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Strategic investments over the next 10 years in earth observations, involving satellite observations, in-
situ measurements and survey could revolutionize global agricultural production monitoring, leading 
to improved management of our agricultural resources, helping to reduce malnutrition and contribute 
towards the achievement of the Millennium Development Goals. On March 8-11, 2006 a workshop 
was convened at the UN Food and Agriculture Organization (FAO) Rome, by the Integrated Global 
Observations of Land (IGOL) Theme Team, to identify the current requirements for earth observation 
for agriculture and, in the context of the emerging Global Earth Observing System of Systems 
(GEOSS), to contribute to the development of a 5-10 year strategy for earth observations in support of 
agriculture. The workshop reviewed the current state of agricultural monitoring and through a series 
of breakout sessions and discussions developed a set of priority recommendations for international 
coordination. In summary, the meeting called for:  

·  an immediate initiative using the international on-orbit assets to fill the data gap created by the 
malfunction of Landsat 7; 

·  international cooperation amongst the space agencies over the next 3-5 years, to put in place a 
system to collect high resolution (10-20m) visible, NIR, and SWIR observations, providing 5-
10 day, cloud-free coverage of all agricultural areas; 

·  a Global Agricultural Data Coordination Workshop within 12-18 months, to address 
timeliness, availability, quality, and exchange of satellite and in situ data for agricultural 
monitoring; 

·  a workshop within the next 12 months, on integrating satellite earth observations and in situ 
data for improved national agricultural statistical reporting; 

·  an inventory and evaluation of existing agrometeorological data sets, to identify shortcomings 
in the density of the terrestrial meterorological networks, the availability of data and timeliness 
of reporting, and validation/quality control, leading to specific recommendations to WMO for 
improving the current global meteorological database; 

·  funding agencies to support the digitizing, archiving and dissemination of existing 
agrometeorological and agronomic baseline data; 

·  increased support for south-south transfer of technology and methods for agricultural 
monitoring, with collaboration of regional institutions and increased north-south, university-
university exchanges to enhance agricultural monitoring;  

·  and an international workshop within the framework of GEOSS, for an agricultural monitoring 
‘community of practice’ to develop a 5-10 year international strategy for improved global 
agricultural monitoring. 

��	���
��������	���	�����
����		
Agriculture is an essential component of societal well-being, and agricultural production influences 
and is influenced by health, water, ecosystems, biodiversity, the economy, energy use and supply. 
Improved monitoring of agriculture could lower barriers to obtaining comprehensive information on 
agricultural production and markets, enhance the ability to manage food insecurity risk, and reduce 
malnutrition. The seasonality and ubiquity of agriculture make agricultural practices and production 
amenable to efficient synoptic monitoring. Assessing the needs for enhanced agricultural observations 
(satellite and in-situ) is an activity of the Integrated Global Observations of Land (IGOL) initiative 
(www.fao.org/gtos/igol/) and developing a 10 year strategy to obtain these observations and generate 
and distribute the necessary information is a specific task of the Global Earth Observing System of 
Systems (GEOSS) program (www.earthobservations.org).   
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1.1 The Rationale and Needs for Enhanced Agricultural Monitoring  

Three distinct types of enhanced agricultural information needs are identified in Table 1 as a function 
of development status. Dependable information on agricultural production and production estimates 
are essential for agricultural markets and the formulation of effective national agricultural policies. 
More importantly, improving such information would benefit particularly agencies working towards 
increasing food security in the developing world. Better information could also benefit those most 
susceptible to food insecurity, for example by fostering the development of insurance and 
microfinance systems for subsistence agricultural producers. The focus of this report is on aspects of 
food security pertaining to monitoring agricultural production and detection of shortfalls. The broader 
issues of monitoring related to food quality, genetic modification and toxicology are not addressed in 
this report. 

Table 1. Typology illustrating how nations can benefit from enhanced observations of agricultural production.  

 Type 1 Type 2 Type 3 

Reasons for 
enhanced 
observations 

Agricultural commodity 
supply/demand 
assessments; practice 
verification; damage 
assessment; precision 
farming 

Regional food security 
assessments; 
insurance/microfinance 
programs; irrigation 
monitoring 

Food insecurity 
assessment; famine early 
warning 

Development 
context 

Developed countries & 
high income developing 
countries 

Middle income 
developing countries 

Least developed countries 

Geographic 
region 

North America, Europe, 
Australia, ‘Northern’ Asia, 
Near East 

South America, East 
Asia, North Africa, 
Pacific, Central Asia 

Sub-Saharan Africa, 
South Asia, Central 
America 

Dominant 
climate type 

Temperate, continental, 
Mediterranean, arid 

Tropical, sub-tropical; 
arid, semiarid 

Tropical, sub-tropical; 
arid, semiarid 

Farming 
systems 

Highly specialized, 
mechanized (incl. 
irrigation), high input & 
productivity, few holdings 

Mixed technology, 
large acreage under 
irrigation 

Low technology, rain-fed, 
largely subsistence, low 
productivity, many farm 
holdings 

Institutional 
capacity 

High capacity, high 
technology, large data sets 
(depth & breadth), 
reliability 

Mixed capacity, large 
potential, rapid growth 
in data reliability & 
quantity 

Very low capacity, low 
technology, low levels of 
reliability 

More accurate and timely information on agricultural production is needed for three related domains: 
early warning of harvest shortfalls, crop production and agricultural sustainability. 

Harvest Shortfall - Early Warning 
Undernourishment and food insecurity are persistent problems that inhibit economic development and 
hamper efforts to reduce poverty. More than 850 million people are currently undernourished, 
particularly in Asia (India, Bangladesh, and Nepal) and sub-Saharan Africa, where about one-third of 
the population is undernourished. Undernourishment perpetuates poverty by reducing maternal health 
and gender equity, increasing child mortality and susceptibility to disease, and impairing learning 
capacity. Food security is at the core of international efforts to eradicate poverty and improve human 
health. 

The relationship between people and food is complex but in many developing countries agricultural 
production and the ability to access food can decline in tandem. Thus better information about 
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changes in production can indicate areas where food policies need to be altered, or where food aid 
may be necessary. Development assistance does not always target the neediest countries, in part 
because of inaccurate or untimely information and donor policies. More timely information about 
harvest shortfalls can hasten early identification of potential problem areas and with the necessary 
international political will, enable earlier and more widespread support for food programs in affected 
areas. Persistent shortfalls can help prioritize efforts to develop more sustainable agricultural systems. 

Crop Production  
Large scale changes are taking place in the distribution of agricultural lands and crop production. 
International trade, national agricultural policies, commodity prices, and producer decisions are all 
shaped by information about crop production and demand. Improved crop production monitoring will 
enable more accurate forecasting of commodity prices, reducing risk and increasing market efficiency. 
Understanding prices and risks is a key component of effectively addressing food supply problems, 
and plays a key role in reducing food insecurity. Improved monitoring can help reduce risk and 
contribute to increasing productivity and efficiency at a range of scales from the farm unit level to the 
globe. The monitoring of the production of permanent and tree crops such as vineyards, tea and coffee 
is not addressed in this report. 

 Agricultural Sustainability 
Crop cultivation is an intensive land use that utilizes soil resources. Unless those resources are 
managed and replaced, arable land can be degraded and rendered unfit for continued agricultural 
production. The impacts of the abuse of arable land can be regionally manifested through reduced 
agricultural production, reduced air and water quality, ecosystem exploitation and degradation, and 
declines in species diversity. Over the long term, changes in production can also serve as regional 
indicators of ecosystem health. In semi-arid systems, agricultural irrigation places heavy demands on 
water resources and requires careful management. Climate variability, extreme weather events and 
increased and competing demands on the water supply in the short term can effect productivity and in 
the longer term, the sustainability of agricultural production. 

1.2 The Objectives of the Workshop and Purpose of the Report  

On March 8-11, 2006, the Integrated Global Observations of Land (IGOL) Theme Team convened a 
workshop at the UN Food and Agriculture Organization (FAO) Rome, to identify the current 
requirements for earth observation for agriculture and in the context of the emerging Global Earth 
Observing System of Systems (GEOSS) to contribute to the development of a 10-year strategy for 
earth observations in support of agriculture. The meeting consisted of 30 attendees from around the 
world, involved in agricultural monitoring and global food security. Presentations were made and 
discussion groups held to define needs and the necessary enhancements to current capabilities. 
Emphasis was given to reviewing the agricultural requirements section for the IGOL Theme Report 
which is to be published later this year and the tasks identified by GEOSS under its agricultural 
efficiency component.  

