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1.  Introduction

Various terms have been used to describe climate forecasting for periods from ten days and up to two years ahead, i.e., extended-range weather forecasting and long-range weather forecasting according to the World Meteorological Organization’s definition of meteorological forecast ranges.  Some National Meteorological and Hydrological Services (NMHSs) refer to “forecasts”, some to “outlooks”.  There is a tendency to use the term “forecast” for predictions with a relatively shorter time range and more specific information, and the term “outlook” for predictions with a longer time range and more general information (with some connotation that the term “outlook” implies lower accuracy).  There is, however, no definite internationally accepted distinction in the usage of the two terms.  In this report, the term Long-range Forecast (LRF) is used to refer to seasonal predictions. 

Sea surface temperature (SST) anomalies in the tropical Pacific, Atlantic and Indian Oceans, and hence the beginning, end and strength of the El Niño/La Niña events, are a key factor of climatic variability in many regions of the world.  Information on the current climate conditions and likely evolution of the El Niño/Southern Oscillation (ENSO) and regional SST anomaly patterns are therefore very important in the development of climate forecasts.  The scientific and technical development of effective LRF systems has been encouraged by advances in forecast models; increased understanding of the mechanisms and impacts of factors such as SST anomalies, ENSO, sea-ice extent in polar regions and snow cover at high latitudes on climate variability and change; and by rapid advances in communications and computing technologies and speeds.  Enhancement of observational networks, especially the development of satellite networks and buoy platform arrays over the previously data-sparse oceans has increased data availability and knowledge of the climate system and has contributed greatly to improving forecast outputs around the world.

A variety of challenges have been encountered in the process of producing and providing LRF to users.  These challenges include, among others, accuracy and clarity of information; dissemination and communication of products to users; downscaling and repackaging of information to meet the specific needs of users in various sectors; interpretation by scientists and end users; and capacity of NMHSs to produce and provide LRF and other climate products.  Some of these challenges are still far from being solved and are likely to be unresolved for some time.  This paper elaborates on the developments of LRF and on some of the challenges of and impacts from providing LRF in various sectors of socio-economic development, with a focus on the Agriculture sector. 

2.  Long- range Forecast Global Producing Centres

Many NMHSs do not have the capacity and capability to produce Long-range Forecasts (LRF).  However, there are a number of Global Producing Centres (GPCs) that produce global- and regional-scale forecasts that can be accessed by NMHSs and other institutions and downscaled for local use.  The major GPCs include the following, among others: European Centre for Medium Range Weather Forecasts (ECMWF); the National Centre for Environmental Prediction (NCEP) and its Climate Prediction Centre (CPC); the Met Office (United Kingdom); Météo France; the International Research Institute for Climate Prediction (IRI); the National Climate Centre of the China Meteorological Administration (CMA); the Japan Meteorological Agency (JMA); the Korean Meteorological Administration (KMA); the Bureau of Meteorology (Australia); the Meteorological Service of Canada (MSC) and the Centre for Weather Prediction and Climate Studies/National Institute for Space Research (CPTEC/INPE). 

GPC products are used by NMHSs, including those with no current capacity to produce LRF; research institutes; universities; and regional institutions such as the African Centre of Meteorological Applications for Development (ACMAD), the Drought Monitoring Centres (DMCs) in Nairobi, Kenya and Harare, Zimbabwe and the International Research Centre on El Niño (CIIFEN) in Guayaquil, Ecuador.  The output of global numerical prediction models is downscaled to regional scales by regional institutions and NMHSs for use in the development of national forecasts, warnings and applications products.

3.  Current Aspects of Long-range Forecasting at Regional and National Levels

3.1  Forecast Models

A wide range of forecast methods, both empirical-statistical techniques and dynamical methods, are employed in climate forecasting at regional and national levels (WMO, 2003).  Empirical-statistical methods in use at various centres include analysis of General Circulation Patterns; analogue methods; time series, correlation, discriminant and canonical correlation analyses; multiple linear regression; optimal climate normals; and analysis of climatic anomalies associated with ENSO.  Dynamical methods (used principally in major GPCs) are model-based, using atmospheric GCMs; coupled Atmosphere-ocean GCMs; and two-tiered models.  Hybrid models, such as a simple dynamical or statistical model of the atmosphere coupled with an ocean dynamical model, are not being used operationally at any NMHSs at the present.

