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Overview of project work and outcomes
Non-technical summary

The workshop brought together leading experts who presented 27 state-of-the-art
discussion papers to address coping with agrometeorological risk and uncertainties
and then developing strategies to cope with these risks. Participants were
encouraged to come forward as discussants on topics of their interest to facilitate
an interactive dialogue and develop appropriate recommendations. In many parts
of the world climate change and extreme climatic events such as severe droughts,
floods, storms, tropical cyclones, heatwaves, freezes and extreme winds one of the
biggest production risk and uncertainty factors impacting on agricultural systems
performance and management. Coping with agrometeorological risk and
uncertainties is the process of assessing agrometeorological risks and uncertainties
and then developing strategies to cope with these risks. One of the most important
coping strategies is improved use of climate knowledge and technology, which
includes the development of monitoring and response mechanisms to current
weather and future climate change. These aspects directly address the main
themes of the APN Capable Agenda. The project provided scientists from 11 APN
emerging and developing countries, opportunity to interact with experts from
different regions. Capacity building in the area of coping strategies for weather and
climate risks contributes to sustainable agricultural development, especially in the
Asia-Pacific region. The proceedings will be published as a book during 2007.

Objectives

The present project aimed to:

= To identify and assess the components of farmers' agrometeorological coping
strategies with risks and uncertainties in different regions of the world;

= To discuss the major challenges to these coping strategies with
agrometeorological risks, such as reducing the vulnerability of different agro-
ecosystems to weather and climate related risks and uncertainties, access to
technological advances - particularly in developing countries;

= To review the opportunities for farmers to cope with agrometeorological risks
and uncertainties in different parts of the world, and non-structural measures
for strategic and tactical management of agriculture;

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

= To review, through appropriate case studies, the use of crop insurance
strategies and schemes to reduce the vulnerability of the farming communities
to agrometeorological risks;

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

Amount received and number years supported
The Grant awarded to this project was:
= USS$ 20,000 for Year 1, 2006-2007

Work undertaken

1. Arrange for participation of participants from APN developing countries.

2. Organisation of 27 state-of-the-art discussion papers on agrometeorological
risks and uncertainties, and distribution of these on a CD-RoM prior to the
workshop.

3. International Workshop, 25-27 October 2006, New Delhi, India.



Workshop format:
e Opening Session with overview

e Five technical sessions covering different objectives of the workshop.
Challenges to coping strategies — regional perspectives;

Risks and uncertainties — perspectives from farm applications;
Coping strategies for agrometeorological risks and uncertainties;
Coping strategies — policies and services;

Weather risk insurance for agriculture.

ahwNE

e A final session for discussion on the conclusions and recommendations of the
workshop.

Results

The workshop was attended by 188 participants from 78 countries. Senior experts
in several fields presented 27 state-of-the art discussion papers to address the
objectives of the workshop. The Workshop programme was designed in to engage
all the participants in discussions on each of these discussion papers and develop
appropriate recommendations. The workshop discussed in depth the range of
options for coping with agrometeorological risks and uncertainties in different
agroecosystems, especially in developing countries with Ilimited access to
technologies and appropriate information. A large majority of the participants at the
workshop were from developing countries. Representatives of developing countries
to be funded by APN acted as discussants on the different state-of-the-art papers
which will be presented during the workshop. In addition, they actively engaged to
develop recommendations on appropriate adaptation strategies required in their
countries to cope with agrometeorological risks and uncertainties. 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.

Relevance to the APN CAPaBLE Programme and its Objectives

Improved use of climate knowledge and technology, which includes the
development of monitoring and response mechanisms to current weather, is one of
the effective ways of helping the farming community cope with agrometeorological
risks and uncertainties.  The structural and non-structural measures to reduce the
impacts of the variability (including extremes) of climate resources on crop
production discussed during the workshop focus on different ecosystems,
biodiversity and land use in different regions of the world. More efficient resource
use is one of the effective measures to cope with agrometeorological risks and is an
effective pathway for sustainable development, especially in the developing
countries. The workshop promoted linkages between various national, regional and
international institutions participating in the workshop and such linkages are crucial
for the successful implementation of appropriate case studies in different APN
countries that will test and validate the various climatic risk management strategies.

Self evaluation

The project has been already assessed as a success by workshop participants:
Much work has been done for monitoring and prediction of weather and climate
risks to agriculture. However, this workshop introduced the concept of risk
management to promote sustainable development in agriculture, both for
developing and developed countries. All participants were delighted with the
networking and capacity building opportunities provided, and the new knowledge
they have gained and some are introducing workshop material into training courses
in their home countries. These are reflected in their reports.



Potential for further work

The attention of the policy makers to the conclusions and recommendations of the
workshop will be drawn in two ways: through the Special Edition of a book
published by Springer including the papers presented at the workshop. Discussions
were held through the Fourteenth Session of the Commission for Agricultural
Meteorology of WMO which brings together participants from over 64 countries
around the world which met right after the workshop. A nhumber of WMO projects
are being developed as a result which focus especially on disaster prevention and
management. Specifically, two work programmes are focussing on:

1. lIdentification of critical areas where agricultural production is sensitive and
vulnerable to climate change and variability in different regions, and suggest
monitoring strategies for early detection, as well as summarize coping
strategies to climate risks in agriculture.

2. Reviewing the increasing frequency and severity of droughts and extreme
temperatures globally, and assessing the current status of monitoring and
predicting droughts including the use of drought indices in different regions
to improve drought monitoring and prediction.

Participants from APN countries are promoting the linkages between science and
policy discussed during the workshop.

Publications

http://www.wmo.int/web/wcp/agm/Meetings/worisk06/

CD-ROMS

1. Draft papers for the International Workshop on Agrometeorological Risk
Management: Challenges and Opportunities, distributed prior to the
workshop.

2. Presentations: Agrometeorological Risk Management: Challenges and
Opportunities, distributed at the end of the workshop.

The edited papers are to be produced in a book published by Springer during 2007.
Acknowledgments
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Technical Report

Abstract

Leading experts in several fields presented discussion papers to address
challenges and opportunities for coping with agrometeorological risks and
uncertainties at an international workshop. The workshop allowed participants
to develop recommendations. Participants were encouraged to come forward
as discussants to facilitate this interactive dialogue. The workshop provided an
opportunity for the APN scientists to learn about the extreme weather, climate
and farming risks; examples of preparedness and coping strategies; methods of
evaluating the weather and climate risks; decision support systems for on-farm
applications; crop insurance and credit strategies and contingency planning and
services to cope with climate risks and uncertainties.
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1.0 Introduction

Agricultural production is highly dependent on weather, climate and water
availability and is adversely affected by weather and climate risks (Meinke et al.
2003). During the past four decades, weather and climate risks such as
droughts, floods, storms, tropical cyclones, heatwaves and wildland fires and
windstorms have caused major losses in the agricultural sector (Sivakumar,
2005). Communities that are most exposed to these risks are those with
limited access to technological resources and with limited development of
infrastructure. Currently there are many opportunities that can assist in
coping effectively with agrometeorological risks and uncertainties (Meinke and
Stone, 2005). One of the most important strategies is improved use of climate
knowledge and climate risk technologies. Both structural and non-structural
measures can be used to reduce the impacts of the variability (including
extremes) of climate resources on crop production (Wilhite, 2005). Planning,
early warning and well-prepared response strategies are the major tools for
mitigating losses.

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
aspects. Production risk is the random environmental variability associated with
the farming process and includes the variability in yield and quality due to
weather, soils, diseases and pests. Market risk is due to the uncertainty of
prices in buying inputs, selling crops or livestock, and the accessibility of inputs.
Legal and social risks are due to the uncertainty of governmental policies
influencing production practices, such as ownership of land and other
production factors, changes in price and income supports, tax, credit and
environmental policies of the government. The human sources of risk are those
due to poverty (social class), labour, education, health and input management
factors present in agricultural production. Although agrometeorology
particularly deals with production risks and evaluation of possible production
decisions, to solve local problems of farming systems the other risk factors
have to be taken into account in that same process.

In many parts of the world, weather and climate are one of the biggest
production risk 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.

Coping with agrometeorological risk and uncertainties is the process of
measuring or otherwise assessing agrometeorological risks and uncertainties
and then developing strategies to cope with these risks. There are many
challenges. The above already listed events have a direct influence on the
quantity and quality of agricultural production, and in many cases adversely
affect it. This is especially the case in developing countries, where technology
generation, innovation and adoption are too slow to sufficiently counteract the
increasingly negative effects of degrading environmental conditions. For
example, inappropriate management of agro-ecosystems, compounded by
severe climatic events such as recurrent droughts, from West Africa till northern
Sudan, have tended to make the drylands increasingly vulnerable and prone to
rapid degradation and hence desertification. Even in the high rainfall areas,
increased probability of extreme events can for example cause increased



nutrient losses due to excessive leaching, runoff and water logging. Lack of
attention to preparedness and response strategies 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 development of monitoring and response mechanisms to current weather.
By providing 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 useful to quantitatively compare alternative
management and relief options in areas where seasonal climatic variability is
high and/or that are prone to extremes.

Both structural and non-structural measures can be used to reduce the impacts
of the variability (including extremes) of climate resources on crop production.
The structural measures include irrigation, water harvesting, windbreaks, frost
protection, artificial and controlled climates (greenhouses), microclimate
management and manipulation and other structural preparedness measures.
The non-structural measures include use of seasonal to interannual climate
forecasts, improved application of medium-range weather forecasts and crop
insurance. Crop insurance can be resorted to only when there is sufficient
spatial variability of the environmental stress (e.g. with hail). But it remains
extremely difficult to implement for some of the major risks, such as drought,
which typically affect large areas, sometimes whole countries. One of the
techniques that have been adopted with credit and insurance is to make them
conditional to the adoption by farmers of improved risk-reducing practices, like
early planting. Contingency planning is an important part of such strategies, as
ways must be found to avoid, reduce, or cope with risks. In some of the
drought-prone areas around the world, contingency planning is commonly used
by governments as an effective strategy to cope with risks.

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 the World Meteorological Organisation (WMO)
proposes to organized, jointly with several co-sponsors, an International
Workshop on Coping with Agrometeorological Risk and Uncertainties -
Challenges and Opportunities. The workshop was held from 25-27 October
2006 in New Delhi, India, in conjunction with the 14™ Session of the
Commission for Agricultural Meteorology of WMO.