The purpose of this report is to summarize the findings of the meeting and the enhancements needed 
to achieve the set of observational goals for agricultural production monitoring, as defined by the 
participants. After reviewing current capabilities, this report presents a list of priority initiatives and 
activities, including recommendations for data policy, capacity building, and assessment of progress 
in advancing agricultural production monitoring. The presentations from the workshop can be found 
at ftp://FTP_Gtosr:password@ext-ftp.fao.org/SD/GTOS/IGOL-AG-2006/ 

The GEOSS Agricultural Efficiency Component  
The agricultural efficiency component of GEOSS is aimed at improving food security and increased 
availability and use of earth observation data. Emphasis is on the creation of sustained provision of 
basic data and products, and the development of the capacity and infrastructure necessary to utilize 
Earth observation information, especially within the developing world. Tasks include: initiating the 
creation of a 5- to 10-year strategic plan and creating a plan of action for GEO in agriculture (AG 06 
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01); coordinating funding for the implementation of a demonstration project on the use of advanced 
weather and climate ensemble forecasting methods integrating Earth observations, agricultural data 
and socio-economic data, to develop and improve the predictability of food-supply hazards in Africa 
(AG 06 05); advocating for the production of global irrigated area/crop production datasets and 
promulgate sustained monitoring efforts utilizing the validated methodologies (AG 06 06).  

��	��

���	������������		
2.1 The Development of Agricultural Monitoring from Space 

Agricultural production monitoring has its roots in field-based crop harvest estimation and yield 
models driven by meteorological data. Such models produced near-station yield forecasts are much 
better than regional estimates and prompted the integration of synoptic remotely sensed data into 
agricultural production models. Agricultural monitoring from space began with the Large Area 
Crop Inventory Experiment (LACIE) programme which was developed jointly by NASA and 
USDA in the early 1970’s. LACIE focused on the use of the ERTS (later renamed Landsat) 
high resolution (c. 70m) data combined with field survey information. In the 1980’s research 
and development based on the NOAA Advanced Very High Resolution Radiometer 
(AVHRR) led by the Global Inventory Monitoring and Modeling Studies (GIMMS) group at 
NASA Goddard Space Flight Center, added daily monitoring of vegetation condition using 
coarse resolution time series data to the suite of agricultural monitoring tools. From the mid-
1980’s through the 1990’s improvements were made to system capabilities advancing high 
resolution sensing, for example by the SPOT and Landsat 7 programmes (10m-30m) and 
moderate resolution sensing, for example by the SPOT Vegetation (1km) and NASA MODIS 
Terra and Aqua (250m-1km) programmes. Since the 1990’s there has been an increase in 
the number of high resolution satellite systems, used primarily for national agricultural 
monitoring, launched and maintained for example by India, China/Brazil, Argentina and 
Russia. In addition, private companies have launched micro-satellites (e.g. SurreySat) and 
very high resolution sensors (3m-1m) (e.g. Ikonos and Quickbird), which can be targeted to 
observe agricultural areas and provide an additional, commercial source of data. With the 
availability of satellite-based radars (e.g. ERS, ENVISAT, Radarsat and JERS), new methods 
are being developed for agricultural monitoring, providing an all weather monitoring capability. The 
recent integration of near real-time remote sensing data into crop growth models enables an 
accounting of spatial and temporal variability of crop yield parameters.  

2.2 Examples of Current Global and Regional Agricultural Monitoring Systems 

Forecasting of major world food crop production has been operational since the mid-1980s, with two 
objectives: one related to food security in developing countries, the other one to the global market of 
agricultural crops. A number of global crop forecasting programs, like the one maintained by the 
USDA Production Estimate and Crop Assessment Division (PECAD) and food security monitoring 
systems such as the UNFAO Food Security Global Information and Early Warning System (GIEWS), 
the USAID Famine Early Warning System (FEWS), EU MARS Food and the EU Global Monitoring 
of Food Security (GMFS), utilize satellite observations for global scale agricultural monitoring. 
Several major crop exporting countries have established systems for monitoring national and foreign 
crop production e.g. EU MARS-Stat, and a number of private enterprises have established crop 
forecasting services. Large commercial farms are increasingly using new precision agriculture 
techniques based on geoinformation technologies, for location-specific management of their 
croplands. 

The UNFAO Global Information and Early Warning System (GIEWS) 
GIEWS was established in 1975 to monitor the food supply and demand situation at the global scale 
and to provide early warning of serious regional food shortages (Fig. 1). Information from GIEWS is 
used to identify impending food security crises so that the UN World Food Programme and other 
international and national agencies can develop country-specific needs assessments. GIEWS 
integrates satellite-derived information on vegetation conditions, land cover and land use with in situ 
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data on agricultural statistics, livestock, agricultural markets, and weather. GIEWS monitoring is 
designed to enable direction of ground-based sampling to validate crop production estimates and 
development of quick, early, partial indemnity for immediate action. Figure 1. shows a crop index 
generated by the GIEWS Programme for the 2005 drought in Malawi. 

The USDA Production Estimates and Crop Assessment Division (PECAD) 
The fundamental goal of the PECAD of the USDA Foreign Agricultural Service is to produce reliable, 
objective, timely, transparent, accurate data on global agricultural production. PECAD monitors world 
agricultural production and world supply and demand for agricultural products to provide baseline 
market information and information for US domestic early warning. PECAD analyses rely upon a 
combination of meteorological data, field reports and satellite observations at moderate and high 
spatial resolutions to aid in crop and growth stage identification and yield analyses (Figure 2). These 
data are used in generating crop production estimates and to identify regions of likely production 
shortfalls through a convergence of evidence approach. To bring these disparate sources of data 
together, PECAD has developed the Crop Explorer, a GIS-based decision support system. The Global 
Agricultural Monitoring (GLAM) Project jointly funded by USDA and the NASA Applied Sciences 
Program, is updating the PECAD decision support system with the new generation of NASA satellite 
observations (Figure 3).    

Monitoring of Agriculture with Remote Sensing-Food (MARS-FOOD) 
The mission of MARS-FOOD, a program within the European Commission’s Joint Research Centre, 
is to monitor food security for at-risk regions world-wide. This information contributes to EU external 
aid and development policies, in particular food aid and food security policy. The desired outcome is 
to avoid foot shortages and market disruptions and to better calibrate and direct European food aid. 
Satellite observations and meteorological data are integrated with baseline data on regional agronomic 
practices to develop MARS-FOOD bulletins with yield forecasts by crop. Trends, similarity, 
regression, and expert assessments are used produce monthly reports that are intended to be directly 
usable by food security administrators. In addition to quantitative and qualitative crop yield 
assessments, several indicators, like rainfall, radiation and temperature, and climatic water balance are 
published with comparisons to long-term data so that food security administrators can have a fuller 
picture of the conditions in food-insecure areas. Figure 4. shows a crop forecast developed by MARS-
FOOD for Somalia, 2001. 

USAID Famine Early Warning Systems Network (FEWS NET) 
The goals of FEWS NET (a partnership between several US government agencies - AID, USDA-FAS, 
NASA, NOAA, USGS  with Chemonics International, a prime contractor) are to identify which 
population groups are at risk to food insecurity and for how long and how best to mitigate adverse 
trends or shocks to livelihood systems. To achieve these goals, FEWS NET conducts food security 
assessments to evaluate the availability of agricultural products and barriers to access and utilization 
of those products. FEWS NET employs a livelihoods framework, intended to build an understanding 
of the strategies used by households to access income and food coupled with regular monitoring of 
rainfall, vegetation conditions, cropping cycle, and market prices. The FEWS NET blends satellite 
estimates of soil-water availability and use information with land observations from multiple sources 
(dekedal NDVI products from AVHRR, SPOT, MODIS, NOAA snow cover products, NOAA and 
NASA-TRMM rainfall data, and NOAA–Global Data Assimilation System (GDAS) weather and 
climate output products) to produce weekly weather hazard assessments to identify regions of likely 
agricultural production deficits (Figure 5).  

ESA Global Monitoring for Food Security (GMFS) Programme  
The objective of the GMFS project developed by the European Space Agency (ESA) is to improve the 
provision of operational and sustainable information services, derived at least partly from earth 
observation data, to assist food aid and food security decision-makers from local to global level. 
GMFS aims to consolidate, support and complement existing regional information and early warning 
systems for agriculture. Together with other key players in the sector, GMFS is establishing a 
European Service for Food Security to guarantee state-of-the-art operational monitoring and 
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forecasting for agricultural production and food security issues in direct support to European food 
security policy objectives. The longer-term goal of GMFS is to develop a network of geographically 
distributed service providers capable of contributing to and benefiting from satellite observations 
related to agricultural production monitoring. One activity that is being leveraged to advance the 
GMFS project is the broadcast of VEGETATION data to Africa through EUMETCast, aimed at 
promoting data utilization and developing the capacity of regional participants. Figure 6. shows 
sample products generated by the GMFS programme.  