The most commonly used empirical-statistical method is multiple linear regression.  SSTs are the most common predictor, amongst various other atmospheric and oceanic variables, used in this tool.  The analogue method is the next commonly used one.  Analogues are similar ‘events’, such as, for example, years when the SOI, or other ENSO-related feature, has behaved similarly to the current year. Detailed climate information from analogue years can be used in various climate products (i.e. as input to crop models to predict likely crop yields for a season ahead).

Dynamical methods are all ensemble predictions.  The two-tiered dynamical method is employed by some centres such as the National Centres for Environmental Prediction (NCEP) of the U.S. National Weather Service.  In this prediction process, the first tier is prediction of the tropical Pacific sea surface temperature by a coupled ocean-atmosphere model.  The second tier is an ensemble prediction by an atmospheric model either using the predicted sea surface temperatures from the first tier as boundary conditions after removing bias errors or results from other models such as statistical models.

3.2  Forecast Elements and Period

The meteorological elements typically forecasted are average surface temperature and total precipitation for a given period.  Some GPC forecasts include SSTs and Mean Sea Level Pressure as well. Several NMHSs also forecast some other elements such as: the degree of activity of tropical cyclones or extra - tropical cyclones, the onset and end of the monsoon season, soil moisture, and extreme weather conditions such as floods, droughts, heat waves and cold surges. 

Periods covered by climate forecasts vary from less than one month to longer than one year and many NMHSs issue a range of forecasts covering different time periods.  Seasonal forecasts covering periods of three months are frequently also issued in monthly segments and forecasts for periods of six months or longer are typically divided into three-month segments. Most forecast products are issued regularly through the year, such as monthly and every three months, but some forecasts are issued for specific seasons, such as rainy season, summer season, and winter season.

3.3  Forecast Format

Forecast needs depend on the sector that may use the forecast and on the particular use within the sector to which the forecast is applied (Stern and Easterling, 1999). Many users need precipitation forecasts, for example, and find predictions of monthly averaged precipitation for periods of a season to a year in advance highly useful for applications to agriculture, hydroelectric power generation, flood control, and mosquito control, etc.

A survey carried out in 1999 by WMO (Kimura, 1999) reveals that a number of forecast formats are in use, and that NMHSs rely, typically, on more than one for their various purposes. In use are qualitative forecasts (i.e. word descriptions), quantitative forecasts (forecasts represented by numerical quantities), deterministic categorical forecasts, and probabilistic forecasts, with some NMHSs employing more than one approach at a time.  

Categorical forecasts are those in which a discrete number of categories of events are forecast (e.g. temperatures are generally forecast to be cooler than normal, normal or warmer than normal). Deterministic (non-probabilistic) forecasts predict a single value of the predictand quantity (the observable quantity that is to be predicted) whereas probabilistic forecasts predict the probability distribution for all possible values of the predictand. Probabilistic forecasts specify the future probability of one or more events occurring, and the set of events can be either categorical or continuous. It is important to note that deterministic forecasts are either correct or incorrect. Probability-based forecasts, on the other hand, assign likelihoods to a range of possible outcomes, and in any given season, one of those categories will match what actually occurs. No actual outcome, therefore, can falsify the prediction (O’Brien and Vogel, 2003). 

Almost all deterministic categorical forecasts and/or probabilistic forecasts issued by NMHSs and other forecast producing centres, adopt a three-class categorical representation, i.e., below normal, near normal, and above normal.  The three classes are defined in different ways by the various centres.  The most popular class-definition is the ‘climatologically equal probability classification’ in which each category is assigned a 33.3 per cent share. Another example of this classification defines below-normal precipitation as less than 80 per cent of the normal rainfall while above-normal is more than 120 per cent of the normal.  Two- and five-class categorical representations are adopted occasionally, but these are exceptions.

3.4  Verification of Issued Forecasts

Verification is the process of assessing the quality of a given forecast, generally through comparison of the forecast outcomes to observations of what actually occurred. Verification is done to monitor and to improve forecast quality, and also to enable comparisons of various forecasting systems to see which perform best and under what conditions. The quality of a forecast is related to factors such as bias, accuracy, skill, reliability, resolution, and uncertainty. Different verification methods are used depending on the types of forecast format. Some producers evaluate their forecasts subjectively or qualitatively. 

