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Introduction
Climate extremes cause serious impacts to food and water security in every part of the world. World food prices doubled between 2006 and 2008, and rose even higher in 2010, causing greater worldwide hunger and suffering. In 2009, the worst drought in half a century turned Argentina's once-fertile soil to dust and pushed the country into a state of emergency. The severe drought and heat wave in Russia in 2010 resulted in massive grain crop failure. The 2010 drought in northern China was the worst in 50 years, and coupled with regional flooding in both 2010 and 2011, cost China over $50 billion U.S. dollars and created a food crisis that drove up global grain prices.  Australia had been experiencing an unrelenting drought since 2004 until devastating floods struck early in 2011,costing farmers nearly $1billion U.S. dollars in harvest losses. Record heat and dryness in 2012 in the United States significantly reduced U.S. corn production, driving up corn prices by more than 50% over early-season prices. Higher food prices continued into 2013 due to supply problems. Africa continues to face chronic food shortages and famine. Political and economic unrest have occurred in some countries as a result of food insecurity. These well-documented events demonstrate the substantial impact of  extreme weather on the agricultural sector. Crops can fail if the weather is too hot or too cold; or too dry or too wet, or simply because rain does not fall at the right time. If crops fail, the price of food increases, locally and/or globally. The agriculture sector must produce more food for a growing world population, which is expected to increase from 7 billion to about 9 billion by 2050. However, many of the poorer people of the world live by subsistence farming, which is highly dependent on the weather. 
Drought and Agriculture
Drought is widely recognized as a slow creeping natural hazard that occurs as a consequence of natural climatic variability. In recent years, concern has grown world-wide that droughts may be increasing in frequency and severity given the changing climatic conditions. Responses to droughts in most parts of the world have generally been reactive in terms of crisis management, which often has resulted in untimely, poorly coordinated and disintegrated response actions. Consequently, the economic, social and environmental impacts of droughts have been significant worldwide. Because of their long-term socio-economic impacts, droughts have been the most damaging of all natural disasters for the agricultural sector. The repeated occurrences of droughts and their immense impacts on agricultural and socio-economic sectors have led to a greater urgency for more proactive actions in the future to better cope with food and water security issues. The WMO and CAgM have focused on significant drought-related efforts, including: to promote more effective monitoring and early warning systems to deliver timely information to decision makers; to enhance impact assessment procedures; to facilitate a shift in paradigm towards pro-active risk management measures and preparedness plans aimed at increasing the coping capacity; and, to encourage more effective emergency response programmes directed at reducing the impacts of drought. Since 2000, the WMO/CAgM and the WMO/Agricultural Meteorology Programme (AgMP) have led 16 expert meetings, workshops, task force projects, and, several training activities focusing on drought and other extreme weather and climate events that address impacts and preparedness strategies for agriculture. These efforts have helped bring to fruition two significant activities. 
1. The Integrated Drought Management Programme
First, the WMO has launched the Integrated Drought Management Programme (IDMP).The objective of the Programme is to support stakeholders at all levels by providing policy and management guidance and by sharing scientific information, knowledge and good practices for an integrated approach to drought management. The scope of the IDMP includes the following: to build climate resilience; to reduce economic and social losses; and, to alleviate poverty in drought-affected regions of the world. The IDMP recognizes the need to cut across sectoral, disciplinary, and institutional jurisdictions, and, be responsive to specific regional and national needs and requirements. The overarching approach centers around four key principles: to shift the focus from reactive (crisis management) to proactive measures through drought mitigation, vulnerability reduction, and preparedness; to integrate the vertical planning and decision making processes at regional, national and community levels into a multi-stakeholder approach including key sectors, especially agriculture, water and energy; to promote the evolution of the drought knowledge base and to establish a mechanism for sharing knowledge and providing services to stakeholders across sectors at all levels; and, to build capacity of various stakeholders at different levels. The IDMP will contribute to the global coordination of drought-related efforts of existing organizations and agencies with regard to the following: better scientific understanding and inputs for drought management; drought risk assessment, monitoring, prediction and early warning; policy and planning for drought preparedness and mitigation across sectors; and, drought risk reduction and response.
2. National Drought Policy Initiative
The second major effort focuses on the issue of national drought policy. The WMO Congress at its Sixteenth Session held in Geneva in 2011 recommended the organization of a “High-level Meeting on National Drought Policy (HMNDP).” Accordingly, WMO, the Secretariat of the United Nations Convention to Combat Desertification (UNCCD) and the Food and Agriculture Organization of the United Nations (FAO), in collaboration with a number of UN agencies, international and regional organizations and key national agencies, planned for the HMNDP in Geneva in March 2013. In preparation for this high-level meeting, a Compendium of Best Practices for National Drought Management Policy was prepared by a task team of scientific experts. The key elements in a national drought management policy fall under the following areas: a). to promote standard approaches to vulnerability and impact assessment; b). to implement effective drought monitoring and early warning systems; c). to enhance preparedness and mitigation actions; d). to implement emergency response and recovery measures that reinforce national drought management policy goals; and, e). to understand the cost of inaction. 
[bookmark: 7]The more relevant disaster risk reduction recommendations endorsed in the HMNDP include: 
1. Establish and support a comprehensive and effective integrated drought monitoring system at the national level; 
2. Use an appropriate classification system on different types of droughts, i.e., meteorological, agricultural, hydrological, and socio-economic droughts, while communicating information on droughts on a routine basis; 
3. Develop effective delivery systems for the dissemination of information to the user community for improved decision making;
4. Implement effective data management and data quality control systems including proxy data consistent with WMO quality control procedures; 
5. Ensure the long-term sustainability of meteorological, hydrological and ecological networks in order to provide the user community relevant information on a regular basis; 
6. Assess the needs of the user community in terms of specific information requirements for time sensitive decisions;
[bookmark: 8]7. Evaluate existing procedures for data sharing and their applications of drought monitoring, preparedness, mitigation and response; 
8. Adopt agreed upon standards for both data and product sharing with all sectors concerned with the impacts of droughts; 
9. Undertake a comprehensive assessment of drought risks; 
10. Identify potential threats and establish the degree of vulnerability of local populations and economic sectors to droughts and how these vulnerabilities vary by region within a country; 
11. Evaluate the existing capabilities in the country for early warning of droughts, identify the gaps and take appropriate steps to develop and strengthen the national capabilities to provide effective drought early warnings; 
12. Evaluate existing decision-support tools in close collaboration with the user community in different sectors which are impacted by droughts and improve these tools by taking advantage of current advances to provide better and more timely information for decision making;
13. Promote multidisciplinary collaboration among meteorologists, hydrologists, soil scientists, ecologists, agronomists, the social/behavioral sciences, health care system and others in the collection of data, including meta-data, and generation of drought products for the user community; and,
14. Consider the capability of the users and policy makers to disseminate the drought indices used and their applicability.