UN FAO Food Insecurity and Vulnerability Information and Mapping Systems (FIVIMS) 
The FIVIMS initiative was developed at the request of developing countries that wanted to contribute 
to better coordination of international development support and food aid. The key questions that 
FIVIMS is designed to address are: who are the food insecure and vulnerable people? Where are they? 
How many are they? Why are they hungry? What should be done to address the immediate and 
underlying causes of their food insecurity? Since the degree of vulnerability of people to 
undernourishment is determined by both their exposure to risk factors and their ability to cope with 
those risks, FIVIMS undertakes analyses that integrate information from across different sectors to 
assess both supply of and demand for food. An important FIVIMS product is the FIVIMS Global GIS 
Database, which illustrates the spatial and environmental contexts for agricultural productivity and 
accessibility and poverty maps derived using socio-economic data and satellite imagery. Figure 7. 
shows an example map from the FIVIMS Food Security Atlas for Bangladesh, such information is 
critical for building awareness of the risk and production challenges faced by food insecure 
individuals, households, and groups.   

The World Food Program Vulnerability Analysis and Mapping (VAM) unit   
The goals of the VAM unit are to identify and monitor potential threats and risks to household food 
security and to provide timely information to enable decision makers to initiate assessments and to 
develop policies and strategies related to food security interventions. The VAM unit utilizes spatial 
analysis of survey and remotely sensed data to address: who the hungry people are, how many there 
are, where they live, the reasons they are hungry, how food aid can make a difference and what sorts 
of preparedness measures can be put in place to prevent them from being hungry in the future. 
Household, nutritional, and market price survey data are the primary information sources for VAM, 
but satellite derived information on vegetation conditions and land cover are also integrated into the 
spatial analytical framework.  

The Rice Information System (RIS) 
The RIS was developed by sarmap in collaboration with Synoptics and Radarsat International with 
support from ESA. RIS relies upon Synthetic Aperture Radar (SAR) data for detection of areas 
planted in rice, plant status, and disturbances to area under rice production. SAR is well-suited to 
remote detection of rice area and rice growth status since the data are weather independent, and areas 
of paddy rice cultivation produce unique temporal signatures. SAR products are integrated with Agro-
Meteorological Model with the goal of providing public institutions and private sector entities like 
insurers, re-insurers, producer consortia, and microfinance lenders, with reliable information on rice 
acreage, growth status, and yield. The goals are to foster better management to prevent food crises and 
to enable risk leveraging through affordable insurance premiums and microfinance loan programs. 
The utility of the RIS has been demonstrated in several Asian and Africa countries and has contributed 
to a flourishing insurance program for small-scale rice growers in India. Figure 8. shows the data 
flows of the RIS. 

The Southern African Development Community (SADC) Regional Remote Sensing Unit (RSU)   
The SADC Remote Sensing Unit (RSU) is a component of the SADC Regional Early Warning 
System in the FANR Directorate. The RSU program was designed to support early warning for food 
security, to promote sustainable natural resource use, and to enhance information for disaster risk 
management for its fourteen member nations. Its main objective is to strengthen national and regional 
capabilities in the area of Remote Sensing and GIS for use in early warning for food security and 
natural resources and disaster management within the SADC region. In the context, in collaboration 
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with other partners (USAID-FEWS-NET, USGS, NOAA, NASA, FAO), the unit monitors weather 
conditions, crops and vegetation using a variety of satellite data and GIS techniques at regional level. 
The RSU maintains geospatial databases to facilitate the analyses analysis for a variety of national 
resource management applications. These databases comprise both baseline datasets and earth 
observation datasets, compiled from a variety of sources and a uniform regional standard vector data 
set for SADC countries.  Figure 9. shows the SADC linkages with its partner organizations, and 
provides an example of seasonal trends in rainfall and satellite vegetation index data for selected 
SADC countries. 

2.3 Examples of National Agricultural Monitoring Systems  

National agricultural monitoring is very important in countries like Brazil and China which are 
experiencing rapid changes in the extent of agricultural lands. In Russia and the former Soviet Union 
the agricultural sector is undergoing rapid transformation with associated changes in agricultural land 
ownership and practices. Agricultural monitoring is particularly important for planning, where there is 
increasing competition for water and land resources.   

Agricultural Monitoring in China  
Agencies such as the Ministry of Agriculture, the National Statistics Bureau, the Disaster Reduction 
Commission, and the State Grain Reserve drive the demand for information about agricultural 
production in China. These demands have increased following China’s entry into the World Trade 
Organization. Crop area, production and production capacity for key crops and grasslands are actively 
monitored by integrating a variety of remotely sensed data (e.g. Landsat TM, CBERS, SPOT, IRS, 
Radarsat, Envisat, MODIS, and AVHRR) with ground, meteorological, and socio-economic data. 
Future agricultural production monitoring developments will use data assimilation and automatic 
change detection to integrate hyperspectral, multi-resolution, scalable remotely sensed data with long-
term time-series environmental data sets to map crops and land use change and to monitor food 
security and goods and services provided by ecosystems. Figure 10. shows a flow diagram of a 
procedure used for crop acreage and yield estimation in China. 

Agricultural Monitoring in Brazil 
Brazil is undergoing tremendous increases in agricultural production, yet Brazil still holds the world’s 
largest reserve of arable land much of which is comprised of diverse native forests. As the Brazilian 
agricultural sector has grown, demands for space-based land observations related to agricultural 
production have grown too. Systems are in place to monitor fires and deforestation, land cover, and 
several aspects of agricultural land use, such as the area planted to soybean and sugarcane, irrigated 
area, cropping intensity and tillage practices. Developments are underway to improve the accuracy 
and increase the frequency of these observations, to derive new, validated products (e.g., crop 
condition), and to generate products that can support better land use planning and development for 
territorial management. Figure 11. shows a comparison of agricultural land use between 1985 and 
2000, mapped using high resolution satellite data.  

Agricultural Monitoring in India 
The mandate of the Indian National Crop Forecasting Centre, established in 1998, is to work with 
other agencies to develop an effective framework for nationwide, county-level crop forecasts that can 
be used to monitor crop production, supplies of agricultural inputs, and the status of pests and plant 
diseases to provide objective input for efficient high-level policy making and planning. The initial foci 
are to carry out district-level pre-harvest production forecasts (Crop Acreage and Production 
Estimation – the CAPE project) and demonstrate the capability to forecast national wheat production 
using the FASAL (Forecasting Agricultural Output using Space, Agrometeorology and Land-based 
observations) system. The ultimate goal of the CAPE project is to use AVHRR and IRS WiFS data to 
generate crop acreage estimates for state agencies. FASAL integrates remotely sensed data, field 
observations, and weather data to produce multiple pre-harvest yield forecasts (Figure 12). Outputs 
from FASAL system will supplement CAPE data, including internal accuracy assessments and 
supporting crop-level condition assessments. 
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Agricultural Monitoring in Russia 
Agricultural production is monitored in Russia to foster sustainable agricultural development, for 
environmental assessment and protection, and to monitor compliance with international environmental 
and trade conventions. The national agricultural monitoring system, established within the Ministry of 
Agriculture in 2003, relies on combined use of information from regional agricultural committees, 
satellite remote sensing data and ground agro-meteorological observations. The remote sensing 
component of the agricultural monitoring system is developed by Russian Academy of Sciences Space 
Research Institutes and involves daily MODIS observations as primary source of the satellite data. 
The primary user of the information is the Federal Ministry of Agriculture, while the Ministry of 
Natural Resources, the Federal Statistical Agency and Hydro-Meteorological Service, regional 
agricultural committees and administrators, and local agricultural producers and enterprises are 
considered as potential users in near future. The main foci of the agricultural monitoring system are 
arable land area, crop land use mapping, crop rotation and seasonal crop development. In the future, 
the system is likely to contribute to crop production forecasts, greenhouse gas flux monitoring, and 
soil erosion risk assessment. The current research areas for agricultural monitoring system include: 
expanding the monitoring system over the entire northern Eurasia region, better attribution of crop 
rotation characteristics, operationalizing land use change monitoring, combining moderate and high 
resolution data to improve monitoring accuracy, and developing links to national reporting under 
international environmental conventions. Figure 13. shows a preliminary experimental map of arable 
lands for Russia generated from MODIS data. 

2.4 The Current Approach to Agricultural Monitoring  

The methods used by the above groups to generate agricultural production forecasts and estimates rely 
upon a variety of data sources. The location and extent of agricultural land is baseline information 
necessary for regional, national or international assessments. This baseline information needs periodic 
updating to account for changes in agricultural land use. Crop forecasts are generated for agricultural 
lands based upon a combination of model-based forecasts, assessments of vegetation condition and 
field based reports. Whereas most crop production models rely on climatological data, there is a move 
towards integrating near real-time rainfall data and satellite observations of vegetation conditions. 
Current spatial observations of vegetation conditions are obtained by comparison with time-series data 
from previous growing seasons or crop model output. Anomalies developed by comparative analysis 
between observations and expectations serve as indicators of increased yield or reduced production 
due to drought, insect infestation, or other factors. Monitoring of crop conditions and phenology is 
undertaken using various vegetation indices, formed from moderate resolution time-series data from 
multiple channels, requiring good pixel geolocation, atmospheric correction, and band to band 
registration. This approach necessitates a consistent and well calibrated data record. Targeted imaging 
of recent local crop conditions can be undertaken using high spatial resolution data. 

