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Indicators from low 
resolution satellite 
data (since 1981)

DBDB

Indicators from 
meteo data sets 
(since 1975)DBDB

Indicators from agro-
meteo parameters

France - Soft Wheat
Yield - Area

y = 0.135x + 4.1578
R2 = 0.8904

y = -0.0032x2 + 0.2209x + 3.757
R2 = 0.9126
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Statistical analyses: 
time series, 
tendency analyses, 
etc.

Mars Crop Yield Forecasting System : 
Input data overview

Mars Crop Yield Forecasting System : Mars Crop Yield Forecasting System : 
Input data overviewInput data overview

Yield forecasts
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MARS-STAT Bulletins

Final results are published in the MARS-STAT 
bulletins about 20 times a year distributed as:

- Printed issues
- By E-mail and on the Web      

http://agrifish.jrc.it/marsstat/Bulletins/2006.htm

2001200320042005



MARS-STAT Bulletin types

Analyses by Countries Climatic updates and forecasts updates

Rice Bulletins Special issues



Adequate alerts on food security 
for world-wide regions at  risk

DG DEV 
DG AIDCO
DG RELEX
ECHO
DG AGRI

Development of Crop yield monitoring 
for  food security

Building of networks and partnerships 
and a pool of expertise in Food Security
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MARS FOOD ACTIVITIESMARS FOOD ACTIVITIESMARS FOOD ACTIVITIES

Objective : Contribute to the EU external aid and development policy, in particular to the EU 
Food Aid and Food Security policy, 

How : by the improvement of the information on crop yield and production in regions of the 
world affected by food shortages

• Avoid food shortage or market disruption

• Better calibrate and direct European Food Aid

Could also contribute indirectly to the Agriculture and Trade policies by providing  crop 
prospects information on Russia, Mercosur, etc, …

Missions
Activities Customers



In partnership with United-Nations Food and Agriculture Organization (FAO)

System based on the use of global remote sensing and meteorological data and on the 
development of agrometeorological models

Data analysis on 4 Regions of interest

A general view of the MARS-FOOD Crop Monitoring system

Data Coverage of the World

Russia & 
Central Asia

South America

Eastern Africa

Mediterranean 
Basin



MARSMARS--FOOD Crop Monitoring SystemFOOD Crop Monitoring System

Data collection & Data collection & 
retrievalretrieval

Processing &Processing &
AnalysisAnalysis

ReportingReporting

Crop Assessment ProcessCrop Assessment Process

DisseminationDissemination

-- DG AIDCO, ECHO, …
- EU Delegations
- National EW Agencies
- Int. Institutions (FAO, …)
- …

Earth Observation Data

Meteorological Data

Agronomic Database

WEB Information
European Media Monitor
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Ten-daily Bulletins, Somalia example

Approach based on C-NDVI profiles and rainfall



C-NDVI : Weighted NDVI “Unmixing NDVI”

CNDVI with CORINE Land cover + NOAA/AVHRR
AFRICNDVI  with AFRICOVER + VEGETATION

1 km

1 
km

VEGETATION PIXEL

AFRICOVER pixel of 100 x 100 m

Land cover class a

Land cover class b
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Goal : Extract the crop component of 1 km VGT NDVI product



MARS project experience in Europe with CNDVI



10-daily country reports
Somalia status 10/01/2005
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Forecast for Sorghum Deyr 2005 : 
expected yield is better than 

average and previous season.

MARSMARS--FOOD Bulletin (Example, Somalia 2004FOOD Bulletin (Example, Somalia 2004--05)05)



10-daily country reports
Somalia status 10/12/2005

Forecast for Sorghum Deyr 2006 : 
expected yield is below than 

average and previous season.

MARSMARS--FOOD Bulletin (Example, Somalia 2005FOOD Bulletin (Example, Somalia 2005--06)06)
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Bakool     class "isolated fie lds/ rainfed"
Agro-pastoral sorghum
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C-NDVI performance - Bakool
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Awdal Galbeed class "agricultural" 
Agro-pastoral Sorghum
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C-NDVI performance – Awdal Galbeed
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Conclusion : no need for high resolution 
agriculture map but resolution similar to 
NDVI profile resolution recommended



Quantitative approach

Three steps : Trend, Similarity, Regression

Final expert assessment



4 Ten-daily Bulletins : Somalia, Sudan, Ethiopia
and Eritrea

Link with local statistics (must be reliable) for the 
calibration of NDVI / Rainfall information – Support
FAO-AGROMAPS & SALB-GAUL initiatives

Key information



Monthly and Bi-monthly Bulletins, East Africa example

Approach based on Water Satisfaction Index and C-NDVI



•Soil information and Water 
Holding Capacity 
•Historical Rainfall and  PET
•Length of Growing Pe riod for 
Determining Seasonal Plant water 
consumption

