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Why is climate change/variability such an 
important issue for agriculture ?

Why is climate change/variability such an 
important issue for agriculture ?

• Agriculture is the most weather-dependent 
sector

• Rainfed farming remains a risky business

• Natural disasters have a devastating effect on 
agricultural production

• Extreme climate variability carries multi-
dimensional impacts 



AGRICULTURE – WEATHER-DEPENDENT 
SECTOR

AGRICULTURE – WEATHER-DEPENDENT 
SECTOR

• In many developing countries where rainfed  
agriculture is the norm, a good rainy season 
means good crop production, enhanced food 
security and a healthy economy. 

• Failure of rains and occurrence of natural 
disasters such as floods and droughts could 
lead to crop failures, food insecurity, famine, 
loss of property and life, mass migration, and 
negative national economic growth.



RAINFED FARMING REMAINS A RISKY RAINFED FARMING REMAINS A RISKY 
BUSINESSBUSINESS

• As much as 80% of the variability in 
agricultural production is due to the 
variability in weather conditions 

• Production variability in agriculture 
has immediate and important 
macroeconomic impacts. 

• Timely forecast of favourable 
conditions permits adjustment of 
cropping patterns and input use to 
benefit fully from the favourable 
conditions. 

• Under the rainfed conditions, even a 
less reliable, but earlier forecast may 
be more valuable than an accurate but 
late forecast



Rice production vs. monsoon rainfall.Rice production vs. monsoon rainfall.

• Rice production in India 
increased due to better 
farming practices and 
technological development.

• But, year-to-year fluctuations 
in production are determined 
largely by the success or 
failure of the summer 
monsoon 

• This is in turn affected by the 
particular phase of the El
Niño/Southern Oscillation 
phenomenon 



NATURAL DISASTERS AND AGRICULTURENATURAL DISASTERS AND AGRICULTURE

• Climate change/variability and 
the severe weather events that are 
responsible for natural disasters 
impact the socio-economic 
development of many nations 

• Annual economic costs related to 
natural disasters  estimated at 
about US$ 50–100 billion. 

• Prediction and early warning is 
the best solution to minimize loss 
of life and property



Droughts and Wild Fires Droughts and Wild Fires -- ASIAASIA

• India, Laos, Philippines, and 
Vietnam: drought more 
frequent following ENSO. 
50% of Indian monsoon 
failures since 1871 during El
Niño  years.

• Increase in frequency and 
severity of wild fires in  
grassland and rangelands in 
arid and semi-arid Asia in 
recent decades  



EXTREME VARIABILITY – MULTIDIMENSIONAL 
IMPACTS

EXTREME VARIABILITY EXTREME VARIABILITY –– MULTIDIMENSIONAL MULTIDIMENSIONAL 
IMPACTSIMPACTS

• Between 1525 to 1983, a strong ENSO event 
occurred every 42-45 years but the frequency of 
recent El Niños is much higher (1982, 1997). 

• Increased frequencies and intensities of the extreme 
events carry serious implications for agro-based 
industries, tourism, construction, transportation and 
insurance. 

• Other dimensions - food insecurity or famine, large 
scale imports of food, balance of payments 
deterioration, substantial government spending on 
drought relief programs, depressed demand for non-
agricultural goods, and rural-urban migration



Impacts of climate variability are the greatest in the Impacts of climate variability are the greatest in the 
developing worlddeveloping world

Current degradation of 
natural resources 

Poor access to 
technologies

Low investments in 
production 



Observed trends in mean temperature in EuropeObserved trends in mean temperature in Europe

Southwestern areas 
Central areas 

Northeastern areas 

Source: IPCC Data Distribution Centre



CLIMATE CHANGE IMPACTS ON AGRICULTURECLIMATE CHANGE IMPACTS ON AGRICULTURECLIMATE CHANGE IMPACTS ON AGRICULTURE

A general reduction in potential crop yields in most tropical 
and subtropical regions with increases in temperature.

Arid and semi-arid tropics have low and variable rainfall.

A reduction in potential crop yields in most mid-latitude 
regions.

Increases in some mid-latitude regions for smaller 
temperature increases.

A potential increase in global timber supply from some 
managed forests.

Large advances in understanding have occurred, but 
uncertainty remains.

