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ABSTRACT:

The Hungarian Agricultural Remote Sensing Program led to a concise methodology that could further be applied operationally. First
the main results of a substantial R&D investment and methodology plus validation results are summarized. The crops area assess-
ment, through the processing of multitemporal Landsat and IRS-1C/1D data proved to be efficient at county level because of the ac-
curacy of thematic classification. The novel combined high resolution images + NOAA AVHRR series based crop yield forecast
methodology performed well for the major crops (8) at county level. Based on the experiences of the first 5 operational years (from
1997) a general evaluation on the Operational Crop Monitoring and Production Forecast Program (CROPMON) is given. The
CROPMON system is a good platform for additional projects implementation as in the case of a serious waterlog assessment and im-
pact analysis in spring, 1999 or flood monitoring in 2000, and the remote sensing control of area-based agricultural subsidies
(CwRS), that is carried out operationally for the eight year in 2007 in Hungary.

1. BACKGROUND

Up to 1990 the crop production was based on some 1400 co-
operative or state farms in Hungary. The crop information and
production forecast system used their reports that were obliga-
tory by law. This information system worked fairly well. Be-
cause of the dramatic changes in the Hungarian economy and
also in the agriculture, the former crop information system be-
came inadequate. The land privatisation brought dramatic
changes in the holdings and parcel sizes, the number of farm
owners or operators, the agricultural technology and also in the
investment structure. In this very quick transition, the need for
an efficient information system became even more imperative.
The priority Hungarian Agricultural Remote Sensing Program
(HARSP) was launched in 1980 and has been implemented by
FOMI Remote Sensing Centre (FOMI RSC). The final objective
of the program was to introduce remote sensing to the opera-
tional agro information system in Hungary. In the beginning of
HARSP (Fig. 1.), the satellite image analysis methods develop-
ment and validation were the most important (1980-85). As
early as in 1984 the reviews of the yield models showed, that
the research for a direct relationship between the crop develop-
ment, the expected yield and the crop canopy - that can be ob-
served by satellite data — could be a good alternative. Despite of
the first results in canopy development assessment by satellite
data we studied the capabilities of agromet models (WOFOST-
MERA, Csornai et al., 1996), but FOMI put a real emphasis to
the remote sensing based model.

The operational system was expected to be capable to monitor
crops in the entire country, providing accurate, timely and reli-
able information on the area of the major crops, their develop-
ment quantitatively. This should be accompanied by problems
areas delineation focusing to drought assessment plus the provi-
sion of reliable yield forecast and final yield estimates. These
data are to be available at the country as well as the counties

(19) levels. The main user of the information included, primar-
ily the Ministry of Agriculture and Rural Development
(MARD) and has been indirectly gradually the grain processing
and trading companies and associations, the farmers and their
different organisations, associations. After a seven year of con-
tinuous operations (1997-2003) and having a lot of experience
to meet the strict accuracy and deadline requirements there has
been a continuous improvement in the technology applied. This
led to a number of additional applications offered by this sys-
tem. Although the CROPMON has been suspended to operate
from 2004 because of the national resources are directed to EU
memberstate obligations, in more recent cases, definite demand
appeared for its revitalization.

2. THE TWO MAIN PERIODS OF THE PROGRAM

The HARSP (1980- ) program can be divided into two main pe-
riods (Fig.1.):

— the development of the methodology basis, the crop mapping
and area assessment methods plus the yield forecast models and
validation (1980-96) and

— the operational period (1997-2003).

The final, most intensive period (1993-96) was the break-
through in the development. This resulted in an operationally
ready to use technology that had been validated prior to the op-
erational phase on a 16 counties sample from quite a diverse
crop years period: 1991-96 (Csornai et. al., 1998).