Real-time input Data

Spatialization of grid data 
using AgrometShell

Running FAO Crop Specif ic Water Balance Model 
using Agromet Shell

(Gommes, 1993)

Crop Yield Function
1-Ya/Ymax=  Ky *(1-ETa/ETmax)

Ya=t/ha
(Doorenbos and Kassam, 1979)

Agrometeorologica l  information was averaged for 
the 1,220 CPSZ units

(van Velthuizen et al,  1995)

Spec ific crop mask from 
CPSZ database using Arc 

View GIS 3.2

Spatial averaging of NDVI 
by CPSZ unit using 

Windisp4

Specif ic crop mask and 
map expression using

Arc View GIS 3.2

Input data Process and tools Intermediate  and f inal outputs

CPSZ Database
Reference Data

NDVI from SPOT-4 
Satellite

Rainfall and PET from 
ECMWF model

CPSZ NDVI profile 
ana lysis as Crop Yield 

Indicator

Crop planting analysis  
and crop cycle progress 

index

Qualita tive crop yield 
assessment using the 

Water Satisfaction Index 
(WSI)

Quantitative Crop Yield 
assessment (t/ha)

•Dekadal Rainfall and PET 
images
•Historical Planting Dekad
•Historical WSI and Yield 
estimates

Derived Database

Dekadal Rainfall and 
PET Images

•Soil information and Water 
Holding Capacity 
•Historical Rainfall and  PET
•Length of Growing Pe riod for 
Determining Seasonal Plant water 
consumption

Real-time input Data

Spatialization of grid data 
using AgrometShell

Running FAO Crop Specif ic Water Balance Model 
using Agromet Shell

(Gommes, 1993)

Crop Yield Function
1-Ya/Ymax=  Ky *(1-ETa/ETmax)

Ya=t/ha
(Doorenbos and Kassam, 1979)

Agrometeorologica l  information was averaged for 
the 1,220 CPSZ units

(van Velthuizen et al,  1995)

Spec ific crop mask from 
CPSZ database using Arc 

View GIS 3.2

Spatial averaging of NDVI 
by CPSZ unit using 

Windisp4

Specif ic crop mask and 
map expression using

Arc View GIS 3.2

Input data Process and tools Intermediate  and f inal outputs

CPSZ Database
Reference Data

NDVI from SPOT-4 
Satellite

Rainfall and PET from 
ECMWF model

CPSZ NDVI profile 
ana lysis as Crop Yield 

Indicator

Crop planting analysis  
and crop cycle progress 

index

Qualita tive crop yield 
assessment using the 

Water Satisfaction Index 
(WSI)

Quantitative Crop Yield 
assessment (t/ha)

•Dekadal Rainfall and PET 
images
•Historical Planting Dekad
•Historical WSI and Yield 
estimates

Derived Database

Dekadal Rainfall and 
PET Images

An elaborate crop specific water 
balance model

Outputs directly usable by food security
administrators

2005 : Drop in Sorghum production as compared to normal condition (11 Million people affected)

MARSMARS--FOOD Bulletin (East Africa 2005)FOOD Bulletin (East Africa 2005)
Monthly regional reports
East Africa status 10/2005

Water Satisfaction Index for the Sorghum crop (October 2005)

Difference with Normal WSI of Sorghum (Average of the last 6 years)



• Planting decade – Under improvement : AGHRYMET rainfall rules, 
NDVI Phenology product of GEOLAND-VGT4AFRICA, …

• Current rainfall by decade – ECMWF model, Must be improved, thru 
Crop Rangeland Monitoring Network, Rainfall data assessment WG (?) : 
ECMWF, RFE, …

• Current PET – ECMWF model
• Length of the Crop cycle 
• Soil water holding capacity (soil data)

Key information needed to run the FAO Water Balance Model



Qualitative crop yield 
assessment using the 
Water Satisfaction 

Index (WSI)
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Quantitative Crop 
Yield assessment 

(t/ha)

Quantitative crop yield assessment (t/ha)

Maize Yield Estimate

(t/ha)

Based on years of reference and potential yield, Under Calibration



Global Crop Specific Water Balance Model (GCSWB) 
under implementation / “automatic” version

Under development in collaboration with FAO



2 Bulletins based on WSI and/or C-NDVI : East Africa 
and South America

Data dissemination : thru EUMETCAST – VGT4AFRICA 
and in collaboration with GMFS

Data exchange policy : VGT and ECMWF requests, 
under discussion



Monthly & Bi-monthly Bulletins, Russia and Central 
Asia example

Approach based on CGMS* and C-NDVI



Crop monitoring

Data preparation

Analysis of indicators

Synthesis  and conclusion

Meteo data Remote sensing data Other data

Crop Growth Indicators Crop Status Indicators

Temperature and Radiation

Moisture regime

NDVI

Dry Matter Production modeling

Qualitative approach based on indicators before an operational CGMS under calibration