Food security in developing countries will remain a 
challenge.



Climate change/variability –
what needs to done ?

Climate change/variability –
what needs to done ?

• To address these challenges,  it is important to integrate 
the issues of climate variability into resource use and 
development decisions. 

• More informed choice of policies, practices and 
technologies will decrease agriculture’s vulnerability to 
climate variability and also reduce it’s  long-term 
vulnerability to climate change.

• Advantage should be taken of current data bases, 
increasing climate knowledge and improved prediction 
capabilities 



GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

• Southern Oscillation - a global spatial pattern of 
interannual climate variations with identifiable 
centers of action (Walker 1924) . 

• Large scale fluctuations in the trade-wind 
circulations in both the northern and southern 
hemispheres of the Pacific sector are linked to the 
Southern Oscillation (Bjerknes 1966) 

• First ENSO forecast on the basis of a hypothesis 
linking temperature and wind anomalies (Wyrtki et 
al. 1976) 



GLOBAL CAPABILITIES – GROWTH IN 
EXPERTISE RELATED TO ENSO FORECASTS

GLOBAL CAPABILITIES – GROWTH IN 
EXPERTISE RELATED TO ENSO FORECASTS

• Spurred by the impacts of the early 1980s ENSO event
by university-based and international research programs 

• Tropical Oceans and Global Atmosphere (TOGA) provided 
the much needed impetus to gain a better description of the 
tropical oceans and the global atmosphere as a time-
independent system

• NOAA’s Climate Prediction Center

• International Research Institute for Climate Prediction 



ADVANCES IN SCIENCE OF CLIMATE 
FORECASTING

ADVANCES IN SCIENCE OF CLIMATE 
FORECASTING

• Anomalies of sea surface temperature in the tropical 
Atlantic connected with precipitation over northeast 
Brazil and the Sahel (Hastenrath and Heller, 1977; 
Moura and Shukla, 1981), 

• Anomalies of sea surface temperature in the eastern 
Indian Ocean connected with rainfall anomalies over 
Australia (Streten, 1983)  



GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

• The first ENSO forecast using coupled numerical models  
in early 1986 (Cane et al. 1986)

• Dynamical and statistical models  comparable for lead 
times of 4 months or less, but dynamical predictions more 
superior at longer lead times (Latif et al. 1994)

• Recent trend - use of Regional Climate Models (RCMs) 
that handle relatively small regions but with far more 
resolution than is possible using present global models, 
and that use boundary conditions supplied by a pre-run of 
a global model (Harrison, 2003). 





GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

• Forecasts are now freely transmitted around the globe by 
the Internet 

• Interpretation and delivery of the climate prediction 
information promoted through the development of 
Regional Climate Outlook Forums 

• Consensus agreement between coupled ocean-atmosphere 
model forecasts, physically based statistical models, 
results of diagnosis analysis and published research on 
climate variability over the region and expert 
interpretation of this information in the context of the 
current situation 



GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

GLOBAL CAPABILITIES - ADVANCES IN 
SCIENCE OF CLIMATE FORECASTING

One-third of the WMO Members already had, or planned to 
obtain in the near  future, the capability to provide some form 
of operational seasonal to interannual prediction (Kimura 
2001)

- Most models in use predict only for single countries 

- Rainfall is the most popular predictand, 

- Usually the forecasts are for a single three-month              
season (or a part of this period) at zero lead

- Vast majority of cases use empirical models  



USER UNDERSTANDING OF CLIMATE 
FORECASTS

“There is a 55% 
probability that total 
rainfall over an area 
of 200 km x 200 km 
through the months 
of December to 
February will be in 
the top tercile”

Simple and easy to understand ?



GLOBAL CAPABILITIES – UNDERSTANDING 
USER COMMUNITIES

GLOBAL CAPABILITIES – UNDERSTANDING 
USER COMMUNITIES

• Early assumptions about the value of climate 
forecasts were often exaggerated due to a lack of 
understanding of the variety of user-decision making 
environments.  

• Users are diverse and can not be lumped into a 
homogeneous set (Phillips et al. 2000). 

• Categories of users - Farming Community, Research 
Community, Governmental Bodies, Private sector, 
Public and International Agencies.