Crop production forecasts require in situ and survey data on crop types and cultivars, local crop 
calendars, germination rates, harvest index, crop residue, fertilizer application, irrigation, and 
disturbances like plant pests and diseases. Research is currently underway by different groups to apply 
data assimilation approaches to crop modeling. Ancillary data on snow distribution and reservoir 
height provide information pertinent to irrigated land, helping to identify areas prone to decreased 
agricultural productivity. 

2.5 Current Observations  

Satellite Observations 
Global agricultural monitoring systems have largely relied upon coarse resolution (8km) data from the 
NOAA AVHRR and more recently from moderate resolution (1km-250m) data from MODIS, SPOT-
Vegetation and MERIS. Maps of agricultural land are based on observations from optical (visible, 
NIR, SWIR) sensors. For global scale mapping and monitoring, products derived from time series of 
daily vegetation indices from moderate resolution (100-500m) sensors can be used. Global maps of 
crop type and change are currently being generated experimentally from moderate resolution (500-
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250m) data. For regional scale studies and for agricultural areas with small or poorly defined fields, 
agricultural land mapping is undertaken with higher spatial resolution (10-30m) satellite data such as 
Landsat or SPOT, using automated or manual procedures. Accurate, crop type mapping often requires 
multi-temporal data acquisitions, which can be problematic using high resolution data. Hyperspatial 
data (3m–1m) are well suited for local scale agricultural mapping and monitoring but can only be 
provided on a sample basis. Currently available hyperspatial resolution systems include IKONOS, 
Quickbird, KOMPSAT-1, Resourcesat-1, and ALOS (PAN). 

Mapping and monitoring of wetland rice, irrigated areas and areas with persistent cloud cover can 
benefit from the use of microwave data. For example, multi-temporal high resolution, tandem SAR 
data (e.g. ERS and JERS) have been used to provide detection of crop emergence and estimation of 
acreage, although widespread adoption of this approach has been constrained by limited sensing 
capabilities. Fires are often used for preparing fields or removing agricultural waste and can be 
monitored using high saturation sensors in the middle and thermal infrared (Figure 14). 

Satellite observations of clouds from visible and IR radiometers are used to estimate precipitation, but 
the physical relationship between cloudiness and precipitation is dependent on cloud type and varies 
greatly from one region to another and significantly with time. Sampling of daily rainfall is currently 
provided for the tropics, from the orbital overpass of the coarse resolution, microwave imager on 
board the NASA Tropical Rainfall Measuring Mission (TRMM).  Ground based precipitation radar 
observations provide excellent depictions of the vertical distribution of rainfall, but at a global scale 
the data availability remains extremely limited.  

High resolution satellite data can be used to facilitate the assessment of soil and drainage 
characteristics in bare fields before planting. Soil moisture monitoring using thermal and microwave 
data continues to be an area for research and development and reliable products have yet to be 
developed. Global monitoring of reservoir height and lake levels is undertaken using altimetric data 
from microwave sensors. Snow cover provides an important seasonal source of water for agriculture 
in a number of regions. Satellite snow cover mapping projects provide validated, global moderate 
resolution (500-1000m) snow cover maps every 1-8 days. 

Although there are a number of satellites which are used for agricultural monitoring, only one system, 
the AVHRR, which is far from optimized for this purpose, can be considered as truly operational. This 
presents a serious problem for sustained operational monitoring. Being operational implies that if a 
satellite fails, it is replaced and thus a continuous supply of data is ensured. Traditionally operational 
satellite agencies are responsive to the needs of the weather forecasting community and do not 
consider natural resource management agencies as clients. Thus the requirements for agricultural 
monitoring are not currently catered for by the operational satellite agencies. The satellite systems 
used for agricultural monitoring can be considered as experimental, albeit providing systematic 
observations during the life of the sensor. The long term provision of data beyond the life of an 
experimental satellite which is nominally estimated at 5 years is rarely guaranteed. Although it should 
be noted that the lifetime of a satellite can exceed its nominal life, which in the extreme case of 
Landsat 5, is still operating 22 years after launch.   

In-situ Observations 
Most climatological data used for global and national agricultural production forecasting activities are 
obtained from a loosely coordinated, spatially incomplete, network of agro-meteorological 
observation stations from around the world. Data from selected weather stations are provided by 
national governments to the World Meteorological Office (WMO) where they are compiled and 
redistributed.  In some countries the network of stations is well developed and in others they are 
extremely sparse. Figure 15. shows a map of the global density of rainfall stations for 1999 available 
from WMO’s Global Telecommunications System (GTS).  

The density of rain gauges in developing countries is relatively low and has been decreasing over 
time. In some countries, the data are not recorded on digital media and are therefore not easily 
distributed. There is also anecdotal information that these in-situ networks are in decline through lack 
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of financial support. Alternative approaches to improving the observation networks are being 
considered for example, in India at the local level, low-cost rain gauges have been provided to 
agricultural producers, enabling them to benefit from micro-insurance and increase the station density.  

National agricultural statistics are generated by most countries but their accuracy, timeliness, 
consistency over time and accessibility vary greatly. In some countries survey data are collected 
during the growing season from producers to generate yield surveys indicating crop production but in 
other countries estimates are generated using subjective assessments based on extremely limited data.  
Some countries collect administrative data based either upon census, surveys, or national sampling 
frames and some countries have no formal data collection. In general, the data accuracy increases with 
sampling density. There are no globally recognized standards for in-situ or survey data collection, 
although GPS systems are used increasingly for precise location of in situ data.  

Data Access, Cost, Validation and Use 
Timeliness of crop production forecasts is very important for private sector commodity and insurance 
markets, but it is critical for food aid programs. Early information about areas likely to suffer 
significant production declines can enable earlier solicitation of assistance and simultaneously enable 
purchase of food reserves at lower prices. Since agricultural production monitoring systems rely upon 
climatological, in situ and remotely sensed data, all sources must be easily accessible in a timely 
manner. The standard moderate resolution products (e.g. vegetation index data) in general are 
delivered within 3-15 days after the end of the compositing period. Recent attention to rapid delivery 
has led to some improvement. For example, the MODIS Rapid Response system provides a means for 
anyone to access global products over the internet within 2-4 hours of their acquisition. EUMETCast, 
the broadcast system for environmental data from EUMETSAT, provides a different mechanism for 
rapid data distribution. EUMETCast uses commercial telecommunication geostationary satellites to 
digitally transmit environmental satellite data, such as the Vegetation Index Products generated by 
VITO, for free research and official use.  

Restrictions on availability and access to these data will limit their utility and hinder the improvement 
of agricultural production monitoring practices. Similarly the cost of data presents a serious obstacle 
for many users of satellite data, particularly in developing countries or developed countries, when 
large volumes of data are needed. Traditionally meteorological satellite data (e.g. AVHRR, GOES, 
Meteosat) are available free of charge, as are the WMO distributed in situ data. A similar model is 
needed for earth observation satellite data. Satellite data providers currently apply different levels of 
quality control and accuracy assessment (validation) for their products. For earth observation data, the 
costs vary considerably and there is an obvious international inequity in pricing policies. In general 
prices for high resolution optical data have been reduced in recent years driven by the marked 
decrease in the price of Landsat 7 data. In some cases data are provided free of charge e.g. MODIS 
and Landsat Geocover, in others users are charged e.g. SPOT Vegetation, Landsat 7 and Radarsat, 
with various costs from marginal cost of reproduction to commercial prices. The cost of high 
resolution data, which are the data of choice for agricultural monitoring, remains an obstacle to their 
use in regional drought monitoring.  

The capability to target acquisition of high and very high resolution systems for agricultural 
monitoring is variable and the results are constrained by the intersection between the repeat cycle of 
the platforms and the occurrence of cloud cover. The pointability of sensors has increased the 
flexibility of acquisition. The ability of individuals to request and obtain targeted acquisition is 
variable, except for commercial systems which often offer this service at a cost. The NASA Earth 
Observing Satellite program has worked to improve the delivery of large volumes of no and low cost 
data through its Distributed Active Archive Centers (DAACS) and investigator-led data distribution 
systems, such as the Global Land Cover Facility (GLCF). However, the ‘digital divide’ remains and in 
general,  the bandwidth to download and the computing capacity to manage large volumes of digital 
data and the analytical skills necessary to utilize the data in developing countries is weak and in need 
of extensive capacity building. 
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A detailed inventory of the current agricultural monitoring assets and methods, reveals that there are 
major enhancements required to the existing observation capabilities and new observations that are 
needed to fill existing gaps. Following a series of presentations and working group discussions, the 
meeting participants concluded that strategic investments over the next 10 years in earth 
observations, involving satellite observations, in-situ measurements and ground survey could 
revolutionize global agricultural production monitoring, leading to improved management of our 
agricultural resources, helping to reduce undernourishment and enabling achievement of the 
Millennium Development Goals.  

