater Loading Effects of Agricultural Management Systems)
KINEROS2

LISEM (Limburg Soil Erosion Model)

MEDRUSH

MOSES (Modular Soil Erosion System) project

MWISED (Modelling Within-Storm Sediment Dynamics) project (link down)
RillGrow 1 and 2

RUSLE (Revised Universal Soil Loss Equation)

SWAT (Soil and Water Assessment Tool)

USLE (Universal Soil Loss Equation)

- APSIM (Agricultural Production Simulator)

- TMDL (Total Maximum Daily Load)

— USLE-2D (Universal Soil Loss Equation 2D)

- USLE (MS Excel version)

— USLE-M (Universal Soil Loss Equation Modification)
— USPED (Unit Stream Power-based Erosion Deposition)

WATEM (Water and Tillage Erosion Model)
WEPP (Water Erosion Prediction Project)
GeoWEPP (Geo-spatial interface for WEPP)
WEPP interfaces (US Forest Service)

26.4
Water balance and irrigation

Water is a finite resource: there are some 1.4 billion km® on earth and circulating
through the hydrological cycle. Nearly all of this is salt water and most of the rest
is frozen or under ground. Only one-hundredth of 1% of the world’s water is read-
ily available for human use. In many countries, the amount of water available to
each person is falling, as populations rise. Of the three main ways in which people

use water:
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e Municipal (drinking water and sewage treatment);
e Industrial;
e Agricultural (mostly irrigation);

farming accounts for the largest part, some 65% globally in 1990. Irrigation sys-
tems have existed for almost as long as settled agriculture and they are essential to
feed the world. Although only 17% of the world’s cropland is irrigated, it produces
over 33% of our food, making it two and a half times as productive as rain-fed agri-
culture. Nevertheless, in some cases up to 60% of the water withdrawn for use in ir-
rigation never reaches the crops (Fig. 26.2). In addition, waterlogging and saliniza-
tion have sapped the productivity of nearly 50% of the world’s irrigated lands. Oth-
er problems include the accumulation of pollutants and sediments in large dams
and reservoirs, and the fact that irrigation systems provide an ideal habitat for the
vectors of waterborne diseases. The key to improve irrigation lies in recycling waste
water, proper drainage and especially in more efficient use of water.

Water balance models play a central role in most of the agricultural system
models describing soil-crop-atmosphere interactions. Water is not only the domi-
nant factor affecting crop growth, it also determines soil processes like transport of
chemicals, biological activity and matter transformations, surface runoff, ground-
water recharge and pest and disease development on soil and crop surface.

Agricultural production growth and stabilization, under conditions of the ex-
treme climatic events occurrence, such as severe droughts, can be ensured by using
many methods, the most important one being the irrigation, provided attention is
paid to environmental preservation and protection. Soil moisture information is of
interest to a wide range of users and is crucial for making informed decisions on
land and water resources management. Many existing water balance models can
be used to evaluate the soil moisture dynamics and soil water deficits at the rooting
depth of the different agricultural crops, in order to provide information necessary
in taking decisions on irrigation planning and management.

Field application
losses
Water 25%
effectively used
by crops
45% Farm
~ distribution
Transmission to losses
farm 15%
15%

Fig.26.2. Irrigation losses in agriculture (www.fao.org)
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In the last years, the importance of water balance models to assess different de-
cisions regarding the irrigation planning and management was considerably en-
hanced. Many models exist for calculations on irrigation management. In particu-
lar, four models were given as an example in COST Action 718 “Meteorology ap-
plication for agriculture” of European Union final report: AMBAV, CROPWAT,
IRRFIB, and SWAP (Kroes et al. 2006).

AMBAV (Agrarmeteorologisches Modell zur Berechnung der aktuellen Ver-
dunstung-agrometeorological model for calculating the actual evapotranspira-
tion) is part of the complex agrometeorological model toolbox AMBER (Lopmei-
er 1994) developed by the Agrometeorological Research Braunschweig (German
Weather Service, Deutscher Wetterdienst - DWD). The model calculates the poten-
tial and real evapotranspiration and the soil water balance for different crop covers.
It is used for producing irrigation recommendations which are disseminated by the
DWD via fax service for different soil types using hourly data from the meteoro-
logical station network, including weather forecast up to 5 days. The model is de-
signed to be used by local meteorological advisory services. It considers 13 differ-
ent crops: winter wheat, spring wheat, winter barley, rye, oats, maize, sugar beets,
potatoes, oilseed rape, grassland, fruit trees, coniferous and deciduous forest.

The CROPWAT was developed by FAO (Allen et al. 1998). Its main functions are
to calculate reference evapotranspiration, crop water requirements, irrigation re-
quirements, scheme water supply, develop irrigation schedules under various man-
agement conditions, evaluate rainfed production and drought effects and evaluate
the efficiency of irrigation practices. CROPWAT is meant as a practical tool to help
agrometeorologists and irrigation engineers to carry out standard calculations for
evapotranspiration, crop water-use studies and more specifically, the design and
management of irrigation schemes. It allows the development of recommendations
for improved irrigation practices, the planning of irrigation schedules under vary-
ing water supply conditions, and the assessment of production under rainfed con-
ditions or deficit irrigation.