There were six main objectives of the workshop were:

1. To identify and assess the components of farmers' agrometeorological
coping strategies with risks and uncertainties in different regions of the
world, e.g extreme climatic events;

2. To discuss the major challenges to these coping strategies with
agrometeorological risks, such as reducing the vulnerability of different
agro-ecosystems to weather and climate related risks and uncertainties,
access to technological advances - particularly in developing countries;



3. 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;

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

5. To review, through appropriate case studies, the use of crop insurance
strategies and schemes to reduce the vulnerability of the farming
communities to agrometeorological risks;

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

The overarching goal of the workshop project is to enhance the international
network of scientists, forecasters, disaster management officials and resource
managers skilled in agrometeorology in the use of climate information to
increase the resilience of APN nations to cope with agrometeorological risks and
uncertainties in different parts of the world. A secondary aim was to enhance
capacity building through sharing of knowledge, experience, scientific
information on climate change impacts, vulnerabilities, adaptation and
mitigation; and, through the dialogue initiated at the workshop.

2.0 Conference Outputs

2.1 Conference Papers

Twenty-seven state-of-the-art papers were presented. Summaries of these are
listed in Appendix 4. Firstly weather and climate events and risks to farming
from droughts, floods, cyclones and high winds, and extreme temperatures
were identified through risk and risk characterization. These climate extremes
and anomalies provide challenges for coping with agrometeorological risks and
uncertainties, with risk having both natural and social components. Extreme
poverty makes communities very risk averse. Agrometeorological risk and
uncertainty permeates the entire marketing system with far-reaching
consequences. Global and regional perspectives were given and several
speakers identified that developing countries are hardest hit.

Papers on approaches to dealing with risks highlighted preparedness planning,
risk assessments and improved early warning systems that can lessen the
vulnerability of society to weather and climate risks. 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.
Enterprise diversification, contract hedging, crop insurance, weather derivatives
and weather indices for insurance played a key role in developing agricultural
risk management strategies. The speakers in this session came from the re-
insurance, food security, and banking sectors and they stressed the importance
of weather and climate information, especially on climate change. This was an
encouraging sign since the issues of the agrometeorological community were



being recognized by other disciplines.

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
alleviation of food shortages, drought and desertification. Also, strategies on
integrated pest management and wildfire fire were discussed. The use of
integrated agricultural 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.

Papers on the perspectives from farm applications for agrometeorological risks
and uncertainties examined optimization of farm technologies at differing input
levels, using climate information approaches and decision support systems. A
combination of locally adapted traditional farming technologies, seasonal
weather forecasts and warning methods were important for improving yields
and incomes. These included use of structural measures (irrigation, water
harvesting, microclimate management and manipulation and other
preparedness strategies) and non-structural measures (seasonal climate
forecasts, improved application of medium-range weather forecasts) for
strategic and tactical management of agriculture.

Challenges to coping strategies were many and identified in several papers.
Particularly important 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 communication services for the timely delivery of weather
and climate information to enable effective decision-making.

Finally a range of policy options to cope with such risks was presented. These
included contingency planning, use of crop simulation modelling, and use of
agrometeorological services. Contingency planning is especially important
when dealing drought and several examples of such tools were described from
the Untied States and Australia. In order for drought preparedness and
contingency planning to be effective, many information sources and from
diverse organizations are required and this information must be timely and
reliable Another factor to consider is that information policy aspects can easily
lead to unnecessary complexities when different government agencies are
involved at a national or local level. There are several economical and ecological
benefits as result of using crop simulation modelling such as the reduction of
chemical inputs in the ecosystem; soil fertility conservation; smaller amount of
chemical residuals in food; work quality improvement; reduction in the
development of resistant forms; safeguarding of natural predatory; and more
acceptance of the farmers’ work in public. There must be a comprehensive
approach to improve agrometeorological services to cope with risks and
uncertainties. A comprehensive data management system is essential. A blend
of technology, including indigenous technical knowledge and modern technology
(remote sensing, GIS) with operational applications of agrometeorological
indices is useful. Accurate and reliable weather and climate forecasts for
agriculture are needed.



2.2 Workshop Recommendations

As outputs, the workshop produced a number of recommendations. Key
recommendations are listed below. These and other recommendations were
distributed to workshop participants by e-mail.

Development of a pro-active risk-based management approach to deal
with adverse consequences of weather extremes and climate anomalies
including risk scoping, risk characterization, risk management and
monitoring and review;

Use of decision-support systems as risk management tools should be
promoted as an effective means of providing output of integrated
climate-agronomic information;

Utilization of climatic risk zoning to quantify climate-plant relationships
and the risk of meteorological extremes for planning of agricultural
enterprises;

Research into the introduction of new scientific-based weather and
climate forecast services, which provide accurate and reliable outlooks
into the local indigenous cultural traditions in many poor rural areas;
Research into the application of seasonal forecasts for crop management
strategies and risk management planning;

Increased attention in many developing countries to facilitate access by
the rural poor to technical expertise and technological innovations;

Need for an urgent review of drought contingency planning, drought
preparedness and drought impact assistance policies because of climate
change, and measures to pursue desertification must be vigorously
pursued;

Development of agrometeorological products with an emphasis on local
user communities.

2.3 Other Outputs

Workshop and conference website:

http://www.wmo.int/web/wcp/agm/Meetings/worisk06/

This website contains links to introductory note and the workshop brochure,

and

lists the co-sponsors. It also contains a summary of the workshop

recommendations and PDF files of the 27 PowerPoint presentations presented
at the workshop.

WMQO'’s Agricultural meteorology website:

http://www.wmo.int/web/wcp/agm/agmp.html

CD-ROMS

1. Draft papers for the International Workshop on Agrometeorological Risk

Management: Challenges and Opportunities, distributed prior to the
workshop.

Presentations: Agrometeorological Risk Management: Challenges and
Opportunities, distributed at the end of the workshop.

The 27 state-of-the-art papers are currently being edited, and will be published
in a book published by Springer in 2007. The book will be widely distributed to



all participants and member countries of the World Meteorological Organization.

3.0 APN-Funded Participants

The funds were used to support 11 participants all from developing countries
(Appendix 2). The funds were largely used to support their air-fares,
accommodation and per diem costs to travel to New Delhi, India to attend the
3-day international workshop. Feedback from the participants outlining their
fields of interest and how the conference was valuable for their career agendas,
especially for networking and capacity building is summarised below.

Mr Nur Mohammad MIAH
Bangladesh Meteorological Department
Abhawa Bhaban, Agargaon

DHAKA 1207

Bangladesh

Email:bmdswc@bdonline. com
No report

Prof. Shili WANG

Chinese Academy of Meteorological Sciences
Institute of Eco-environment and Agrometeorology
No. 46 Zhongguancun, Nandajie

BEIJING

CHINA

Email: wangshili@cams.cma.gov.cn

Weather and climate are the major risk and uncertainties factors that challenge
farmers in their agricultural production. The development of coping strategies
can help farmers to reduce risk and uncertainties and make better decisions for
sustainable agriculture. The topics of the International Workshop are all
important and interesting. In the Chinese Meteorological Administration (CMA)
there is much research and services on monitoring, predicting, early warning,
assessing and preventing countermeasures for meteorological and
agrometeorological disasters. However the concept of risk management and the
view of expanding from natural to economic-social problem as well as relative
methodologies are still new and interesting. After returning to China,
presentations based the workshop were made at a CMA training course about
the predicting and early warning of agrometeorological disasters. All the
audiences from provincial meteorological services were most interested.

Mr Ravind KUMAR

Focal point in Agrometeorology,
Meteorological Service

Private Mail Bag

NAP 0351

NADI AIRPORT

FLJI

Email: ravin.kumar@met.gov.fj

Weather and Climate are major production risk and uncertainty factors that
challenge Agro-meteorologists today. The development of coping strategies can



help to address agro-meteorological risks and uncertainties and make better
decisions for sustaining production and ensuring quality.

Attendance in this workshop has enriched my technical and scientific knowledge,
enhanced skills in dealing and developing coping strategies to suit our local
needs for risks associated with weather and climate. As a focal point in Agro-
meteorology in the meteorological service, | have a responsibility to diversify
and identify climate data and products for improved services to cope with
weather and climate uncertainties and help farmers manage their agricultural
systems to address the agro-meteorological risks and also explore opportunities
to make better decisions for social and economic progress.

During the three day workshop, | have gained personally and professionally:
e identify and access weather and Climate risks and uncertainties;

e understand major challengers to cope with Agro-meteorological risks and
uncertainties;

e understand major opportunities to cope with Agro-meteorological risks
and uncertainties;

e policy gaps, implications and risk transfer (insurance).

Recommendations
= more workshops on similar nature and scope are to be organized in the
region;

= A special workshop that address the effective communication of weather
and climate information for various levels of end users;

= Provision of scholarships for Agro-meteorologists or climatologists in the
region to meet the of Agro-meteorological services for sustainable food
production.

I am thankful to the organizers and the funding agencies and in particular, APN,
without whom, my participation would not have been possible. It is my sincere
hope that you will continue to fund upcoming activities for the benefit of the
developing countries of the South-West Pacific.

Dr Radha Krishna Murthy VASIRAJU
ANGR Agricultural University
Rajendranagar

HYDERABAD 500030

INDIA

Email: vkmurthyll@hotmail.com

Many parts of India are being subjected to climate risks, the impacts of which
are impeding the agricultural development. Therefore, efforts are needed to
improve capacities, infrastructure, knowledge and partnerships related to
climate risk management and to apply them to better manage agricultural
activities. The workshop brought together the cream of agrometeorological
scientific community working across the globe. The state of art papers
presented and the fruitful interactions | had with the scientists enable and
support me in evolving effective adaptation strategies to reduce vulnerability to
climate and environmental changes to promote sustainable agricultural
development in the world in general and India in particular. The workshop was
also extremely useful to me because | have co-authored two scientific papers
for the workshop and | have also been actively involved in the activities of



Expert Team on the Guide to Agrometeorological practices (ETGAMP).

Mr Azhar ISHAK
Meteorological Department
Jalan Sultan

46667 PETALING JAYA
MALAYSIA

Email:azhar@kjc.gov.my

The workshop was very valuable and has met its overall objectives. Major
challenges to coping strategies with agrometeorological risks, for example on
how to reduce the vulnerability of different agro-systems to weather and
climate related risks and uncertainties were discussed and recommended to be
implemented.