2.1. The operational crop area assessment method

The method was developed by FOMI RSC. It applies high reso-
lution satellite data series (e.g. Landsat, IRS-1C/1D, SPOT) in a
multitemporal digital image analysis procedure for the crop
identification and area estimation (Csornai et al., 1983). This
approach was thoroughly tested by 1990 up to 3 counties region
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(Csornai et. al., 1990). It was found that the traditional agro in-
formation system in Hungary, can only be surpassed in accuracy
if advanced digital image analysis was used (Csornai et. al.,
1997). This approach also provides reliable crop maps, which
are necessary to the crop development monitoring and produc-
tion forecast models.

The performance of this approach in crop area assessment
proved to meet the strict requirements (Figs. 3.a.b.) both for the
validation period (1991-96) and in the operational one. The
strong relationship in the Landsat TM derived (FOMI RSC) and
Central Statistical Office, Hungary (CSOH) data for the major
crops proved, that this method was independent from the given
year or the area, the different terrain and complexity of the
counties.

The crop maps, made of high resolution satellite data were sup-
ported by a carefully selected area and farms sample. Annually,
some 100-200 sets of agricultural fields associations, farms or
parts of farms ground data were analysed, checked and got built
in to train the classifiers or — on a disjoint subset — to validate
the accuracy of the derived maps. Thorough on the spot studies
revealed, that 85-95% of the confusion values in the accuracy
assessment tables come from existing inhomogeneities on the
ground.

This means that the confusion tables incorporate information
relevant to the nonuniform development character of the crops.
The raw confusion tables and measures showed steady 85-97%
overall agreement before the compensation techniques applica-
tion. Global estimation handled the empirical confusion matri-
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Figure 1. The background and history of remote sensing based
agricultural applications in FOMI RSC, Hungary

2.2. Crop monitoring and yield estimation methods

The novel results of HARSP are the purely remote sensing
based crop monitoring and yield forecast models. The models
were developed by FOMI RSC. They integrated NOAA
AVHRR and high-resolution satellite data (e.g. Landsat, IRS-
1C/D, SPOT). The models combine the benefits of both data
sources: the frequency of NOAA AVHRR data and spatial reso-
lution of high resolution images. This approach requires fairly
accurate crop maps. Using these crop maps and pre-processed
NOAA AVHRR time series a crop development assessment and

quantitative yield forecast model was developed. This relies on
crop specific AVHRR indices. The model was calibrated at the
spatial units level of 400-500 ha. This was the second area
where the sample of farms could help. That is the guarantee for
its good performance at the counties level (approx. 0,5 million
hectare each, in Hungary) and further. That is also why it can
produce a crop yield distribution map. The county wheat and
maize yields predicted by the model compared favourably to the
official data (Figs. 4.a.b.) both in the pre-validation period
(1991-96) and in the operational one (1997-2003) as well. The
structure of the model is similar for different crops and it does
not depend on the area and the given year’s weather. It was also
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found that the timeliness requirement can be met by the yield
forecast model.

There was a clear emphasis and determination in the design of
our methodology and later system not to get validated by the

Operational Remote Sensing Based Crop Monitoring
and Production Forecast Program (CROPMON 1997-)
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Figure 2. The overall structure of CROPMON and the applica-
tion supported by it

3. OPERATIONAL CROP PRODUCTION: AREA
ASSESSMENT AND YIELD FORECAST FROM 1997-

The substantial R&D and validation provided a firm basis to
move forward to an operational program: Crop Monitoring and
Production Forecast Program (CROPMON 1997-2003). The
crop data-reporting calendar was set by the customer, the Minis-
try of Agriculture and Rural Development.

It consists of five dates from July 5 to October 1 in harmony
with the existing traditional production forecast system of
MARD. The area covered directly have been a characteristic
subsample (6-9) of all the counties (19). This 40-57 % of the to
tal cropland in Hungary was directly monitored, by remote sens-
ing, while appropriate area and yield estimates for the non cov-
ered counties were computed by a historical spatial correlation
of these values. This relationship was found quite strong sug-
gesting an R>~0,9 or better fit. Confidence values were also re-
ported. From 2002 the whole country was covered by direct
remote sensing measurements. The eight main crops monitored
are winter wheat, winter and spring barley, maize, sugar beet,
sunflower, alfalfa and maize to ensilage. These crops together
represent the 78-82 % of the entire Hungarian cropland.