Experts from a number of WMO’s Technical Commissions (the Commission of Basic Systems (CBS), Commission of Climatology (CCl) and Commission of Atmospheric Science (CAS)) have jointly discussed the development of a standardized verification system for long-range forecasts. Standardized verification would help make comparisons between the performance of various models and techniques, and between various regions of the world.

Some NMHSs and GPCs make their forecast performance public on their Web sites while others provide the evaluation results as attachments to their forecasts or in publications.  This is important information that will allow the product users to more effectively use the information in their decision-models and strategies.

3.5  Translating Probability Forecasts into Effective Decisions

It has been recognized that LRF and other prediction products are not always easy to use effectively by policy-makers and decision-makers in their planning processes or decision models.  To date no standard methods have been developed with which to translate forecasts into decisions.  Plans are currently underway, however, for WMO, with collaborating partners, to organize an international conference on Decision Processes in Climate Application early in 2005. The purpose of this conference is to bring together people from different sectors, particularly policy-makers who are in a position of using climate information in decision-making, to discuss methods and requirements.  

Both climate scientists and user-groups need a clear understanding of the opportunities and potential of LRF.  There is an urgent need for forecast producers to clearly understand the requirements of the users of climate information, and to raise awareness in the user community of the current capability of climate scientists in producing and providing information to the users.  One specific challenge is translation of probabilistic LRF output into terms understandable to the user(s) for use in actions, identification of risks, and development of scenarios of the associated probabilities. The conference and other planned workshops will bring together climatologists and users with the intent of solving some of these challenges.  

4.  Applications and Benefits from Long-range Forecast Products

Long-range Forecasts have been shown to be useful in planning various activities that depend on climate information and products.  Weather and climate forecasts given in good time provide an opportunity to plan mitigation measures before the season begins (McMichael et al 2003, Patz, 2002). Timely, tailored LRF information and Early Warning Systems for the coming months or season make it possible for planners to more effectively deal with their climate-related issues, thus managing weather and climate variability, including anomalous conditions and extremes, through improved practices. In the agriculture sector, users of LRF and early warnings of impending droughts or floods are able to select more effective planting times, and choose the most appropriate crops for the coming season.  For the health sector, early warning systems help to improve surveillance on diseases affected by climate conditions (such as Malaria, Dengue Fever, etc.) and help mitigate against the suffering resulting from weather extremes such as heat waves and winter cold, and urban smog events. 

Applications require basic research linking the forecasts to specific applications.  As an example, there is a linkage between El Niño / La Niña phases and rainfall excesses or deficits, which negatively affect agricultural or hydrological droughts or floods, power generation, and occurrence/spread of diseases such as Malaria or Rift Valley Fever.

5.  Future Developments and Challenges for LRF

5.1  Models

Effort is being made to improve existing and develop new forecast systems, especially those related to dynamical models including the coupled models and multi-model ensembles. Use of regional dynamical models has been shown to generally give better results than those obtained from some global circulation models. Similarly the results from Multi-Model Ensembles (MMEs) have been shown to be better than those from a Global Circulation Model and single coupled models.  

Because the behavior of the atmosphere is chaotic, results from even well-performing models can diverge, or develop increasing uncertainty at longer time ranges. In ensemble prediction, different forecast runs are made with slightly different initial conditions to “explore” possible future outcomes. Output clearly shows areas of forecast certainty and uncertainty - useful information for interpretation of the forecasts. A multiple – model ensemble is simply a combination of ensembles from individual ensemble systems.  Advances such as these are beginning to come into operational use, with considerable success.

5.2  Possible Future LRF Products and their Applications

The demand from users of climate information is for sector-relevant and easily applicable information.  In order to meet these user requirements, it is important to improve downscaling techniques and to ensure the availability of adequate historical and current climate data, relevant to their localities, and in sufficient detail. Effort is underway to improve downscaling methods so that more reliable LRF products can be given to various users and to encourage the development of digital historical and current data sets for input into prediction and downscaling efforts. In this regard, there is also a need for readily available data from different application sectors for use in downscaling and for adaptation of the forecasts for each sector. One example of information requested frequently by user groups is for information on temporal distribution of the forecast rainfall, and specific information on dry and wet spells.  Effort, therefore, is being made to improve forecast methods so that such information can be provided to users.  With such development of the models and techniques, better verification and dissemination procedures and enhanced relationships with user groups, it is expected that users including those from the agricultural sector should be better able to apply the forecast products in the management of their activities.

