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ABSTRACT. A new method for the satellite remote sensing of different types of vegetation and ocean colour is
presented. In contrast to existing algorithms, our method analyses weak narrow-band reflectance structures of
vegetation in the red spectral range. It is based on differential optical absorption spectroscopy (DOAS), which is
usually applied for the analysis of atmospheric trace gas absorptions. Since the spectra of atmospheric absorption
and vegetation reflectance are simultaneously included in the analysis, the effects of atmospheric scattering and
absorption are automatically corrected. The inclusion of the vegetation spectra also significantly improves the results
of the trace gas retrieval.
The global maps of the results represent the seasonal cycle of different vegetation types. In addition to the vegetation
distribution on land, they also show patterns of biological activity in the oceans. Our results indicate that improved
sets of vegetation spectra might lead to more accurate and more detailed results in the future.
1 INTRODUCTION
The reflectance properties of vegetation change strongly between the red and the near IR part of the electromagnetic
spectrum (from < 10% to about 50%, see Fig. 1). Thus traditional vegetation detection algorithms from satellites
analyse the backscattered radiances in both wavelength ranges. From these signals various vegetation indices can be
calculated and the seasonal cycle of biological activity on earth can be monitored with high spatial resolution.
Definitions of various kinds of vegetation indices can be found in [1-6].
Here we present a new vegetation algorithm which can be applied to new satellite sensors with moderate spectral
resolution (but only coarse spatial resolution). A similar method was already applied to airborne measurements by
[7]. In contrast to the existing algorithms, our method exploits the narrow-band spectral information of the
vegetation reflectance, which allows in particular to discriminate different types of vegetation. One additional
advantage is that the influence of atmospheric scattering and absorption is automatically corrected.
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Fig: 1 Top: Spectra of the reflectance over different
kinds of vegetation, reproduced from the ASTER
Spectral Library through the courtesy of the Jet
Propulsion Laboratory. The strong change of the
0.0 reflectance between the red and infrared part of the
spectrum is usually exploited for the remote
sensing of vegetation. In the red part of the
-0.2 spectrum the reflectance is small (middle), but
contains
characteristic
spectral
structures
(displayed after high-pass filtering, bottom).
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2 GOME ON ERS-2
The GOME instrument is one of several instruments aboard the European research satellite ERS-2 [8,9]. It consists
of a set of four spectrometers that simultaneously measure sunlight reflected from the Earth’s atmosphere and
surface in 4096 spectral channels covering the wavelength range between 240 and 790 nm with moderate spectral
resolution (FWHM: 0.2 – 0.4 nm). The satellite operates in a nearly polar, sun-synchronous orbit at an altitude of
780 km with an equator crossing time of approximately 10:30 am local time. While the satellite orbits in an almost
north-south direction, the GOME instrument scans the surface of earth in the perpendicular east-west direction.
During one scan, three individual ground pixels are observed, each covering an area of 320 km east to west by 40
km north to south. They lie side by side: a west, a center, and an east pixel. The Earth’s surface is entirely covered
within 3 days, and poleward from about 70° latitude within 1 day.
3 DATA ANALYSIS
We retrieve information on vegetation and atmospheric absorbers using Differential Optical Absorption
Spectroscopy (DOAS, [10]) in the wavelength interval 605-683 nm (see Fig. 2). Our algorithm is based on the
DOAS algorithm developed for the analysis of the atmospheric absorptions of water vapor and the oxygen molecule
(O2) and dimer (O4) as described in detail in [11]. Using this algorithm, however, it turned out that over the
continents, often strong spectral structures appeared in the measured spectra, which could not be accounted for by
the atmospheric absorptions of O2, O4, and H2O. These spectral structures showed up in the residual of the DOAS
analysis causing strong systematic errors of the trace gas retrievals. In some cases, very low, or even apparent
negative trace gas absorptions for O4 were found (Fig. 3). When compared to the results of the O2 absorption or the
O4 absorption in the UV, it became clear that the decreased O4 absorptions in the red spectral regions (Fig. 3) were
obviously caused by an error of the. This conclusion is also supported by the fact that over the considered area no
significant change of the cloud cover was found (Fig. 4).
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Fig. 2 Results of a spectral DOAS analysis of water vapor and the oxygen molecule (O2) and dimer (O4) without
(left) and with (right) inclusion of vegetation reflectance spectra. For measurements over vital vegetation strong and
systematic spectral residuals appear, if the reflectance spectra of vegetation are not included.
After various possible instrumental and methodological reasons for this structure were investigated and could be
excluded, we studied whether spectral structures caused by the albedo of specific surface types might be responsible
for the observed spectral residuals. Since the problems occurred only over areas with vital vegetation, we took a
closer look at the spectral albedos of different kinds of vegetation (vegetation reflectance spectra reproduced from