IRRFIB model calculates reference daily water balance for different regions and
represents agricultural decision support tool in the frame of agrometeorological
information system. Its recent development enabled quick and accurate transfer of
information to end users. An open code solution developed in Linux platform is
based on the PostgreSQL database. In the SAgMIS meteorological, soil, crop and
agrotechnical data are integrated. Daily meteorological data from regional stations
in the frame of national network are automatically delivered into the system. Ref-
erence evapotranspiration is calculated by Penman-Monteith equation using air
temperature, wind speed, air humidity and net radiation.

The model SWAP (Soil-Water-Atmosphere-Plant) is the successor of the agro-
hydrological model SWATR and some of its numerous derivatives. It has a long his-
tory with the first publications in the year 1978. The latest version was published as
SWAP3.0 by Van Dam (2000) and Kroes and Van Dam (2003). Top soils show the
largest concentration of biological activity on earth. Water movement in the up-
per soil determines the rate of plant transpiration, soil evaporation, runoft and re-
charge to the groundwater. In this way, unsaturated soil water flow is a key factor
in the hydrological cycle, transporting large amounts of solutes, ranging from nu-
trients to all kind of contaminations. Therefore the model SWAP aims at an accu-
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rate description of unsaturated soil water movement to derive proper management
conditions for vegetation growth, irrigation conditions and environmental protec-
tion in agricultural and natural systems.

26.5
Crop protection

Pesticides use multiplied by a factor of 32 between 1950 and 1986, with developing
countries now accounting for a quarter of the world’s pesticide use. Inappropriate
and excessive use can cause contamination of both food and environment and, in
some cases, damage the health of farmers and consumers. Pesticides also kill the
natural predators of pests, allowing them to multiply; meanwhile the number of
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Table 26.4. Crops considered for the application of epidemiological models (Friesland and
Orlandini 2006).

Category Crop
Cereals wheat, barley, rye, oats, maize, sorghum, rice
Row crops and other potatoes, sugar beet, oilseed rape, soybean,

sunflower, hop, tobacco, alfalfa

Vegetables cabbage, onions, leek, tomato, carrot, celery,
bean, paprika, lettuce, pea, turnip, aubergine

Fruit apple, grapevine, citrus, plum, pear, cherry,
melon, olive, strawberry, watermelon

Other elm, mustrad, pinewood, rose, chestnut,
almond, poplar, oak

pest species with resistance to pesticides has increased from a handful 50 years ago
to over 700 now (Fig. 26.3).

A large number of simulation models has been formulated in the last decades,
starting during the ’80. The higher contribution is from Europe and North Amer-
ica, while Asia (mainly oriented to rice application), Africa, Oceania and South
America show a smaller activity (Fig. 26.4).

The main crops have been studied, from field annual crops, to forestry, trees and
flowers (Table 26.4).

P.Rada is a project funded by the European Community in the frame of the ini-
tiative “Interreg IITA Italia-Slovenia 2000-2006” created to promote an operational
collaboration between the two neighbouring countries.

In particular, the interested area includes Friuli Venezia Giulia region (North
East part of Italy) and the eastern part of Slovenia. This system is applied on the en-
tire regional area and represents a fundamental DSS for most agricultural workers
both in public administrations and in farms. It is the result of the integrated use of
epidemiological simulation model, remote sensing and the GIS. It is composed by
three subroutines: a module for meteorological data spatialisation, a leaf wetness
and a disease development simulation model.

The necessary agrometeorological data are collected by ground stations scat-
tered on the two countries, spatialised and integrated with rainfall data collected
by the meteorological radar of Fossalon di Grado (Italy). The territorial informa-
tion obtained is then used by the system to feed two agrometeorological models:
the first for the estimation of leaf wetness and the second for the simulation of
grapevine downy mildew. The main output is represented by daily maps contain-
ing operational indications about the current meteorological situation, the pres-
ence and the stage of downy mildew development and the evaluation of the po-
tential risk (Fig. 26.5). In the current system great attention is paid to grapevine
downy mildew, nevertheless its modular structure allows to consider other biologi-
cal processes thanks to new algorithms and subroutines.



Chapter 26: Using Simulation Modelling as a Policy Option 473

RSN EEARERARAIRREY
S IIIIIIIII Y

HELEETETEY ]

Fig. 26.5 Examples of output maps of rainfall (a), leaf wetness duration (b) and number of cur-
rent downy mildew infections (c) in Friuli Venezia Giulia region (Italy)

As far as remote sensing is concerned, it is important to emphasize the fact that
it is a very helpful tool and research efforts should be supported, particularly with
regard to operational applications. Indeed, the use of these techniques allows to
obtain accurate data estimations, reducing both expenses and installation/main-
tenance works.

Nevertheless, it is acknowledged that both radar and, particularly, satellite data
frequently provide discordant rain estimates as compared to traditional rain gaug-
es. As a matter of fact, remote sensing provides indirect phenomenon estimations
and the measures are affected by a low spatial and temporal accuracy. On the other
hand, rain is an extremely variable unit both in spatial and temporal terms. These
differences in measurement principles greatly amplify the disagreement due to in-
strument characteristic errors. As a result, satellite or radar estimates cannot ex-
actly reply rain gauge measurements. Nevertheless, an integration between these
methodologies is desirable, given that remote sensing data are characterized by
high temporal resolution and spatial continuity.
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26.6.
Early Warning Systems (EWS)

Over 800 million people, mostly in the developing world, are chronically under-
nourished, eating too little to meet minimal energy requirements (Fig. 26.6). Mil-
lions more suffer acute malnutrition during transitory or seasonal food insecurity.
Over 200 million children suffer from protein-energy malnutrition and each year
nearly 13 million under the age of five die as a direct or indirect result of hunger
and malnutrition.