The crops area assessment is based on the quantitative analysis
of multitemporal high resolution images (Landsat TM and IRS-
1C/1D LISS III.) from early April (or earlier sometimes)
through August, to compensate for the cloudiness. The compari-
son of the remote sensing results with CSOH data is obviously
an indication only. The differences cannot be interpreted, by
any means, as errors of the remote sensing technology. On the
contrary, the area estimation bases, the crop maps were always
thoroughly checked at some pixels detail.

CSOH county average yield data. We wanted to build an inde-
pendent crop production model that covers the entire cropland.
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The difference of crop areas estimates of FOMI RSC and the
Central Statistical Office, Hungary (CSOH) is in the range of
0.8-3.7 % for the entire cropland in Hungary. The county crop
area differences occurred in the interval of 1.5-21 % depending
on the crop and county. However the area weighted average dif-
ference was 4.08 %.

This partially can be explained by the main differences in defi-
nitions, that is the ownership based sampling of CSOH and the
administrative boundary based total coverage of cropland by the
satellite images (FOMI RSC). The actual standard crop maps
derived were also provided to MARD.

The crop yield forecast was accomplished by the application of
FOMI RSC developed model which combines high-resolution
satellite (Landsat TM and IRS-1C/1D LISS III. or SPOT) data
and NOAA AVHRR time series. The reporting dates corre-
sponded to those of the operative Production Forecast System of
the Ministry of Agriculture and Rural Development. Both ap-
peared prior to the harvest. The earliest official production data
estimates are available after the harvest: by the end of August
for wheat and barley and in December (January) for the rest.
Until 2002 FOMI RSC provided yield estimates for the counties
(6-9) and expanded these measurements to Hungary using a re-
gional-historical correlation scheme. From 2002 all the 19 coun-
ties were covered directly, so there was no need for extrapola-
tion any more. The country average yield data compare
favourably with CSOH preliminary values, that appear six
weeks later. The differences are less than 1 % for wheat and 4.5
% for maize average yields in Hungary. The differences at
county level averages are somewhat bigger. Because of the
method applied, yield spatial distribution maps could also be
reported for the major crops.
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Figure 3.a. The area estimation for winter wheat shows a strong
relationship between the traditional (questionnaire) method and
the remote sensing one

Maize county level area data 1991-2002
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Figure 3.b. The figures compare similarly to those of wheat.
The relationship is somewhat affected by the practice and statis-
tics of maize for silage
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Figure 4.a. The wheat yields can be predicted by remote sensing
prior to the harvest. The years covered comprise good and ex-
treme bad ones as well

Maize county level yield data 1991-2002
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Figure 4.b. The maize yields can be predicted early prior to the
harvest. The sample comprises diverse years. No CSOH yield
data are available to date for 2001

Beyond the accuracy control built in the area estimation getting
helped by the 2-4% ground sample and also the comparative
analysis of the CROPMON predicted yield values and the re-
spective farms after harvest data, the comparison to the final
CSOH data is meaningful (Figs. 3. and 4.). These comparisons
of the county area and CROPMON predicted — CSOH after har-
vest yields were done by crop. Around 180 data pairs were
available either for area or yield to compare in the 1987-2003
period. The differences and R* —s should carefully be inter-
preted!

The inherent advantages and limitations of the traditional and
remote sensing methodology suggest the handling of these data.
The Ministry of Agriculture and Rural Development selected
our data from the second year when there was a conflict.