These improvements will increase the reliability of forecasts and user confidence, so it is expected that more sectors will require user-specific climate and prediction products. In some cases, especially developing countries, there may need for coordination of these activities by a regional centre such as the planned Regional Climate Centres.

5.3  Future Challenges for LRF

As noted above, user communities need climate information and prediction products in a timely manner and in an appropriate format.  Ways are currently being explored to see how information from producing centres is disseminated and whether it reaches the intended end-users in good time.  Currently climate information and products are disseminated to users through the Internet, the media (both electronic and papers), and special bulletins.  Information and warnings are also shared with the public via radio, TV, telephone and by facsimile.  

Dissemination of information through these modes does not reach some of the end-users, especially in remote areas that may have no access to such facilities.  Introduction of systems that can facilitate dissemination of information in a timely manner to the intended end-users is a major challenge.  However introduction of systems like the RANET will help to solve some of these problems.  RANET (RAdio and InterNET), is an international collaboration to make weather, climate, hydrological and related information more accessible to remote and resource-poor populations through radio and other technologies.  RANET, works at the community level to ensure that individuals and communities can manage their resources and prepare against natural hazards. The African Centre of Meteorological Applications for Development (ACMAD) is the programme facilitator and funding coordinator for RANET (additional detail can be found at: http://www.ranetproject.net).  

Many sectors have realized the need to use climate information and products in planning their activities and in implementing adaptation measures to reduce the impacts of climate variability on their activities.  However, for climate information to be useful to different sectors, there is need for producers of the products to make the information pertinent to and understandable by the various users.  A considerable aspect of this challenge is that many users will emerge as the need from different sectors for LRF products grows, and producing tailored products for this growing number of specific user-requirements is major challenge may strain resources and time. 

Evaluation of the model products is a challenge that will continue to be carried out to ensure that appropriate steps are taken to improve model performance. It is important that evaluation also be made on the utility of the information to the users, on the various applications of the information by the users and the impacts and economic value of the LRF products to various sectors.  There is need to build a multidisciplinary structure in order to ensure understandability and utility of the forecasts and follow-up on the users’ reaction to, use of and confidence in the products.

One of the future challenges is to build capacity and expertise within countries to enable them to generate LRF products, or where such capacities do not presently exist, to interpret information and products from major producing centres.

Other challenges include strengthening the capabilities within NMHSs for climate forecasting by improving communication facilities for receipt of climate forecast model output and/or accessing the Internet, and by updating computer systems including software.  There is an urgent need to improve, expand and digitize climate data sets, both recent and historical, for surface, atmospheric and ocean variables such as atmospheric pressure, sea surface temperature, outgoing long-wave radiation, and so on and for generated data such as the Southern Oscillation Index. NMHSs and climate centres also need to have up-to-date reference libraries of publications, such as those on climatology, climate forecasting techniques and information on climate change, impacts and applications.  All these challenges will require a considerable amount of funding for national, regional and international activities such as training workshops/conferences on climate forecasting.

A need to involve the media community in dissemination and interpretation of climate information, products and forecasts is another challenge that in future needs special attention. It has been realized that the media can play a greater role in creating awareness of climate issues if they get involved in the process of dissemination and creating awareness to the public on LRF products. 

6.  International and Regional Collaboration with Regard to Climate Forecasting

6.1  Capacity Building through CLIPS and Regional Climate Outlook Forums

The Climate Information and Prediction Services (CLIPS) is a World Meteorological Organization (WMO) project that deals with the implementation of climate services around the globe. It was initiated to ensure that comprehensive information on present and future climate and its variations are delivered to users on a timely basis and in a suitable format. The CLIPS Project, in collaboration with a number of partners, has made an important contribution towards the development and evaluation of Regional Climate Outlook Forums (RCOFs).  Since its inception, the RCOF process has fostered a significant growth in understanding the links between the climate system and socio-economic activities, in identifying beneficial applications, in estimating the potential value of climate services, and in collaborating with decision-makers in specific applications sectors.  An increasing demand for climate services has been recorded in many parts of the world as a result of these developments (IRI, 2001). 

