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ABSTRACT 
Most European Rivers periodically flood large regions of different landuse. Floodwater and appen-
dant sediments could contain a number of different pollutants like hydrocarbons and heavy metals. 
These elements can effect floodplain based vegetation in a negative way, for example by changing 
their leaf pigment concentration or their health status in general.  

The investigated area in this study is the Mulde River region near Bitterfeld below the Mulde-
Reservoir in Germany. This area was intensly affected by the flood in summer 2002 when Mulde 
and Elbe covered large areas in this regions.  

The available datasets for the investigation are a Hymap airborne-based image-spectrometer 
dataset recorded in July 2003 and an airborne laser scanner digital elevation model with 1m reso-
lution.  

The aim of the study is the investigation of different levels of stressed vegetation in 2003 in relation 
to the intesity and duration of flood distribution and accumulated sediments in 2002.The Hymap 
data was analyzed by iterative spectral unmixing, eleven endmember could be extracted, four dif-
ferent grassland damage levels were recognized. Geomorphological informations were derived 
from the digital elevation data by computing convolution filter techniques. To differentiate the 
grassland damages the red edge position was calculated. Therefor an approximately version of the 
linear method (Guyot et al. 1988) was choosen. 

The deepest depressions are covered with cane brake und vital grassland, there are fluid transi-
tions between these endmembers. The bigger part of the damaged grassland vegetation is located 
in lower bayous. So it seems that these areas are stressed by the affects of contaminated sedi-
ments. 

INTRODUCTION 
Floodplain ecosystems are marked with permanent material exchange with their surroundings. Due 
to one of the most effective transport systems-water- solid or liquid substances in rivers flow with 
as well as against the current (Miehlich, 2000). Both surface and ground water take part in these 
exchange processes. As both also combine, the transport routes are very complex and differ in 
time which is due to the differences in speed while transporting. For several decades floodplain 
ecosystems in Germany are directly or indirectly influenced by human actions. Material waste from 
farms, settlements and industries causes floodplains to be highly polluted.There are several types 
of pollution, stretching from contamination with heavy metals, arsenic or radioactive materials to 
deposition of hydrocarbon.Most parts of the floodplains is excessively used for agriculture and 
sculpted for human needs. This leads to an increasing danger in case of contamination. The peri-
odic deposition of polluted high tide sediment may cause contamination depressions.  

The last flood disaster with far reaching consequences for human beings and the environment in 
Germany was the flood caused by Elbe and Mulde in August 2002. Besides the direct conse-
quences, e.g. destroyed infrastructure, potentially contaminated fluviatile elements were distributed 
extensively through the water in the flooded areas. In order to be able to analyse the effects and 
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estimate the negative repercussions on the people, a lot of research projects were established. 
They predict that new floods might again move large amounts of polluted materials and thus in-
crease the potential danger for human beings in that area (Geller et al., 2003; LAU, 2003).  

Since the floodplain areas of the Mulde are subject to periodical flooding, vast parts are influenced 
by the mentioned contaminated flood sediments. Continual pollution of the soil with heavy metals 
and arsenic determines the quality and condition of its vegetation (Carter, 1993).  

The best way to record extensive flood and mud sedimentation areas is to classify remote sensing 
data. The question is, however, whether it also possible to qualify and quantify consequences of 
possible contamination by using remote sensing data. The aim of this paper is to evaluate the 
damages on vegetation in floodplains of the Mulde by comparing different data sets with high reso-
lution.  

METHODS 
The area to be examined in this paper belongs to the lower Mulde valley above the Bitterfelder 
Mulde reservoir inside the Leipzig Lowland (Fig.1). In this part the river is dominated by strong me-
anders. Through several naturally and humanly developed changes in the development a variety of 
bayous came into existence, which partly silted up due to succession processes. Alluvial forests 
accompanying the river are almost non-existent, the largest part of the area inside the flood protec-
tion embankment is used for farming.  

 
Figure 1: Investigated area – Mulde river ( database.Hymap data RGB 11/8/6)  

Multisensoral remote sensing data were available to this research project. In order to characterise 
the area’s morphology a high-resolution digital laser scanner elevation model was used (1m reso-
lution). Information on the covering with flood water and sediment of the flood in August 2002 was 
given by multispectral and multitemporal Daedalus data (5 m resolution) as well as by Ikonos data 
(Gläßer et al., 2003).  

For this study an airbone hyperspectral HyMap data set (5 m resolution, 20th of July 2003) was 
processed to get information on potential damage of vegetation.A variety of methods were applied 
to the available data. In general floodplains are seen as flat from a spacious point of view (Mieh-
lich, 2000), however, they show a micro relief created by fluvial processes. This smoothed relief of 
the floodplain influences erosion and accumulation of sediments. To achieve a better visualisation 
of the rangy morphology the digital laser scanner elevation model was subjected to a filtering tech-

722



© EARSeL and Warsaw University, Warsaw 2005. Proceedings of 4th EARSeL Workshop on Imaging Spectroscopy. New quality in environmental studies. 
Zagajewski B., Sobczak M., Wrzesień M., (eds) 

 

 

nique (convolution filtering, Erdas Field Guide, 1996). During that process the image pixel results 
are evaluated using the values of a chosen Convolution Kernel Matrix. Especially the edge detec-
tor filter lead to good results, this filter smoothes (flattens) homogenous areas but create sharp 
contrasts in areas with high spatial frequency. 

