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Summary and purpose of document

This document provides an overview of the potential of SWFDP products to be used for agricultural applications. The document also summarizes the outcome of a recent meeting of the SWFDP-Eastern Africa Agrometeorology Working Group.
Action Proposed
The meeting is invited to note the information provided in this document, and to provide guidance on SWFDP requirements for the development of agricultural meteorology products and related training. 
Annex I:
Draft Recommendations from SWFDP-EA Agrometeorology Working Group        

                        Meeting, Entebbe, Uganda, 20-21 February 2012
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1. Overview
This document summarizes the potential of SWFDP products to be used for agricultural applications based on selected sections of the two documents referenced above. It also provides a summary of a recent meeting on draft list of products

The advent of new meteorological modelling capabilities provides opportunities for the meteorological community to develop better products and information to decision-makers in the various user sectors (i.e. energy, health, agriculture). Both post-processed General Circulation Model (GCM) output and forecasts made by Numerical Weather Prediction (NWP) models can be used in agricultural decision making. Tactical decisions (e.g. frost protection, irrigation and fertilization) made at times scales up to 2 weeks can benefit from the utilization of reference evapotranspiration, soil moisture, leaf wetness duration and pest development predictions. The value of meteorological forecasts is expected to increase as the agricultural system becomes more susceptible to climate variability under the effects of climate change. It has been recognized for years that short- to medium-range weather forecasts and seasonal outlooks represent a key service for agriculture. Users want to use the output from these various models for their specific applications and decision-making processes. The use of these meteorological forecast products in agricultural decision making problems has a long history. Direct NWP output has been used in predictions of irrigation, soil moisture, days of fieldwork, timing crop harvests, leaf wetness duration and crop / animal pest and disease development.

2. Successful example of agrometeorological forecasts: India

There is a good example of using agrometeorological forecasts that was developed in India.  The India Meteorological Department (IMD) provides Agromet Advisory Services (AAS) to the country’s farming community in the form of bulletins. These advisories are prepared jointly by the experts of IMD and agricultural specialists at respective state departments of agriculture and are tailored to the requirements of farmers in the given state (Rathore, et al, 2006).  

An Impact assessment of AASs was guided and monitored by national committee of experts in India where 40 AAS and 40 non-AAS farmers were surveyed.   These farmers were randomly sampled and were generally middle-aged and had medium-to-large land holdings.  The data revealed that inputs used varied qualitatively and significantly between AAS and non-AAS farmers. AAS farmers received agro-advisories based on medium-range weather forecasts including optimum use of inputs for different farm operations. The timeliness of proper agro-advisories given for various farm operations might have saved the crops from possible moisture stress, nutritional stress and pest attack. Non-AAS farmers used the same quality of inputs, but their timing of applications was different from that of the AAS farmers (See Table 1).
	Crop
	Station name
	% change in cost of Prod. (per acre)
	% change in crop yield (per acre)
	% change in profit 
(per acre)

	Cotton
	Hissar

Coimbatore
	  1

- 4
	14

16
	10

16

	Rice
	Ludhiana

Kalyani
	- 6

- 3
	9

21
	18

29

	Wheat
	Ludhiana
	- 6
	9
	17

	Mustard
	Hissar
	- 3
	8
	13


Table 1: Economic impact of Agromet Advisory Services based on Medium-Range Weather 

              Forecasts

3.
Numerical Weather Prediction and agricultural applications

Some examples of using NWP related to the environmental conditions that influence agricultural production include: reference evapotranspiration (Arca et al., 2004), soil moisture (Venäläinen, 2005), solar radiation 
 ADDIN EN.CITE 
(Chen et al., 2007; Mavromatis, 2008)
, precipitation 
 ADDIN EN.CITE 
(Geertsema and Schreur, 2009; Papadopouios et al., 2008)
, monsoon systems (Mishra and Krishnamurti, 2007) and heavy rains (Fall et al., 2007). Besides combining agricultural models with NWP output, there have also been studies that directly couple them to daily climate model forecasts. These studies are among other things able to assess future crop yield and food security, something that cannot be done with NWP output only because it is necessary to evaluate the meteorological conditions over a longer time period (weeks to months). 

Mestre (2006) summarized the following list of advantages of using NWP outputs instead of values obtained from data interpolation of meteorological ground stations: 

· Provides worldwide weather data with temporal and spatial resolution that could be sufficient for many applications in agricultural meteorology; 


· No missing data with NWP output, therefore no need of filling data gaps from ground stations;

· Automatic production and formatting of NWP output as well as efficient quality control;

· Takes advantage of gains in spatial and temporal aspects of NWP models and in the improvements in the their physics and parameterisation schemes.