For farmers to cope with agrometeorological risks and uncertainties, non-
structural measures such as seasonal and inter-annual climate forecast related
to ENSO (or other extreme climate events) is very crucial for strategic and
tactical management of agricultural for region most affected by EI-Nino
phenomena such as Malaysia. Accurate seasonal climate forecast will minimize
the agrometeorological risks. Malaysia is very much interested if such forecast
is available in the market or probably to have joint research or project
collaboration with APN to enhance our networking and capacity building.

The special symposium during the workshop with regard to the use of weather
and crops insurance strategies and schemes to reduce the vulnerability of the
farming communities to agrometeorological and extreme climate events risks
for agricultural, needs to be further detail reviewed and studied with
appropriate practicable case studies. Unlike India, the weather insurance
scheme is totally new to us and has not been developed and implemented yet
in Malaysia. We take this opportunity if a workshop could be held in Malaysia
during the intersessional period of CAgM under OPAG 3 to include weather and
crops insurance matters as part of the sessions in the workshop.

Mrs Divaa ERDENETSETSEG
Institute of Meteorology and Hydrology
Juulchny Gudamj-5

ULAANBAATAR 46

MONGOLIA

Email: edivaa@yahoo.com

The lectures presented at this workshop were very useful and involved the
actual problem, which agromereorologists should be solving in near future to be
reach to the sustainable livelihood. The drought concept, desertification and
agrometeorological risk tasks are much more attention from the side of
participants who are living in arid and semi-arid regions. Also the special
seminar was very new kind of knowledge that all developing countries are
started or tried to do the best service and application to the users. After coming
back to my institute-IMH, | am preparing a presentation to our staff and who
are interested in the risk management issues. The lectures and workshop
copies were distributed to agrometeorologists who are working in Institute of
Meteorology and Hydrology (IMH) and Computer and Communication Center
(CCC) of the National Agency of Meteorology, Hydrology and Environment
Monitoring (NAMHEM), Mongolia.



Mr Kamal Prakash BUDHATHOKI
Department of Hydrology and Meteorology
Babarmabhal

P.O. Box 406

KATHMANDU

NEPAL

Email: kamal@dhm.gov.np

As a section chief of agricultural meteorology, my special field of interest is in
agro-meteorology and climate change. It is my great opportunity that | could
attend that International Workshop where | got the lesson how we are suffering
in the field of agriculture and what are the problems and risks we are
challenging now. Problems and challenges created opportunities to learn more
by developing sound management in the field of networking and capacity
buildings to cope with the risks. A lot of papers presented there were great
assets to me to learn about the facing challenges and opportunities in the
present world. This is a multidisciplinary fields where we all do the work
together.

Dr Qamar-uz-Zaman CHAUDHRY
Director General

Pakistan Meteorological Department
Ministry of Defence

P.O. Box No. 1214, Sector H-8/2
ISLAMABAD

PAKISTAN

Email: tsupmd@yahoo.com

Being an agricultural country, representation of Pakistan in the subject
workshop was of the great importance. Geographically, Pakistan experiences
almost all kinds of climate. The biggest risks and uncertainly factors on our
agricultural systems are imparted by the extreme climatic events such as
severe droughts, floods, cyclonic systems, heat waves and dust/thunderstorms,
frosts. Coping with Agrometeorological risks and uncertainties has a direct
linkage to the quality and quantity of agricultural production.

In coping these challenges at the first instance is the improved use of climate
knowledge and use of latest technology i.e. development of monitoring and
response system to the impending extreme weather. During the proceedings of
the workshop, exchanges of ideas in coping mechanism were done. Adopting
the following measures could avert the adverse affects of the extreme climate
to the agriculture:

e Quality of Agrometeorological data and expanding the coverage of
agrometeorological observation system in the country

e Study of extreme weather condition and their affects on the yield.

e Designing micro-climatic zone maps on the basis of Agrometeorological
conditions.

e Use of latest technology i.e. automatic instruments, computers, data
communication through satellite etc. for timely dissemination of
agrometeorological products to the end users.

¢ Medium-range / Short-range climate/weather predictions for the
guidance of decision makers / planners to adopt strategies in mitigating



the affects of extreme climate features e.g. drought and desertification,
tropical cyclone, floods, flash floods etc.

e Education of the farming community in adopting the agrometeorological
reports for planning of their crops operations.

Mrs Lourdes TIBIG

PAGASA

PAGASA Science Garden Complex
Agham Road

QUEZON CITY

PHILLIPINES

Email:lvtibig@yahoo.com

My field of interest is climate change and impacts on the agricultural sector, due
in part to my involvement in our national interagency on climate change (in
which we are tasked to craft recommendations for policies addressing climate
change). The monthly assessments of climate impacts on major crops
production and the provision of seasonal climate forecast primarily for
agriculture and water resource management are two of our main functions in
our national meteorological and hydrological service. The value and importance
of my participation in the International Workshop is immense in terms of the
knowledge | have acquired in the course of my preparing my paper and the
information-sharing and exchange of views during the workshop, and in the
networking offered by the pool of expertise among the participants (as a
number of the participants offered to share their resources).

Prof Alexander KLESHCHENKO

Institute of Agricultural Meteorology of ROSGIDROMET
Lenina Str 82

Kaluga Region

OBNINSK

RUSSIA

Email: cxm-diz@obninsk.org

Russia has a huge area of agricultural land. Russia’'s main agricultural region
extends from the Central district in European Russia, bordering Ukraine and
Belarus, to western Siberia 3,000 miles to the east. Of the country's nearly
200 million hectares of agricultural land, roughly 120 million is planted to row
crops (chiefly grains, annual or perennial forages, sunflowers, potatoes, and
vegetables) or temporarily fallow. The remainder is devoted to permanent
meadow or pasture. As a result Russian agriculture covers all kinds of
continental climate zones from the Arctic, to the dry deserts of the south. Many
of the largest risks and uncertainties to Russian agriculture arise from climate
change and variability, and climate extremes such as heatwaves, winterkill from
severe frosts and snow, floods, and large areas of severe drought. Cyclonic
systems, heat waves and dust/thunderstorms, frosts. Coping with the range of
climate variability and extremes is very important for crop and livestock
production and vyields. This will also affect coping strategies with climate
warming which is likely to produce mixed effects — with more wild fires,
droughts and floods as permafrost areas melt.

During the three day workshop, fruitful collaborative interaction was done with
APN and other scientists. This identified beneficial coping strategies to reduce
vulnerability to agriculture. To improve this many useful strategies were
discussed included:



e Use of seasonal forecasts in agriculture, forestry, and land management
with strategic relevance in respect to planning to help cope with drought,
desertification and floods;

e Use of integrated agricultural management, crop simulation models and
climate forecast systems to reap the highest benefit;

e Surface irrigation and steps to reduce excessive groundwater utilization,
increased efficiency in the rainfed areas and crop diversification for
efficient water use;

e Improved cultural/farming practices such as tillage, sequence of cropping,
use of crop residues, appropriate soil and water management.

I am grateful to the organizers and especially APN, who assisted in my
participation.

Mr Wirat WARANUCHIT

Thai Meteorological Department
4353 Sukhumvit, Bangna
BANGKOK

THAILAND

Email: tmd_inter@tmd.go.th

I would like to APN again regarding the support of my attendance in the
workshop. The conference discussed a large range of matters, and the
diversified strategic issues applied in various countries are obviously interesting.
Those could also support the confidence on our own strategic map developed
for the National Meteorological and Hydrological Service during last few years.
However, the achievement of the output and outcome in each country needs to
be verified of its viability to the traditional agricultural folklore. We hope to
learn and practice together with APN, the Commission for Agricultural
Meteorology and its Members for our safety in the world.

4.0 Conclusions

The workshop brought together leading experts who presented 27 state-of-the-
art discussion papers to address coping with agrometeorological risk and
uncertainties and then developing strategies to cope with these risks. The
organizers of the workshop ensured that there was sufficient discussion after
each paper for participants to raised issues and provoke ideas for the
recommendations. Participants were encouraged to come forward as
discussants on topics of their interest to facilitate an interactive dialogue and
develop appropriate recommendations that were captured by the
recommendations session of the workshop. These recommendations and
summaries of the discussions will be used by WMO and participants to guide
WMO’s Commission for Agricultural Meteorology during the next four years

In many parts of the world climate change and extreme climatic events such as
severe droughts, floods, storms, tropical cyclones, heatwaves, freezes and
extreme winds one of the biggest production risk and uncertainty factors
impacting on agricultural systems performance and management. Coping with
agrometeorological risk and uncertainties is the process of assessing
agrometeorological risks and uncertainties and then developing strategies to
cope with these risks. One of the most important coping strategies is improved
use of climate knowledge and technology, which includes the development of



monitoring and response mechanisms to current weather and future climate
change. These aspects directly address the main themes of the APN Capable
Agenda. The project provided scientists from 11 APN emerging and developing
countries, opportunity to interact with experts from different regions. Capacity
building in the area of coping strategies for weather and climate risks
contributes to sustainable agricultural development, especially in the Asia-
Pacific region. The proceedings will be published as a special book during 2007.

Several conclusions emerged from the discussions. There are numerous risks in
agriculture on which weather and climate and their extremes act. These and
their extremes will impact on yield, production, prices (for example shortages
due to drought), incomes, finances and often on institutions. As risk considers
not only the potential level of harm, but also on the likelihood that such harm
will occur. Therefore climate anomalies and extreme climatic events dominate in
providing challenges for coping with agrometeorological risks and uncertainties.
But risk has both natural and social components. Therefore, the risk associated
with weather and climate for any area is a result of the region’s exposure to the
event, which is the probability of occurrence at various severity levels, and the
vulnerability of society to the event.

Extreme poverty makes communities most risk averse. Farmers facing these
circumstances often avoid activities that will entail significant risk, even though
the production or income gains might be larger than for less risky choices. This
inability to accept and manage risk and build up production or wealth is known
as the “poverty trap”. In most developing countries, livelihoods are not insured
by international insurance or reinsurance providers, capital markets or often by
governments. So without access to credit, risk averse farmers are locked in to
poverty, often using old technology and faced with inefficiencies.

Agrometeorological risks and uncertainties permeate across the entire
marketing system with far-reaching consequences. For example the EI
Nino/Southern Oscillation can produce drought in many food producing regions,
and disrupt fisheries. The risk and occurrence of such an event often forces up
prices for grain and livestock in many parts of the globe through feed shortages.
This is just one of a vast array of risks and uncertainties that directly or
indirectly impact the global agricultural marketing system.