The essential purpose of EWS is to give decision makers sufficient time to take
action to avoid the worst effects of impending drought or poor harvests, for exam-
ple, in an effort to protect the most susceptible areas.

EWS are based on a very extensive multidisciplinary analysis. The utilisation of
satellite remote sensing for the provision of meteorological information, also integrat-
ed by ground data, vegetation and land cover maps is the common denominator. As
reported in “Proceedings of Early Warning Systems and Desertification” (AA. VV.
1999) a list of EWS used operationally in developing countries is given (Table 26.5).

The socio-economic aspect is often predominant, however, a more statistical,
agricultural and food approach is adopted, for example, by GIEWS (Global Infor-
mation and Early Warning System), while AP3A (Alerte Précoce et Prévision des
Production Agricoles) extends its range of action from agrometeorology to live-
stock, also integrating them with socio-economic baseline information.

In particular the AP3A methodology, instead of being centred on the most clas-
sic economic aspects (prices, markets, etc.), pays greater attention to the agrome-
teorological and agro-pastoral analyses. Agricultural production is the factor that
mostly determines food availability: in the Sahel region this factor is based on rain-
fed crops and is mostly destined to self-consumption.

Therefore, the so-called food risk zones are those where the rainfed cereal pro-
duction is insufficient. The agrometeorological aspect is, anyway, integrated with
the socio-economic aspects, represented by basic information on the agricultural
and pastoral production, data on population, etc. GIEWS monitors the condition
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Table26.5 Early Warning Systems (EWS) used in developing countries.

Agrhymet Alerte Précoce et http://www.ibimet.cnr.it/Case/ap3a/

Prévision

des Production Agricoles

(AP3A) project

USAID's Famine Early http://www.fews.net/

Warning System (FEWS)

SADC Food Security http://www.sadc.int/english/fanr/food_security/food__
Programme (/REWU) earlywarning.php

FAO Global Information and http://www.fao.org/giews/english/index.htm

Early Warning System (GIEWYS)
on Food and Agriculture

of food crops in all regions and countries of the world. Information is gathered on
all factors that might influence planted area and yields. In many drought prone
countries, particularly in sub-Saharan Africa, there is a lack of continuous, reli-
able information on weather and crop conditions. For this reason, GIEWS, in col-
laboration with FAO’s Africa Real Time Environmental Monitoring Information
System (ARTEMIS) established a crop monitoring system using near real-time sat-
ellite images. Data from satellite systems are used for monitoring the various crop
seasons. Data received directly at FAO ARTEMIS from the European METEOSAT
satellite are used to produce cold cloud duration (CCD) images for Africa every 10
days. These provide a proxy estimate for rainfall, as cold clouds are often respon-
sible for rain, and high cold cloud duration over an area is indicative of significant
rainfall. In addition to rainfall monitoring, the System makes extensive use of Nor-
malised Difference Vegetation Index (NDVI) images that provide an indication of
the vigour and extent of vegetation cover. These allow GIEWS analysts to monitor
crop conditions throughout the season.

26.7
Conclusions

Climate plays a fundamental role in agriculture due to its direct and indirect in-
fluence on production. Each physical, chemical and biological process determin-
ing the agricultural activity is regulated by specific climatic requirements and any
deviation from these patterns may exert a negative influence. Agriculture of de-
veloped countries, mainly oriented towards the production of high quality food, is
prone to being subjected to meteorological hazard impacts because it is based on
highly developed farming techniques. On the other hand, agriculture in develop-
ing countries can be strongly affected by weather conditions, responsible for dra-
matic reduction in yield and could lead to famines.

Finally, current and future trends of model outputs can be analysed to evaluate
the hazard levels for agriculture and the possible consequences for natural resourc-
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es due to climate change. Consequences in terms of production quality and quan-
tity, biological and physical damages and seasonal changes can be mainly consid-
ered. Risk assessment can be carried out considering the sensitivity to climatic
hazards of different agricultural systems, defining specific critical thresholds ac-
cording to farming characteristics in agricultural areas. Based on this, possible
modification of crop protection methods, irrigation programs, cultivation tech-
niques, harvesting, storage and commercialisation strategies can be evaluated in
conjunction with economic aspects. Climate change impact assessment is the first
step for implementing support systems based on information technologies to dis-
seminate advices and early warnings to the potential end-users.
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CHAPTER 27

Managing Weather and Climate Risks in Agriculture
Summary and Recommendations
Mannava VK. Sivakumar, Raymond P. Motha

27.1
Introduction

Agriculture is a complex system, within which changes are driven by the joint ef-
fects of economic, environmental, political and social forces (Olmstead 1970; Bry-
ant and Johnston 1992). It is very well known that agriculture is inherently sensi-
tive to climate conditions and is among the sectors most vulnerable to weather and
climate risks. Of the total annual crop losses in world agriculture, many are due to
direct weather and climatic effects such as droughts, flash floods, untimely rains,
frost, hail, and severe storms (Hay 2007). Chattopadhyay and Lal (2007) estimated
that around 28% of the land in India is vulnerable to droughts, 12% to floods and
8% to cyclones. But in the year 1918, which was ranked as the worst drought year
of the last century in India, about 68.7% of the total area of the country was affected
by drought (Chowdhury et al. 1989).