USER COMMUNITY FOR CLIMATE 
FORECASTS

USER COMMUNITY FOR CLIMATE 
FORECASTS

• Primary producers use climate information to assist 
with many decisions:

Crop choice 
Choice of cultivar (early or late)
Mixture of crops
Fertiliser use
Pest and disease control
Timing of the harvest
Irrigation scheduling
Area planted to a given crop (and/or rotation of 
fields); Timing and amount of tillage
Stocking rates.   



USER COMMUNITIESUSER COMMUNITIES

• Needs of seed suppliers and grain traders vary distinctly 
from farmers at the local level. 

• Subsistence farmers    - self sufficiency or survival 
Commercial farmers   - profit maximization 

• Important to assess the degree of flexibility with which 
the different groups operate in the application of climate 
forecasts. 

• Family farms potentially have somewhat greater 
flexibility in shifting the dates for critical activities than 
those who have to plan their labor needs much in 
advance or meet production deadlines. 



Perceived value of climate forecasts in livestock Perceived value of climate forecasts in livestock 
sector of South Africa (Hudson and Vogel, 2003)sector of South Africa (Hudson and Vogel, 2003)

10017233228Total 
respondents

10017371431Communal

1001645624Commercial

TotalVeryValuableSomewhatNot at all

Value of climate forecasts (% respondents)Farmers 
responding



Perceptions of forecast accuracy and use in decision making Perceptions of forecast accuracy and use in decision making 
in the livestock sector (Hudson and Vogel, 2003)in the livestock sector (Hudson and Vogel, 2003)

234235Total respondents

10172Yes: 29%

132533No: 71%

Are 
accurate 

Somewhat 
accurate

Not 
accurate

Accuracy of forecasts 
(% respondents)

Decisions made 
because of forecasts 
in 1999 ?



Summary of modifications of decisions by commercial Summary of modifications of decisions by commercial 
farmers during the 1997/98 and 1998/99 summer rainy farmers during the 1997/98 and 1998/99 summer rainy 
seasons in South Africa (seasons in South Africa (KlopperKlopper and and BartmanBartman, 2003), 2003)

Developed additional trough 
systems for stock

Maintained or increased livestock 
numbers

Reduced stockLivestock 
farmers

Changed irrigation schedulesConserved moisture

Increased plant population, 
fertilizer application

Reduced seeding

Sprayed and planted earlierDelayed or earlier planting

Planted crops on well drained soilsPlanted more hay and fodder
Changed crop varietiesChanged crop varietiesCrop Farmers

La Nina (1998/99 and 1999/2000)El Nino (1997/98)



Determinants of forecast use among communal Determinants of forecast use among communal 
farmers in Zimbabwe (Phillips, 2003)farmers in Zimbabwe (Phillips, 2003)

• Assets do not appear to hinder use of a forecast as 
much as was expected

• Access to information is likely to be influenced by 
wealth

• Forecasts of a good year may have as much or 
more value than poor years



KEY ISSUES THAT MUST BE UNDERSTOOD AND 
ADDRESSED

KEY ISSUES THAT MUST BE UNDERSTOOD AND 
ADDRESSED

• decision makers

• decision options

• climate prediction 

• communication

• institutional and policy environment



FACTORS THAT IMPEDE FORECAST UPTAKE AND USE IN 
DEVELOPING COUNTRIES

FACTORS THAT IMPEDE FORECAST UPTAKE AND USE IN 
DEVELOPING COUNTRIES

• Information is too broad and non-specific in terms of spatial 
scale

• Information available is too general and difficult to interpret

• Predictions for a given period are issued too late for use

• Predictions for discrete and critical periods are not available.

• Lack of access to experts to interpret predictions



CASE STUDIES OF APPLICATIONS OF 
CLIMATE FORECASTS - CLIMAG

CASE STUDIES OF APPLICATIONS OF 
CLIMATE FORECASTS - CLIMAG

• An international project initiated by START (Global 
Change System for Analysis, Research and Training 

• Aim – apply predictions of climate variability on time 
scales of a month to a year to crop management and 
decision making in order to increase agricultural 
productivity.  

• International Workshop (Geneva, 1999) – reviewed current 
activities in climate prediction and agricultural applications 
and proposed pilot projects southern Asia, West Africa and 
Latin America, (Sivakumar, 2000).  



