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ABSTRACT: In this ongoing project the land use/-cover change of the last 25 years in North Rhine West-
phalia is visualized via an Internet Portal. LANDSAT data of the years 1975, 1984 and 2001 are used with
ancillary GIS data to derive twelve general land use/-cover categories for every time slice. Additionally at
some areas of special interest the visualization of land use/-cover is supported by multisensoral data (ASTER, 
IKONOS, CORONA, ERS) and orthophotos to show the potential of remote sensing for environmental edu-
cation.

1 INTRODUCTION

With an increase of 129 ha per day of impervious 
land cover for traffic and settlement areas Germany 
is far away from the 30 ha per day of the sustainabil-
ity-strategy intended for the year 2020 by the Fed-
eral Environmental Ministry. Surface assertion can 
be regarded as one of the most important ecological 
challenges. As a consequence, methods and tools 
have to be developed to raise awareness in the public 
as well as in the administrative sector and educa-
tional institutions. 

The presented ongoing project focuses on North 
Rhine-Westphalia (NRW), which is the most 
densely populated federal state in Germany. It is 
characterized by a heterogeneous landscape structure 
with its industrial agglomerations (e.g. the Ruhr 
area), surface mining and agricultural areas. During 
the last decades, strong economic and socio-
structural changes have taken place. Hence, NRW is 
most suitable as an exemplary region to study highly 
dynamic developments.   

As satellite data and aerial photographs are illus-
trative and highly fascinating they form a vivid in-
formational basis for environmental education. Even 
the action plans of the Johannesburg Summit 2002 – 
the World Summit on Sustainable Development – 
emphasize the important function of remote sensing 
for the detection and monitoring of surface land-
cover characterization [6].

The project aims to use remote sensing derived 
area-wide land use/-cover data to build capacity with 
regard to the problem of the increasing impervious 
land cover during the last 30 years in an educational 
way. Via an internet portal the data is visualized and 
a communicational platform provides possibilities 
for interaction between different stakeholders, citi-
zens and scientists. Awareness for ongoing devel-
opment processes shall be created and especially an 
encouragement to public participation in dialogues 
concerning the mentioned topics should be inspired.  

LANDSAT images build the primary data source 
for detailed analysis of land use/-cover maps for 
three time steps between 1975 and 2001 covering the 
entire NRW. A comprehensive inventory on land use 
statistics is compiled and integrated with the large 
GIS database provided by the provincial authorities. 
For areas of special interest complementary thematic 
layers (e.g. flooding, open pit mining) are generated 
using multi-sensor image interpretation. Moreover, 
time series of orthophotos and oblique aerial photo-
graphs are integrated in the web interface for the 
purpose of visualization.

Against this background the project offers new 
perspectives of information- and interaction-nodes 
for knowledge transfer and capacity building. By 
means of operational processing a regular update 
could be easily applied.
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Figure 1. LANDSAT 2001 mosaic of North Rhine-Westphalia and the location within Germany (projection: Gauß-Krüger zone 2, 
date: Potsdam). 

2 PROJECT CONCEPT AND BASIC 
METHODOLOGY

The project is mainly financed by the Ministry of 
Environment & Nature Conservation, Agriculture & 
Consumer Protection of the State of North Rhine-
Westphalia (MUNLV) to support the Agenda 21 
process. Agenda 21 is a comprehensive plan of ac-
tion to be carried out globally, nationally and locally 
by organizations of the United Nations System, 
Governments, and Major Groups in every area in 
which human impacts on the environment occur [1].
Agenda 21, the Rio Declaration on Environment and 
Development were adopted by more than 178 Gov-
ernments at the United Nations Conference on Envi-
ronment and Development (UNCED) held in Rio de 
Janeiro, Brazil, 3 to 14 June 1992. Local Agenda 21 
seeks to enable the community to influence envi-
ronmental policy and in so doing improve the qual-
ity of life for themselves and future generations. It 
gathers good environmental, economic and social 
practice and through raising public awareness of the 

issues, encourages improvement at a community 
level whilst recognizing that one of the most impor-
tant components for success is the individual. In this 
context the presented joint project can be arranged. 
The Centre for Remote Sensing on Land Application 
(ZFL) in Bonn is responsible for the acquisition and 
processing of the remote sensing data. Five TM and 
ETM+ scenes and six LANDSAT MSS scenes cover 
the area of North Rhine-Westphalia respectively. 
The images were georeferenced to the GIS database 
ATKIS (Amtliches Topographisch-Kartographisches 
Informationssystem; an official map system) which 
has a position accuracy of +- 3m. The RMS error 
was smaller than 0,5. The atmospheric correction of 
a master image (2001) was done with the software 
tool ATCOR 2. For the remaining slave images a 
relative radiometric normalization was applied with 
a simple least square regression method of carefully 
chosen unchanged pixels, which lead to better re-
sults than other radiometric normalization methods 
which were evaluated for this case, e.g. pseudoin-
variant features or dark-set-bright-set [4].
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Figure 2. The provided basic information for a community or district includes the classification, the natural colour image, photos, 
oblique aerial photos, statistics and the development plan. 
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    1984                      1975