Commission for Agricultural Meteorology (CAgM) Activities and Initiatives on Weather and Climate Extremes and Agriculture

The IDMP and the HMNDP were launched after a decade of Expert Meeting deliberations and activities of the Commission for Agricultural Meteorology (CAgM) which focused on drought and other extreme weather and climate hazards affecting the agriculture sector. As far back as 2000, CAgM held expert meetings on the limitations, needs and requirements for improved drought preparedness. Over ten expert meetings and workshops since then have brought international experts together to deliberate and make recommendations on ways and means to more proactively establish drought management planning. Recognizing that early warning of drought is essential to drought management planning, observation, detection and evaluation of the severity of drought were of utmost importance. The key to successful drought preparedness are standardized measures for monitoring, analyzing and planning for drought. CAgM held meetings specifically to focus on meteorological, agricultural and hydrological drought indices, all of which contribute to the socio-economic impacts of drought. The expert meeting recommendation on meteorological drought indices led to the adoption of the Standardized Precipitation Index (SPI) as a recommended standard for monitoring meteorological drought. Consequently, an SPI reference manual was prepared by experts for WMO implementation and distribution. Agricultural and hydrological droughts are much more difficult to measure and evaluate. However, the expert meeting participants established threshold criteria for tiered approaches as the best means of standardizing both types of droughts, based on user requirements, data availability, and computing capabilities. The significant results of these meetings were recommendations for tiers of indices for both agricultural and hydrological drought, depending upon the above criteria. Reports were published for these expert meetings.

