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Abstract  
 
Vegetation cycles are of general interest for many applications at different levels. Be it for global 
monitoring of climate-change, as input to atmospheric models or harvest-predictions. The spectral 
signatures of different types of vegetation can be identified and analysed using the DOAS technique 
with satellite based instruments like GOME or SCIAMACHY. Although the spatial resolution of GOME 
and SCIAMACHY observations is much coarser than those of conventional satellite instruments for 
vegetation monitoring, our data sets on different vegetation types may add new and useful 
information, not obtainable from other sources. Like high temporal resolution and possibly information 
on different plant-pigments. It also improves and enables comparisons with trace-gas retrievals from 
the same instrument. 
 
We present the seasonal variation of vegetation for the time period 1996-2003 on a global scale and 
compare our results to other satellite data sets. For validation we plan to compare our data with results 
from other instruments and fieldwork. We present average seasonal variations as well as specific 
anomalies found in the retrievels. Our data set will be extended using measurements of the GOME-2 
series; this will allow retrieval of continuous time series for vegetation and land-use applications of 
more than 12 years.   

Figure 1: Results of a spectral DOAS analysis of wa ter vapor and the oxygen molecule (O 2) and dimer (O 4) without 
(left) and with (right) inclusion of vegetation ref lectance spectra. For measurements over vital veget ation strong and 
systematic spectral residuals appear, if the reflec tance spectra of vegetation are not included. (Wagn er et. al. 2007) 



1. INTRODUCTION  

The Global Ozone Monitoring Experiment 
(GOME, since 1995) war originally launched to 
monitor the stratospheric Ozone-layer. The 
high spectral resolution of this instrument 
proved capable to also investigate other 
atmospheric gases. This was continued 
successfully with SCIAMACHY (since 2002) 
and GOME II (since 2006). To achieve this, 
the data was analysed using the DOAS 
technique.  
 
The residual from DOAS analysis should be 
restricted to instrumental noise. But Wagner 
et. al. (2007) showed that in the reference 
spectra of the ASTER spectral library, in the 
red spectral range, there are still structures 
visible, indicating more information that was so 
far unused. It was found that these structures 
are caused by the influence of vegetation-
albedo. 
 
The fit including vegetation spectra resulted in 
a much less structured residual as 
demonstrated by Wagner et. al. in Fig. 1. 
 
More details on the spectral dependence of 
the reflectance of vegetation is shown in Fig. 
2. 
 
These structures may well be connected to the 
absorption-maxima of different pigments of the 
vegetation. Please compare the filtered data 
(lowest graph in Fig. 2) to Fig. 3 which shows 
the absorption characteristics of various plant-
pigments: 
 
If the second absorption-peak of Chlorophyll b 
is compared with the high-pass filtered data 
there is a corresponding minimum in the 
albedo of the forest classes near 645nm and 
for grass near 650nm. 
 
Such a shift may well be possible since the 
form of the molecule of Chlorophyll may 
slightly alter due to the specific environment 
inside the cell. These may have an impact on 
the three-dimensional shape of the long 
molecules of Chlorophyll. A slightly altered 
angle inside a molecule may than have 
influence on the absorption-characteristics as 
demonstrated in Fig. 4 for the example of 
Chlorophyll a. 
 
All these observations lead to the expectation 
that there may be valuable information on 
vegetation and it's pigments to be extracted 

Figure 2: F ine structures within vegetation data  from 
ASTER spectral library, enhanced by high-pass 
filtering. [Wagner et. al. 2007]  

Figure 3: Absorpt ion of various plant -pigments. 
[Strasburger 1991]  
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Figure 4: Absorption -characteristics of Chlorophyll a in 
different environments. Please note the shift of th e 
peak inside the red circle. [modified from Richter 1988] 



Figure 6: Selection of wavelength ranges for the spectral ana lysis of the different trace gases analyzed from 
GOME spectra. The yellow lines indicate the absorpt ion spectra of the trace gases scaled to the absorp tions 
determined in the satellite spectrum (light blue li nes). In the same way as the trace gas absorption, the spectral 
reflection features of various vegetation types and  the Ring effect can also be analyzed. In the near- IR (not 
shown) the absorptions of CH 4, CO2, and CO can be analyzed.  

from spectrally resolved satellite data with the DOAS method. 
 
The value of this kind of data could be used in many fields. It could be used: 
 
- to increase accuracy of trace-gas-retrievals from the same satellite-instrument 
- to study vegetation-cycles at global level – allowing global cover (with GOME-2) at an 

almost daily basis 
- for synergic use with trace-gases and other instruments 
- as input for models at similar spatial resolution 
 
In the end we hope to be able to connect the finer spectral structures to plant characteristics like e.g. 
individual pigments. This could provide entirely new levels of information on vegetation retrieved from 
satellite instruments. 
 
To achieve this, we need to generate new vegetation reference data with a spectral resolution similar 
to the satellite instruments. 
  