Following three basic tenets will make investment in satellite observations most useful for agricultural 
production monitoring. First, data pricing and policy will have a substantial impact on the 
effectiveness and utility of new observations and will make or break agricultural monitoring 
programs. Data pricing and access policy should carefully consider the needs of the users of 
agricultural monitoring products. Second, integrating data from disparate sources, collected in 
different ways, and at different spatial and temporal scales will remain a challenge for agricultural 
production monitoring. Interoperability of potentially compatible observations must be considered 
when investing in new observational capacity. Finally, the capacity of the user community to integrate 
the products of agricultural production monitoring systems into the decision-making process is still 
inchoate, especially in developing countries. Activities to develop this capacity should be a focus of 
investment in agricultural production monitoring. These tenets are only of value if the community 
commits to operational systems to provide the observations and measurements. 

3.1 Satellite Data Continuity Issues 

Agricultural monitoring is currently not a priority or focus for the operational satellite agencies and as 
a result there are no products specifically designed to meet agricultural needs. In addition, observation 
systems have been designed without consideration of data continuity from one generation of platforms 
to the next. Therefore there are numerous problems in linking measurements across different sensing 
platforms. There is a need for the requirements of the agricultural monitoring to be factored in to the 
design and implementation of the operational satellites and benefit from the general key-requirements 
associated with operational products i.e. comparability (geometrical, implying the provision of 
orthorectified products), consistency (radiometric, implying intercalibrated), validation (accuracy 
assessment using independent data sources) and continuity (satellite replacement). 

High Resolution Data Continuity  
For agricultural monitoring, a continuous high resolution data record is needed, providing multiple 
cloud free observations each year and within a few days of critical stages in the growing season. 
Problems with the Landsat 7 instrument have created a critical gap in global high resolution 
observations for the agricultural monitoring community and a replacement and improvement of the 
functionality of Landsat 7 is urgently needed. NASA should be encouraged to explore fast track 
options for replacing Landsat 7. In the short-term coordinated acquisitions from other on-orbit high 
resolution assets such as Landsat 5, IRS, SPOT, ASTER, EO1 and CBERS could fill this data gap but 
international will and a high priority to coordination is needed. For agricultural purposes, systematic 
acquisition and near real time delivery of high resolution data are needed for critical periods during 
the growing season.  

In the mid-term (3-5 years) a high resolution system is needed that will provide 5-10 day cloud free 
coverage of all agricultural areas. Such a system is currently technically feasible and could be 
facilitated by international cooperation. New high resolution sensors are included in the planning for 
CBERS 3, the Landsat Data Continuity Mission, Resourcesat follow-on, Ven� s, Sentinel-2, and 
FORMOSAT2. International coordination and planning of repeat global high resolution acquisition in 
the framework of these missions is needed during their design phase. In particular, steps should be 
taken now to explore how the planned high resolution missions by ESA, NASA, ISRO and China 
could be coordinated to achieve this mid-term objective. Operational status is urgently needed for high 
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resolution systems with planned instrument replacement, to avoid future gaps in coverage. There 
should also be equitable and consistent data and pricing policies enabling the broadest possible use for 
agricultural monitoring, particularly in developing countries and data should be provided in 
standardized formats, facilitating inter-use. Routine provision of standardized orthorectified products 
would greatly facilitate data inter-use.  

No gap is anticipated in the general availability of hyperspatial resolution data (1m-3m), due to the 
growth in commercial systems providing this capability. Planned or considered new systems include 
CBERS follow-on (PAN), Resourcesat follow-on, Kompsat follow-on and Rapideye. As observations 
with this resolution in the past were mainly provided by commercial companies, identified associated 
issues are data costs and calibration with coarser datasets, whereas continuity of observations does not 
seem to be an issue. However, improvement is needed with respect to international coordination of 
acquisitions in near real time to provide timely imagery for assessing global agricultural disasters 
from drought, extreme weather events or flooding and other natural disasters. Establishment of a 
global fund should be explored, to enable access to these data for those relief agencies and 
organizations without the resources to purchase the data at commercial prices.  

Moderate Resolution Data Continuity 
The NOAA AVHRR is currently the only operational system used for land monitoring and will be 
replaced on the US operational polar orbiters at the end of the decade by the NPP VIIRS. 
EUMETSAT will continue to operate AVHRR’s on METOP, their morning platform. In addition, 
new moderate resolution systems planned or considered include CBERS 3, and Sentinel-3. The 
community welcomes some redundancy of observations as a way to compensate for system failures 
and approach operationalization. With the planned missions of NPP and NPOESS VIIRS, with spatial 
resolutions at 375 and 750m, the prospect for the long term provision of operational moderate 
resolution data over the next decade is ensured from the U.S. It should be noted that this falls a little 
short of the 30-300m (visible to swir) requirement for generating the crop classifications and 
agricultural monitoring needs identified in Figure 16. There is no such plan for the operational 
transition of the SPOT Vegetation instrument, which currently is used for global agricultural 
monitoring. However, a number of other moderate resolution systems are planned by Japan, ISRO, 
EUMETSAT and ESA. Attention needs to be given to ensuring data product continuity and quality 
assurance, requiring instrument inter-calibration, product intercomparison and product validation. 
Data continuity between instruments can be facilitated by a consistent central wavelength and 
bandwidth for the core visible to shortwave vegetation monitoring bands. Routine quality assessment 
and product validation is mandatory for products aimed at meeting operational user needs.  

Availability and Enhancement of Other Sensor Data  
Observations in C or X band are currently provided by ERS2, ENVISAT, RADARSAT-1. Planned or 
considered systems include RISAT, TERRASAR-X, Radarsat-2, Cosmo-Skymed, Sentinel-1. 
Observations in L-band are going to be provided by ALOS and planned systems include 
TERRASAR-L or SMOS (specifically targeted at soil moisture retrieval). The need for observations 
on crop available water is high and remote observations of soil moisture at a resolution and with an 
accuracy appropriate for operational agricultural monitoring is an area for continued research and 
development. With respect to the desired improvements from microwave satellite systems, the 
tandem-like operation of two satellites with C and L band, HH+HV polarization, a 300 km swath and 
10-20m resolution with a temporal resolution of 10-15 days would be well suited for crop monitoring. 
This would allow use of both intensity and coherence measurements enabling monitoring of cropping 
activities. Further research efforts are needed to exploit data-synergies between optical and microwave 
data, as promising results are currently available. 

Altimeter observations are ensured by JASON-1, ERS2 and ENVISAT. Altimeters are also planned 
for inclusion on NPOESS and Sentinel 3. There are several limitations to the current provision of 
altimetric reservoir height information. The majority of radar altimeters flown to date do not have 
inland water applications as their main science objective. Spatial and temporal resolutions are mainly 
determined by the ocean and ice communities and can vary between missions. In addition, their 
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outlook is not global. Each mission will only have the ability to observe a set number of targets, The 
NASA/CNES Jason-1 mission for example had the potential to observe ~350 lakes at 10-day 
intervals, while the ESA ENVISAT mission, makes observations every 35 days but potentially over 
~1000 lakes. The ability to acquire a clear radar signal over a reservoir or lake, and interpret its height 
to a sufficient degree of accuracy is also mission dependent. A NASA-funded working group has 
recognized the need for a dedicated surface water (rivers, lakes, wetlands) mission. Such a mission 
would serve a number of applications objectives including water resources and agriculture. 
Exploration of future remote sensing techniques such as Doppler lidar and Doppler radar may greatly 
improve reservoir accuracy, and spatial and temporal resolution.  

Fire is commonly used for preparation of agricultural land and removal of crop debris, often impacting 
air quality in surrounding areas. Agricultural fire monitoring requires high saturation bands (c. 600K) 
at 3.9 microns at 1km or finer, from polar and geostationary systems and such capabilities are 
recommended for future missions e.g. GLI 2 and NPOESS.  

High temporal resolution data (e.g. 15-30 minute repeat) are currently provided by geostationary 
systems and their increasing spatial resolution make their use for agricultural monitoring feasible, 
increasing the opportunity for cloud free observation e.g. GOES and METEOSAT Second Generation 
(MSG). A coordinated global geostationary network, currently being promoted by the international 
GOFC/GOLD program, would improve the availability of near real time data for fire detection and 
rainfall estimation for use in data assimilation.  