Fortunately there are well established approaches to characterizing and
managing risk, which includes risk scoping, risk characterization and evaluation,
risk management and monitoring and review. This leads to preparedness
planning with risk assessments, utilising early warning systems so that
vulnerability to society can be greatly lessen weather and climate risks to
society and communities. With effective risk management, management and
policy changes between climate hazard events are used so that the risk
associated with the next event is reduced. This is through the implementation
of well formulated policies, plans and mitigation actions than have been utilized
by farmers and others. Approaches include taking actions to reduce the
likelihood of the risk event occurring, avoiding the risk, redistributing the risk
and reducing the consequences. Actions can consist of enterprise diversification,
contract hedging, having financial liquidity, use of crop yield insurance, crop
revenue insurance and household off-farm employment or investment. Farmers
have many choices for managing the risks they face so can use a combination
of strategies and tools. Latterly weather derivatives and weather index
insurance play a role in developing agricultural risk management strategies.

However, there are requirements for the management of these risks by farmers



and communities. There has to be an awareness that weather and climate
extremes, their variability and climate change will impact on farm operations.
This requires an understanding of weather and climate processes, including the
causes of climate variability and change which can operate over large spatial
scales. Part of this requires a good knowledge of weather extremes and climate
variability in the location of farm operations, and analytical tools to describe
these. Forecasting tools and early access to early warning and forecast
conditions from hours to weeks give advance advice on the likelihood of
extreme events and the seasonal climate anomalies. However, the farmer must
have the ability to apply these forecasts and warnings in the decision making.

There are a range of risk coping strategies that can be utilised. Operational
agrometeorological services provide a good source. These include:

e The use of seasonal climate forecasts in agriculture, forestry and land
management with strategic relevance to national policy can be used to
assist the alleviation of food shortages, and to cope with drought and
desertification.

e The use of integrated agricultural management systems give the most
benefit. These use climate forecast systems together with the
simulation of crops. Pesticide application can be minimized with the
knowledge of the interaction between meso- and microclimate, and the
effects on the cycles of disease agents and prediction of climate effects.

e Improved water use efficiencies through surface irrigation, steps to
reduce excessive groundwater utilization, increased efficiency in the
rainfed areas and crop diversification

e Technological innovations

e The use of Integrated Pest Management systems that can reduce the
amount of chemical use.

e Early warning systems for wildland fire can reduce the negative
economic, social, and environmental impacts of uncontrolled
wildland fire.

e Local indigenous knowledge which aid coping mechanisms of farmers to
various environmental and natural challenges

e Improved cultural and farming practices such as tillage, sequence of
cropping, use of crop residues, suitable soil and water management

e Optional use of resources such as crop and variety diversification
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Co-Funding (UsS $)
Bureau of Meteorology (Australia) 10,000
Food and Agricultural Organisation (FAO) 10,000
Meteo-France 4,000
Technical Centre for Rural and Agricultural Cooperation (CTA) 20,000
United States Department of Agriculture (USDA) 20,000
World Meteorological Organization (WMO) 75,000

In-kind Support
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India Meteorological Department, and Mimistry of Science and Technology and
Earth Sciences
(i) Provision of conference facilities including a large hall for the opening
Session by the Government of India, a smaller hall for the different
sessions of the workshop, a large hall for poster display and a large
lobby area for tea/coffee and lunches
(ii) Provision of transport facility between the hotels to workshop venue
(iii) Workshop dinner on the first day

New Zealand, National Institute of Water and Atmospheric Research (NIWA)

(i) Provision of scientists time and expertise in preparation of workshop
programme, abstracts and arrangement of sessions in collaboration
with WMO

(ii) Assistance with arrangements to bring participants from countries to the
workshop from the Asia-Pacific region.



Appendix 4 Workshop Paper Summaries

Opening of the Workshop

The International Workshop on Agrometeorological Risk Management: Challenges
and Opportunities was held in New Delhi, India from 25 to 27 October 2006. The
workshop brought together experts from around the world to discuss and develop
the various aspects of agrometeorological risk management. One hundred and
eighty-eight participants from seventy-eight countries attended the workshop
(Annex 1).

Dr Sanjiv Nair, Joint Secretary, Department of Science and Technology of the
Government of India and the Permanent Representative of India with WMO gave
some welcoming remarks. Then Dr Motha, the President of the Commission of
Agricultural Meteorology, welcomed all of the participants to New Delhi and thanked
them for participating in the workshop. In many parts of the world climate change
and extreme climatic events such as severe droughts, floods, storms, tropical
cyclones, heat-waves, freezes and extreme winds are one of the biggest production
risk and uncertainty factors impacting agricultural systems performance and
management. He added that coping with agrometeorological risk and uncertainties
is the process of assessing agrometeorological risks and uncertainties and then
developing strategies to cope with these risks. To address these issues, this
workshop was organized by WMO, in collaboration with a number of co-sponsors
including the Asia Pacific Network for Global Change Research (APN), the Bureau of
Meteorology (Australia), the Technical Centre for Rural and Agricultural Cooperation
(CTA), the Food and Agricultural Organization (FAO), Meteo-France, the United
Kingdom Meteorological Office and the United States Department of Agriculture
(USDA).

Dr. Sivakumar, on behalf of the Secretary-General of WMO, welcomed the
participants to the workshop and wished them a success meeting. The workshop
will focus on the providing regional and national perspectives on coping strategies
to deal with agrometeorological risks and uncertainties. These strategies include
the use of seasonal forecasts in agriculture, forestry and land management to assist
alleviation of food shortages, drought and desertification. And there are 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.

Next, representatives from the various co-sponsors in attendance gave brief
comments. These representatives included: M. Salinger from APN, E. Cloppet, from
Météo-France, |. Barry, from the UK Met Office, and R. Motha from the USDA.

The main opening addresses were given by P.S. Goel, Secretary of the Ministry of
Earth Sciences, Government of India, and H.E. Sharad Pawar, the Honourable
Minister of Agriculture of the Government of India. They stressed that the theme of
this workshop on risk and uncertainty was very timely especially related to weather
and climate events and agricultural production, and officially opened the workshop.

Session 2: Weather And Climate Risks, Preparedness And Coping
Strategies: Overview

Dr. Hay: “Extreme weather and climate events and farming risks”.

Tthe risk based approach was needed to help managing of consequences of
extreme weather events and climatic anomalies. The presentation focused on
agriculture production risk and he discussed the detailed risk characterization
procedure and provided several practical examples (return periods for extreme daily



rainfall, maximum temperature, and wind gusts for the area of New Delhi. The
projection of risk level in the future in view of climate change was given. Several
practical examples such changes in dry index and changes in grain yield for India.
The paper emphasized risk management and several requirements and strategies.

Dr. Wilhite: “Preparedness and coping strategies for agrometeorological drought
risk management: Recent progress and trends.”

Drought risk management is necessary to understand natural and societal
dimensions of drought. Several Decision Support tools were described for drought
risk management which were developed by US DMC. One characteristic of these
tools is the timely delivery of information via Internet. Practical examples include
the US Drought monitor to asses spatial extend of drought, decision support system
for decision makers, the drought impact reporter for assessment of economic loses
and environmental impact, the Drought Risk Atlas, the vegetation drought response
index and the National Integrated drought monitoring system.

Session 3: Challenges to coping strategies with agrometeorological risks
and uncertainties - regional perspectives

Dr Mukhala: “Challenges to coping strategies with agrometeorological risks and
uncertainties in Africa”.

African agriculture is influenced by unimodel and bimodal rainfall distributions. The
sub-Sahara region has 90 percent land under rainfed and 10 percent under
irrigated agriculture. The climate variability and change influence food security due
to production uncertainty. Also, large variability of rainfall influences crop
prospects by inducing negative impacts on the GDP (which is 25 percent of the
national turnover) and 70 percent of work force that depend on agriculture. Few
climate information supply centers like universities and international institutions
provide weather data from areas which are recognized as natural disaster risk high
spots. Even with these existing limitations, seasonal forecasting is done for the
benefit of farmers through some pilot projects initiated by the international
organizations (USAID-IRI) attempts are being made to issue tailored seasonal
forecast in decision-making by the farmers. In order to address intra-seasonal
variability, some on-farm coping strategies like crop diversification, rain harvesting,
finish land preparation well before rain begins etc., are suggested. Weather-based
crop insurance may reduce poverty. However, necessary precautions to fill the
gaps in availability of climate data have to be initiated. He described certain tools,
methodologies, etc., which are useful for taking decisions on what, when, and
where to plant prior to sowing need to be developed. There is a need for inter and
intra institutional cooperation and that available tools and methodologies coupled
with a holistic approach is required to achieve a solution to the farmers’ problems.

Dr. Rathore: “Challenges to coping strategies with agrometeorological risks and
uncertainties in Asian regions”.

It is critical to examine the possibility of blending different coping strategies with
preparedness for every risk that the region faces. The risks identified are the short
term extreme events like high intensity rainfall and floods, tropical storms,
tornadoes, and strong winds, extreme temperatures including heat and cold waves,
droughts, and wild and bush fires. Also, the key challenge is how to combine these
strategies and face a combination of risks and arrive at an effective tool. In the
region the emergency relief response strategies require the planners to determine
the probability of occurrence of these risks and disasters at first instance and
immediately evolve effective mechanisms like identifying activities and sub-
activities, define the level of response, specify authorities, determine the response



kind, workout individual activity plans, have greater response teams, undergo
preparedness drills, provide appropriate delegations and have alternative plans.
He stressed that these mechanisms have to be organized identically but must have
different contents for each type of disaster. The cyclone preparedness strategies
followed by Indian villages that include livelihood-focused support, preparation
perspectives, and community perspectives are classical examples in reducing
adverse effects of risks and disasters in India and should be followed by other Asian
countries. Preparedness strategies must be identified and listed with serious
concern by taking local, federal, and international support by the respective
governments and/or NGOs (local level) and these actions must be supported by the
other higher authorities. The Indian Agromet Advisory Service (AAS) of National
Centre for Medium Range Weather Forecasting (NCMRWF) and is a successful
methodology for preparedness in India.

Mr. Alarcon: “Challenges to coping strategies with agrometeorological risks and
uncertainties in South America”.