4. APPLICATION OF THE YIELD MODEL FOR
PARCELS AND FARMS

The crop development assessment plus yield prediction model
performance suggested a step forward to the parcel level. In
1999 two large farms were studied. IRS WiFS 3,6 ha resolution
data were used similarly in a 35 ha average field size environ-
ment. The two major crops were estimated: winter wheat and
maize. The model seemed to work in this study providing some
3-5% difference between the remote sensing predicted and har-
vested yield after one year calibration. This could be achieved
only to the farm total estimation only. The model may perform
definitely better or at least as well in the operational way with a
more appropriate field size/pixel ratio. Also, it was suggested
that the individual fields’ yield (production) values were not
very accurate unlike those of the farm totals. This was charac-
teristic in that period.

5. DROUGHT MONITORING AND YIELD LOSS
ASSESSMENT (2000-)

The basic idea behind drought monitoring is the comparison of
actual year’s vegetation index maps (NDVI, MGVI) with the
maps representing a mean of the vegetation index maps derived
from the maximum value composites (MVC) of a reference pe-
riod. This is the approach, that is most studies or systems pur-
sue. FOMI also explored and applied this approach, but having
a strong yield prediction model, developed that performed well
it was straightforward to use it for drought assessment and
alarm. Beyond the widely used methods that apply NDVI or
similar indices or their maximum values in a period to indicate
the categories of drought or yield losses FOMI utilized the yield
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model for this purpose. The quantitative yield model was used
to the characterization the strength and spatial distribution of
drought. This is quantitative and provides the expected yield for
that particular area. To this not only the compared period — usu-
ally 1-3 weeks — but the whole growing season is compared by
the model output in the different years.

In the frame of FOMI-ESA co-operational programs (see 6.) the
CROPMON based drought monitoring, crop development and
yield loss assessment (2000-2003) activities based on NOAA
AVHRR data received at FOMI satellite station were also con-
tinued and developed further (2003-). Other available satellite
data (SPOT VEGETATION, IRS WiFS, AWiFS and ENVISAT
MERIS) were integrated into the regional drought monitoring
model to detect the extension and intensity of the drought at re-
gional or country level (2003-2006).

6. WATERLOG/FLOOD AND IMPACT MONITORING,
RAGWEED MONITORING AND CONTROL PROGRAM

As a component of CROPMON, further additional extension of
remote sensing based operational applications were launched to
extract information about those most significant factors, ex-
treme natural disasters which occur on large areas and produce
negative effects on crop development and crop production.
Thus, satellite based waterlog/flood and impact monitoring
(1998-), and recently ragweed monitoring and control program
(2004-) were all growing out from the CROPMON methodol-
ogy and technology basis.

Waterlog and impact monitoring program was initially launched
for MARD, that covered the most affected 4 (in 1998) and 7 (in
1999) counties of about 4 million hectares. Reliable water-
log/tflood maps and derived areal measures reflected the static
status assessment of the areas under water or having saturated
soil. Beyond this, temporal evaluation of waterlog/flood af-
fected areas, impact analysis on the crops and the dynamism of
changes could also be monitored quantitatively. During the
combats against flood, when serious flood events occurred on
Hungary's largest rivers, the Koros and Tisza, in April 2000 and
March 2001, FOMI RSC provided real time satellite data and
flood maps for the disaster areas. The extent of flooded areas
was evaluated and high-, low- and medium resolution flood
maps were forwarded to the central and local management au-
thorities through electronic transmission (Lelkes et. al, 2001).
These effectively helped the local water management authorities
in planning the necessary steps and managing the fight against
the flood. Further improvements of the models to map and
monitor waterlog and flood affected areas were also carried out
in the frame of FOMI-ESA co-operational R+D programs
(Prodex": 2000-2004, PECS™": 2004-2007, Csornai et. al 2004,
2007). Yearly monitoring tasks were performed at regional level
in 2005-2006 for waterlog and flood assessment using also inte-
grated radar (ERS, Radarsat, ENVISAT ASAR) and optical
(IRS WiFS, AWIFS, ENVISAT MERIS Landsat/IRS LISS) sat-
ellite data sets.