2. METHODS AND INSTRUMENTS  

2.1 DOAS 

From the raw satellite spectra the absorptions of the individual atmospheric trace gases are 
determined using differential optical absorption spectroscopy (DOAS) [Platt 1994]. In brief, the 
measured spectra are modeled with a nonlinear fitting routine that suitably weights the known 
absorption spectra of atmospheric trace gases and a solar background spectrum, frequently called the 
solar Fraunhofer reference spectrum. Also, the influence of atmospheric Raman scattering (the so-
called Ring effect) is considered. Contributions of atmospheric broadband extinction processes (e.g., 



Rayleigh, and Mie scattering) are removed from the spectrum by fitting a polynomial of low order. For 
the DOAS analysis of vegetation, in addition to the trace gas spectra, also spectra for the spectral 
reflectance of different vegetation types are included in the fitting algorithm. In Fig. 6 the wavelength 
ranges are indicated where the different atmospheric trace gases (and also cloud and surface 
properties) are analyzed. For each species, spectral regions are selected where the most prominent 
differential absorption structures appear or/and the smallest spectral interferences with other species 
are expected. In Fig. 1 also the results of the spectral analysis are presented. The yellow lines indicate 
the absorption spectra of the respective trace gas scaled to the absorptions determined in the GOME 
spectrum (blue lines). 
 
For an in depth introduction into the DOAS method see Platt and Stutz (2008). 
 

2.2 Satellite based Instruments 

The satellite-instrument applied for our 
research so far is GOME. 
 
GOME flew on ERS-2 and was 
launched in 1995, looking nadir at a 
wavelength-range of 240 – 790 nm, 
covering the full earth within 3 days with 
a spatial resolution of 40 x 320 km. We 
used GOME for our first experiments 
and calculated results for the full years 
from 1996 to 2002. 
 

2.3 Ground based Instruments 

To generate new reference-data we use 
a portable MiniMaxDOAS (Mini-Multi-
axis-Differential-Optical-Absorption-
Spectroscope). 
 
The spectrometer inside the 
MiniMaxDOAS is an Ocean Optics USB 
2000+ with an Entrance Aperture Slit of 
25 microns with a nominal wavelength-
range of 500 – 790 nm. The 
spectrometer was then provided with 
temperature controlling and multi-axis 
capabilities by Hoffman Messtechnik. 
 
To avoid interference from reflections of 
the second order we also attached a 
GG475 filter from SCHOTT. 
 

3. FIRST RESULTS FROM GOME  

We fitted the reference-spectra from ASTER spectral library to GOME data from 1996 to 2002 to get a 
first indication for the potential of the method for vegetation analysis. We used the three reflection 
spectra for deciduous, conifer and green grass. The results we got were very encouraging, as is 
demonstrated in the six monthly means in Fig. 6, showing the monthly means for all three vegetation 
classes in March and September 1997. 
 
 

Picture 1: MiniMaxDOAS instrument used for referenc e-
data acquisition. 
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Figu re 6: first results of vegetation -spectra fitted to GOME d ata in March and September 1997  

 
In all three classes the signal in March is strongest from the southern Hemisphere, while September 
is still showing growth in northern Eurasia. Also well visible is the lively vegetation signal in Africa, 
south of the Sahara, showing the greening after the rainy season and strong growth in south-east 
Asia due to Monsoon.  
 
Some inconsistencies still remain. 
 
The strong grass-signature in the Amazon-Basin still needs explaining as does the conifer-signal in 
the oceans. 
 
The position and timing of the conifer-signature over oceans actually suggests that it is picking up 
strong algae signals e.g. at the mouths of big rivers. 
 
This needs more investigation. 
 
To improve our results, we need to generate new reference spectra, at high spectral resolution similar 
to the satellites.  
 

4. TOWARDS NEW REFERENCE-SPECTRA 

We started to measure over vegetation with a MiniMaxDOAS, covering the range of 500 to 800 nm 
at a resolution of about 0.5 nm. (see description in chapter 2) First results are confirming the 
additional information-content in the spectra.   



 
Fig. 7 demonstrates the method, measuring first 
over vegetation (in this case a deciduous tree) 
and then immediately after over salt. The salt 
serves as a useful reflector, providing a 
reference to correct for the actual atmospheric 
conditions without adding spectral features of its 
own.  
 
The resulting ratio spectrum looks like the 
familiar shape for vegetation, but the finer 
structures in the red part of the spectrum 
become visible. There is still a lot instrument 
noise involved which will have to be reduced in 
future. Applying a low-pass-filter shows a lot of 
finer structures which support our expectations. 
 
Please compare in Fig. 8 the difference between 
the reference data from the ASTER spectral 
library and our own measurement: 
 

5. Outlook  

We still have to optimize our measurement 
techniques for the new reference data. But first 
results are very promising. 
 
As expected we see more and finer structures 
than the old reference data. We now have to 
investigate the causes for those structures. First 
investigations support the expectation that these 
structures are related to the specific pigment 
content of the plants. 
  
Our data also shows vegetation structures over 
ocean. Many of the structures appear to be 
related to known areas of high algal activities. 
This needs further investigation. 

Figure 8: C omparison of ASTER spectral library 
reference spectra with own measurements 

Measuring over vegetation (here: tree)  

Measuring over reference  

Ratio  Vegetation to Reference  

Figure 7 demonstrating method and first 
measurements applied to vegetation. The upper graph  
shows the signal from a broadleaf-tree. The middle 
graph shows the signal from the atmospheric 
reference, measured immediately after the first 
measurement over salt. The bottom graph shows the 
ratio of the two measurements, showing the 
characteristic vegetation-signal. 
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Up to now we didn't study the effect of clouds on the retrieved vegetation data. This is necessary and 
will be our next step with the vegetation information from GOME. 
 
We also plan to apply our fits not only to GOME, but also to SCIAMACHY and GOME-2, providing 
continuous vegetation information since 1996. This should allow interesting studies concerning 
vegetation-cycles. 
 
Our results will have to be verified against other data like global NDVI or land-cover maps and with 
fieldwork. 
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