This paper concentrated on natural phenomena that affect agriculture and on the
role of NMHSs in disaster risk reduction in South America. Like other regions in
the world, the climate is a natural resource that also affects the agrarian production
in South America. El Nino affects agriculture, the provision of potable water, the
generations of energy, the communication infrastructure, etc. El Nino events are
occurring more frequently in recent years and the areas affected and experiencing
agrometeorological risks include most countries in South America. In the region,
80 percent of the natural disasters and 30 percent of deaths are
hydrometeorologically related. Natural phenomena that affect agriculture in South
Latin America include volcanic eruptions, global climate changes, floods, droughts,
and strong winds. At the farmer’s level certain tools for prevention and mitigation
could significant improvements such as proper land use, selection of correct seed,
and efficient use of irrigation water. Tthe following coping strategies are suggested
for the implementation in region: implement and operate early warning systems;
elaborate the national and regional levels of territorial vulnerability; improve water-
use efficiency; implement pursuit systems by means of environmental indicators;
support programmes of biodiversity and desertification; and develop systems of
information and their applications to land use classification. To improve early
warnings, there is an increasing need to generate scenarios of sectoral risk and to
connect the systems of early warning with the government level of planning.

Dr. Chattopadhyay “Agrometeorological risks and coping strategies: Perspectives
from the Indian Subcontinent”.

Several recent natural disasters in India were described. Climatological data helps
in the advance preparation of long-range policies and programmes for disaster
prevention. The prevention of formation of tropical cyclones is not in the realm of
possibility, but much of their disastrous potential can be reduced. The 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. More inputs would be required
for more vulnerable areas if development were to be carried out in a balanced
manner across India and all the existing services must be geared for that purpose.
Agroclimatic analyses can help in selection of crops and cropping practices such by
matching their weather requirements with seasonal phenological events, endemic
periods of pests, diseases and hazardous weather can be avoided. Environmental
planning is necessary to avoid or mitigate losses from disasters and by using such
instruments as land-use planning and disaster management. Natural disaster
reduction measures are in place in a significant number of the nations surveyed and
that ongoing research and development to improve and expand these measures are
also a feature of many national strategies to minimize the adverse effects of
extreme events in agriculture.



Dr. Salinger: “Challenges to coping strategies in agrometeorology: The South-West
Pacific”.

This region is vulnerable to El Nino Southern Oscillation (ENSO) events and farmers
are always suffering from droughts, warmer and cooler climates, and floods due to
these events. The climate system in this region provides a large source of inter-
annual to multi-decadal fluctuations beneath a theme of regional climate warming
and that this situation provides challenges to coping strategies for agrometeorology
including crop yields and quality, water management, soil salinity, water erosion,
and runoff. Large-scale destruction to crops and infrastructure through high
intensity rainfall and severe winds are caused by tropical cyclones that are one of
the most devastating risks for agrometeorology on the small island developing
states (SIDS). Even though the warning systems predict the cyclone tracks in
advance, currently little can be done to protect crops and agriculture from the full
impacts of extreme rainfall and hurricane force winds. The Interdecadal Pacific
Oscillation (IPO) is also an important source of multidecadal climate fluctuations
and can cause shifts in the mean climate state (temperature and rainfall) but has
little threat to agrometeorological coping strategies. Global warming will have
more immediate concern in the region and in New Zealand and Australia coping
strategies are more sophisticated and involve both structural and non-structural
measures to reduce the impacts of change on crop and livestock production. The
greatest challenge associated with any warming above 2°c will be additional
stresses like droughts, the potential increase and spread of pests and diseases.
The warming also will pose additional problems and threats like further
strengthened tropical cyclones (higher wind speeds and high intensity rainfall)
especially in the SIDS.

Dr. Kajfez Bogataj: “Challenges to coping strategies with agrometeorological risks
and uncertainties in Europe”.

Some characteristics of European agriculture and what has to be done to cope with
agrometeorological risks in the region were presented. Europe is one of the
world’s largest and most productive suppliers of food and fibre with high agricultural
productivity. There are several changes in agriculture in the region due to
significant changes in land ownership structure, high fragmentation of land,
inadequate compensation schemes, and socio-economic factors. In Europe, the
soil is threatened by erosion, water stress is increasing, water is polluted from
agriculture and it is generally perceived across the region that prevention is
cheaper than cleanup. Agricultural meteorology is not in a favorable position. The
drivers of the European agriculture in the next decades will be the growing demand
for safe and quality food, growing awareness for nutrition issues and healthy food,
increased demand for renewable energy, and increased demand for biodegradable
paper, fibre, and polymers. Europe needs the following especially in response to
the 2003 heatwave: improved agrometeorological services for coping with drought,
climate change, protecting the environment and biodiversity and for ensuring
sustainable development; better mitigation and adaptation to the adverse effects of
climate variability and climate change; and better recognition that drought is
becoming a “normal” feature of many natural, economic, and soil environments.

Session 4: Agrometeorological risks and uncertainties — perspectives for
farm applications

Dr. Eitzinger: “Weather and climate and optimization of farm technologies at
different input levels”.

Optimization of farm technologies interacts with complex factors and has to
consider sustainability of crop production. Beyond the other functions, farm
technology has to deal with the effective management of the main resources of
agricultural production, which is soil, water, crop, and crop microclimate. There is



a strong demand in high and low input systems for optimized farm technologies in
order to better manage natural resources and increase productivity of farming due
to ongoing climate change and variability decreasing agricultural land and soil
resources and increasing food demand in developing countries. There are many
technologies available but care has to be taken for technology transfer, which
should consider the farmers’ socio-economic situation, knowledge and
infrastructure, etc. Costly technology is appropriate for high input farming but for
low input farming, traditional technologies should be considered, adapted or
combined with new low cost technologies, with limiting the risk of implementation
by external support.

Dr. Stigter: “Complying with farmers' conditions and needs using new weather and
climate information approaches and technologies.”

There are four policy issues to be used to differentiate between income groups of
farmers with respect to services: mitigation practices; disaster preparedness;
contingency planning and responses; disaster risk mainstreaming. There are
difficulties found with policy options for structural preparedness for and
rehabilitation from climate disasters, such as in well-selected agrometeorological
services for such purposes, that are also common to recent tsunami disaster in
Indonesia. Some studies from China indicate that rural people are heterogeneous
in their education, income, occupation, and information demands. This diversity
has not been genuinely identified, and their detailed priority information demands
have not been properly revealed. Although information service systems have been
shaped and established, the scientific and technological requirements of
investigated farmer household have not been met yet. Studies from China indicate
that traditional modes of information flow and communication skill occupy the main
position. This is confirmed for many other developing countries. Therefore one
must first discuss information demands in general and differentiated information
demand and supply situations as well as information channels for four different
income groups distinguished and the general implications of these findings for each
group. the implications of these findings for information approaches and
technologies with respect to these groups in China. Experiences from other
developing countries are explained and stressed that WMO/CAgM should realize the
above implications for the future of weather and climate information approaches
and technologies in agriculture production.

Dr. Lee: “Information technology and decision support systems for on-farm
applications to cope effectively with agrometeorological risks and uncertainties.”

The risk and uncertainty in agriculture that includes hydrometeorological, geological,
and biological hazards and along with environmental degradation was discussed.
Some of the major gaps of decision-making support systems (DMSSs) as the
following: data gaps, not learning from past hazards, inadequate access to
information, insufficient multi-disciplinary and multi-agency coordination,
inadequate communication systems, underdeveloped dissemination infrastructure
and systems, and ineffective engagement of the media. The current phase of the
World Agrometeorological Information Service (WAMIS) is a Web Portal and the
proposed next phase of WAMIS is a GRID Portal. The AMBER model was described.
Efforts should be made on data management systems and obtaining systematic
environmental data for vulnerability analysis. There is a need for development of
standards, protocols and procedures for exchange of data, bulletins, alerts, etc. for
some of the hazards. The use new information and communication technologies in
disseminating warnings are a useful advance for expanding the coverage and
reducing time lags in warning dissemination. Sharing of resources between
associated authorities and farming communities is necessary under limited resource.

Dr. Menzie: “Challenges to coping strategies with agrometeorological risks and
uncertainties in South America”.



Risk and uncertainty affects every aspect of the agricultural commodity marketing
system — from producers to the final consumer. Weather-related yield and price
risk translates into income risk in agricultural markets around the world. Accurate,
timely, consistent, objective, and widely available information including analysis of
the impacts of weather on crop production is required for economic enterprises to
make optimal business decisions. Some of the methods used at USDA to assess
impacts of weather-related risk and uncertainty on global crop production is a first
step toward estimating global supply and demand for commodities. More timely
and accurate estimates result when multiple agrometeorological analytical
techniques are employed to evaluate the impact of seasonal weather conditions on
crops. Employing such techniques leads to more efficient markets and improves
business enterprise decision-making at all levels of the marketing chain.

Session 5: Coping Strategies with Agrometeorological Risks and
Uncertainties

Dr. Tibig: “Coping Strategies with Agrometeorological Risks and Uncertainties for
Crop Yield.”

Several strategies that started with the use of optimal and sustainable use of
resources were discussed. One example of this is through crop diversification that
matches the physiological requirements of crops with specific micro-environment;
meets domestic consumption requirements, can reduce income risk; and improve
aggregate production. Another strategy is the change in cultural practices/improved
farming practices that can provide adjustments in agricultural inputs; integrate
crops with trees/aquaculture/ livestock; and use of farming systems like
organic/precision farming. The strategy of modifying resource potential, including
controlled micro-climates through field afforestation (windbreaks) and changes in
the location of crops was described. Local indigenous knowledge
systems/networks are another strategy that use farmer-developed techniques
developed from years of observations, experiments and experiences. Access to
extension services permits adapting cropping systems to a wider range of climatic
regions. A few technological innovations include direct rice seeding, raised cropping
beds (as used in Pakistan and India) and integrated weed management. Specific
examples of coping strategies in Canada, United States, Peru, Bolivia, Senegal,
Uganda, and several countries in Asia were discussed. Some strategies from the
Philippines including crop rotation can be used to suppress weeds, pathogens and
insect pests; using cover crops in orchards/vineyards that can buffer the system
against pest infestations by increasing beneficial insect populations; and using pest-
resistant crops when chosen carefully are tolerant of existing soil and site
conditions.

Dr Maracchi : by Dr. Orlandini) “Water Management in a semi-arid region: An
analogue algorithm approach for rainfall seasonal forecasting.”

