Introduction
Since the second world war, the agricultural sector has succeeded in producing 25% more food per
person, even though the population almost doubled over the same period. This success however was
coupled with a number of side effects such as soil degradation, environmental pollution by pesticides
and fertilisers, food scandals, squandering of water, loss of biodiversity and the decline of agriculture in
a number of developing countries due to often subsidised Western food exports.

In the future, with fewer farmers and a smaller surface area, agriculture must ensure that enough highquality food can be supplied to a sharply increasing population, while at the same time taking the
environment into account. A more sustainable agriculture is therefore needed. This represents a difficult
challenge for which the sector will have to accept a number of new technologies. Earth observation can
help here.
The most direct application of satellite images is in crop identification. This application is already being
used on a large scale to monitor cultivation areas for the attribution of agricultural subsidies by the
European Union, as well as for statistical purposes. However, remote sensing offers many more
possibilities which will be broadly applied in the future.
For cultivation, a number of soil characteristics, such as texture and moisture, can be derived from
satellite images. With this, one can determine for which crops the soil is best suited. Crop growth can
also be monitored and evaluated throughout the growing season and compared with normal crop
development patterns. This is applied in precision agriculture, where the dosage of artificial fertiliser,
pesticides and water is precisely harmonised to the real needs within a parcel of land. This leads to a
more efficient use of resources and a lower burden on the environment.

At the regional level, this information is used in models to predict the yield. Timely harvest forecasts in
specific regions of Africa, for example, makes it possible to take effective measures to combat famine.
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SUBSIDIES FOR
AGRICULTURE
All of Europe housed under the same sign
The EU Directive that instituted the field crop subsidy scheme requires that the Member States check
5% of the subsidy applications.
To do this, the Belgian Ministry for Agriculture has set up a computerised system to manage and check
the subsidy applications.
This system, known as SIGEC from the French for ‘Integrated Management and Verification
System’ (Système Intégré de Gestion et de Contrôle), includes a major cartographic component. This
feature makes it possible to digitise all of the reported plots of farmland in Belgium (more than 600,000
plots each year) based on complete coverage of the country by orthorectified aerial photographs. These
digitised views give the farmers some back-up for filling out their applications and help the Ministry to
check the validity of the claims.
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Methodology and Results
SEEN ON THE MAP, SEEN ON THE GROUND
Two main types of check are conducted.
On the one hand, the Ministry checks whether the acreage reported by the farmer actually corresponds to
the situation in the field. This is done by calculating the surface areas from the plots drawn on the aerial
photographs. SIGEC gives the plots’ total acreage and reveals conflicts between plots.

On the other hand, the Ministry also checks whether the farmer is actually growing the crop that he has
reported. Satellite images will give the land cover type based on an automatic classification scheme.
If there is a doubt as to the satellite data’s analysis, a quick field trip is scheduled to confirm the farmers’
statements. This information is finally placed at the field inspectors’ disposal. The flowchart recaps the
steps that are involved.
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Methodology and Results
A tight schedule
The inspection schedule is drawn up as follows:

