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ABSTRACT:

What are the benefits of moderate resolution data and which parameters could the user receive from these data? The following text
tries to give some answers to this question.In an examination, the satellite images from the sensors MODIS (Moderate Resolution
Imaging Spectroradiometer), ASTER (Advanced Space borne Thermal Emission and Reflection Radiometer) and LANDSAT are
compared to show which parameters for vegetation models, e.g. the Leaf Area Index (LAI), the Normalized Differenced Vegetation
Index (NDVI) or the Photo Synthetically Active Radiation (APAR) can be estimated. Therefore specific vegetation models were
developed to estimate the “carbon reservoir”. In the present thesis the adapted model is the Global Production Efficiency Model
(GLOPEM) invented by Goetz et al. (1996).All parameters were compared with a classification of the standard Maximum Likelihood
(ML) and Minimum Distance to mean (MD) methods. The accuracy of the ASTER data in comparison with CORINE Land Cover
2000 lies around 80 percent and declares the best results. But also the results of the MODIS and LANDSAT images were beneath the
marks of ASTER.

1. INTRODUCTION Spectroradiometer), ASTER (Advanced Space borne Thermal
Emission and Reflection Radiometer) and LANDSAT are
In 2008 the Kyoto Protocol to the United Nations framework  compared to show which parameters for vegetation models, e.g.
convention on climate change has been started in which the the Leaf Area Index (LAI), the Normalized Differenced
leading industrial nations obligate themselves to reduce Vegetation Index (NDVI) or the Photo Synthetically Active
greenhouse gases from 2008 to 2012 by 5.2 percent. The Radiation (APAR) can be estimated. All parameters were
European Union will play thereby a central role with their calculated by the specifications of the model GLOPEM, except
voluntary agreement about twenty percent up to the year 2020. for the LAI, which was estimated with special software and
Flexible mechanisms of compensation (such as the ‘Clean validated by forest research data.
Development Mechanism’ and ‘Joint Implementation’) could
help the carbon dioxide producing industries to implement their Further important parameters of this vegetation model are the
high aims. Based on these mechanisms tradable emission rights Fraction of Absorbed Photo Synthetically Active Radiation
arise which advance - among other things - the regional (FAPAR), the biophysical conversion factor (g) and the
measures and policies on the fixation of carbon in the form of autotrophic respiration (Ra). All parameters are important to
biomass, e.g. by afforestation. determine the Net Primary Productivity (NPP), which balances
the fraction of the photosynthesis and respiration in a forest
The trade with the emission rights contains a lot of stand. These indices are analysed and compared with the
opportunities: With the publishing of the carbon dioxide classification results of the three satellite images and also with
balances, emissions from the industry obtain a real market the land cover information of CORINE (Coordinated
value, particularly in dependence of the costs for avoiding of Information on the European Environment) and terrestrial
the emissions. As a result of this development the companies information (DLR 2006).
are interested in reducing atmospheric greenhouse gases in the
future. But these environmental measures should be audited by~ All parameters as well as the radiation specific parameters are
an independent institution or system; conventional methods are calculated based on remote sensing data and validated with
not suitable for the controlling and monitoring. Large-scale and further products, e.g. CORINE Land Cover 2000 data. Also
contemporary data products derived from moderate resolution special geo-information data, such as climate indices, a digital
satellite systems, such as MODIS (Moderate Resolution terrain model and forest inventory data are used for the
Imaging Spectroradiometer) can help to assist these monitoring examination. All images and geo data were integrated and
systems. analysed in a Geographic Information System (GIS).
2. METHODOLOGY 3. RESEARCH AREA
In this paper - as a part of the dissertation - the benefit of The research area of about 400 square kilometres is located in
remote sensing based vegetation models is analysed: In this  the European Geoparc TERRA.vita in Northern Germany in the
case the Global Production Efficiency Model (GLOPEM) (fig.1)  forest district of Minden (s. fig.2). The TERRA.vita Geoparc
invented by Goetz et al. (1996) is adapted. with a size of 1250 square kilometres with its special

o vegetation, forest and agricultural sites in a hilly terrain
Instead of TOMS/CERES and AVHRR the satellite images represents a typical northern region of Germany (Europarc &
from the sensors MODIS (Moderate Resolution Imaging IUCN 2000). Special investigations are made in the forest
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stands, with the species oak, spruce and beech. Therefore
additional forest inventory data was collected.
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Figure 1. Global Production Efficiency Model (GLOPEM) by Goetz et al. (1996)
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Figure 2. The Geoparc TERRA.vita in Northern Germany, a view of LANDSAT TM
(USGS 2001, TERRA.vita 2003)
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The remote sensing satellite images from MODIS have a spatial
resolution from 250 meters up to 500 meters. At least 21 scenes
of MODIS were examined, investigated and estimated for a
time series in 2003. In this case also change detection was
calculated for the MODIS data. The LANDSAT images, as a
well known and long-term satellite image data, with a spatial
resolution of about 30 meters, were used in the present research.

ASTER has the best spatial resolution of the investigated
satellite images with 15 meters. All used satellite image data
contain multi-spectral sensor information. Especially the
spectral range of the visible light and the near infrared
radiations were used for the examination.

4. RESULTS

The Leaf Area Index (LAI) in combination with the Normalized
Differenced Vegetation Index (NDVI) can very well be
calculated from remote sensing data; especially the results from
the ASTER images are significant (s. fig. 3).

In addition all satellite images were classified with the standard
Maximum Likelihood (ML) and Minimum Distance to mean
(MD) methods. The following Error-Matrix gives a good
impression of classification results of ASTER in comparison
with CORINE Land Cover 2000 (s. fig. 4).

The present examination shows that the Maximum Likelihood
classification of the ASTER images, with accordance about
over 80 percent with the ground truth, are best suited to
calculate these parameters. The good results of the ASTER
satellite data with the Maximum Likelihood classification,
especially with the adjustment of the estimated spectral indices
as the LAI (s. also fig. 5) were even better than the results of
MODIS or LANDSAT.

It explains on the one hand which parameters of the developed
model can determined using remote sensing satellite images and,
on the other hand, which parameters must be measured in the
field to complete the statistics. The high chronology and
availability of data with a moderate resolution compensates
sometimes the disturbances and problems with the data
evaluation and analysis. “Low- cost-data” could be used in
large-scaled areas, especially for environmental research. But
the primal condition for the use of satellite data - especially in
vegetation models with multispectral data - is (and remains) the
infrared channel.

Summarized, the research shows the quality and robustness of
the calculated parameters for the different satellite images
MODIS, LANDSAT and ASTER in combination with CORINE
and in the comparison with the terrestrial measurements. New
improvements on these remote sensing based vegetation models
are imaginable. At least moderate resolution satellite data can
have a useful impact on forest monitoring systems.
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Figure 3. Comparison of LAl and NDVI for the three different satellite images
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CORINE Ground- Truth
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Figure 4. Error-Matrix of ASTER ML classification in comparison with CORINE

Figure 5: LAI (0 = transp.) and NDVI (top) with ML classification of ASTER (bottom)
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