This paper is based on recent research in seasonal forecasting methods for West
Africa (Sahel) based on new insights into the physical mechanisms of the African
Monsoon and the role of sea-surface temperature (SSTs) in precipitation. The
forecasting system uses standardized anomalies (SSTA) obtained by subtracting the
1979-2003 SST average and division by 1979-2003 SST standard deviation. The
standardized change rates are used to determine the difference between current
and previous standardized SSTA for the considered month. Several related activities
about in this work includes the setting up a map server-based data dissemination
tool for end-users (http://www.ibimet.cnr.it/Case/sahel/) which can allow browsing
of available maps. He also stated that simple extraction of data will be available for
end-users applications in agrometeorology, risk management, and hydrology and
that spatial downscaling techniques have been developed. The improvement of



seasonal forecasts in the Sahel region, especially for agrometeorological
applications, should include a full comprehension of physical mechanism and the
present spatial resolution should be improved in order to obtain an useful
geographical information input for agrometeorological models.

Dr. Ramakrishna “Water management and water use efficiency.”

India’s share of various global resources is the following: 16% of world’s human
resources, 2.5% of land, 4 % of the water, and 15% of livestock. In India, despite a
large area under irrigation, stress during crop growth is unavoidable. Several
water management related problems in rainfed areas include extreme spatial and
temporal variability in rainfall and evaporative demand is higher than rainfall during
greater part of the year. The evolution of watershed concept in India from a
topdown approach with a bio-physical emphasis in the 1980s to a participatory
approach with bio-physical and socio-economic aspects in the 1990s to a livelihoods
approach with an integrated watershed in 2000. Integrated watershed management
strategies such as efficient management of natural resources; coordination of
policies, programmes and activities; promotion of community participation, and
sustainable rural livelihoods are important. Components of rainwater management
in rainfed areas include: in-situ conservation (off-season land treatment,
conservation furrows, ridges and furrows system, cover cropping, micro-catchments,
i.e.); grade line bunds; drainage line treatments; water harvesting; and
groundwater recharge. Issues of participatory ground water evaluation include
policy and social implications leading to efficient water management, the supply
and demand of groundwater and their associated management strategies, and
finally the issue of climate change.

Dr. Huda: “Examples of coping strategies with agrometeorological risks and
uncertainties for integrated pest management.”

An overview of the Australian climate and impact of its highly variable climate on
industries, businesses and communities due to drought, storms and floods was
given. The two climate-sensitive diseases of Australian crops of stripe rust of
wheat and Sclerotinia rot of canola cause large economic losses. Farmers use
climate information to assist with many decisions such as crop choice, choice of
cultivar, fertilizer use, and irrigation scheduling. The indiscriminate use of
pesticides is one major concern since it leads to resistance to pesticides and
environmental pollution. One strategy to reduce the severity of pest and disease
damage through reduce pesticide use is through Integrated Pest Management (IPM).
Weather based pest / disease forecasting models can help provide advance
information for need based crop protection by farmers and is a part of the broader
IPM strategy. Various controls include predictive models, and trial results on
Sclerotinia rot of canola. In deciding pest management strategy the specific disease,
economics of application, and environmental impacts before applying fungicides and
investigate other methods of control must be considered. Various frameworks
related to climate/ weather and disease risks and the risk management cycle
include policy - related strategies, aspects of managing crop diseases, needing
collaborative approaches, reducing pesticide application, understanding the various
macro and microclimates of disease and climate change effects on crop diseases.

Dr. Brunini: “Coping strategies with agrometeorological risks and uncertainties for
drought: Examples from Brazil.”

Various aspects of the Brazilian climate and the agrometeorology advisory system
in the Brazilian state of Sao Paulo were described. This system uses several
methodologies to assess precipitation anomaly and drought including
meteorological indices such as the standardized precipitation index (SPl), Palmer
Drought Severity Index adapted to the state of S&o Paulo, and the decile and
quantile method. Agrometeorological indices include the actual evapotranspiration



standardized index (IPER), the Crop Moisture Index (CMI), crop development as a
function of soil moisture, and soil water supply conditions and water stress on a
crop. The IPER index developed used is based on the SPI methodology. It begins
with the adjustment of the beta probability density function to the series of water
balance in a ten days step and then cumulative probability of a given estimated
value for ETR is calculated. The meteorological aspects of drought monitoring and
prediction and agrometeorological aspects of drought in Brazil were dsicussed.
Drought mitigation measures are not necessarily identical and must take into
consideration the cultural aspects of the population, the climate regime, and the
agricultural exploitation. The various indices 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. The drought
phenomenon cannot be assessed and interpreted by only one field of expertise, but
rather by a set of specialists and institutions. Furthermore, it is extremely
important that researchers and specialist in the areas of agronomy,
agrometeorology, meteorology, civil defense, agro extension service, and others,
should be involved in the study of the drought phenomenon.

Dr. Wang: “Coping Strategies with desertification in China.”

An overview of the issue of desertification in China was given which stressed that
serious desertification has been threatening ecological security and sustainable
socio-economic development in China. In 2004, the amount of land desertification
in China was 27 percent across 18 provinces; the distribution of these lands can be
specified by climate, type, and degree. The amount land desertification has very
slightly decreased mainly due to reductions in land due to wind and water
desertification. Wind erosion as the main factor affecting desertification in
Northern China, with the various human activities can contribute to it: overgrazing,
excess reclamation, excess firewood gathering, and irrational use of water resource.
An overview of the desertification monitoring in China was given where national
desertification surveys were carried out in 1994, 1999 and 2004. China monitors
desertification at the national, provincial, and local level and there are various
Chinese programs and practical aspects for converting cropland to forest/shrubbery,
combating desertification, constructing shelterbelts, research on desertification
development and combating in terms of meteorological conditions, monitoring to
combating desertification of grassland, and the monitoring and predicting of dust
storm in China. Global climate warming, and frequent and severe drought are
existing facts, and future climate change will continue to influence desertification.
There are still various human-driving factors leading to deteriorating vegetation in
desert areas and the research on relationships between climate and occurrence,
development of desertification as well as combating countermeasures should be
carried out.

Dr. Brady: “Developing a Global Early Warning System for Wildland Fire.”

An overview of wildfire causes such as land-use fires, carelessness, arson, and
natural wildfire was given. Some uncontrolled fires become large disastrous events
that have large negative economic, social, and environmental impacts. The
objectives of this project include developing an global early warning system (EWS)
for predictions of up to 10 days of wildland fire danger; developing an information
network to quickly disseminate these warnings to global to local communities;
developing an historical record of regional and global fire danger information;
designing and implementing a technology transfer program for global, regional,
national, and local community applications. Fire danger is a general term used to
describe conditions of the fire environment and fire danger rating as an assessment
of the potential for a fire to start, spread and do damage. The operational
implementation for a global EWS include: development of procedures within WMQO'’s
World Weather Watch to run the early warning system on a daily operational basis;
analyze and produce fire danger assessments; analyze and produce forecasted fire



danger; disseminate early warning information through multiple channels; establish
procedures with operating services to maintain and update the System are as new
tools and products are developed. The impacts of an EWS will provide local
communities with an opportunity to mitigate fire damage by assessing the
possibility of extreme behaviour and enabling appropriate fire prevention, detection,
preparedness, and fire response plans, provide a globally robust operational early
warning framework that will provide the foundation to build resource-sharing
agreements between nations during times of extreme fire danger, and to develop
local expertise and capacity building in wildland fire management for system
sustainability through technology transfer and training. EWS case studies in Canada
and Southeast Asia were described.

Special Session: Weather Risk Insurance for Agriculture - A Special
Symposium

Dr. Sivakumar gave the welcome remarks for this session and reviewed the
objectives of this workshop. Agriculture is the most weather-dependent sector,
rainfed farming remains a risky business, natural disasters have a devastating
effect on agricultural production, and extreme climate variability carries multi-
dimensional impacts. Disaster risk management involves a wide range of decisions
and actions and for the need for partnerships and coordination among different
players (private, public, academia) involved in disaster and climate risk
management. The WMO and NMHS have a role in assessing agrometeorological
risks.

Mr. Hoeppe: “Scientific and Economic Rationale for Weather Risk Insurance for
Agriculture.”

A brief overview of Munich Re which is involved in underwriting wide range
agricultural businesses including crops, hail, Multi-peril and named perils, livestock,
aquaculture, and greenhouses, was given. There are several examples of
increasing trends in natural disasters across the world and in India. Insurance and
re-insurance companies have taken the scientific evidence of a link between global
warming and tropical storms more seriously after recent increase of the number
hurricanes in the North Atlantic. Several companies are working on SST and
hurricane models to assess the risks. He then discussed some crop insurance
products that include loss insurance (hail and named peril); yield guarantee
insurance (based on regional average yield or individual historic yields); index
insurance (meteorological triggers, area yield triggers, vegetation indices) and
revenue insurance (covers yield and price elements for crops traded in existing
commodity markets). Special circumstances exist in emerging markets such as
dual agricultural structures, limited financial means of the government to support
agricultural insurance programs, lack of insurance tradition and difficult access to
insured farms. The Munich Climate Insurance Initiative (MCIl) was discussed.
Weather related catastrophes like storms, floods and droughts are increasing
worldwide and that there is increasing evidence that global warming increases the
hazard situation. Agriculture is especially vulnerable to the changing weather
patterns and that proper insurance systems can help farmers to cope with the
increasing volatility of their losses.

Mr. Hess: “Weather Derivatives for coping with Risks to Agricultural Production.”

Weather insurance products are needed because they provide growth (access to
finance, specialization, provides cost of risk to farmers) and equity (safety net and
access to smallholders). Since weather impacts cause yield losses and emergency
needs these kinds of products can be useful. The payout structure for a hypothetical
rainfall contract depending on the rainfall for the period, different payment or non-
payment is given was described. Several advantages of these kinds of weather



insurance products are that they offer superior risk protection, they overcome
moral hazard and adverse selection problems, and they are provide an accurate and
sustainable index. The number and value of these products over the recent years
has increased. The policy implications using these products include the need for
clarity in regulations and communication with end-users, the integrity of weather
data and indices, and the market linkages such as credit and inputs. A case study
in Ethiopia where up to 5 million people of transient food insecure people may be
lost under the current system shows that these products may be able to provide
predictable funding to protect vulnerable people’s livelihoods. In this case, the
drought index accurately tracked agricultural season and the data was secured
through the Ethiopian National Meteorological Agency. This pilot project
demonstrated that it is possible to develop objective, timely and accurate indices
for triggering drought response, it is feasible to use markets to finance drought risk
in Ethiopia, and contingency plans can better be designed with predictable
resources. An active role of agrometeorological service is important. Future plans
of these efforts include developing products in new countries, developing products
in relation to social protection and emergency finance, and incorporates satellite
data sources.