1. As soon as the images are received, their quality is checked and they are corrected geometrically (or
orthorectified). Ideally, at least three images per inspection site taken at least a fortnight apart (one in
the spring, two in the summer) are needed. An additional autumn image may be used to diagnose the
winter crops, but can lead to confusion if the previous season’s as yet unharvested crops are mistaken for
winter crops. The best images are high-resolution visible or near-infrared satellite images (SPOT, IRSIC, and Landsat).
2. As soon as the subsidy applications have been filed (in April), the work of encoding the plots on
aerial photographs with 1m resolution (SIGEC images) begins. This digitising is done at the Ministry’s
provincial centres. It reveals problems of acreage (discrepancies between the photographed and reported
acreage) and conflicts between plots (same plot declared by several farmers) directly.
3. Once the encoding as ended (June/July), the satellite images are classified automatically and a
diagnosis issued for each plot of land. Steps 1 and 3 are done by the Ministry of Agriculture's remote
sensing specialists.
4. Photo-interpretation: The staff of the Belgian Ministry of Agriculture’s provincial offices can then
call up onto a computer screen various graphic elements (e.g., satellite images taken on different dates)
contained in an image database and in this way select and prepare better for the site inspections.
5. Rapid field checks (from August until early autumn) of the plots classified as ‘uncertain’. The
inspectors are armed with 1/20,000-scale maps and 1/15,000-scale orthophoto maps showing the plots
to visit. These maps are also backed up by a list giving the numbers of the plots to inspect and the crops
reported. After the check the inspector keys in the crops actually found in the field.
This is a very tight schedule that brooks no delays. Handing the diagnosis over to the Ministry’s
inspectors late in the year can result in field inspections’ being carried out after harvesting (even after
ploughing)!
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Methodology and Results
Geometric corrections
The satellite images that are provided have undergone relatively little preprocessing (level 1B for SPOT,
level 5 for Landsat). They have mainly been corrected radiometrically.
They must thus undergo geometric correction to make them superimposable on the digitised farm plots
derived from the aerial photographs.

Landsat image of 1/4/99 + SIGEC mosaic with GCPs .

To do this, a certain number of GCPs (Ground Control Points) are marked out. The idea is to locate
equivalent points (for example, a motorway cloverleaf) on two images (one corrected, the other that has
yet to be corrected) that are displayed simultaneously on the computer’s screen. The programme can
then assign the co-ordinates read on the corrected image according to a given reference framework
(Lambert 72 in Belgium) to the point identified on the other image.
The number of control points required depends on the size of the crude image, the relief, and the
degree of final accuracy desired. Once these points have been collected a function that reprocesses the
images may be run. The final result yields good superimposition of the image on the digitised
photographs and the fields.
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Methodology and Results
Automatic classification
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Methodology and Results
The classification procedure is based on software that has been especially developed for this job,
because the algorithm had to be tailored to the plot layouts and conditions specific to Belgium. The
principle of the classification is as follows: the crops’ spectral signatures are determined from satellite
images and reported data for the plots; each plot is then classified by means of the maximum
likelihood classifier. The classification can be guided by taking into consideration the crops grown
previously on each plot (Raster Anterior Classes). The algorithm then yields the probabilities of each
plot’s belonging to the different crop classes.

Classified image generated by the Ministry, 10m/pixel

This method is novel in that it does not require any prior previous knowledge. The sample is provided
by the declarations registry itself. This sample is thus very large (close to 30,000 plots each year). The
method is quick, for it does not require a prior field survey and the entire classification process is
automated.
Still, many arbitrary elements, such as areas of shade or plots that are too small, can influence the
satellite signals. So, we cannot trust blindly in the classification programme and plots that have been
rejected must be checked subsequently. These checks can be done in two ways, either by photointerpretation on the screen or a rapid check in the field.
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Methodology and Results
Photo-interpretation
A pilot project has enabled the Ministry to include a digitised photo interpretation step in the process
between the automatic classification and rapid field check steps.
This project consisted in developing a new images database and adding functions to use this
information. Thanks to this project, all of the images used by the Belgian Ministry of Agriculture are
now organised in a central database that the provincial offices’ staff may access. All kinds of images
(satellite images, mosaic aerial photos, digitised topographic maps, etc.) may be stored on this server.
In parallel with the development of this images server the project led to the development of a new
graphic application specialised in the visual verification of dubious plots.
This programme allows several satellite images taken on different dates to be displayed on the screen
simultaneously. The operator can then form her/his own opinion by comparing the dubious plot with
those that are considered ‘sure’.
When photo-interpretation is inconclusive, the Ministry’s staff must organise a quick field inspection of
the remaining plots. These visits are made without the farmer and allow the Ministry to check what
crops are actually being grown on the contested plots with minimal delay.

