Figure 2: Part of a MODIS image acquired from NASA's Terra satellite taken on 20th August 2002, which shows
clearly the location and extent of the flooding along the River Elbe, Germany. (Source: NASA)
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After the Deluge
Flooding in Middle Europe Observed from Space
During the period from 10th August 2002 onwards, for several days, a large summer

raised levels of the Danube. However various riverside towns were flooded en-route.

storm moved slowly across parts of Central and Eastern Europe resulting in very heavy
rainfall and much subsequent flooding. This caused large numbers of people to be evac-

International Charter on Space &
Major Disasters

uated and resulted in a great deal of damage both within the riverside towns and in the
countryside lying along the rivers. The progress of the floods and the location and
extent of the areas that had been flooded were monitored using the images collected by
a battery of remote sensing satellites in a notable international cooperative effort. These
space images were used to help plan relief measures in the affected areas.
By Prof. Gordon Petrie

Storm Over Middle Europe
The origin of the storm was a large lowpressure weather system from the North
Atlantic passing over the British Isles.
Instead of it moving on in the usual track
north-eastwards into the North Sea and
Scandinavia, it veered southwards and
reached the Mediterranean. There it picked
up a great deal of moisture over the warm
sea. When the weather front moved on relatively slowly over the land into the central
parts of Europe, this moisture was deposited in the form of sustained and very heavy
rainfall - as much as 10 inches (25cm) in
four days in certain places. This resulted in
large-scale flooding, especially along the
River Elbe and its tributaries, the Vltava,
Mulde, etc. The River Danube and its tributaries were also affected in a similar manner.

it reached the area around the port city of
Hamburg on 24th August. Besides the
towns and cities, large areas of farmland
lying adjacent to the rivers were inundated
and their crops destroyed. To the south,
the northern parts of the provinces of
Upper and Lower Austria lying along the
River Danube and its tributaries were also
affected by flooding. The surge then
passed into Slovakia to affect its capital,
Bratislava, and then travelled onwards to
Budapest, where fortunately the high flood
protection walls were able to contain the

The Charter is an international collaboration
that was formed after the UNISPACE III conference held in Vienna in 1999. Its objective
is to ensure that space remote sensing
assets are brought into service and coordinated to support disaster and rescue operations on a world-wide basis. The current
members of the Charter are the European
Space Agency (ESA), CNES (France), the
Canadian Space Agency (CSA), the Indian
Space Research Organisation (ISRO) and
NOAA (USA). As a result of the flooding in
Central Europe, its services were called into
action. Furthermore, NASA, although not a
member of the Charter, also supplied
images, as did the main commercial suppliers of high-resolution space imagery, Space
Imaging and Digital Globe (in some cases via
their European agents). As a result, space
imagery from many of the currently operational civilian satellites was passed on quickly to the authorities in the different countries
- Austria, the Czech Republic, Slovakia and
Germany - most affected by the flooding.

Areas of Flooding
Starting in the Czech Republic, the River
Vltava overflowed its banks in southern
Bohemia, flooding first the medieval towns
of Cesky Krumlov and Ceske Budejovice
and then the low-lying parts of the capital,
Prague. The flood water then passed on
down the River Elbe into Eastern Germany,
where, on 15th August, it inundated the
lower-lying parts of the city of Dresden.
The surge of water then continued through
Saxony causing further flooding in the
towns of Wittenberg, Dessau, Magdeburg,
Tangermünde and Wittenberge, until finally
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Figure 1: An AVHRR image from the NOAA-16 weather satellite showing the storm passing over Central Europe on
11th August 2002. (Source: NOAA)
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(a)

(b)

(a) A radar image showing the extent of flooding in
the middle part of the River Elbe from Wittenberg
through Dessau, Magdeburg and Tangermünde to
Wittenberge acquired on 19th August 2002 by the
ASAR imager on board Envisat. (Source: ESA)
(b) A close-up of the ASAR image of the flooded area
around the town of Tangermünde. (Source: ESA)

clearly on the images.
(c) ISRO also contributed imagery acquired
from its WiFS (Wide Field Scanner) imagers
which are mounted on various IRS satellites (IRS-1C & -1D, IRS-P3). These images
were acquired through its European partner, Euromap, which operates the ground

receiving station at
Neustrelitz in Germany in
cooperation with DLR.
Through this source, it
contributed WiFS images
taken with an 188m
ground pixel size over an
800km swath. These were
received every day or two
and, given the extent of
the flooding, they
showed clearly the movement of the flood water
as it moved downstream.
An interesting point is
that, following the severe storm, the weather was clear and sunny. Thus all of these
low-resolution optical imagers mentioned in
(a) to (c) above were able to record
imagery as they passed over the areas
affected by the floods.