[bookmark: 2]CAgM also addressed other climate extremes and natural hazards that impact the agricultural sector. International workshops have reviewed and made recommendations to better cope with flooding, heat and cold extremes, tropical cyclones, and wildfires among others. The Commission for Agricultural Meteorology, at its thirteenth session, formed an Expert Team on “Reduction of the Impact of Natural Disasters and Mitigation of Extreme Events in Agriculture, Forestry and Fisheries”. A meeting of this Expert Team was held in Beijing, China from 16 to 20 February 2004, and the proceedings and recommendations from this meeting were published as a book entitled “Natural Disasters and Extreme Events in Agriculture” by Springer. Among the recommendations was a need for pilot project proposals to better understand and communicate natural hazard impacts and mitigation measures at national and local levels. CAgM’s Implementation Coordination Team (ICT) on Climate Change/Variability and Natural Disasters in Agriculture at its meeting held in Auckland, New Zealand from 21 to 23 February 2005 reviewed the outcomes of the Beijing Meeting and recommended that a project entitled “ANADIA (Assessment of Natural Disaster Impacts on Agriculture)” be developed, taking into account regional priorities and regional implementation needs. Case studies in different Regions were proposed to be included in the ANADIA project. The ANADIA (Assessment of Natural Disaster Impacts on Agriculture) Task Force Project meeting was convened in Pisa, Italy in 2006 to develop such pilot project proposals. A pilot project for drought impact assessment was funded for Mali. An ANADIA Drought Monitor Training Workshop was held in Bamako, Mali, 14-17 September 2009 as part of the Mali Assessment of Natural Disaster Impacts in Agriculture (Mali-ANADIA) project to review methodologies for developing an operational drought monitoring report. Economic assessments of the impacts of natural disasters on agriculture are important for designing follow-up measures to alleviate the consequences of future disasters and recommending the need for long-term investments for more proactive risk management strategies. In the context of the broader concerns of the international community about poverty, disaster impacts are viewed as one of the important factors that increase the vulnerabilities of both the chronic and transitory poor. Linking the assessments of the larger scale agricultural and economic consequences of disasters with the localized impacts on the poor provide valuable lessons and guidelines for the design of future strategies and priorities to better protect the population.

In the early 2000’s, the Presidents of Technical Commissions (PTCs) were asked to review and develop potential cross-commission activities to help bring unique expertise together from the various commissions. The Presidents of the Joint Commission on Marine Meteorology (JCOMM) and the Commission for Agricultural Meteorology (CAgM) proposed a joint initiative on Marine Influences on Lowland Agriculture and Coastal Areas (MILAC), which focused on the multiple sectoral impacts of tropical cyclones affecting coastal regions. While considered only a proposal for future potential collaboration at the time, this initiative has significant potential for greater cross-commission collaboration involving the Commission for Basic Services (CBS), the Commission for Climatology (CCl), the Commission for Hydrology (CHy), and the Commission for Atmospheric Sciences (CAS), among others.

World AgroMeteorological Information Service (WAMIS)

The WMO Information System (WIS) is the pillar of the WMO strategy for managing and moving weather, water and climate information in the 21st century. WIS provides an integrated approach suitable for all WMO Programmes to meet the requirements for routine collection and automated dissemination of observed data and products, as well as data discovery, access and retrieval services for all weather, climate, water and related data produced by centres and Member countries in the framework of any WMO Programme. WIS is being designed to dramatically extend WMO Members' ability to collect and disseminate data and products. It will be the core information system utilized by WMO Members, providing linkages for all WMO and supported programmes associated with weather, climate, water, and related natural disasters. It is being built upon the Global Telecommunication System of WMO's World Weather Watch, using standard elements and at a pace feasible for all Members.