CASE STUDIES - RESAGRICOLACASE STUDIES - RESAGRICOLA

• Based on CLIMAG South Asia pilot study, the interdisciplinary 
network RES AGRICOLA (“Farmer’s business” in Latin), has 
been developed that will draw on the collective expertise of the
global research community to develop ‘resilient’ farming 
systems.  

• RES AGRICOLA  is a network for farmers, scientists, policy 
advisers, extension specialists and other stakeholders concerned
with climate, agric science and decision making.  

• Currently seed financial support has been obtained from APN, 
START and NOAA-OGP. 



CASE STUDIES - IRICASE STUDIES - IRI

• The IRI has been an important contributor to the 
CLIMAG project also has a programme of agricultural 
activities in various parts of the world

• Pilot studies in various parts of the world indicated 
that, while it is still too early to be entirely specific 
about the potential value of climate predictions for 
agriculture, there is reason to be optimistic concerning 
future opportunities realised by further research 
(Hansen, 2002).



CASE STUDIES - AUSTRALIACASE STUDIES - AUSTRALIA

• In Australia several web-sites provide a combination of 
climate monitoring products as well as outlook 
information for agriculture – notably, the Bureau web 
site (www.bom.gov.au), SILO  (www.bom.gov.au/silo),  
Queensland Department of Primary Industry (QDPI) 
Long Paddock (www.dnr.qld.gov.au/longpdk/) among 
others. 

• A case study of tactical decision-making for a dryland
grain/cotton farmer (DCF) on the southern Darling 
Downs, Queensland (Meinke & Hochman 2000).  



CASE STUDIES– FIJI AND INDONESIACASE STUDIESCASE STUDIES–– FIJI AND INDONESIAFIJI AND INDONESIA

• The Fiji Meteorological Service (FMS) runs a 
prediction model, known as the FMS Rainfall 
Prediction Model (RPM) based on statistical schemes of 
relationships between the SOI and subsequent three 
months rainfall totals. 

• Indonesian Bureau of Meteorology and Geophysics 
(BMG) incorporated El Nino information into a dry-
season seasonal climate forecast for the entire country 
and issues it to all relevant user departments at national 
and provincial level. 



CASE STUDIESCASE STUDIES–– FOOD CHAIN PROJECTFOOD CHAIN PROJECT

The UK Government Seasonal Weather 
Forecasting for the Food Chain project 

Field vegetables - most benefit in 
the frozen produce 

Sugar beet - scheduling aspects, 
agrochemical use 

Tomato - integration of forecasts on 
a range of scales. 

Optimal benefit through co-
ordinated actions throughout the 
food chain rather than through 
independent decisions



STRATEGY FOR IMPROVING APPLICATIONS OF 
CLIMATE PREDICTION

STRATEGY FOR IMPROVING APPLICATIONS OF STRATEGY FOR IMPROVING APPLICATIONS OF 
CLIMATE PREDICTIONCLIMATE PREDICTION

• Consider carefully the end users and develop a comprehensive 
profile of these users in collaboration with social scientists

• Generate decision options appropriate to user needs from climate
forecasts

• Communicate climate prediction information in a proper and timely 
fashion

• Establish four-way communication between climate forecasters, 
agrometeorologists, agricultural research and agricultural extension 
community



CONCLUSIONSCONCLUSIONS
• Prediction of seasonal-to-interannual climatic variability across broad 
regions of the globe has improved and the predictive skill is now 
sufficiently high to enable forecast producers to release information on 
ENSO-related weather phenomena to the public. 

• Seasonal forecasts say little about the onset or cessation of rainfall, 
the anticipated length of the growing season, or the spatial distribution 
of rainfall.  Hence there is still research needed on the predictability 
and reliability of seasonal forecasts.  

• There is a need to fully understand end users and their needs and 
constraints, including institutional channels through which information 
flows to them, how information is owned and acted upon, and issues 
such as credibility and support systems to ensure ownership and use of 
information. 



CONCLUSIONSCONCLUSIONS
•Through crop simulation models in a decision systems 
framework alternative decisions are being generated

• Active collaboration between climate forecasters, 
agrometeorologists, ag research and extension agencies is 
essential.  

• Agrometeorologists could play a crucial role in ensuring 
the two way feed back between the climate forecasters and 
the farming community.
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