Farm decision-making is seen as an on-going process, whereby producers are
continually making short-term and long-term decisions to manage risks emanat-
ing from a variety of climatic and non-climatic sources (Ilbery 1985). The deci-
sions farmers make have a significant impact on the returns to their investments
and on their overall family welfare. The climate-based decisions that farmers make
are mainly strategic in nature eg., choice of a crop/cropping system, allocation of
acreage, purchase of inputs such as seed and fertilizer ahead of the cropping sea-
son, etc. In contrast, the weather-based decisions are tactical in nature and affect
the operational activities such as sowing, fertilizer application, irrigation, weeding,
harvesting, etc. Farm-level risk management strategies have to deal with both the
changing and variable climatic conditions as well as the weather conditions.

27.2
Risk and Risk Management in Agriculture

Basically, risk is the chance of something happening that will impact on the objec-
tives of farmers. Chance implies uncertainty and hence risk management in agri-
culture basically involves managing uncertainty.

As Hay (2007) explained, risk levels can change, including as a result of po-
tentially detrimental changes in the climate (e.g. warming, decreasing rainfall).
Changes in levels of exposure, due to altering levels of investment, also influence
risk levels. Risk combines both the likelihood of a harm occurring and the con-
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sequences of it doing so. Thus according to Hay (2007), in risk terms, an unlikely
hazard or condition causing considerable harm (e.g. a category 5 hurricane, such
the cyclone in the state of Orissa that devastated parts of India in 1999), may be
compared to a hazard or condition which causes less harm but has a higher prob-
ability of occurrence (e.g. a seasonal drought).

Risk management research recognizes that decisions in agriculture involve both
risk assessment and specific actions taken to reduce, hedge, transfer or mitigate
risk (Wandel and Smit 2000). Risk management strategies in agriculture could
involve:

Avoiding the dangers

Preventing/reducing the frequency of impacts

Controlling/reducing the consequences (adaptation measures)
Transferring the risk (e.g. insurance)

Responding appropriately to incidents/accidents (e.g. disaster management)
Recovering or rehabilitating as soon as possible (e.g. media response)

As Hay (2007) described, increasingly, farm managers and other practitioners
are seeking more rational and quantitative guidance for decision making, includ-
ing cost benefit analyses. A risk-based approach to managing the adverse conse-
quences of weather extremes and climate anomalies for agriculture can indeed
provide a direct functional link between, on the one hand, assessing exposure to
the adverse consequences of extreme weather and anomalous climatic conditions
and, on the other, the identification, prioritization and retrospective evaluation of
management interventions designed to reduce anticipated consequences to toler-
able levels.

Coping with agrometeorological risk and uncertainties is the process of assess-
ing agrometeorological risks and uncertainties and then developing strategies to
cope with these risks. High preparedness, prior knowledge of the timing and mag-
nitude of weather events and climatic anomalies and effective recovery plans will
do much to reduce their impact on production levels, on land resources and on
other assets such as structures and infrastructure and natural ecosystems that are
integral to agricultural operations (Hay 2007). When user-focused weather and
climate information are readily available, and used wisely by farmers and others
in the agriculture sector, losses resulting from adverse weather and climatic con-
ditions can be minimized, thereby improving the yield and quality of agricultural
products (Hay 2007).

27.3
Addressing Agrometeorological Risk Management
during the Workshop

During the International Workshop on Agrometeorological Risk Management:
Challenges and Opportunities, the issue of agrometeorological risk management
was addressed in six technical sessions:

e Weather and Climate Risks, Preparedness and Coping Strategies: Overview
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e Challenges to Coping Strategies with Agrometeorological Risks and Uncertain-
ties — Regional Perspectives

e Agrometeorological Risks and Uncertainties — Perspectives for Farm Applica-
tions

e Coping Strategies with Agrometeorological Risks and Uncertainties

e Weather Risk Insurance for Agriculture - A Special Symposium

¢ Coping with Agrometeorological Risks and Uncertainties — Policies and Services

27.4
Workshop Summary

The presentations and the discussions during the six technical sessions of the work-
shop could be summarized under the following headings:

Risk in agriculture

Risk and risk characterization

Approaches for dealing with risk

Risk coping strategies

Perspectives for farm applications

Challenges to coping strategies

27.4.1
Risk in Agriculture

The global food and fiber system -- from the producer to the final consumer -- is
subject to a wide range of risks and uncertainties (Menzie 2007). For example, in
the South Pacific islands there is little forestry, and traditionally agriculture has
been based on subsistence and cash crops for survival and economic development.
Subsistence agriculture has existed for several hundreds of years and is subject to
weather and climate risks.

Risk in agriculture can be broadly defined into several categories (USDA 2006).
These include: yield risk, production risk, price or market risk, institutional risk,
human or personal risk, and financial risk. The relationships between weather, cli-
mate and production risk are well recognised (George et al. 2005) and Hay (2007)
provided excellent examples to illustrate the strength and importance of these re-
lationships.