Mr. Pranav Prashad: “Weather Risk Insurance for coping with Risks to Agricultural
Production.”

A majority of the agricultural losses can be attributed to weather vagaries and that
losses to drought are the greatest. Weather insurance is an insurance product
based on a weather index and that financial protection is based on the performance
of specified index in relation to a specified trigger. A detailed correlation analysis is
carried on the weather impact on crop yields to arrive at compensation levels.
Examples of weather indices include deficit/excess rainfall, extreme fluctuations of
temperature, relative humidity and/or a combination of above. Some of the
advantages of insurance based on weather indices are because these are a market-
based alternative to traditional crop insurance, overcomes challenges of high
monitoring and administrative cost, provides transparency, is objective and
scientific, and is simple terms of insurance delivery. Examples of indices for wheat,
apples, and oranges were given. These products provide cost effective distribution
systems, are effectively administered, have easy accessibility, and provide quality
service. Rural demand for products and services is no different from urban
requirements provided and a focused approach along with appropriate regulation
will help build a model which is viable, sustainable and scalable.

Session 6: Coping with Agrometeorological Risks and Uncertainties —
Policies and Services

Dr. Stone: “Drought preparedness, drought contingency planning and farm risk
management.”

This rationale was undertaken in Australia since past attempts to manage droughts
and their impacts have been ineffective, poorly coordinated, and untimely. Also,
the ineffectiveness of the crisis management approach has lead to increasing
interest in the adoption of a more proactive risk-based management approach.
Drought impact assessments must be made of the drought impact on the various
water resources, economic sectors, population centers, and the environment.
Different types of drought should be considered in the impact assessment studies
and from this, drought risk assessment can be investigated through current
meteorological data and other historical data in relation to climatic variation. These
issues were elaborated on, using Australia as a case study and briefly described
several tools and products such as the Australian National Agricultural Monitoring
System (NAMS), US Drought Monitor, and “GrazeOn” an Australian tool to help
pastoralists with risk management measures. Drought preparedness and
contingency frameworks require various information to base decisions, what policies



and institutional arrangements are needed and the various risk management
measures for decision makers. Case study examples of actions taken by decision
makers were given. Contingency planning is especially important when dealing
drought. In order for drought preparedness and contingency planning to be
effective, many information sources and from diverse organizations are required
and this information must be timely and reliable. Another factor to consider is that
information policy aspects can easily lead to unnecessary complexities when
different government agencies are involved at a national or local level.

Dr. Orlandini: “Using simulation modelling as a policy option in coping with
agrometeorological risks and uncertainties.”

The paper included an overview of the current state of the art of agrometeorological
simulation modelling; application areas of worldwide simulation models; how these
models are implemented; their aims and conditions of application; required data;
constraints, uncertainties, and advantages of application. Currently there is an
increasing need and possibility that these models can be developed and applied for
crop and land management due to the following points: the widening of biological
knowledge; the advances and development of computer science and
telecommunications; the high level of energy and chemical inputs currently being
used; the increased need for information concerning agricultural systems to
improve planning and management; and finally the increasing possibility in using
weather forecast data in these models. The application areas of these models are in
crop protection (pathogens, insects, frosts), water balance and irrigation, crop
growth and development, production and vyield, soil erosion, and early warning
systems. There are several economical and ecological benefits as result of using
crop simulation modelling such as the reduction of chemical inputs in the
ecosystem; soil fertility conservation; smaller amount of chemical residuals in food;
work quality improvement; reduction in the development of resistant forms;
safeguarding of natural predatory; and more acceptance of the farmers’ work in
public.

Dr. Motha: “Agrometeorological services to cope with risks and uncertainties.”

Natural disasters have been increasing in frequency and intensity over the past
several decades, resulting in immense socio-economic damage and the loss of
many human lives. Agrometeorological services have developed to promote
economically viable and high quality production in a sustainable and environment-
friendly manner by strengthening the nation’s indigenous capabilities to provide
relevant meteorological services to agriculture. Agrometeorological services need
weather and climate data management systems, including products, analyses,
forecasts, and interpretation. The United States and India are two examples of
countries that have made extensive use of agrometeorological services. Strategies
to improve agrometeorological services to cope with risks and uncertainties include:
indigenous technical knowledge, agrometeorological characterization, response
farming, technology transfer, and, monitoring and assessment. There must be a
comprehensive approach to improve agrometeorological services to cope with risks
and uncertainties. A blend of technology, including indigenous technical knowledge
and modern technology (RS, GIS) with operational applications of
agrometeorological indices is useful. Accurate and reliable weather and climate
forecasts for agriculture and an information delivery system tailored to the needs of
the appropriate user community are necessary. A risk management plan with
preparedness as a key and mitigation measures are needed to reduce the impact of
extreme events or natural disasters prior to their occurrence. Also, adaptation
strategies to prepare for and minimize the potential impacts of natural disasters
and climate extremes.



Workshop Recommendations

Drs Motha and Sivakumar provided a summary of the papers that were presented
in each of the sessions. A list of recommendations from the discussions of each
session were compiled and presented for further discussion. The broad categories
of the recommendations were on risk management, risk management tools,
research needs, policy issues, emphasis on user needs, communication, and
marketing.

2.1 Some of the recommendations from the workshop included:

« Develop a pro-active risk-based management approach to deal with the
adverse consequences of weather extremes and climate anomalies;

< Emphasize preparedness planning and improved early warning systems to
lessen societal vulnerability to weather and climate risks;

« Provide accurate, timely, consistent, and widely-available information to
optimize decisions relative to the risks and uncertainties within the global
agricultural production and distribution system;

e Use of decision-support systems as risk management tools should be
promoted as an effective means of providing output of integrated climate-
agronomic information 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 analyzed
for sensitivity to climatic hazards of different agricultural systems and
defining specific critical thresholds according to farming characteristics in
agricultural areas.

e Climatic risk zoning could be used for quantifying climate-plant relationships
and the risk of meteorological extremes in agricultural financing programs.

* 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.

« The application of seasonal forecasts for crop management strategies, risk
management planning, and national policy implications needs to be
considered, as these outlooks become more accurate and reliable.

« Aspects of drought contingency planning, drought preparedness, and
drought impact assistance policies need to be urgently considered as to their
future effectiveness under long-term climate change.

* A scientific desertification monitoring and evaluation system involving all
appropriate sectors including agriculture, forestry, water conservation,
environmental protection, meteorological and natural resource conservation
should be established.

e Develop clear and useful guidelines on the exact nature of
agrometeorological products needed for local user communities

« Enhancements in communication channels for the improved dissemination of
agricultural meteorological information must take into account the literacy
levels of wusers, socio-economic conditions, level of technological
development, and accessibility to improved technology and farming systems.

e Increased interdisciplinary collaboration between meteorologists,
agronomists, and economists can improve the quality of information upon
which agriculture-related businesses and agricultural policy-makers around
the world depend.



Workshop Closure

2.2 Dr Sivakumar, on behalf of the Secretary-General of WMO, thanked all of the
speakers and participants for attending the workshop and their active contribution
to make this a successful workshop and gave thanks. Dr Srinivasan from the
Department of Science and Technology (DST) gave his best wishes to the
participant on behalf of the Government of India. Then the H.E. Kapil Sibal, the
Honourable Minister of Science and Technology from the Government of India
officially closed the workshop.
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Agham Road

QUEZON CITY

Tel: +632 9294865 / 4349040 /
4342698

Fax: +632 9279308

Email: Ivtibig@yahoo.com

Poland

Prof. Piotr KOWALCZAK

Institute of Meteorology and Water
Management

174/176 Dabrowskiego

60-594 POZNAN

Tel: +4861 8495160

Fax: +4861 8495162

Email: piotr.kowalczak@imgw.pl

Republic of Macedonia

Mrs Blaga DIMITROVSKA
National Meteorological Service
Skupi bb fax 218

1000 SKOPJE

Tel: +3892 3097004

Fax: +3892 3097118

Email: blagad2000@yahoo.com

Republic of Moldova

Mrs Lidia TRESCILO

State Hydrometeorological Service
Grenoble Str 193

CHISINAU, MD 2043

Tel: +37322 773644

Fax: +37322 773636

Email: lidiat@meteo.md

Romania

Dr Turcu VASILE

National Meteorological Administration
Sos. Bucuresti — Ploiesti 97

Tel: +4021 3123240

Fax: +4021 3163143

Email: vasile.turcu@meteo.inmh.ro

Russian Federation

Prof. Alexander KLESHCHENKO
Institute of Agricultural Meteorology
of ROSGIDROMET

Lenina Str 82

Kaluga Region

OBNINSK 249039

Tel: +7484 3964706

Fax: +7484 3944388

Email: cxm-dir@obninsk.org /
cxm@meteo.ru

Senegal

Mr Mamadou NDIAYE

Direction de la Meteorologie Nationale
Aeroport L.S. Senghor

B.P. 8257

DAKAR

Tel: +221 8695053

Fax: +221 8201327

Email: mam_ndiaye@yahoo.fr

Slovenia

Prof. Lucka KAJFEZ BOGATAJ
University of Ljubljana
Agronomy Dept.