3.2 The Basic Components of a Global Agricultural Observing System  

Based on the above considerations the meeting developed a set of ambitious but reasonable goals for 
the satellite component of the agricultural observing system. Over the next 10 years the space agencies 
should put in place and maintain an observing system for the operational provision of: 

(1) a global crop area mask (300 - 10 m resolution) within six weeks of sowing;  

(2) an assessment of crop vegetation conditions (300m – 10m resolution) every 10 days;  

(3) identification of crop-type at the parcel level (10m resolution) one to three months after final 
sowing;  

(4) and crop stage observations (10m) every five to ten days during critical periods.  

These objectives are summarized in Figure 16. The workshop attendees recognized the need for a 
phased development of the system, starting with the operationalization and enhancement of current 
capabilities to the placement in orbit of new and improved assets. Current systems are capable of 
providing daily observations at c. 300m and high resolution data at best every few weeks.  Moderate 
or high resolution (300m-10m) data for estimating cropland area six weeks after the last sowing 
coupled with high resolution (10m) crop-specific observations as frequently as every 5-10 days during 
critical crop-development periods, would greatly enhance current monitoring capabilities. While the 
spatial resolution requirement may slightly vary from one place to another, the temporal resolution 
required for meaningful growth monitoring is very specific. Although not currently available, it is 
technically feasible to put in place coordinated 10-20m resolution systems providing global high 
resolution coverage every 5-10 days.  From such observations, greatly improved global assessment of 
crop condition and crop production and yield estimates could be made. However, these satellite 
observations must be supplemented with improved collection of and access to improved rainfall 
information and sample ground-based surveys of crop condition, agricultural production and nutrition 
needs. 

3.3 In Situ Observation Networks 

The primary in situ data network enhancements fall into two categories. First, climatological data and 
in particular precipitation and associated hydrological observations need to be enhanced. Second, 
agronomic data related to crop management practices (crop calendar, fertilizer inputs, etc.) must be 
improved. In the short-term, better rainfall estimation over land could be achieved by integrating 
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satellite earth observations with current in situ agro-meteorological network precipitation products. 
The timeliness of reporting and validation/quality control of data from the agro-meteorological 
network sites should be improved. An increase in the number of stations included in the current WMO 
global rainfall data is needed for agricultural areas. Over the longer term, high-impact, low cost 
improvements to the precipitation network should be undertaken to improve the density of coverage 
and reporting. This could include deployment of inexpensive, easily operable in situ observation and 
internet communication that would improve accuracy and enhance data supply. Access to existing past 
station data would enhance historical baseline data. Over the longer-term, the goal should be to 
develop a global grid (5km resolution) of near real-time precipitation data derived from assimilating 
station and satellite data; international access to these data should not be restricted.  

3.4 Agricultural Statistics 

Considerable improvements are necessary for many national agricultural statistics. Subjective guesses 
should be progressively replaced by more objective methods. In countries where administrative data 
are very reliable, they could be used for producing agricultural statistics, with some caveats and 
methodology development for detecting and removing sources of bias. Combining administrative data 
with sample surveys provides a means to adjust for such biases. Different groups collect these data 
using different methods and with different reliability; benefits would be accrued from increased 
standardization of data collection and increased data sharing. In general these data are not made 
accessible outside of the project for which they are collected. In some cases high impact, low cost 
improvements such as access to the internet would greatly improve data access. In other cases 
increased coordination and capacity building for data collection and dissemination are needed. 

Another alternative to a subjective guess is list sample surveys, where a complete list can be created 
and updated. However, the effect on agricultural statistics of incomplete or out of date lists should be 
taken into account. This list approach should not be adopted where creating a complete and updated 
list of farms is difficult, for example where a high percentage of farms are small and census tends to 
have a low coverage, or where the list changes rapidly such as in transition countries, where 
information such as taxation, social insurance and subsidies data, traditionally used for updating a list 
created by a census are unreliable. In all these cases, one of the various kinds of area frame sample 
survey, e.g. segments with physical boundaries, square segments, transects, points, clusters of points 
should be adopted since it guaranties an unbiased, objective and repeatable estimate procedure. The 
choice of the kind of an area frame should be made on the basis of agricultural and socio-economic 
characteristics of the country. Considerable benefit could be gained from combining traditional 
agricultural statistics with remotely sensed data. Geolocation of in-situ data through the use of low 
cost global positioning systems would greatly facilitate this task.  

3.5 Agricultural Land Area  

The long-term goal for enhanced agricultural land observations is the provision of a global cropland 
mask developed within six weeks of sowing. For areas with large fields it is possible to generate such 
a product using moderate resolution sensors (e.g. 150-300m resolution), for areas with small and 
fragmented fields this will require high resolution coverage (e.g. 30m). Such a product would vastly 
enhance current agricultural production monitoring. Priority near-term efforts (1-2 years) should be 
focused on three main activities. First, a global inventory of baseline crop area products should be 
undertaken and the accuracy of current agricultural land area products should be objectively assessed 
(validated) to identify strengths, weaknesses, and limitations. A review of current agricultural land 
area products should include identification of benchmark validation sites, representative of a range of 
field sizes and crop types. Research and development is needed on methodologies to rapidly update 
cropland masks. Rapid updating will necessitate maximizing automation moving away from manual 
interpretation approaches. Second, the performance of different crop-area statistical approaches should 
be evaluated in space and time. Such an evaluation must focus on crop types and crop structure. Third, 
priority regions where new agricultural area sample surveys are necessary should be identified. 
Priority regions are those for which current masks are out of date or a list of farms is unavailable, out-
of-date, or inaccurate or in cases for which the structure of the farms is changing rapidly. It should be 
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noted here that the FAO 2010 census is based on standardized guidelines and may enable sampling in 
sub-sectors. 

Longer-range goals (next 5-10 years) include standardizing agricultural categories, conducting regular 
national assessments to reclassify agricultural areas and monitoring priorities, and better integration of 
non-satellite observations. Evaluation of high resolution satellite observations, possibly including 
experimental hyperspectral, lidar, or multi-angular imagery should be undertaken to improve the 
generation of agricultural land area maps, six weeks after planting. The capability to efficiently 
process those data and generate products within this time frame must also be developed. 

3.6 Data Access, QA, Validation and Use  

For operational users it is important for products to be validated and the accuracy results documented. 
Error bars are needed, particularly when data are used quantitatively in models. Quality flags should 
be included with the data, so that users can be aware for example, of pixel level confidence of crop 
masks, cloud contamination in the product, calibration changes or instrument problems such as orbital 
drift or detector malfunction. The objective of the quality flags is to make users aware of any sensor or 
data artefacts within the products. 

Due to timeliness requirements and large volumes of data utilized for operational agricultural 
monitoring, it is important that data management, crop models and decision support systems should be 
automated from reception, processing and output products. With the increase in data volumes, 
processing lags could occur if advances in data acquisition exceed data processing capacity. Any 
active manipulations between data reception and final output products will be a bottleneck in terms of 
efficiency, thus automated algorithms are required to process agrometeorological and satellite data on 
a daily basis. With the increase in computing capacity, fully automated processing and increased data 
dissemination, data quality control and product validation must be addressed by the monitoring 
systems.  

The flow of data and information between data collectors and users is particularly important, and 
could be improved by increasing the data collectors’ understanding of the user needs and the utility of 
available data, including documenting impacts the data have had, particularly after a crisis. Thus 
strengthening support for continued data provision. Effective communication between technicians and 
decision-makers is as important. There is tremendous knowledge in the hands of international 
institutions, but it is challenging for decision-makers to transform that knowledge into policy, 
development planning, and agricultural investment priorities.  

3.7 Needs for Agricultural Production Modeling 

Beyond improved climatological information, agricultural production modelling would benefit most 
from better calibrated information. For example, an in situ agricultural phenology network would 
enhance information available for identification of anomalies. More comprehensive collection and 
reporting of agricultural statistics with improved quality at sub-national level, would enhance data that 
could be used to constrain model output. Over the longer-term, earth observation systems would 
benefit from inter-calibration of vegetation indices derived from the various current sensors. New 
systems with improved capacity to map soil type and soil moisture (crop available water) will be most 
beneficial for enhancing agricultural production modelling. 

3.8 Needs Specific to Early Warning Systems 

Mapping the location of populations vulnerable to hunger is an important component of food security 
and food aid targeting and commonly involves combining agronomic and socioeconomic data. For 
this task, data on markets and trade, livestock, and economic factors are as important as agronomic 
and climate data. Such databases are becoming more available, but the inventory still has gaps and 
development of better baseline data is important. Digitization of existing crop area data and other 
agronomic/socioeconomic data is an important step, as is lowering barriers to data access at 
international and national levels. Free access to information is important for transparency to world 
food forecasts and, thus, their use. Building the capacity of developing countries to contribute to 
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improve national agricultural production monitoring is important. Over the longer term, the continuity 
of agricultural production monitoring programs depends on the continuity of existing data sources, 
improved access to observations, and better information on demographics and land use change. 