Risk due to weather and climate extremes is larger in some regions of the world
than others. According to Mukhala and Chavula (2007), in sub-Saharan Africa,
90% of agricultural production is rainfed which makes agriculture susceptible to
inter-annual rainfall variability. The main climatic characteristics in South Amer-
ica, during the El Nifo event, are frequent anomalies (Velazco 2007). Together
with an increase in the temperatures in the western coasts of the Pacific Ocean, it
modifies the atmospheric circulation patterns, pressure, precipitation, river dis-
charges and the water level of the lakes. El Nifio causes above normal rains, and
droughts in several places. The El Niflo-Southern Oscillation (ENSO) provides
a large source of seasonal to interannual variability across the southwest Pacif-
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ic region, with significant influences on weather and climate extremes, including
floods and droughts and warmer and cooler seasons at higher latitudes (Trenberth
and Caron 2000). According to Salinger (2007), ENSO events can bring drought
and widespread decreased precipitation anomalies over the Philippines, Indo-
nesia, northern and eastern Australia, the subtropical Southwest Pacific and the
north east of New Zealand. Increased precipitation occurs in the equatorial Pacific
from Kiribati (west of the Date Line) through to the Galapagos Islands. El Nifo
events produce widespread impacts on communities across the Southwest Pacific,
as documented by the 1997-98 event (Shea et al. 2001). Drought severely affected
Fiji, Papua-New Guinea, the Solomon Islands, Tonga and the Marquesas Islands
of French Polynesia. The reverse anomalies occur in La Nifia episodes. The Inter-
decadal Pacific Oscillation (IPO) (Trenberth and Hurrell 1994; Deser et al. 2004) is
also an important source of multidecadal climate fluctuations in southwest Pacific
and causes shifts in climate across the region. Brunini et al. (2007) discussed the
complex nature of drought in Brazil. The high frequency of drought occurrence in
Brazil is associated with the frequency of the El Nifio/La Nifia phenomena in the
east-central Pacific Ocean and the Atlantic Ocean dipole.

While yield risk, and its impact on the producer, is the first and most recognized
source of uncertainty, myriad related impacts affect economic conditions through-
out the marketing chain. All factors must be considered when estimating global
supply and demand (Menzie 2007). Price and income effects stemming from a
particular set of meteorological conditions in a given crop cycle can also influence
cropping patterns in subsequent crop cycles. These influences must be factored
into the global supply and demand estimates. In order to highlight the scope of
the potential impacts of meteorological events on global supply and demand, Men-
zie (2007) presented an excellent summary of the implications of a hypothetical
drought affecting the soybean crop in the western U.S. Corn Belt.

27.4.2
Risk and Risk Characterization

Risk considers not only the potential level of harm arising from an event or condi-
tion, but also the likelihood that such harm will occur. Climate anomalies and ex-
treme climatic events both dominate the challenges for coping with agrometeoro-
logical risks and uncertainties.

Risk has both natural and social components. The risk associated with weather
and climate for any region is a product of both the region’s exposure to the event
(i.e., probability of occurrence at various severity levels) and the vulnerability of
society to the event. This aspect was elaborated by Wilhite (2007) in his excellent
analysis of the drought hazard and societal vulnerability. While drought hazard is
a result of the occurrence of persistent large-scale disruptions in the global circu-
lation pattern of the atmosphere, vulnerability to drought is determined by social
factors such as population changes, population shifts (regional and rural to urban),
demographic characteristics, land use, environmental degradation, environmental
awareness, water use trends, technology, policy, and social behavior. For example,
Velazco (2007) explains that in South America, vulnerability is aggravated because
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of the location of human activities in some places of great risk, natural resources
subject to excessive pressure of poverty, lack of environmental management poli-
cies, excessive centralization, little agricultural technology, and lack of education
of the population to prevent and face risks.

Much of the agricultural activity in the poorest and marginal countries takes
place in high risk environments and the extreme poverty makes people very risk
averse. Ravallion (1988) explains that two of the most widely accepted stylized
facts about agriculture in Sub-Saharan Africa, South Asia and elsewhere are that
income is highly uncertain from one year to another and that deep and widespread
poverty exists. Under such circumstances, producers often avoid activities that
entail significant risk, even though the income gains might be larger than for less
risky choices. This inability to accept and manage risk and accumulate and retain
wealth is sometimes referred to as the “the poverty trap” which fosters hopeless-
ness and insecurity.

To facilitate exit from poverty traps, it is important to reduce exposure to risk
through improved tools for managing risk. The ex ante approaches here involve di-
versification opportunities, information systems, preventive health care, mobility
and stabilization while ex post approaches are primarily through safety nets. In
most developing countries, livelihoods are not insured by international insurance/
reinsurance providers, capital markets, or even government budgets. Without ac-
cess to credit, risk-averse poor farmers are locked in poverty, burdened with old
technology, and faced with an inefficient allocation of resources.

Agrometeorological risk and uncertainty permeate the entire marketing system
with far-reaching consequences. Menzie (2007) explained that in order to opti-
mize business decisions relative to these risks and uncertainties for every economic
agent within the global agricultural production and distribution system, accurate,
timely, consistent, and widely available information is essential. This information
requirement can be met in part through periodic review and estimation of global
supply and demand for agricultural commodities.

27.4.3
Approaches to Dealing with Risks

As Hay (2007) explained, there is a well established approach to characterizing and
managing risks. This includes risk scoping, risk characterization and evaluation,
risk management and monitoring and review.

In risk scoping, risk reduction targets and criteria are established through a con-
sultative process, involving stakeholders as well as relevant experts, as required
(Hay 2007). In risk characterization, scenarios are developed in order to provide
a basis for estimating the likelihood of each risk event, for present conditions and
into the future if change is anticipated, for example as a consequence of climate
change (Hay 2007). The consequences of a given risk event are quantified in terms
of individual and annualized costs. The overall findings are compiled into a risk
profile.