Das et al. (2010) states that short and medium range forecasts are important for farmers in order to plan the day’s work in activities such as:

· Preparatory activities, such as land preparation and preparation of plant material

· Planting or seeding/sowing

· Crops, fruit trees and vine management; application of fertilizer, irrigation; thinning, topping, weeding; pest and disease control

· Management of grazing systems

· Harvesting, on-farm post-harvest processing and transport of produce

· Livestock production (dairy enterprises, beef systems, lamb and other livestock systems)

Furthermore, quantitative forecasts are an important source of data for simulation models that produce information useful for farmers (simulation of crop phenology, water and nutrient cycles, crop production, weed, disease and pest cycles, and so forth).
3.
Severe Weather Impacts on Coastal Agriculture

In the past, the WMO Commission for Agricultural Meteorology (CAgM) had proposed a project with the Joint WMO-IOC Commission for Oceanography and Marine Meteorology (JCOMM) entitled Marine Impacts on Lowlands Agriculture and Coastal resources (MILAC).  MILAC aimed to enable regions/nations prone to of tropical cyclones, to forecast/hindcast corresponding fields of wind waves and storm surges. The emphasis on forecast or hindcast will be decided on the basis of a socio-economic pre-study, and the system will be built from using low cost existing resources onto a more comprehensive cost-benefit based system after 3 years. The form and modes of delivery of products and services will be decided in agreement with Natural Disaster mitigation agencies in the region. 

The rationale for MILAC comes from the need for improved storm surge forecasting in such areas as i.e. the Bay of Bengal, the impression from climate change studies that tropical cyclones may become more intense in the future, and the claim that prediction systems can be implemented fairly rapidly and under moderate financial requirements.

There would be 3 major products;

· A socio-economic analysis of the impacts of storm surges on lowland agriculture and coastal resources, giving guidance to the next ‘product’;

· A short term forecasting system in support of decision making i.e. provision of population evacuation, alternatively a hindcast/climatological study of historical events giving guidance to future planning of agriculture and land use,

· And finally and interaction mechanism with ‘the society at large’, in particular the public and mechanisms for mitigation of natural disasters. 

In relation to the SWFDP-Bay of Bengal, a MILAC component would examine the impact of any severe weather event on coastal agriculture. These events would include tropical cyclones and flooding from severe thunderstorms and could include a drought component.  These aspects could also be coordinated with Coastal Inundation Forecasting Demonstration Project (CIFDP) which calls for integrated efforts in the national level among responsible national agencies for coastal inundation monitoring, forecasting and disaster management, in: 

1. Implementing well-proven, operational, open-source coastal inundation, end-to-end forecasting and warning systems; 
2. Supporting the exchange of data and information among stakeholders;
3. Developing cross-cutting cooperation of different scientific disciplines and user communities; and,
4. Building communication platforms between researchers, forecasters and disaster managers involved in coastal inundation due to heavy rainfall, astronomical tides and storm surges.


This approach will solidifying the institutional capacity development for nation-wide strategic and technical planning for coastal disaster management. Activities in the framework of CIFDP should include: 
1. Identifying the national requirements of users and stakeholders for advice and warnings related to coastal inundation, particularly the service delivery and communication;
2. Identifying adequate technologies for the concerned country among available operational tools, and ensuring adaptation of selected technologies to the national system for risk assessment, services from coastal inundation forecasting and warning services;
3. Conducing specialized training programmes, which would enhance the capabilities of NMHS and other national agencies to produce and better understand storm surge forecasting, coastal inundation forecasting and warning services including the dissemination aspects;
4. Assisting in resolving information exchange and management issues among Technical Partners and Stakeholders, in view of establishing a long-term framework for information sharing.
5. 
Forecast products for fisheries

There are two aspects for forecasting products for fisheries.  The first aspect is the wind and wave forecasts that provide warnings for the fisheries communities on when and where they can safely start their operations. The fisher communities will need to be consulted on these products. The other aspect is the providing forecasting products that can assist fishers in catching fish.  This especially relevant for Lake Victoria in Eastern Africa but it could also be relevant for other inland bodies of water and for ocean fishing. It is important to realize that reservoirs, lakes and rivers inland are generally large sized, fluid, deep and thus rich in dissolved oxygen. 
For a water body, there is a great difference in temperature between upper and lower layers, whose water level is significantly dependent on rainfall. Inland fisheries depend closely for their growth on water temperature and other hydrological factors, among which water level determines the domain where fish travel, feed and breed so that drop of the level will cause the decrease of biological resources and hence the production.

Based on the previous work of Commission for Agricultural Meteorology (CAgM), an expert group developed the following requirements of using hydrometeorological and environmental information to serve fisheries and aquaculture in fresh water regions (WMO, 2006):

Air and water temperatures

Water level and speed of stream flows in rivers and lakes and other water bodies,

Water quality and level of toxic substances in different water bodies,

Rainfall and numbers of rainy days

Air humidity

Air pressure

Wind speed and direction at water bodies,

Sunshine (isolation) duration, number of overcast and clear days
For brackish water and coastal regions, an additional parameter on pH and salinity is needed. 