Regional Climate Outlook Forums are currently held in various regions, such as East Africa, West Africa and the Sahel, Southern Africa, Central America, Southeastern South America (MERCOSUR Region), the Southwestern Coast of South America (Andean Region) and the Pacific.  Researchers from national, regional and international institutions as well as staff members of NMHSs in these regions attend the forums, as do representatives from user groups and donor agencies.  The forums usually review the current state of the global climate (including variables such as sea surface temperatures and regional factors that have potential to modify global climate systems) and its relationship to the climate in the relevant region, and the probable evolution of the climate variables.  They then produce consensus climate forecasts for each region, for use by participating NMHSs in producing forecasts focused on their own countries. The process includes evaluation of the performance of the previous issued forecast. The evaluation is based on observation and feedback from the users.

The forum process has facilitated the recognition in many parts of the world that climate information and products are essential elements in planning for mitigating against the impacts of climate variations.  RCOFs have also provided an important capacity building function for both providers and users of LRF in many parts of the world.  The forums have, in addition, fostered interactions and exchange of information between climate scientists and users of climate information. Regional institutions such as the Drought Monitoring Centres (DMCs) in Eastern and Southern Africa, the African Centre of Meteorological Applications for Development (ACMAD) in Niamey, Niger, the Regional Committee on Hydraulic Resources of the Central American Isthmus (CRRH) in Costa Rica, and the International Research Centre on El Niño (CIIFEN) in Guayaquil, Ecuador have played a key role in the organization and overall implementation of these forums.  Collaboration with other stakeholders such as the United States Agency for International Development (USAID), National Oceanic and Atmospheric Administration/Office of Global Program (NOAA/OGP), and the International Research Institute for Climate Prediction (IRI) in RCOFs has been very important, especially in building capacity of climate experts and users of climate information and products. 

6.2  Examples of Regional Collaboration

It takes considerable collaboration to develop consensus forecasts, ranging from arranging funding and other support for the sessions, to capacity building and identification of shared regional concerns.   Several examples of current collaborations are elaborated below. 

The six countries of the Association of Southeast Asian Nations (ASEAN) have cooperated in seasonal forecasting for the ASEAN region since 1997.  Singapore functions as the center for the cooperation.  The official forecasts of the member countries are put in the intranet Web site.

The South Pacific Regional Environment Programme (SPREP), in collaboration with the National Institute of Water and Atmospheric Research of New Zealand, the Australian Bureau of Meteorology and a number of Pacific Island NMHSs, started issuing climate forecasts for a number of island states/territories in the Southwest Pacific via a bulletin in October 2000.  The forecasts are put together after consulting all parties involved.  This activity is expected to build the capacity of the NMHSs in the region for climate forecasting, so that they will be able to issue their own forecasts in the future.

Since 1998, a joint meeting for the seasonal prediction of the East Asian monsoon has been held in May in the Republic of Korea with the participation of climate forecasters of the NMHSs as well as researchers of the Republic of Korea, China and Japan.  The aims of the meeting are to improve the operational aspects of prediction as well as the understanding of the East Asian summer monsoon.   

In Latin America, Brazil, Paraguay, Argentina and Uruguay hold climate forecast meetings regularly, generally every three or four months.  The Western Coast of South America holds, through the coordination of CIIFEN, one forum each year around November.  Central America also holds, under the coordination of the Regional Committee for Hydraulic Resources of the Central American Isthmus (CRRH), three to four forums each year.  Other regional and bilateral cooperation is in progress in the fields of operational climate forecasting and related research.

In Africa three regional meteorological institutions, the Drought Monitoring Centres (DMCs) in Harare and Nairobi, and the African Centre of Meteorological Applications for Development (ACMAD) have contributed to building the capacity for the production and use of climate forecast information in southern African, eastern African and western African countries, respectively. Some economic sub-regions have made some efforts to address regional /national disaster management and other applications of climate information challenges by establishing regional specialized climate institutions such as ACMAD and the DMCs in Nairobi and Harare.  Eventually such centres will become essential components of the RA I network of Regional Climate Centres. 