The efficient management and planning of agricultural activities requires poli-
cies and tools that allow communities to face agro-meteorological risks and uncer-
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tainties. Velazco (2007) described a number of such policies and tools. Farmers
have many options for managing the risks they face, and most use a combination
of strategies and tools. Some strategies deal with only one kind of risk, while oth-
ers address multiple risks. Most producers use a mix of tools and strategies to man-
age risks. Since the willingness and ability to bear risks differ from farm to farm,
there is usually variation in the risk management strategies used by producers (Hay
2007). Preparedness planning, risk assessments, and improved early warning sys-
tems can greatly lessen societal vulnerability to weather and climate risks.

The goal of effective risk management is to impose management and policy
changes between hazard events such that the risk associated with the next event
is reduced through the implementation of well-formulated policies, plans, and
mitigation actions that have been embraced by stakeholders. An important point
to remember is that food security and weather risk management are inextricably
linked: weather risk management, or the lack of it, determines the level of system-
ic risk in the food security system (Mukhala and Chavula 2007). The exposure to
weather risk drives overall food insecurity.

Maracchi et al. (2007) discussed the potential for the use of seasonal forecasts
in water and crop management as a fundamental tool to avoid serious health prob-
lems. The importance of sea-surface temperatures to force the long-term atmo-
spheric anomalies at the regional scale has led to the development of a large num-
ber of model simulations, i.e., Global (GCM) or Regional (RCM) circulation mod-
els. As a result, weather predictions today are established on solid theoretical and
practical bases, and their reliability and accuracy are steadily increasing. These
forecasts of future trends in precipitation three months or more in advance could
be extremely important to agriculture, forestry, and land management by poten-
tially forecasting drought or heat waves, for example. These outlooks have strategic
relevance to national policy with respect to planning to help alleviate food short-
ages, lessen the impact of droughts, and provide distribution of energy.

Enterprise diversification, vertical integration, contracting, hedging, liquidity,
crop yield insurance, crop revenue insurance and household off-farm employment
or investment are some of the useful approaches in dealing with risks. Over many
years, crop insurance had been one of the approaches to dealing with risks. In
India crop insurance was considered by the central government as early in 1947-
48. The National Agricultural Insurance Scheme (NAIS) had been in operation
since 1999-2000, and at present, is implemented by 19 States and 2 union territories
(Chattopadhyay and Lal 2007).

Weather derivatives and weather index insurance play a role in developing ag-
ricultural risk management strategies. Weather based index insurance is slowly
gaining recognition as one of the methodologies that can be used sustain liveli-
hoods and reduce poverty as part of the Millennium Development Goals (MDGs).
Examples from Malawi and Ethiopia described by Mukhala and Chavula (2007) il-
lustrate the potential for this approach.

Menzie (2007) points out that accurate, timely, consistent, and widely-available
information is essential to optimize decisions relative to these risks and uncertain-
ties within the global agricultural production and distribution system. He present-
ed several examples of the meteorological tools and methods of crop assessments



Chapter 27: Managing Weather and Climate Risks in Agriculture Summary and Recommendations 483

typically used in developing monthly world agricultural supply and demand esti-
mates at the United States Department of Agriculture.

27.4.4
Risk Coping Strategies

Velazco (2007) recommends that in order to better cope with weather and climate
risks, the agro-economic planning at a short and long term and at a local, regional
or national scale, should be formulated more rationally including among its vari-
ables, the agro-meteorological and agro-climatic information. For the developed
countries (e.g Australia, New Zealand) coping strategies are more sophisticated
and involve both structural and non-structural measures to reduce the impacts of
change on crop and livestock production (Salinger 2007). In these countries it will
be the rate of change that will pose the risks.

Huda et al. (2007) outlined approaches to cope with integrated pest manage-
ment risks, based on the Australian experiences with wheat and canola. Collabor-
ative activity is essential between scientists, risk managers, government, and local
farmers to determine best practice approaches for addressing pest management,
in order to achieve economically sound and ecologically sustainable outcomes. A
major focus of Australian research is the optimization of natural controls relat-
ing to informed planting strategies, and the minimization of pesticide application
through the prediction of climatic influences, which can in turn lead to the optimal
effectiveness in the control of disease agents. The relationship between meso- and
microclimate, and the effects on the cycles of disease agents needs special attention
if quantity of applied pesticide is to be minimized, while optimizing disease ame-
lioration outcomes.

Brunini et al. (2007) explained that the mitigation measures for drought must
take into account the cultural aspects of the population, the climate regime, and
the agricultural development. Various indices have proven adequate for monitor-
ing and mitigating drought effects; however, adjustments are necessary for each of
these indices for each region and by crop. Hence, Brunini et al. (2007) emphasized
that it is important for researchers and specialists from all disciplines to work to-
gether to cope with the drought phenomena.

Wang et al. (2007) reviewed strategies to cope with desertification, illustrating
numerous cases in China. Some structural measures include biological, agronom-
ic and engineering measures. Non-structural measures for combating desertifica-
tion involve desertification monitoring of meteorological conditions, research on
the relationship between climate and drought occurrence, development of deserti-
fication as well as combating countermeasures, and agrometeorological informa-
tion services in decision-making to cope with desertification.

Tibig and Lansigan (2007) reviewed seven types of management strategies to
cope with risks and uncertainties in agrometeorology. These include: optional use
of resources (crop diversification); use of appropriate cultivars (varietal diversifi-
cation); improved cultural/farming practices (organic farming and flexible calen-
dar to fit weather/climate, i.e., farm afforestation, land topography change); local
indigenous knowledge (coping mechanisms of farmers to various environmental
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and natural challenges); technological innovations (direct seeded rice (DSR) crop-
ping system to increase net income); and, farmers can opt to reduce their produc-
tion area if conditions warrant.