Screen display composed of SPOT 28/07/99, Landsat
1/4/99 and SPOT 1/5/99 images and SIGEC squares

NO SHORTAGE OF WORK

As we have seen, the subsidy claims are checked basically with the help of remote sensing. The
verification tool that has been developed by Belgian engineers using various aspects of indirect
observation makes it possible to check the surface areas of the plots and monitor the field crops actually
being grown. Without the help of satellite imagery it would have been financially and materially
impossible to check the farmers’ declarations effectively and within the required deadline. Nevertheless,
each year the task remains daunting and demands great rigorousness on the part of the civil servants.
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Info
Abstract
Under the European Union’s field crop subsidy scheme each Member State is required by the existing
regulations to check 5% of the subsidy claims. In Belgium the Ministry of Agriculture uses a
computerised system to check the acreages for which subsidies are claimed with data obtained by remote
sensing (satellite imagery and aerial photographs).
Une banque de données géographique des parcelles d’utilisation a été constituée sur base de photos
aériennes orthorectifiées. Cette banque de données permet une vérification des surfaces déclarées.
The orthorectified satellite images taken at different times during the vegetative growth cycle are
classified automatically by their spectral signatures. This makes it possible to identify the most likely
crop class for each plot of land. This result is then checked by photo interpreters before going out into
the field. In this way, the field checks can be limited to dubious or contested cases.
The subsidies are checked mainly with the help of remote sensing. Without satellite imagery it would be
financially and materially impossible to check the farmers’ declarations effectively and, above all, within
the required deadlines.

Observation area
Belgium

Satellite imagery
SPOT
IRS-1C
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HARVEST
PREDICTION
Predicting fat years and lean years
At European level, agriculture experts issue a monthly report setting out the expected harvest results.
This is known as the MARS bulletin and is based on two distinct methods: remote sensing and crop
growth modelling.

Remote sensing
Within the European context, the development of vegetation during the agricultural season is studied
by means of NOAA-AVHRR images. These satellite data provide us with two indicators: surface
temperature and NDVI (Normalised Difference Vegetation Index). These indicators directly express the
crop situation, thereby permitting comparison between different harvests. Zones with a healthy
vegetation have a higher NDVI. This makes it possible to identify any lateness in crop growth or
ripening. The figure illustrates the percentage variation in NVDI between 2 years (for July). Zones with
a higher NDVI than during the previous year (positive variation, green) and zones where crop growth is
less good (negative variation, reddish orange) can be recognised at a glance.

At European level, agricultural harvests are estimated
using two distinct methods: the crop growth model
and satellite data. The Belgian project seeks to
include these satellite data in the crop growth model.

July NDVI: percentage variation of the 1996 value from
the 1995 value. Zones where the NDVI is higher than for
the previous year are shown in green (positive variation);
zones where the crop growth is less good are shown in
reddish orange (negative variation).
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HARVEST
PREDICTION
Crop growth modelling

The Crop Growth Monitoring System, or CGMS, is a spatial crop growth model. The core principle of
this model is diagrammatically represented in the figure. The driving force behind plant growth is
photosynthesis. This is a process by which sunlight is used to produce essential substances for plant
growth and health. The quantity of light a plant can capture is closely linked to the number of leaves
(and thus to the LAI or Leaf Area Index). Some of the products produced by photosynthesis are
immediately used by the plant for healthy growth. Depending on the growth stage the plant has
reached, the remaining products are converted into biomass (leaf, stem, root, storage organs). The
CGMS makes it possible to calculate, per crop, the quantity of biomass produced in relation to, among
other things, the quantity of sunlight received.
At European level the satellite data and the CGMA are used as separate and independent tools.
The figure herunder diagrammatically represents this general European approach. All EU Member
States are included. In the future, the EU plans to test this methodology on non-European countries, in
Africa for example. In which case, apart from its economic utility, it could also serve as a detection
system for food shortages (comparable to the FAO Early Warning System, but specific to a particular
crop and in kg yield per hectare).).