6. 
Recent Meeting on Potential SWFDP products for Eastern Africa Regional Project 

A meeting of the SWFDP-EA Agrometeorology Working Group was held from 20-21 February 2012 was held in Entebbe, Uganda. The Uganda Department of Meteorology hosted this meeting. Participants included agrometeorological representatives from Burundi, Ethiopia, Kenya, Tanzania, and Uganda and the WMO Secretariat. 
The purpose of the Working Group and the meeting was to assist the AgM representative, Isack Yonah (Tanzania), of the Regional Subproject Management Team (RSMT) in his responsibilities as stated in Paragraph 3.3.5 of the Regional Subproject Implementation Plan for the First Demonstration Phase of the SWFDP-EA:
· Researching and defining required forecast products relevant for agrometeorology;

· Coordinate the agromet working group on relevant issues, including service delivery to the agriculture community;

· Advising NMHSs on using products from the SWFDP project to improve agricultural weather forecasts and advisories, and in determining potential crop production impacts, especially due to extreme events.
The meeting agreed to the draft recommendations in Annex 1.  These recommendations will be finalized in final meeting report that is currently under preparation and should be available in March 2013.  
7. 
Proposed Training Activities 

Based on discussions during the SWFDP Regional Training Workshop on Severe Weather Forecasting and Warning Services that was held in Arusha, Tanzania, it was proposed that the Agricultural Meteorology Division of the Indian Meteorological Department (IMD), with support from WMO donor projects, would train agrometeorologists from the Eastern Africa and Bay of Bengal Regional Subproject in July 2012.  The details of the training are under discussion between IMD and WMO.
8. 
Synergies with other WMO projects

Currently, there are several other WMO projects underway in Eastern Africa that could provided could interact with the several of the SWFDP regional projects. For example, the Coastal Inundation Forecasting Demonstration Project (CIFDP) was mentioned above in this document.

The WMO Commission for Agricultural Meteorology is currently investigating whether the Next Phase of the World Agrometeorological Information Service (WAMIS-www.wamis.org) could be used as a testing server for the development of the proposed products listed in Annex I.  WAMIS is currently a web portal which hosts agrometeorological bulletins from the around the world.  The proposed WAMIS Next Phase would establish regional web servers around the world that would provide more advanced agrometeorological products such as gridded evapotranspiration maps.  The NWP output of the regional subproject LAMs could be linked with these new WAMIS servers to  test, produce, or host the new products.  
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Annex I:  Draft Recommendations from SWFDP-EA Agromet Working Group Meeting, Entebbe, Uganda, 20-21 February 2012
Participants:

1. Isack B. Yonah (Tanzania) – Regional AgroMet Representative to RSMT
2. Peter Njuguna (Kenya)
3. Tsegaye Ketema (Ethiopia)
4. Liliane Hatungimana (Burundi)

5. Charles Obeke (Uganda)

6. Robert Stefanski (WMO)

Recommendations

(a) Research and develop a list of all existing agrometeorological products that are useful to the region.  Members are also requested to identify products that they would like to see on the portal.

a. WG Members to especially review FEWSNET site and products

(b) Revise SWDFP RSMC-Nairobi portal

a. Start to work on proposed list of agromet products (see below)

b. Add a Agromet Links section to lower right portion of portal

c. Add links to AGRHYMET and FEWSNET 

(c) Revise SWDFP RFSC-Dar Es Saalem portal

a. Under Agromet products, delete current links

b. Add Day 1 Rainfall total and Day 2 Rainfall total 
c. Under TMA WRF Forecast products, add maximum temperature
d. Liaise with fisheries community to determine possible products for the RFSC- Dar Es Saalam

(d) Develop a regional Agromet Guidance Product 

a. Initial users are NMHS agromets, users could be expanded

b. Goal is to improve outlook information to users and for bulletins

i. Provide regional expert advice 

c. Produced every 10 days as graphical Map product

i. previous 10 day information as input

ii. SWFDP regional and global centre products

d. Need to identify resource persons

e. Could be used for early warning (disasters: drought/floods)

f. Potential linkages with existing products ( NOAA Africa Desk , FEWSNET)

(e) Define regional and country training needs

a. WG members will notify WMO on training needs
Proposed List of Agromet Products to Developed for RSMC-Nairobi Portal 

(in order of priority)

1. Previous 10-day rainfall anomaly maps

2. Cumulative forecast rainfall 

a. 1-5 day forecast from RSMC-LAM

b. 10-day forecast from global centers 

c. Number of rainy days in forecast period (>3mm)

d. Rainfall Intensity (>20 mm per hour)

e. Chances of dry and wet spell during rainy season (global centers)
3. NDVI
a. Difference from Last dekad (current product)

b. Actual map for current dekad

c. NDVI Anomalies  (actual & Long-term mean)

4. Extreme temperature Forecasts (same map)

a. Chance of Maximum Temp > 35 C occurring during 5 day period

b. Chance of Minimum Temp < 10 C occurring during 5 day period

c. Chance of Minimum Temp < 5 C occurring during 5 day period

d. Chance of Minimum Temp < 0 C occurring during 5 day period

5. Evapotranspiration (ETo) maps 
a. To be based on Penman-Montieth method based on FAO Publication 56 (1998)
6. Moisture index (rainfall / ETo)
7. Soil moisture maps

a. Forecast soil moisture 

b. previous 10 day from Global centers
8. EUMETSAT / GEONETCAST products

9. Rangeland condition index forecast

10. Crop water requirement satisfaction index (WRSI)