3.9 Capacity Building 

There is considerable variation in the capabilities of different groups to utilize existing observations 
for agricultural monitoring. The three types of needs are summarized in Table 1. Emphasis needs to be 
given to capacity building in Type 3 regions, which are commonly in desperate need of improved 
monitoring and subject to serious harvest shortfalls. Increased effort and commitment is needed to 
transfer technologies and methods which have been tried and tested in the research community into 
the operational domain. This process requires a partnership between research and operational groups 
and requires a clear understanding of the operational requirements. One area which could benefit from 
increased use of observations is agricultural statistical reporting. As a first step, an international 
workshop is needed to demonstrate current opportunities for improving the accuracy of national 
statistical reporting using remotely sensed observations.  

Developing countries are often those in greatest need for improved baseline data sets and timely 
agricultural monitoring. A program of capacity building is needed for in-situ and satellite data 
collection and management, which would be extremely cost effective and would benefit both national 
and international monitoring programs. Cost and copyright issues which present serious obstacles for 
developing countries to utilize the current observations will need to be overcome.    

Many food insecure countries are moving from estimates of insecurity to early yield estimates and 
new observation enhancements should be targeted to building that capacity. Regional centers and 
networks can play an important role in national capacity building and data brokering. For example in 
Africa, utilizing and building on established, regional institutional structures such as the Agro-
Hydrometeorological program, the Permanent Interstate Committee on Drought Control, the Regional 
Center for Mapping of Resources for Development, the Regional Remote Sensing Unit program and 
National Early Warning Units can be used to meet this goal. These regional institutions have the basic 
systems and tools commonly used in agricultural monitoring, but data archiving abilities and 
advancing operational applications for agricultural monitoring need improvement. Other logical entry 
points would be to encourage more university-to-university cooperation/exchange programs for 
promoting North-South relations and exchanging or developing different baseline data sets required in 
agricultural monitoring.  North-South university exchange programs should link specific agriculture 
departments or research activities from various universities in the north to specific agricultural 
departments from universities in the south. South-South relationships, like those developed through a 
data exchange program between Southern countries, are an integral part of capacity building.  

"�
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The workshop concluded that enhancement of the current observing systems for agricultural 
monitoring is urgently needed and will lead directly to significant societal benefits, contributing to 
increased global food security and improved agricultural management. In the light of this finding, 
agricultural production monitoring should be given a high priority by those organizations concerned 
with establishing international global observing systems i.e. GEOSS, IGOL and the IGOS Partners.  

1. Long-term continuity of global high resolution data is critical for successful agricultural 
production monitoring . 

Action:  It is recommended that GEOSS with the help of IGOL and CEOS convene a 
workshop to identify how best to facilitate coordinated near term (1-3 years) 
acquisition of existing in-orbit assets, such as Landsat 5, IRS, SPOT, ASTER, EO1, 
and CBERS observations to help fill the Landsat 7 data gap. 

Action: It is recommended that in the mid-term (3-5 years) and in the framework of the 
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GEOSS, that the space agencies (through the CEOS) put in place a system to collect 
high resolution (10-20m) visible, NIR, and SWIR observations, providing 5-10 day 
cloud free coverage of all agricultural areas. 

2. The urgent need for enhanced observations for agricultural production monitoring and the 
resulting benefits to food security and societal well-being should be recognized and a strategy 
put in place to mobilize the international community to implement these enhancements and 
provide the necessary observations.    

Action:  Building on this IGOL Workshop, GEOSS should develop a ‘community of practice’ 
for agricultural production monitoring and support efforts to coordinate observations, 
research, development, and capacity building activities and assist in the development 
of  a 5-10 year Strategy for GEOSS Agriculture, as identified as GEOSS Task #A  06 
01. Specifically it is recommended that an initial strategic planning workshop be held 
in the next 12 months.  

3. Data providers should support development and adoption of data and pricing policies that 
minimize delays in data access, foster wide spatial and temporal data availability of data, 
promote data sharing and collaboration, and enable integration of earth observations and in situ 
data. 

Action:  A review should be undertaken of existing data policies, to identify barriers to data 
use for agricultural production monitoring, assess economic controls on data supply 
and use and develop recommendations to data providers that maximize access to data 
for agricultural production monitoring. Specifically, as part of an emerging strategy 
GEOSS (working with IGOL and FAO) should coordinate a Global Agricultural 
Data Coordination Workshop (12-18 months) to address timeliness, availability, 
quality, and exchange of satellite and in situ data for agricultural monitoring.  

Action: Support should be given to research and development activities for assimilating 
satellite earth observations and in situ data. Specifically IGOL with the UN-FAO 
should convene a workshop on integrating satellite earth observations and in situ data 
for improved national statistical reporting (12 months).  

4. Timely, accurate and comprehensive in situ data are important for agricultural production 
monitoring and efforts should be made to enhance the quality and availability of these data.  

Action:  GEOSS should promote and help identify support for an inventory and evaluation of 
existing agrometeorological data sets, to identify shortcomings in the extent and 
density of the networks, timeliness of reporting, and validation/quality control (next 
12 months). From this effort, recommendations should be developed to WMO for 
improving the agrometeorological network, increasing station density in some critical 
agricultural areas and enhancing the near real time provision of global data.  

Action: Funding agencies should support efforts to digitize, archive, and disseminate existing 
agrometeorological and agronomic baseline data. 

 

5. Developing countries are often those in greatest need for improved baseline data sets and 
timely agricultural monitoring. Enhancing the capacity of developing country data users and 
collectors has met challenges in the past, but should remain a priority. 

Action:  Development agencies should investigate opportunities for south-south transfer of 
technology and methods for agricultural monitoring, with collaboration of regional 
institutions. In addition support should be identified to increase north-south, 
university-university exchanges to enhance agricultural monitoring. 
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Figure 1. These GIEWS-generated data show how the 2005 drought impacted the crop index in Malawi. 
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Figure 2. The data sources used by PECAD in its global estimation of crop production. 
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Figure 3. MODIS vegetation index time series data for 2005 compared to the mean values, generated by the NASA/USDA 
GLAM project.  

NDVI graph comparing the 2004-05 season with mean 
conditions for the highlighted crop region.  The red line, 
consistently below the green line indicates highly reduced 
NDVI values throughout the season, due to the severe 
drought.

Worse than 

normal

Normal Better than 

normal

NDVI anomaly image created using MODIS data 
collected between May 25 and June 9 2005 
compared to the mean NDVI for this time-step 
between 2000 and 2004.Tthe entire Iberian Peninsula 
was clearly stressed due to the drought in 2005. 
Reds/Brown represent the regions where vegetation 
is thin and less dense than average, while tiny flecks 
of green show where vegetation is healthier than 
average

Zoom-in to crop growing 
region in Castile-León
showing NDVI anomalies 
for crop pixels.

NDVI histograms of the highlighted crop region for  
the may 25th – June 9th  time-step for 2005  vs. 
2004, and the mean NDVI (2000-2004).  The red 
histogram shows that the NDVI values for 2005 
were significantly lower than the previous years.

Global Agriculture Monitoring (GLAM) Project, USDA/ FAS: 
Systematic Global Vegetation Indices for Agricultur al Monitoring
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Figure 4. MARS-FOOD crop forecast for Somalia from January 2001. 
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Figure 5. The data flows of the USAID FEWS  Project.  

 

11

“Global Agricultural Monitoring in the Framework of GEOSS”
Rome, Italy – March 8, 2006

������������������	�
��

Incoming Data

Africa Data 
Dissemination 

Service

FEWS NET Regional 
Websites

FEWS NET Field 
Representatives & 

Partners

NDVI Snow Cover 
Products

Climate 
Parameters

Forecast 
Products

RFE

Product Distribution

Product Development

Geospatial 
Stream Flow 

Model

•E-mail •FTP

•AVHRR-15days
•SPOT-10days
•MODIS-16days
•NASA -Dekadal

•MODIS-8day
•AFWA/NOAA-
Daily

•NOAA – Daily 
and Dekadal
•NASA TRIMM-
Daily

•GDAS – Daily
•Air Force RFE-
Daily

•GDAS-Daily

Snow Cover 
Depletion Curves

•Afghanistan
•Central America

•Haiti

Basin Excess 
Rainfall Maps

Snow Water Equivalent

Water Requirement 
Satisfaction Index

NDVI Anomalies

Moisture 
Index/ 

Anomaly

Snow Cover Comparisons

Merged Snow Depth and Extent

Onset of 
Rains (SOS)

Crop Soil 
Water 
Index/ 

Anomaly

RFE Anomaly -
- Malaria 

Epidemic Risk

Daily Runoff/Anomaly

PET

•Hard Copy

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
24 

 
Figure 6. GMFS Crop Growth Stage Mapping in Central Ethiopia. As part of its regional scale agricultural monitoring 
products, GMFS produced a crop growth stage map derived from ASAR AP data in 2005 for central Ethiopia.  