7.  Applications of Climate Information and Products to the Agriculture Sector

Humans require food to live, and rely on the agriculture sector to provide much of what is consumed. The agriculture sector may well be the largest employer in the world, and is therefore extremely important to the global economy as well. In most regions of the world, the industry is highly sensitive to fluctuations in weather and climate.  Disruption to any part of the food chain can result in terrible suffering, economic loss and instability. 

Climate variability and, in particular, climate extremes can have severe impacts on human activities such as agriculture, in both direct and indirect ways.  Prolonged droughts affect agricultural output thus leading to malnutrition and starvation for both the human population and for livestock. Floods can ruin food stocks, remove the fertile topsoil and impair food production for seasons afterwards with similar impacts, and contribute significantly to the severity and extent of reduced food production leading to severe shortages.   Extreme climatic conditions can disrupt national food production hence affecting national food security. 

Long-range forecast products provide useful information to governments and other users in planning for their agricultural activities in a season. Timely information on the expected rainfall for the upcoming season helps crop farmers to decide the type of crops to plant, in which areas and at what time of the season. Farmers will plant drought-resistant or fast-ripening crops if drought conditions are forecasted and other crops for wet conditions. Livestock farmers will time their slaughtering, transportation and marketing schedules on the predicted seasonal rainfall as well. Prior knowledge of expected seasonal conditions through Long-range Forecasts allows governments to put plans into action, for example for stocking enough food reserves to support those areas that are likely to face food shortage due to less rainfall. 

An effective forecast for farmers will support decision-making that ultimately improves the long-term performance of the farming enterprise, either by increasing profits, by improving sustainability indicators (e.g. erosion, soil organic matter) or by reducing production risks. (Meinke et al, in G.L. Hammer et al. (eds). 2000) Although LRF information has an element of uncertainty, particularly for longer time periods, feedback from farmers who use the information suggests that it does give them useful planning guidance.  A strong relationship between forecast producers and the farmer, for understanding needs, and for developing capacity in interpretation of probabilistic forecasts enhances the likelihood of improved decision-making, although it must be noted that reliable weather and climate information is only one of the decision-factors to be faced in managing a farming operation. Other influences on decisions include perceived risk of economic loss, cash flow, weed and disease control, risk of soil degradation, and lifestyle.  Most decisions have to fit into a whole farm strategic plan such that many decisions are planned months in advance, and their consequences seen months afterwards (P. Carberry et al. in G.L. Hammer et al. (eds), 2000)).

 Critical issues in application of climate information to the agriculture sector include development of the cross-sectoral science (what is known, what needs to be researched, etc) and development of the requirements for and access to the appropriate climate and agricultural databases (and coordination of data location, scale etc.). Other critical issues include development of the tools and techniques for ingest of GCM and regional climate model output, and detailed local data into agricultural studies and models for prediction and also for climate projections under climate change scenarios.  Issues related to successful application to decision-making within the sector include forecasting what the farmer’s need; reducing confusion amongst the users due to multiple forecasts from various sources; breaking down barriers to adopting new methods (i.e., influencing user conservatism); and recognizing and dealing with the constraints at both production and user ends of the process. The World Climate Programme, and especially the World Climate Applications and CLIPS Division (WCAC) actively work with various partners to address these issues, and take steps to ensure that regional activities include building climate/agriculture capacity around the world including the Andean Region.

8.  Conclusions

It is clear that sector-specific Long-range Forecasts (LRF), if provided in good time, would be useful to the agriculture sector in provide information that can help farmers and governments plan for the farming activities in the coming season. LRF would help the agriculture sector to develop climate-related early warning systems as part of adaptation measures to cope with climate variability. Forecasts produced so far have served the user community.  However there is still much work needed for the climate experts to improve the accuracy of the products generated from prediction models, to downscale and package the information to serve the needs of the users and to improve communication links between producers and users of this information. Proper coordination at regional and international level and between relevant institutions and agencies is seen to be an important aspect in order to succeed in development of and effective application of climate products and forecasts by various socio-economic sectors including agriculture.
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