Doraiswamy et al. (2007) discussed intervention management techniques for
the farming systems to help minimize soil erosion and soil loss from excessive sur-
face water runoff. Coping strategies to reduce risks and uncertainties in crop pro-
duction related to soil management practices include tillage, the crops cultivated,
sequence of cropping with cover crops planted where possible, the use of crop resi-
due, and development of mechanical barriers to slow down the runoff over slop-
ing landscapes. The specific strategy suitable for a particular site would depend on
many factors such as landscape characteristics, soil properties, rainfall patterns
and intensity, and adaptability of soil and crop management practices in the re-
gion. Developing a proper combination of these strategies based on a good as-
sessment of the problem is critical for a successful implementation of coping with
risks and uncertainties in crop production. These methods need to be adaptable
for worldwide application.

27.4.5
Perspectives for Farm Applications

One of the major constraints for farm applications of agrometeorological risks
such as droughts is that in general there are no operational procedures to forecast
the impending drought conditions with respect to area of impact, extent and du-
ration. Stigter (2004) showed that the main bottlenecks here were insufficient con-
siderations of the actual conditions of the livelihood of farmers and therefore the
development of inappropriate support systems.

Eitzinger et al. (2007) reviewed the key points to optimization of farm technolo-
gies for both high input agricultural systems and low input farming systems. Prop-
er management of resources is essential to sustain agricultural production within
specific agro-ecosystems. Production variability depends directly upon weather
and climate variability, water availability, soil nutrients, crop management and mi-
croclimatic conditions. The combination of locally adapted traditional farming
technologies, seasonal weather forecasts and warning/forecasting methods may
help farmers improve productivity, food production, and income.

Stigter et al. (2007) discussed information needs and demands for four different
rural income groups in China. They reviewed the socio-economic levels of farmers
in China and India, the implications for information approaches and technologies,
and their needs for capacity building for agrometeorological services, and present-
ed some brief examples of these services in Cuba, Nigeria, Sudan, and Vietnam.
The authors emphasized the utmost need for “middle level” intermediaries who
work as two-way guidance between the providers and users of agrometeorological
data and services. While reports on using new technologies and pilot projects of-
fer some promising results, lack of resources and skills have prevented significant
technological progress in most rural areas of many developing countries.
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Lee (2007) proposed an Emergence Response System (ERS) in agricultural man-
agement to be considered as an on-farm application for decision-making support
system (DMSS) against agricultural hazards.

27.4.6
Challenges to Coping Strategies

In the south west Pacific, climate and extreme climatic events dominate in provid-
ing challenges for coping with agrometeorological risks and uncertainties (Salin-
ger 2007). Tropical cyclones are one of the most devastating risks for agrometeo-
rology on the small island developing states in the region. These generally cause
large scale destruction to crops and infrastructure through high intensity rainfall
and severe winds.

Governments often undertake emergency operations as part of their coping
strategies with natural disasters. The primary objectives of the emergency relief
response mechanism is to undertake immediate rescue and relief operations. As
Rathore and Stigter (2007) explained, the mechanism requires planners to identi-
ty disasters and their probability, evolve signal/warning mechanisms, identify the
activities and sub-activities, define the level of response, specify authorities, deter-
mine the response kind, work out individual activity plans, have quicker response
teams, undergo preparedness drills, provide appropriate delegations and have al-
ternative plans.

Uncertainties in agrometeorology are part of everyday farmer conditions and
Stigter et al. (2005) have, for example, extensively dealt with traditional methods
and indigenous technologies to cope with such consequences of climate variability.
That such variability is increasing makes it more important to improve and extend
the mitigating practices involved and pay attention to farmer innovations and to
products from NMHSs, research institutes and universities that can be absorbed by
farmers to better cope with increasing uncertainties and disasters.

Lee (2007) explained that there are numerous challenges to an operational ERS,
including: establishing and maintaining observing systems and data management
systems; maintaining archives, including quality control and digitization of histor-
ical data; obtaining systematic environmental data for vulnerability analysis; and,
securing institutional mandates for collection and analysis of vulnerability data.
Other issues for consideration include communication systems, early-warning and
dissemination to the farm communities.

According to Wang et al. (2007), while progress has been made, there are still se-
rious challenges in coping with desertification. Global climate warming, frequent
and severe drought, and future climate uncertainties will continue to influence de-
sertification. At the same time, human-driven factors leading to deteriorating veg-
etation in sandy areas are exacerbating desertification. Combating desertification
requires vigilant monitoring research between climate and desertification occur-
rence, and, measures for ecological restoration.
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27.5
Recommendations

Workshop recommendations covered the broad areas of risk management, risk
management tools, research needs, policy issues, emphasis on user needs, com-
munication and marketing. Salient recommendations under each of these areas
are given below:

27.5.1
Risk Management

e Develop a pro-active risk-based management approach to deal with the adverse
consequences of weather extremes and climate anomalies which includes risk
scoping, risk characterization and evaluation, risk management and monitor-
ing and review.

e Emphasize preparedness planning and improved early warning systems to less-
en societal vulnerability to weather and climate risks.

e Provide accurate, timely, consistent, and widely-available information to opti-
mize decisions relative to the risks and uncertainties within the global agricul-
tural production and distribution system.