Simplified diagram of how a crop growth model functions
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HARVEST
PREDICTION
We want numbers
The Belgian project is based on the existing European harvest forecasting system, namely the CGMS
(Crop Growth Monitoring System), but the databanks are supplemented and refined by inputting
typical Belgian physical (such as soil data) and technical (e.g. temperature sum required for flowering,
seed formation, etc.) parameters for the crops in question.
The Belgian project is also seeking to incorporate the satellite data in the CGMS as an aid to arriving at
a quantitative estimate of production. In the European example, satellite data are used in the sense of
"relatively more crop growth in a particular zone as opposed to another" or "relatively less yield in one
year compared to another" (qualitative). This project, however, will look at whether these satellite data
can be used to arrive at forecasts of the nature of "this region will produce about 2000 more tons of
wheat than it did last year" (quantitative). Such forecasts are based on fAPAR time series and LAI
estimates from NOAA AVHRR and SPOT VEGETATION images.

MARS Project
Over the past decade every EU Member State has collected and analysed its agricultural statistics in a
different way, making it difficult to compare the results at European level. To implement its agricultural
policy, the European Community needs timely, accurate and standardised data on agricultural land use,
especially for economically important crops for which farmers receive subsidies on the basis of the
cultivated surface area.
It is against this background that the Regional Inventory (MARS: Monitoring Agriculture with Remote
Sensing) project was set up with the aim of obtaining accurate statistics on agricultural land use within
the harvest year, using a standardised method with a known accuracy.
The Regional Inventory includes two parts: field work and remote sensing. The use of satellite images
increases the efficiency of the surface area estimations.
Another important activity within the MARS project is crop monitoring. CGMS (Crop Growth
Monitoring System) is used in combination with remote sensing to compile the monthly MARS
bulletins.
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Methodology and Results
More details, please
A lot of adaptations - and in particular a lot of extra data - are needed in order to arrive at a Belgian
version (B-CGMS) of the European CGMS. The table above gives an overview of the principal
differences between the CGMS and B-CGMS in terms of the scale of the data required.

An initial project phase involved the collection of all the necessary data (soil, land use, crop
characteristics, meteorological data) and their integration in a Crop Knowledge Base which the various
project workers can access via the Internet. A meteogrid was compiled on the basis of the data supplied
by the various measuring stations (interpolation).

Satellite, do you see the crop growing ?
The NDVI (Normalised Difference Vegetation Index) is obtained from channels 1 (red, ch1) and 2
(near infrared, ch2) of the NOAA. This NDVI indicates the quantity of green plant mass. The greater
the NDVI (whiter on the map) the more dense the vegetation. The development of this NDVI during
the growing season reflects the plant growth. It is possible to plot the NVDI value for a specific pixel
over time, thus monitoring the plant growth for the area the pixel covers. This is known as an NDVI
time series. This also shows the increase (rising section of the curve) in the green biomass in the spring,
as well as the decrease from the end of summer (crops turn yellow and wither). The area under the
curve represents the green biomass for this pixel.

Projects financed by the Belgian research programme
for Earth observation Telsat 4 (1996-2000)
Belgian science policy office (BELSPO)

15/19

Methodology and Results
Calculations, a computer's job
As the fAPAR is directly proportional to the NVDI, it can be simply calculated from the NDVI values.
In other words, an NDVI image can be converted into an fAPAR image paler tones= higher fAPAR).
Another crop parameter can also be calculated via the NDVI, namely the LAI or Leaf Area Index (leaf
surface area per surface area of soil). Both the LAI and fAPAR can be used to make a quantitative
estimate of agricultural production. There are several ways of doing this. One way is to take historical
data as the basis and then check for the statistical link between the cumulative fAPAR satellite (or LAI)
data and the harvest. Alternatively, the satellite data can be introduced into a crop growth model.
In this way, the LAI or fAPAR which in a model are normally calculated on the basis of meteorological
data, can be replaced by satellite measurements. This has the major benefit of no longer being
dependent on spot measurements. Meteorological data are linked to a measuring station, which means
that for other locations estimates must be made on the basis of these spot values. Satellite data on the
other hand always provide pixel-specific information.