Figure 6a. Multi-temporal ASAR AP Mosaic, at 15m resolution. Late May – red, early June- green and late June – blue.  
The white box highlights agricultural areas with crop emergence in late June.  The red box highlights agricultural areas 
with crop emergence in early June. 

Figure 6b.  Crop growth stage map for May-July 2005 growing season derived from the multi-temporal ASAR AP data.  

 

  

Crop growth stage 2005 (Central Ethiopia)  

Vegetation 
activity late 
June 

Vegetation 
activity early 
June 

ASAR AP - May-June -June  2005 (Central Ethiopia)  

 

Fig. 6a Fig. 6b  
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Figure 7. Products like FIVIMS Food Security Atlas of Bangladesh enable a better understanding to the context for food 
insecure regions. This information is critical for a comprehensive awareness of the risk and production challenges faced 
by food insecure individuals, households, and groups. 

 

The Food Security Atlas of Bangladesh
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Figure 8. The data flows of the Rice Information System. 
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Figure 9a.  The SADC linkages with its partner organizations. 

Figure 9b.  An example of seasonal trends.  

 

SADC RRSU

World

 
Fig. 9a 
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Fig. 9b 
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Figure 10.   A flow diagram of a procedure for crop acreage and yield estimation used in China. 
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Figure 11. Comparison of Agricultural Land Use1985 versus 2000 mapped using high resolution satellite data 
(EMBRAPA).   
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Figure 12. Diagram showing the components of the Indian Forecasting Agricultural Output using Space, 
Agrometeorology and Land-based observations (FASAL) system. 
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Figure 13.  A preliminary map of arable lands for Russia generated from MODIS data (Bartalev et al).  
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Figure 14. The monthly distribution of global agricultural fires from MODIS (Korontzi et al 2006 Global Biogeochemical 
Cycles, in press). 
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Figure 15. Global distribution of rain gauge reports received via GTS at the Climate Prediction Center in June 1998. 
Reproduced from Janowiak and Xie (Janowiak, J.E., and P. Xie, 1999: CAMS–OPI: A Global Satellite–Rain Gauge 
Merged Product for Real-Time Precipitation Monitoring Applications. Journal of Climate, 12(11), 3335-3342). 

 

 

. 
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 Figure 16. Enhanced earth observations could greatly enhance agricultural monitoring. Moderate resolution(300 – 20m) 
data for estimating cropland area six weeks after the last sowing coupled with high resolution (10m) crop-specific 
observations as frequently as every 5-10 days during critical crop-development periods, would greatly enhance current 
capabilities. Coupled with validation data sets, such results would enable more reliable, accurate, objective, and timely 
estimates of crop yield.  

IGOL Global AgriculturalMonitoring in the Framework of GEOSS  - Roma, March 2006 UCL-Geomatics
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Co-chairs: Chris Justice (Univ. of MD) and Henri Josserand (FAO-ESCG) 

Participants: Assaf Anyamba (NASA), Dominic Ballayan (FAO, ESSA), Sergey Bartalev (IKI), 
Inbal Becker-Reshef (Univ. of MD), Patrice Bicheron (CNES), Lieven Byderkerke (GMFS), 
Elisabetta Carfagna (Univ. of Bologna), Zhongxin Chen, (CAAS), Richard Conant (CO State Univ.), 
Gerard Dedieu (CESBIO), Pierre Defourny (Univ. Louvain), Paola De Salvo (WFP), Bradley Doorn 
(USDA/FAS), Hugh Eva (GEM), Gary Eilerts (USAID), Thomas Gabriell (FAO-FSAU), Hubert 
George (FAO-AGLL), Francesco Holecz (Sarmap), Jiyuan Liu (CAS), Kennedy Masamvu (FANR-
SADC), Michel Massart (MARS-FOOD), Evaristo Eduardo de Miranda (EMBRAPA), Doug 
Muchoney (USGS/GEOSS), Thierry Negre (MARS-FOOD), Francesco Palazzo (ESA), Prabhu 
Pingali (FAO-ESAD), Curt Reynolds (USDA/FAS), Gabriel Senay (EROS), Reuben Sessa (FAO-
SRDN), Edwin Sheffner (NASA), Mark Smulders (FAO-ESDG), Jim Verdin (USGS). 

Apologies: John Latham (FAO) 
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Global Agricultural Monitoring in the Framework of GEOSS 
Mexico Room, FAO HQ, Rome, Italy, 8-10 March 2006  

 

Meeting co-chairs: 

Henri Josserand – Global Information and Early Warning Service, FAO 

Chris Justice – University of Maryland 
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Assessment of the Current Status of Agricultural Mo nitoring  

 

Welcome and Keynote Speech:  The state of food insecurity in the World – Prabhu Pingali (20 minutes) 

 

Objectives of the Meeting  - Chris Justice (15 minutes) 

Review and approval of agenda, self introduction of  participants  - Henri Josserand (15 minutes) 
 

 

Session 1.  Programmatic Context  (15 minute summaries) 
 

The Goals of GEOSS Agriculture – Douglas Muchoney 

The Goals of IGOL – Rich Conant 

 

Coffee Break 10.30 – 11.00  

 

Session 2.  Examples of the Current State of the Art in Global Operational Agricultural Monitoring (15 
minute summaries)  
 

GIEWS (UN FAO) – Henri Josserand  

FAS (USDA) – Brad Doorn  

MARS FOOD (EU) – Michel Massart   

Rice Information System – Francesco Holecz 

 

Lunch 1.00 – 2.00 

 

Session 3.  Examples of the Current State of the Art in Regiona l Monitoring Programmes (15 minute 
summaries) 
 

Brazil – Embrapa and its role in agricultural monitoring – Evaristo Eduardo de Miranda 

 China – Monitoring Agriculture with Remote Sensing in China -Progress and Prospective – Zhongxin Chen 

Russia – Current status and perspectives of agricultural monitoring system development in Russia – 
Sergey Bartalev 
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Africa – Famine Early Warning System – Jim Verdin  

 

Coffee Break 3.15 – 3.45 

 

Africa – Southern African Agricultural Monitoring – Kennedy Masamvu 

India – Crop Forecasting using Remote Sensing – Karan Deo Singh 

 

Session 4 . Methodological Issues (15 minute summaries) 
 

Crop monitoring at various scales with a particular emphasis on regional scale monitoring – Pierre 
Defourny 

Using Remote Sensing for improving agricultural statistics – Elisabetta Carfagna 

 

Session ends 5.00pm  
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Defining the Agricultural Observation and Informati on Requirements  

 

Session 5. Information Needs for the World Food Programme – Haile Menghestab 

 

Session 6.  User Needs   
 

GMFS: Defining and Meeting Agricultural User Needs – Lieven Bydekerke (15 minutes)  

FIVIMS: Agricultural information for improved decision making – Mark Smulders (15 minutes) 

 

Charge to the Breakout Groups – Chris Justice  

 

Coffee Break 10.15 – 10.30  

 

Session 7.  Breakout Groups on Observation and Information Requ irements 
 

The objective of this session is to map out the agricultural requirements for IGOL.  

Breakout topics, chairs and rapporteurs will be decided at the meeting  

 

Lunch 1.00 – 2.00  

 

Session 8.  Some Emerging Approaches and Technologies (15 minute presentations) 
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Space Mission requirements and solutions – Gerard Dedieu  

NASA’s contributions toward agricultural efficiency – Ed Sheffner 

LoRes RS-data for crop monitoring in the EU MARS projects – Herman Eerens  

Mapping agricultural change - Hugh Eva 

Landsat and NPOESS VIIRS – Chris Justice 

 

Coffee Break 3.30 - 4.00  

 

Session 9. Observations and Information Requirement s Breakout Report Back Session 

 

 

Charge for Breakout Session on Developing a 10 year  strategy for Agricultural Observations – Chris 
Justice 

 

Session ends 5.15pm  
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Strategic Planning  

 

Session 10.  Breakout session – Developing a 10 year strategy fo r Agricultural Observations 

Breakout topics, chairs and rapporteurs will be decided at the meeting  

 

10.45 – 11.15 Coffee Break  

 

Session 11.  Report Back from Mornings Breakout Sessions 

 

Meeting Report and Recommendations  

 

Session 12.  Developing the Meeting Documents 

 

Session 13.  Recommendations from the Meeting and the Way Forward 

 

Meeting Finish 1.00 pm 
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