Jamnikarjeva 101

1000 LJUBLJANA

Tel: +3861 4231161

Fax: +3861 4231088

Email: lucka.kajfez.bogataj@bf.uni-
lj.si



Mrs Ana ZUST

Environmental Agency of the Republic
of Slovenia

Vojkova 1B

1000 LJUBLJANA

Tel: +3861 4784074 / 4784074
Fax: +3861 4784054

Email: ana.zust@gov.si

South Africa

Prof. Sue WALKER

University of the Free State
Department of Soil, Crop and Climate
Sciences

P.O. Box 339 (int 60)

BLOEMFONTEIN 9300

Tel: +2751 4012222

Fax: +2751 4012117

Email: walkers.sci@mail.uovs.ac.za

Spain

Mr Antonio MESTRE BARCELO
Instituto Nacional de Meteorologia
C/ Leonardo Prieto Castro 8
Ciudad Universitaria

28040 MADRID

Tel: +3491 5819705

Fax: +3491 5819767

Email: amestre@inm.es

Sudan

Mr Haroun ABDALLA

Meteorological Authority

P.O. Box 574

KHARTOUM

Tel: +2491 83778837

Fax: +249183 771693

Email: infor@ersad.gov.sd /
harabdalla@yahoo.com

Swaziland

Mr Mduduzi Sunshine GAMEDZE
National Meteorological Service
Box 58

MBABANE

Tel: +268 4048859

Fax: +268 4041530

Email: sunshine@swazimet.gov.sz

Syrian Arab Republic

Dr Srour ELHAZIM
Meteorological Department
Ministry of Defense

Mazzeh Jabal, P.O. Box 4211
DAMASCUS

Tel: +96311 6620554 / 666486
Fax: +96311 6620553

Email: syr-meteo@mail.sy

Tanzania, United Republic of

Mr Deus KASHASHA
Tanzania Meteorological Agency
P.O. Box 3056

DAR ES SALAAM

Tel: +255 22 2460706

Fax: +255 22 2460735
Email: dkashasha@meteo.go.tz

Thailand

Mr Wirat WARANUCHIT

Thai Meteorological Department
4353 Sukhumvit, Bangna
BANGKOK

Tel: +662 3989875

Fax: +662 3989875

Email: imvirat@yahoo.com

Turkey

Mr Ramazan SAGIR

Turkish State Meteorological Service
P.O. Box 401

ANKARA

Tel: +90312 3022436

Fax: +90312 3612371

Email: rsagir@meteor.gov.tr

Mr Mustafa ADIGUZEL

Turkish State Meteorological Service
P.O. Box 401

ANKARA

Tel: +90312 3022436

Fax: +90312 3597568

Email: madiguzel@meteor.gov.tr



Uganda

Mr Paul ISABIRYE

Department of Meteorology

Ministry of Water and Environment
P.O. Box 7025

KAMPALA

Tel: +25641 251798

Fax: +25641 251797

Email: com.met@meteo-uganda.net /
paul.isabirye@meteo-uganda.net

United Kingdom

Mr lan BARRIE

c/o Met Office

FitzRoy Road

EX1 3PB EXETER

Tel: +441 902693245
Fax: +441 902743810
Email: ian.barrie@adas.co.uk

Uruguay

Mrs Ana MANCUSO

Direccion Nacional de Meteorologia
J.B. Amorin 1488

MONTEVIDEO

Tel: +5982 4003583

Fax: +5982 4003583

Email: amancuso@adinet.com.uy

United States of America

Dr Paul DORAISWAMY

USDA

Agricultural Research Service

1400 Independence Avenue, S.W.
Room 114, Hydrology and Remote
Sensing Laboratory

WASHINGTON, D.C. 20705

Tel: +1301 5046576
Fax: +1301 5048953
Email:

pdoraiswamy@hydrolab.arsusda.gov

Dr Keith MENZIE

USDA

World Agricultural Outlook Board
Office of the Chief Economist
1441 Independence Avenue, S.W.
Room 4438 South Building
WASHINGTON, D.C. 20250

Tel: +1202 7207394

Fax: +1202 6901805

Email: kmenzie@oce.usda.gov

Dr Raymond MOTHA (President
CAgM)

USDA

Office of the Chief Economist
World Agricultural Outlook Board
1441 Independence Avenue, S.W.
Room 4419 South Building
WASHINGTON, D.C. 20250

Tel: +1202 7208651

Fax: +1202 6901805

Email: rmotha@oce.usda.gov

Ms Joyce PULLIAM

USDA

1400 Independence Avenue, S.W.
Room 4419 South Building
WASHINGTON, D.C. 20250

Tel: +1202 7208651

Fax: +1202 6901805

Email: jpulliam@oce.usda.gov

Uzbekistan

Mrs Lydia GROM

Centre of Hydrometeorological Service
72, K. Makhsumov Str

TASHKENT 700052

Tel: +99871 1333941

Fax: +99871 1332025

Email: uzhymet@meteo.uz

Venezuela

Mrs Adriana CORTEZ

Instituto Nacional de Investigaciones
Agricolas

Urb. Trina Chacin.

Calle Ambrosio Plaza No. 75

San Juan de los Morros

GUARICO

Tel: +58246 4313267

Fax: +58243 2402643 / 2402911
Email: acortez@inia.gob.ve



Viet Nam

Dr Van Viet NGUYEN

Center for Agricultural Meteorology
Institute of Meteorology and
Hydrology

Ministry of Natural Resources and
Environment

5/62 Nguyen Chi Thanh Street

Dong Da District

HANOI

Tel: +844 8358626

Fax: +844 8358626

Email: agromviet@hn.vnn.vn

Zimbabwe

Mr Barnaba CHIPINDU

University of Zimbabwe

Agricultural Meteorology Programme
Department of Physics

P.O. Box MP167, Mt Pleasant
HARARE

Tel: +2634 307155

Fax: +2634 307156

Email: chipindu@science.uz.ac.zw

Mr Bonaventure KAYINAMURA
Meteorological Services Department
P.O. Box BE 150

Belvedere

HARARE

Tel: +2634 778173 - 74

Fax: +2634 778161

Email:
bkayinamura@weather.utande.co.zw

ORGANIZATIONS

International Commission on
Irrigation and Drainage

Mr Mokuteswara
GOPALAKRISHNAN

48 Nyaya Marg, Chanakyapuri
NEW DELHI 110021

Tel: +9111 26116837

Fax: +9111 26115962
Email: icid@icid.org

SADC Secretariat

Dr Elijah MUKHALA

SADC/FAO Remote Sensing Project
Private Bag 0095

GABORONE

Botswana

Tel: +267 3951863
Fax: +267 3924099
Email: emukhala@sadc.int

UNCCD Secretariat

Dr Ndegwa NDIANGUI
53113 BONN

Germany

Tel: +49228 8152821
Fax: +49228 8152898 / 99
Email: nndiangui@unccd.int

World Food Programme

Mr Ulrich HESS
Via C.G.Viola 68
Parco dei Medici

ROME

Italy

Tel: +3906 65132566
Fax: +3906 65133636
Email: ulrich.hess@wfp.org

INVITED EXPERTS

Prof. Peter HOEPPE

Department of Geo Risks Research
Environmental Management
Munich Reinsurance Company AG
D-80791 MUNICH

Germany

Tel: +4989 38912678

Fax: +4989 389172678

Email: phoeppe@munichre.com

Mr Rohit MAGOTRA
EKGAON Technologies
C-2/6, 1st Floor, SDA
NEW DELHI 110016

Tel: +9111 41657166
Fax: 49111 41657167
Email: rohit@ekgaon.com

Dr Pranav PRASHAD

ICICI Lombard Bank

Zenith House, Keshavrao Khade
Marg

Mahalaxmi MUMBAI 400 034
India

Tel: +9122 24906983
Fax: +
Email:

pranav.prashad@icicilombard.com



INVITED LECTURERS

Dr Michael BRADY

Natural Resources Canada
5320 - 122 Street
EDMONTON, AB

Canada T6H 3S5

Tel: +1780 4357259
Fax: +1780 4357359
Email: mbrady@nrcan.gc.ca

Prof. John HAY

Institute for Global Change Adaptation
Science (ICAS)

Ibaraki University

2-1-1- Bunkyo, Mito

IBARAKI

Japan

Tel: +8129 2288787

Fax: +8129 2288787

Email: johnhay@mx.ibaraki.ac.jp

Dr B.-L. LEE

Korea Meteorological Administration
208-16 Seodun-dong

Gwonson-gu

SUWON 441-856

Republic of Korea

Tel: +8231 2910170

Fax: +8231 2910366

Email: bllee@kma.go.kr

Dr Simone ORLANDINI
DISAT-UNIFI

University of Florence

Piazzale delle Cascine 18
1-50144 FIRENZE

Italy

Tel: +39 0553288257

Fax: +39 055332472

Email: simone.orlandini@unifi.it

Dr Y.S. RAMAKRISHNA
Central Institute for
Agriculture (CRIDA)
Santoshnagar
HYDERABAD 500059

India

Tel: +9140 24530177 / 24530161
Fax: +9140 24531802 / 24535336
Email:ramakrishna.ys@crida.ernet.in

Dryland

Dr L.S. RATHORE

National Centre for Medium Range
Weather Forecasting

A-50 Institutional Area

Phase |11, Sector-62

NOIDA (UP) 201307

India

Tel: +91120 2403900 - 07

Fax: +91120 2400621 / 2403544
Email: Israthore@ncmrwf.gov.in

Prof. C.J. STIGTER
Agromet Vision
Groenestraat 13

5314 AJ BRUCHEM
Netherlands

Tel: +3141 8642906
Fax: +3131 7482811
Email: cjstigter@usa.net

Dr Roger STONE

Climate and Systems Technologies
Department of Primary Industries and
Fisheries (DPI&F)

P.O. Box 102

TOOWOOMBA QLD 4350

Australia

Tel: +61746 881293

Fax: +61746 881340

Email: roger.stone@dpi.gld.gov.au

Dr Donald WILHITE

National Drought Mitigation Center
University of Nebraska

819 Hardin Hall, 3310 Holdrege Street
LINCOLN, NEBRASKA

United Status of America

Tel: +1402 4724270

Fax: +1402 4722946

Email: dwilhite2@unl.edu

WMO SECRETARIAT

Dr Buruhani NYENZI
Director

World Climate
Department

World Meteorological Organization
7bis Avenue de la Paix

CH-1211 GENEVA 2

Switzerland

Tel: +4122 7308273

Fax: +4122 7308420

Email: bnyenzi@.wmo.int

Programme



Dr M.V.K. SIVAKUMAR

Chief

Agricultural Meteorology Division
World Climate Programme
Department

World Meteorological Organization
7bis Avenue de la Paix

CH-1211 GENEVA 2

Switzerland

Tel: +4122 7308380

Fax: +4122 7308420

Email: msivakumar@.wmo.int

Mr Robert STEFANSKI
Scientific Officer

Agricultural Meteorology Division,
World Climate Programme
Department

World Meteorological Organization
7bis Avenue de la Paix

CH-1211 GENEVA 2

Switzerland

Tel.: +4122 7308380

Fax: +4122 7308305

Email: rstefanski@wmo.int