Two families of indicators (Crop Growth – Meteo and Crop Status – NDVI-DMP)

Current Russia and Central Asia Bulletin structure



Climatic Water 
Balance

Radiation and 
Temperature

Rainfall Crop Status 
NDVI - DMP

Indicators (extract from main bulletin pages)

Current indicators compared with last year and 15 years average



Yield forecast (extract from bulletin pages)

Quantitative / Regression approach
Expert GIS based mapping analysis



MARSOP Site for information dissemination

Main METEO and satellite base indicators

Main GWSI indicators available

On-the-fly sub-
national data 
analysis



MARSMARS--FOOD Pool of ExpertiseFOOD Pool of Expertise

- Support to national / regional institutions 
capacity building (training, information 
exchange, …)

- Technical support to EU Delegation under the 
newly signed Administrative Arrangement with 
DG AIDCO

- FAO Collaboration Agreement

- Participation in United-Nations FAO - WFP Crop 
and Food Supply Assessment Missions

- Coordination role for the EU : European Space 
Agency (GMFS), World Food Program 
(Emergency Needs Assessment) , …
- Scientific Networks (CRAM, South America) and 

Regional conferences

FOOD AND AGRICULTURE 
ORGANIZATION OF THE UNITED NATIONS

helping to build a world without hunger

- Support to Vulnerability and need assessment



Crop Monitoring in South America

Jansle Rocha

MARS-FOOD Action / AGRIFISH Unit

Institute for Protection and Security of the Citizen



Crop Monitoring in South America

• generate frequent bulletins

• to establish a Scientific Network with local 
institutions for data, technology and knowledge 
exchange

• to develop methodologies on crop monitoring for          
the region

- data integration
- modelling

Objectives



CROP MONITORING IN SOUTH AMERICA

Bulletins

• NDVI and Rain (actual, differences and profiles) 

• + WSI difference for wheat, maize and soybean

• +cumulated rainfall (from oct/1 or apr/1) + WSI difference for 
soybean and maize (summer crops) and wheat and maize
(winter crops)

• + Mask for Annual Crops (summer) + planting dates (?)

(http://agrifish.jrc.it/marsfood/Bulletins/southamerica)



Monitoring Regions - Argentina



Monitoring Regions - Bolivia



Monitoring Regions - Brasil



Monitoring Regions – Brasil
food insecurity areas



Monitoring Regions - Paraguay



Monitoring Regions - Uruguay
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WSI difference (wheat)

WSI difference (maize)
jan2006 – jan2005

WSI difference (maize)
jan2006 – jan_avg

Cordoba Cumulated Rainfall since Oct/1 
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• The CNDVI technique
– CNDVI is a method to extract crop specific NDVI profiles for mixed pixels
– Developed by MARS for the use of NOAA AVHRR images with CORINE land 

cover

• Advantages
– More information than average NDVI profiles for physical units
– Easy to use with different images and land cover maps

CNDVI – a possibility



CNDVI - AFRICNDVI

CNDVI with CORINE Land cover + NOAA/AVHRR

AFRICNDVI  with AFRICOVER + VEGETATION

1 km

1 
km

VEGETATION PIXEL

AFRICOVER pixel of 100 x 100 m

Land cover class a

Land cover class b

Land cover class c

∑
=

= n

j

r

j

r

jr

j

P
Pw
1

AFRICNDVIwmvcNDVI
r

j

n

j

r

j

r

==∑
=1

µ̂



#Y

Bay

Mud

Gedo

Hiran

Lower Juba

Galgadud

Bakool

Low er
Shabelle

Middle
Juba

Middle
Shabelle

Mogadishu

Ethiopia

Somalia

#Y

Tog-

Djibouti

Awdal
Galbee d

#Y

#Y

Ethiopia

K
en

ya

Somalia

Djibouti

Bari

Bay

Mudug

Gedo

Nugal

Sanag

Hiran

Lower Juba

Galgadud

Tog-Dheer

Bakool

Awdal
Galbeed

Lower
Shabelle

Middle
Juba

Middle
Shabelle

Djibo uti

Moga dishu

Pastoral areasAgricultural areas



•Crop monitoring outputs: 10-daily country reports
Somalia status 10/01/2005
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Forecast for Sorghum 
2004/2005: expected yield is 

better than average and 
previous season.
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Objectives

• data comparison/calibration
• methodology development
• crop mask
• crop monitoring information system for the region

SCIENTIFIC NETWORK