27.5.2
Risk Management Tools

e Use of decision-support systems as risk management tools should be promoted
as an effective means of providing output of integrated climate-agronomic in-
formation in the form of scenario analyses relating to impending risks that can
be valuable to users

e For medium and low input systems in the developing countries, crop or agro-
ecosystem modeling should be used to guide general decision-making on a
higher institutional or farm advising level.

e Current and future trends of simulation model outputs should be analysed for
sensitivity to climatic hazards of different agricultural systems and defining
specific critical thresholds according to farming characteristics in agricultural
areas. Based on this, possible modification of crop protection methods, irriga-
tion programs, cultivation techniques, harvesting, storage and commercialisa-
tion strategies can be evaluated in conjunction with economic aspects.

e Risk assessment and risk management models supporting coping strategies for
integrated pest management could be used in a prototype conceptual frame-
work that can be utilized in other agricultural-related risk approaches.

o Statistical forecasting tools to link observed weather data to crop yields in major
crop-producing regions should be developed.

e Emergency response system (ERS) based on advanced Information Technology
(IT) such as information network, simulation models, tools for GIS and remote
sensing could be developed to address agricultural hazards and early warning.
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e Climatic risk zoning could be used for quantifying climate-plant relationships
and the risk of meteorological extremes in agricultural financing programs.

27.5.3
Research Needs

e Local indigenous knowledge has been blended with specific and important
weather patterns in a cultural tradition in many poor, rural areas. Introducing
new scientific-based weather/climate forecast services, which provide accurate
and reliable outlooks into this cultural system may help farmers improve yields
and cope with risks.

o There is an essential need for the development of standards, protocols, and pro-
cedures for the international exchange of data, bulletins, and alerts for some
types of agricultural hazards. World Agrometeorolgical Information Service
(WAMIS) offers the potential to assist with this technology transfer.

e The application of seasonal forecasts for crop management strategies, risk man-
agement planning, and national policy implications needs to be considered, as
these outlooks become more accurate and reliable.

e Developing methods for screening satellite imagery to identify crop-specific im-
pacts of weather in crop regions around the world should be research priority.

e For effective management systems to be put into place, integrated climate-crop
modeling systems need to be developed at the appropriate farm or regional scale
suitable for the decision-makers needs.

¢ In many developing countries, the inability of poor in rural areas to gain access
to support mechanisms in terms of technical expertise or technological innova-
tions, including formal sources of credit or crop insurance, requires urgent at-
tention.

e Agrometeorological services and support systems for agrometeorological ser-
vices should be strengthened for effective management of weather and climate
risks.

e Aspects of drought contingency planning, drought preparedness, and drought
impact assistance policies need to be urgently considered as to their future ef-
fectiveness under long-term climate change.

¢ Drought contingency plans on paper should be translated into an effective pol-
icy covering the range of activities required to address short and long-term
consequences. Effective and interactive management systems need to be set in
place.

e Public-private partnership models need to be further explored in order to
‘mainstream’ drought risk management. Involving the development of risk
management tools and approaches within the context of overall rural liveli-
hood strategies, and integrating risk arising from markets and threats to the
natural resource base is important. It also involves communicating risk man-
agement knowledge through functional, existing communication networks of
farmers and other landholders, rather than pursuing specific communication
programs.
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e The concept of a drought mitigation and monitoring center, coordinated by both
meteorological and agricultural agencies at national and state levels, to define
standards and policy for monitoring and mitigation of drought at both state and
national levels should be promoted.

e A scientific desertification monitoring and evaluation system involving all ap-
propriate sectors including agriculture, forestry, water conservation, environ-
mental protection, meteorological and natural resource conservation should be
established.

e Measures to combat desertification must be vigorously pursued. These include:
shelterbelts, windbreaks, converting cropland to forests, grazing prohibition,
grassland construction, water-saving irrigation project, and integrated ecologi-
cal agro-forest measures or integrated ecological agro-economic measures.

27.5.4
Emphasis on User Needs

e Develop clear and useful guidelines on the exact nature of agrometeorological
products needed for local user communities

o Strengthen the use of intermediaries in training farmers and the use of informa-
tion technologies fit for target groups.

e Implement an effective user-driven delivery system comprising of decision sup-
port tools and the training of users on their application at critical decision points
in farming.

27.5.5
Communication

e Communication and dissemination are critical links to the transfer of early
warning information to the right decision-makers. For disseminating warn-
ings, Internet is a useful medium for expanding coverage and reducing time lags
and its active use should be promoted.

e Enhancements in communication channels for the improved dissemination of
agricultural meteorological information must take into account the literacy lev-
els of users, socio-economic conditions, level of technological development, and
accessibility to improved technology and farming systems.

e For effective inter-sectoral and multi-stages communication of risk, appropriate
involvement of communication pathways and common dialogue between scien-
tists, managers, and communities should be promoted.

e A documentation of the many and varied types of management strategies to
cope with agrometeorological risks and uncertainties should be posted on WA-
MIS web server.

¢ Methodologies and tools to assess precipitation anomalies and drought should
be posted on the WAMIS web server for potential application elsewhere.

o Efficient irrigation water management plays a key role in agricultural productiv-
ity and also protects the soil health. Proper and timely agro-advisories related
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to irrigation scheduling, fertilizer management helps the farmers in better plan-
ning of agricultural operations.

27.5.6
Marketing

e The entire global agricultural economy encounters price, income and other
forms of risk related to weather uncertainty. Increased interdisciplinary collab-
oration between meteorologists, agronomists, and economists can improve the
quality of information upon which agriculture-related businesses and agricul-
tural policy-makers around the world depend.
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