CAgM has devoted attention is information communication technology (ICT) to help both information sharing and information dissemination to the user community. The World AgroMeteorological Information Service (WAMIS) has been operational since 2003 with 56 countries participating in the service. Over the past decade, new technologies have open greater opportunities to access and deliver information, products and resources to specific user communities. WAMIS-NEXGEN will use the web portal concept through an interconnected global network of WAMIS NEXGEN servers to allow a seamless flow of timely demand-driven information to users and decision-makers. The current WAMIS primarily serves as a data and information sharing service, hosting agricultural weather bulletins and advisories and a select set of tools and resources.  The upgraded version of this service, WAMIS-NEXGEN, will use Internet portal technology to improve user access to these agricultural weather products and resources, facilitate on-line training through interactive educational modules, and enable users to analyze data on-line via Internet-based agrometeorological models, applications, and geographic information systems (GIS).
WAMIS is part of the World Meteorological Organization Information System (WIS). As an integral part of WIS, it will enhance the capabilities of agricultural stakeholders to gather, store, access, exchange and interpret the observations, products and resources that they need for the effective delivery of improved services to their user communities. WAMIS will facilitate agricultural information services through flexible data discovery, access and retrieval services to authorized users, as well as flexible timely delivery services.
Training and Capacity Development
The Guide to Agricultural Meteorological Practices  (WMO-No.134) was completely revised and updated with the 2010 Edition. The aim of the Guide is to provide, in a convenient form, information regarding the most important practices and procedures in agricultural meteorology. With this fundamental guide, CAgM and the AgMP have undertaken a number of training programmes related to drought impacts, weather and climate extremes affecting agriculture, and regional drought training center development. Agrometeorological applications and services in agriculture, forestry, rangelands and fisheries have grown enormously in recent decades. These include, for example, specific weather forecasts and seasonal to interannual climate predictions in agriculture for better risk management; microclimate management or manipulation; the establishment of measures to reduce the impacts and to mitigate the consequences of weather- and climate-related natural disasters for agricultural production; monitoring and early warning; and the development and validation of adaptation strategies to deal with increasing climate variability and climate change. Substantial research and development had occurred in the application of crop models ranging from the field level to the country or regional level, and, are also used in global climate change impact studies.
The level of education and skills of farmers, especially in developing countries, is insufficient to cope with new or more aggressive problems. There is a clear need for trained intermediaries who are equipped with services to assist the entire farming community in effectively dealing with a multitude of issues. Effective education and training in agricultural meteorology at the postgraduate level can ensure a continuous stream of well-informed intermediaries to serve the farming community. There was an urgent need to review carefully the curricula in agricultural meteorology at the undergraduate and postgraduate levels and to ensure that the curricula are fully revised to include new and emerging issues. Hence, the WMO, in collaboration with the American Society of Agronomy, the Accademia dei Georgofili and the National Academy of Agricultural Sciences of India, organized the Expert Meeting on Review of Curriculum in Agricultural Meteorology in March 2007 to develop a revised curriculum as well as recommendations for its effective implementation. This led to the publication of a supplement to Guidelines for the Education and Training of Personnel in Meteorology and Operational Hydrology, Volume I, “Supplement No. 2: Guidelines for Curricula in Agricultural Meteorology”, WMO-No. 258,in 2009. Adequate education and training material on natural hazards need to be prepared to serve the revised curricula.
Farmers and farming communities throughout the world have, in most instances, survived and
developed by mastering the ability to adapt to widely varying weather and climatic conditions.  However, the dramatic growth in human population is imposing enormous pressure on existing farming production systems. In addition, farmers are expected to manage the more insidious effects of long-term climate change that may now be occurring at an unprecedented rate. Against the very unfavorable economic scenarios of the last decades, farmers have been struggling to maintain their income by continuously trying to increase yields in their production systems. These productivity gains come with increased economic and environmental risks as the farming system becomes more vulnerable to climate variability and climate change. These existing pressures will demand the development and implementation of appropriate methods to address issues of vulnerability to weather and climate. These will be essential to assist farmers to further develop their adaptive capacity with improved planning and better management decisions.

More targeted weather and climate information can increase preparedness and lead to better economic, social, and environmental outcomes for farmers. However, weather and climate forecasting is just one of many risk management tools that play an important role in farming decision-making. More effective approaches to the delivery of climate and weather information to farmers may need the incorporation of a more participatory, cross-disciplinary approach that brings together research and development institutions, relevant disciplines, and farmers as equal partners to reap the benefits from weather and climate knowledge. Given the current concerns with climate change and it’s impacts on crop productivity, especially in the developing countries of the semi-arid regions, there is an urgent need to sensitize the farmers about the projections of climate change in their regions and the different adaptation strategies that can be considered to cope with the projected change. Examples of more general decisions that can be aided by targeted weather and climate information include strategic and tactical crop management options, agricultural commodity marketing, and policy decisions about future agricultural land use.