The technique developed for ragweed monitoring and control
(2004-) is based on the methods that had been used in CROP-
MON. However, the remote sensing identification of the areas
contaminated by ragweed is much more difficult than the crop
identification. About 80% of ragweed infected areas (of a total
of 500.000 — 700.000 hectares) can be pinpointed by remote
sensing on the arable land. The reconnaissance of ragweed spots
are substantially helped by remote sensing as well as the ground

* Prodex= Scientific Experiment Development Programme
PECS= Plan for European Co-operating States

measurement and record by GPS plus integrated GIS tools. The
temporal development assessment of ragweed has fundamental
importance. FOMI RSC produces a countrywide ragweed risk
map focusing to the most heavily infected croplands. These
ragweed risk maps are derived from time series of medium and
high-resolution satellite images. In 2005, FOMI RSC detected
about 20 000 heavily infected spots (60 000 hectare) in the
country. Applying the procedure of four high tech (two space
technology related) areas, the whole system is 4-12 times more
efficient than the former ground based one, concerning different
parameters.

7. AREA-BASED SUBSIDY CONTROL WITH REMOTE
SENSING (CWRS, 1999-)

The methodology and technology basis of CROPMON can be
used also to extract information on the agricultural areas at par-
cel level, thus to control of the agricultural subsidy claims with
the use of satellite images. After controlling a 3 counties sample
for MARD in a pilot project in 1999, FOMI extended the re-
mote sensing control of national area-based subsidies to the
sample of 4-6% of all the dossiers (160-180 000) between 2000
and 2003. The CROPMON based digital crop maps were very
effective tools to access the automatic control of the parcels and
were an important part of CwRS technique in Hungary. Since
2004, in the EU system, FOMI’s CwRS control ran on the
newly built and updated Hungarian Land Parcel Identification
System (LPIS-Hu, 2004-). The total number of submitted
claims in Hungary grew to about 200 000 — 210 000. The suc-
cessful control of the amounts of dossiers (4-6%) within a very
short period of time could proved that the only feasible solution
to carry out on-the-spot checks is the use of remote sensing and
GIS techniques for the majority of the claims.

8. CONCLUSION

Both the validation of the developed remote sensing based crop
area assessment and yield forecast methods plus the first Opera-
tional Crop Monitoring and Production Forecast Program
(CROPMON 1997-2003) in Hungary clearly demonstrated that
these methods can be efficiently applied for the entire cropland.
Substantial background and investment were certainly needed.
About 300 man/year was invested by FOMI RSC in the frame-
work of the Hungarian Agricultural Remote Sensing Program
(1980 to date). The CROPMON reporting calendar was very
strictly set up by the Ministry of Agriculture and Rural Devel-
opment, Hungary, to be in synchron with its existing farms’ re-
ports based operational production forecast and monitoring sys-
tem. The 8 most important crops were covered and monitored
merely by remote sensing methods and technology. The
CROPMON is objective and validated in a series of years and
for very different areas.

Remote sensing could be very efficiently used for precise crop
area estimation and provision of crop maps. The results suggest
that the necessary classification performance can be obtained in
most of the cases, therefore the analysis could be cost effective.
The investment to achieve this seems to be worthwhile.

The new primary quantitative crop development assessment and
yield prediction model works on the basis of a combined
AVHRR and high resolution images based crop monitoring.
The quantitative yield prediction model performed properly and
efficiently in a more counties' area application and also for the
entire country. This model produces spatial distribution map for
the predicted yields.

CROPMON was extended into different directions. The model
could be adapted to IRS WiFS data applications to farms. Also,
CROPMON provided a tool for going far beyond the qualitative

29



ISPRS Archives XXXVI-8/W48 Workshop proceedings: Remote sensing support to crop yield forecast and area estimates

comparisons of vegetation periods through non crop specific
NDVI-values and provided potential yield estimates to charac-
terize the extent of drought.

Parallel to these, many other applications could efficiently be
added similarly to the waterlog assessment and ragweed moni-
toring and the remote sensing control of national area-based ag-
ricultural subsidies.
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