What grows down there ?
major problem to which a solution must first be sought is that of mixed pixels. In Belgium a pixel that
covers 1 km² will never be "pure" but always consists of various components. It is therefore necessary to
determine what components make what contribution to the satellite signal of 1km². For this purpose,
use is made of the SIGEC land use data of the Ministry of Agriculture. These data tell us plot by plot
what crop was or is being grown for that year. When we know exactly what is present in our pixel, we
can then also calculate the (average) signal per crop. In order to thoroughly test this method, use is
made of high resolution (20m) SPOT HRV-IR images. In a high resolution image, plots indeed are
visible and it is possible to derive an average plot signal or even a crop signal (average for all plots with
this specific crop for a particular region). It is then possible to check whether the crop reflectance is
comparable to that obtained from low resolution images.
During a later project phase a comparison will be made between the fAPAR results derived from the
SPOT VEGETATION images and those obtained with the NOAA AVHRR. The VEGETATION
data - especially in terms of geometrical positioning - are expected to be of better quality and therefore
to provide better harvest estimates.
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Methodology and Results
How accurate are the predictions ?
This project should make it clear at what level the satellite data can be most easily and best integrated in
harvest forecasts and whether this contributes to better harvest forecasting results.
The data collection phase is complete and the crop knowledge system has been developed. The NVDI
and resultant fAPAR time series have been calculated for 1997. With the aid of land use data an attempt
is now being made to see whether it is possible to derive fAPAR values per crop.
Tables will then be drawn up giving estimates for the end of the growing season for Belgium's seven
most important crops (maize, winter wheat, winter barley, sugar beet, potatoes, pasture and rape).
These tables will be linked to a GIS (Geographical Information System) so that the results can be
presented on a map. It will then be possible to read the expected yield for a particular crop from a map,
per 5km² or 10km² or per agricultural zone, depending on the user's interests. In this way it will also be
possible to check the geographical distribution of the damaging effects of a late spring frost or extreme
periods of drought, for example.

NDVI development during the year for a specific pixel of the NOAA AVHRR image.
Note the peak in the spring.
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Info
Abstract

It is very important to the agricultural sector, trade and industry, and the authorities to have an effective
system of estimating agricultural production prior to the harvest date. For crops such as wheat, where
the price is determined at international level, the EU estimates (under the MARS project) are sufficient.
But for crops such as potatoes, for which there is no umbrella marketing organisation, price remains
very dependent on national production levels. To date Belgium has not had a national harvest
forecasting system, making it difficult for wholesalers to manage their stocks.
Nor does Belgium have a convenient monitoring mechanism for assessing harvest damage caused by
frost or drought for example. This hampers compensation policy.
This project aims to develop a harvest forecasting system for the Belgian Ministry of Agriculture. It is
based on an existing European crop growth monitoring system with the integration of additional
satellite data. The final system will permit production and harvest forecasts for Belgium's principal
agricultural crops as well as the identification of agricultural areas which suffer as a result of extreme
weather conditions.

Observation area
Belgium

Satellite data
1. Necessary as an input to the CGMS:
Soil data (properties which determine root depth and sensitivity to drought).
Land use data (available from the SIGEC, the Agriculture Ministry's Integrated Management and
Control System).
Meteorological data: daily minimum and maximum temperatures, wind speed, rainfall, water vapour
pressure and light radiation.
Typical crop growth parameters for Belgium (including sowing period and harvest period) for the
following crops: wheat, barley, maize, sugar beet, potato, pasture and rape.
2. Satellite images:
- NOAA AVHRR
- SPOT HRV (high resolution)
- SPOT VEGETATION
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