Figure 3. The expansion of the open pit mining (brown coal). The mining areas of 1984 and 1975 are demonstrated as overlaid  
signatures on the LANDSAT image of 2001 (band 1) where the pit mining area is easy to recognize. 

                            A                                                                B 
Figure 4. The city Aldenhoven and the adjacent open pit mining area illustrated with an orthophoto A (2000) and LANDSAT image 
B (2001) in a false color composite (FCC 4-3-2). In the orthophoto many more details could be recognized and a better understand-
ing by the user for the LANDSAT mapping capabilities and the limitations is supported (scale 1:21500). 
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Twelve land-use and land-cover classes were de-
rived (compare figure 2). For the classification wa-
ter-, cloud- and vegetation-masks were computed us-
ing empirically derived and statistically investigated 
thresholds (NDVI, Tasselled Cap, 4/3 Ratio) and 
GIS data [3]. A supervised Maximum Likelihood 
Classification (MLC) was applied to each scene af-
terwards [2]. For this purpose over 3500 ground 
measurements were recorded with a GPS during a 
comprehensive field campaign in 2002, which cov-
ers the whole area of North Rhine-Westphalia and 
are implemented in a GIS and proposed to provide 
suited training and test areas for the MLC.

The final mosaicking of the scenes is done after 
the classifications to avoid errors due to different 
dates of acquisition. For additional information on 
special interest sites, which include for example 
flooding areas, open pit mining, urban development, 
naturalization of gravel-pits and the restructuring of 
old industrial areas, further data from other remote 
sensing satellites (ASTER, IKONOS, ERS & CO-
RONA) will be used to show the potential of remote 
sensing for environmental education.  

3 WEB PRESENTATION 

Via internet the result of the classification and the 
natural colour images of different district levels 
(administrative district, district, community) are 
visualized for the three time slices down to the scale 
of the community. Additionally, the visual informa-
tion is supported by statistics, orthophotos, photos 
and oblique aerial photographs (Figure 2). Links to 
the communities and districts are also given to the 
user to simplify the possibility of contact. It is also 
possible to show the recent development plan and be 
informed about the ongoing plans of the administra-
tion. Although, in Germany, development plans are 
laid out for public access before their implementa-
tion and the citizens have the possibility to criticize 
the plans, the chance of active intervention is rarely 
taken. The visual information of changing land-
cover and land-use and the offered discussion forum 
will stimulate the interaction. 

4 HOT SPOTS  

For areas of special interest additional satellite data 
and orthophotos illustrate certain issues as well as 
raise and emphasize the awareness for ongoing 
changes. Figure 3 demonstrates the changing open 
pit mining areas in a very concrete way. In figure 4, 
an orthophoto of the open pit mining region is pre-
sented which gives a much more detailed impression 
than the LANDSAT images and features are more 
easily recognizable by the common user. 

5 CONCLUSION 

The aim of the project is not to offer data, but to 
visualize the change of land-use and land-cover from 
1975 till today with the help of remote sensing data 
for a wide target group. In our opinion the Internet is 
the ideal platform for such a project. Decision-
makers like politicians and economists, agenda 21 
activists, students, nature conservation groups and 
the interested citizens can inform themselves about 
the area-wide environmental change during the last 
25 years in a very demonstrative way and at higher 
resolution than shown by former land use/-cover 
data (e.g. CORINE, 250m). The discussion forum  - 
which is part of the web site - can support the debate 
about the agenda 21 process and the change of the 
environment in a direct way. Even at this stage the 
project has already managed to meet response from 
local news agencies, schools and NGOs. 

Furthermore, this project has the capability to 
serve as a pilot study for other regions and is cer-
tainly expandable in many senses. It forms a base-
line study for a subsequent statewide monitoring 
program on land use/-cover in a state that can be up-
dated in irregular intervals.  

In the beginning of 2004 the final results of the 
project will be accessible via the Internet 
(www.flaechennutzung.nrw.de).
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