The hyperspectral HyMap data was processed with iterative spectral unmixing method. A semi-
automatic assignment of the endmember fractions was chosen, in order to detect spectrally pure 
pixel in the image data, a Pixel Purity Index (PPI) was calculated for the whole of the used data. In 
a repeated arithmetic step only the spectrally most extreme (meaning purest) Pixel are registered 
together with their frequency. As soon as a certain, chosen amount of index calculations is com-
pleted, the result can be visualised as an image (Schowengerdt, 1997). 

  
Fig.2: Endmember spectra – derived from Hymap data 

In this image the grey scale of a pixel represents its frequency in being regarded as extremely pure 
pixel. The unmixing is iterative because the quality of the chosen representative pixel cannot al-
ways guarantee the wished result. On the basis of the root mean square error in visual form, pro-
duced during each calculation step, regions could be extracted which were not characterised suffi-
ciently or not at all using the endmember classes. Altogether eleven endmember were derived 
from the HyMap spectra (Fig.2). Beside four different damage stages of the grassland another 
seven endmember fractions were marked to work out an exact area characterisation.  

The unmixing modelling was repeated and optimised until the final result’s RMS mistake could not 
be improved. In order to be able to improve the intensity of damages of grassland a calculation of 
the red edge position (REP) was carried out.  
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The used method was a customised variation of Guyot and Baret‘s (1988) linear method for the 
HyMap data. Calculation of the REP is a linear interpolation between the measuring at 700 and 
740 nm. The results for R670, R700, R740, R780 are the pure reflection values of one pixel in that 
wavelength (Clevers, 2002). As the canal distribution of the sensor does not allow the wavelength 
values to match the bandwidth variation, the bandwidth to be used for the calculation were chosen 
according to the nearest neighbour method. 
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RESULTS 
Due to the usage of a convolution filter it was possible to extract rangy morphological structures 
from the flat investigated area (Fig. 3). Throughout the complete grassland area curvy flood fur-
rows occur, in addition there are a number of bayous. The deepest parts are the bayous, accom-
panied by alluvial forest vegetation. The depth of the detected area depressions is variable. Be-
yond the dikes the area surface is more homogenous, which leads to the conclusion that dikes 
mirror the dynamics of the river genese taking shape as riverbed changes etc. 

 
Figure 3:Convolution filtered digital elevation model (airborne laser scanner data, 1m resolution) 

As shown in fig. 2 the green and infrared reflection and the red absorption features can devided in 
four classes of damages of grassland. 

The results of the spectral unmixing can be visualised in different ways. First, a greyscale image 
can be produced for each endmember fraction, which shows the quantitative share each pixel has 
of the endmember. The ranges vary from white (100 percent abundance) to black (0 percent abun-
dance).It is also possible to generate a RGB composite out of three chosen endmembers. The 
individual share the picture pixel have of the endmember fractions can be seen in the RGB share 
of the pixel and the resulting mixed colour. Within the diked area, which is more spacious on the 
southern riverside, mostly grassland areas were classified as belonging to one of the four damage 
levels: grassland, grassland – slightly damaged, grassland – damaged, grassland – huge dam-
aged. One can detect parallels in the distribution of vital grassland areas to the deepest bayous, in 
these areas there exist also fluid transitions to cane brake areas. Lower depressions offers high 
abundances of damaged grassland (Fig. 4). 
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Figure 4: Unmixing result abundance “Grassland – damaged” (bright pixels) 

High damaged regions could be highlighted with the calculated red edge. These area are located 
central within the damaged grassland classified by the unmixing. 

CONCLUSION 
The multisensoral approach offers the opportunity of combined analysis of different remote sensing 
data sets to determine grassland damages within the floodplain. The inhomogeneity of the relief 
can be pointed up with the filter techniques which were applied to the digital elevation model. The 
bigger part of the damaged grassland is located at morphological depression. These areas are 
long-time affected by probably contaminated water and sediments.The methods of these investiga-
tion are qualified for analyzing effects of flood events in inaccessibly areas.Furthermore chemical 
field analysis can set up much more efficient by containing the investigated area according to 
vegetation damage status 

A recommended course of action for subsequent projects can be summerized: 

 In order to achieve an exact qualitative as well as quantative evaluation of the damaged 
vegetation areas by means of extracting information from the remote sensing data it is nec-
essary to develop a sample screen of the area itself. For this, the heavy metal and arsenic 
concentration of the upper soil horizon would have to be determined on a specific regular 
basis together with the categorization of field spectra data of the vegetation. 

 The calculated red edge position cannot be evaluated without applying other polynominal 
algorithms known from the relevant literature. The differences between the results show 
advantages and disadvantages of each calculation method and define general trends in the 
changing spectral behaviour of damaged vegetation by means of REP shifts. 

 A data comparison with another sensor, ideally a hyperspectral sensor with freely definable 
canals in the red edge wavelength region, is recommended and would be helpful.  
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