Higher-Resolution,
Narrow Swath Space Imagery
(d) Moving further up the ground resolution
scale, naturally ESA brought its ERS-2 and
Envisat radar satellites into action. With their
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Lower-Resolution,
Wide-Swath Space Imagery
(a) At the overview level, NOAA supplied a
number of very interesting images taken
from the NOAA-16 weather satellite. With
its wide (2,400km) swath and daily revisit
schedule, it was able to supply images on
a day-to-day basis. These showed both the
progress of the storm itself and that of the
subsequent flooding. Even though the
smallest ground pixel size from its AVHRR
imager is only 1km, given the sheer extent
of the flooded areas, these still showed up
clearly on the images.
(b) Similarly NASA published quite a number of images acquired by the MODIS
imager mounted on its Terra satellite.
Again, its wide (2,300km) swath ensured
almost daily coverage. Although the ground
pixel sizes of the MODIS imagery are 250m,
500m and 1km respectively depending on
the wavelength or spectral band being
recorded, the location and extent of the
flooding could still be discerned quite
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Figure 4: The flooded area around Wittenberg, as imaged on 20th August 2002 by the Thematic Mapper (ETM+)
mounted on Landsat-7. The extent of the flooded area can be compared with the thin line of the River Elbe as
recorded on the Landsat-7 image of the same area acquired on 20th August 2000. (Source: NASA)

Figure 5: A high-resolution (1m ground pixel) image acquired by IKONOS on 18th August 2002 showing the very swollen river and and flooded banks of the River Elbe within
the city of Dresden. (Source: Space Imaging)

all-weather, day/night capability, there were
of course no interruptions due to weather or
darkness. However the better ground resolution - 30m ground pixel size over 100km
swath or 150m over a swath width of 400km
- was offset to some extent by the narrow
swath width and the intervals of several
days between their passes over the flooded
areas.
(e) NASA also acquired images taken with
the TM multi-spectral imager with its 30m
ground pixel size that is mounted on
Landsat-7. Obviously, with its 185km swath
and 16 day revisit period, the images could
only be acquired once during the period of
the flooding. Still the colour and false-colour
images acquired on 20th August were
extremely revealing.
(f) ISRO also captured images of the flooded
areas from its IRS-1C & -1D imagers giving
much higher ground resolutions - 6m with its
pan imager and 23m with its LISS-III multispectral imager. Again the narrow 60km
swath and substantial revisit period meant
that the images could only be supplied at
intervals. It is not clear if the side-pointing
capabilities of the satellites can still be used
to shorten the revisit period, since the two
satellites were launched in 1995 and 1997
respectively and their fuel is now running
very low.
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(g) Finally the highest-resolution images were
acquired by Space Imaging using IKONOS
and Digital Globe with QuickBird. Using their
side-pointing capabilities, they could be targeted at very specific sites. This resulted in
some very spectacular high-resolution images
of the flooded parts of the larger cities such
as Prague and Dresden.

Image Galleries

NASA's similar "Earth Observatory" and
"Visible Earth" Web sites. These have the
URLs http://earthobservatory.nasa.gov/ and
http://visibleearth.nasa.gov/. Still more
images can be found on the GAF
(http://www.gaf.de/) and Eurimage
(http://www.eurimage.com/) Web sites. These
include some of the images acquired by the
IKONOS and QuickBird satellites respectively.
Professor G. Petrie (g.petrie@geog.gla.ac.uk),
Department of Geography & Topographic Science,

The images presented here are only a small
sample of those that are available on the
Web. Readers wishing to see more of these
images should inspect the DLR site set up
for the purpose, having the URL
http://www.dfd.dlr.de/images_hochwasser/
index.html. This gallery contains the images
collected from many of the satellites mentioned above. When combined together, they
give a daily record, showing the progress of
the flood water surge and the extent of the
flooding throughout the period. The accompanying text is however in German. The SAR
images from the ERS-2 and Envisat satellites
can be viewed on ESA's "Earth Watching"
Web site, which has the following URL:http://earth.esa.int/ew/floods/northern_europe
_02/fl_northern_europe_02.htm. The MODIS
and Landsat images can be viewed on

University of Glasgow, Glasgow, G12 8QQ, Scotland, U.K.
Internet: www.geog.gla.ac.uk/~gpetrie
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Figure 6: A pan-sharpened multi-spectral image (0.7m
ground pixel) of part of the centre of Prague showing
the area around the Jiraskov most Bridge and the
flooded parts of the Slovansky, Detsky and Strelecky
islands in the River Vltava. (Source: DigitalGlobe via
Eurimage)
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