It is with this background that the WMO promoted the organization of a series of one-day Roving Seminars on Weather, Climate and Farmers in different regions of the world to sensitize users and decision makers about the weather and climate information and the applications in operational farm management. Also, these seminars helped to increase the interaction between the local farming communities and the local staff of the National Meteorological and Hydrological Services (NMHSs). This feedback is crucial for the NMHSs to provide better services for the agricultural community. A significant number of roving seminars were held across West Africa, Ethiopia and India to make farmers more self-reliant by helping them become better informed about effective weather and climate risk management for the sustainable use of natural resources for agricultural production. 

[bookmark: _GoBack]Finally, capacity development can best be promoted and achieved by a global collaboration among centers of excellence around the world who are partnering to utilize resources in the most efficient and effective manner. The Global Centers of Excellence in Education and Research (G-CEERs), in collaboration with WMO, FAO, UNDP and others international institutions, will help to forge capacity development initiatives. The G-CEERs will focus on enhancing inter-disciplinary and collaborative academic and research programs in environmental and natural resources impacts and management strategies to maximize efficient utilization of resources and partnerships. The initial G-CEERs are a core group of national and international centers of excellence in education and research who have not only established unique specialized areas of regional and international expertise, but also have promoted strong inter-disciplinary partnerships as well. These institutions are currently located in the United States, Italy, South Korea, India, China, Australia, Brazil and South Africa. Nearly all of the G-CEER institutions have, or are planning to install, WAMIS-NEXGEN servers as part of the global network. The consortium’s primary objectives are to share and cultivate critical thinking, skills, and commitments for the advancement of academic programs of studies and cooperative research to promote more holistic knowledge among collaborating partners, and, to assist user needs at the local and regional levels. The G-CEER was derived and expanded its concept from GCREAM (Global Center of Research, Excellence in AgroMeteorology) of GIAM (Global Initiatives in AgroMeteorology) for GFCS implementation strategy by CAgM.
Summary
Natural hazards significantly impact agricultural productivity and sustainable agricultural development. Drought, floods and tropical cyclones cause enormous damage to the agricultural economies around the world, and, increase risk to food and water security. CAgM has emphasized a number of important risk management activities which help to support risk reduction. One of the first essential step for development of sound risk management strategies is risk identification. CAgM has focused on a fundamental requirement of both historical and real-time, as well as systematic and consistent, observations together with forecast products to provide analyses of natural hazard impacts on agriculture. Early Warning Systems (EWS) are well recognized as critical life-saving tool for droughts, floods, storms, wildfires, and other hazards. Four components of an EWS include: detection, monitoring and forecasting the hazards; analyses of appropriate risks; dissemination of timely and appropriate warnings; and, the safety net of emergency plans to prepare and respond to appropriate needs. These actions need to be coordinated across many agencies at national to local levels for effective participatory success. CAgM emphasized the importance of National Drought Policy and Integrated Drought Programme Management to achieve these desired goals for agricultural drought risk management. Information communication technology, in the form of the next-generation WAMIS, will help implement risk management strategies for the agricultural user community. The important focus on roving seminars and inter-regional training workshops will further contribute to participatory stakeholder involvement. 

ACRONYMS
AgMP : WMO Agricultural Meteorology Programme
ANADIA : Assessment of Natural Disaster Impacts on Agriculture
CAgM : WMO Commission for Agricultural Meteorology
EWS : Early Warning Systems 
G-CEER : Global Center of Excellence in Education and Research
GCREAM : Global Center of Research, Excellence in AgroMeteorology
GIAM : Global Initiatives in AgroMeteorology proposed by CAgM
ICT : information communication technology 
IDMP : the Integrated Drought Management Programme
NMHS : National Meteorological and Hydrological Services 
SPI : the Standardized Precipitation Index
WAMIS : World AgroMeteorological Information Service
WAMIS-NEXGEN : WAMIS next generation or the 2nd phase
WIS : WMO Information System