the ASTER Spectral Library through the courtesy of the Jet Propulsion Laboratory, California Institute of
Technology, Pasadena, California. ©1999, California Institute of Technology. ALL RIGHTS RESERVED, see also
http://speclib.jpl.nasa.gov/).
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Fig. 3 Results of the O4 and O2 absorption (expressed as fit coefficients) for a GOME orbit crossing the eastern part
of China (23.10.1998). At about 25° N (red circle) the O4 absorptions retrieved in the red spectral range show a
strong decrease, which is not found in the results for O2 and O4 analysed in the UV. If vegetation spectra are
included in the DOAS fitting procedure, no decreased O4 absorptions in the red spectral regions are found anymore
(bottom).

Fig. 4 Cloud fraction (HICRU, see [12])
for 23.10.1998. For eastern clear sky is
found.
It soon turned out that the residual spectral structures showed similarities to the high-pass-filtered reflectance spectra
measured over vegetation (Fig. 5). Moreover, if the vegetation spectra were included in the spectral analysis, the
residual structures and the errors for the retrieval of the atmospheric absorbers were strongly reduced (Figures 2 and
3). However, it turned out that even if the vegetation spectra are included, still some residual structures remained.
Further investigations indicated that both, the spectral resolution and the spectral calibration of the vegetation
spectra might not be of sufficient quality for a proper use in the GOME retrieval. In addition, also the conditions
under which they were taken, are different from the GOME observing geometry. Finally, the selection of vegetation
types might not be fully adequate for the vegetation observed by GOME. Additional work using new vegetation
spectra would be necessary to clarify these questions.

Fig. 5 comparison of the spectral residual between
two clear sky spectra (one over land, the other over
ocean) and the high-pass filtered reflectance spectrum
of grass (blue). Some features are similar, others are
different (see also Fig. 1).
4 RESULTS
In Fig. 6, monthly mean maps for the results of the different vegetation spectra are shown for two selected months
(March and September 1998). Four types of vegetation (conifers, deciduous trees, grass and dry grass were included
in the spectral fitting procedure. (spectra reproduced from the ASTER Spectral Library through the courtesy of the
Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California. ©1999, California Institute of
Technology. ALL RIGHTS RESERVED, see also http://speclib.jpl.nasa.gov/).
Only measurements with an O2 absorption >80% of the maximum O2 absorption were selected to exclude mainly
cloudy skies (for details of the cloud-selection algorithm, see [11,13]). While for dry grass no clear signal was found
(not shown), the results for the three other vegetation spectra showed characteristic spatio-temporal patterns. The
relative patterns for deciduous trees and grass are almost identical. This is an interesting finding, since both spectra
show different narrow-band spectral structures (Fig. 1). It indicates that the observed spectral structures of
vegetation contain components of both vegetation spectra. For conifers, different patterns were found. Enhanced
values are mainly located over the mid and high-latitude regions of the northern hemispheric continents, in good
agreement with the global distribution of cool coniferous forest.

It is interesting to note that especially the results for conifers are also influenced by the ocean colour (Fig. 7).
Enhanced values are found over regions with high biological activity, particularly close to the mouths of big rivers.

Fig. 6 Global maps of the monthly mean results for different vegetation spectra for 1998. The results for deciduous
trees and grass are very similar; those for conifers show different spatial patterns. The effect of the seasonal cycle is
clearly visible.

Fig. 7 Enhanced values of the fitting coefficient for the conifer spectrum are found over many oceanic regions,
especially over regions with high biological activity as in the Arabic Sea, Yellow Sea, and at the mouths of Indus,
Ganges, and Irawadi (March 1998)
5 DISCUSSION AND CONCLUSIONS
We included spectra of the spectral reflectance for different types of vegetation in the DOAS fitting procedure for
the analysis of atmospheric trace gases in the red part of the spectrum. Besides a significant improvement of the
fitting results for the atmospheric trace gases, this inclusion enables also the retrieval of vegetation properties from
satellite observations. It is in particular possible to identify different kinds of vegetation. Our new method is not only
sensitive to vegetation over the continents, but also for the biological activity in the oceans. One particular
advantage of our new vegetation algorithm is that the correction of atmospheric scattering and absorption processes
is automatically included in the retrieval of the vegetation results.
Our results indicate that the currently available vegetation spectra are not of sufficient quality. We therefore strongly
recommend the measurement of new vegetation spectra with better spectral quality and additional types of
vegetation.
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