Introduction
Natural disasters seem to be occurring ever more frequently, and to be causing increasing amounts of
damage to infrastructure while threatening to take ever more human lives.
An average of 50,000 lives are lost in this way each year, mainly in developing countries. The loss to the
world economy amounts to more than 50 billion USD. This is 9 times more than just a few decades
ago. This increase is primarily attributable to population growth, building in high-risk areas, and the
steadily increasing value of modern infrastructure.
Floods are responsible for the lion's share of such damage, and their numbers are constantly rising. In
Belgium alone (the Maas and Schelde River basins), the 1995 floods carried a price tag of 1 billion BEF.
Causes of floods include urbanisation, soil erosion, climate changes generating modifications in the
precipitation profile, and more frequent and more violent storms.
One can reduce the effects of natural disasters through sound disaster management. Such management
entails both prevention (assessment of risks, regional and local planning), forecasting, and adequate
assistance. Remote detection is an ideal aid for such efforts, and is already well-established in each of
these phases.
Satellite images, for example, are used to determine zones which are endangered by floods, volcanic
eruptions or landslides.
When time series of satellite data with high temporal frequency are available, deviations in a pattern can
point to an impending disaster. This is true for volcanic eruptions and earthquakes: satellites are able to
detect even minor deformations in the earth's crust. Data from weather and other satellites are also
indispensable for hydrological models which are used to help predict floods.
Finally, satellite images are the only tool which can help one to quickly assess the repercussions of a
natural disaster which has occurred (or is still occurring) over a large area. This, too, can be of vital
importance in providing adequate assistance..
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IMPACT OF A DAM
Should we build the dam ?
The Wadi Mujib canyon is very young in geological terms, cutting into the Jordanian plateau to a
depth of 700 m during the Quaternary period. The canyon walls have been overgrazed and severely
degraded by a variety of geomorphological processes. This makes them very sensitive to landslides. The
construction of a dam will not have a favourable influence on this.
In addition, the many archaeological finds in the region bear witness to a rich historical past. Many of
these sites could be lost as a result of building the projected dam.
Before starting work on the dam it is important to find out exactly what impact it would have on the
environment.

The archaeological site of Lehun is located on the
northern edge of Wadi Mujib, overlooking the canyon
which is 700 m deep and 5 km wide

The research is particularly concerned with the possible usefulness of Russian stereoscopic high
resolution TK-350 images for geomorphological mapping in semi-arid regions and for archaeological
studies.
The question is to what extent stereoscopic satellite pictures are suitable "replacement" material when
no stereoscopic aerial photographs are available. Indeed for many regions - such as infertile abandoned
areas or military zones - there are no aerial photographs.
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IMPACT OF A DAM
An initial point is what added value stereoscopic high resolution images can bring when introduced to a
GIS in the case of a preliminary geo(morpho)logical study for major infrastructure works in arid and
semi-arid regions.

Location of planned dam site in Wadi Mujib canyon
(Jordan)

Can the TK-350 images be used in combination with geological maps and digital terrain models in
drawing up hazard maps for slope instability, the infill of a reservoir, etc? A second point is to what
extent high resolution images can contribute to the preliminary studies for locating possible
archaeological sites in arid and semi-arid regions. There is little or no photographic material available
for such areas. TK-300 images could therefore be the solution.
An attempt is being made to map the geomorphology with the aid of stereoscopic high resolution
images. These provide the basic information for drawing maps on slope instability and the likelihood of
locating archaeological material. This method could then be applied to similar studies in other arid and
semi-arid regions in the Mediterranean region.
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Methodology and Results
A GIS base was created in order to draw up the requested environmental hazard maps for slope
instability and geo-archaeology. As the pixel value increases, so too does the risk of slope instability and
there is a greater chance of geo-archaeological finds.

SLOPE INSTABILITY
Method
Four weighted factors were combined for the slope instability mapping, selected on the basis of knowledge
of the field and supplementary literature. In this region a great many factors (topography, lithology, climate,
human influence, tectonics, etc.) all play a part in the development of slope instability. The most important
factors that trigger mass movements are (1) slope gradient, (2) lithology, (3) proximity of faults and
lineaments and (4) proximity of thalwegs or wadis.

Slides causing large masses of material to
move down the slope
Faults due to
(neo)tectonic activity
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Methodology and Results
A fifth information layer consists of the locations of earlier mass movements on the slopes. This
information is obtained from the geomorphological map drawn up on the basis of TK-350 images.
The various factors are then weighted by means of a statistical calculation based on the site of earlier
mass movements. The highest weight is given to the factor with statistically the greatest influence on
mass movements in the region.

The geomorphological mapping based on TK-350
images serves a double purpose:
(1) A general mapping (1:100,000) of the whole
canyon; and
(2) A detail mapping (1:50.000) of the dam site
and immediate canyon environment.
The legend is based on the geomorphological legend
for semi-arid and arid regions developed at the
University of Saragossa (Spain).
The geomorphological map on a scale of 1:50,000
was checked in the field during a second survey.
At the same time, field research was carried out into
faults and other lineaments which provide evidence
of neotectonic activity in the region.

Geomorphological map resulting from mapping
based on stereoscopic TK-350-images
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Methodology and Results
Results
Danger of landslides!
The sum of these weighted layers results in a map which shows the spatial variation for the relative risk
of mass movements or landslides. For greater clarity, the map is classified into 4 risk categories (low risk,
moderate risk, high risk and very high risk) on the basis of the image histogram.

Slope instability risk map indicating the site
of the planned dam (height of the dam: 10 to 50 m)

Block diagram of the digital terrain model including the
planned reservoir

The planned dam construction in the Wadi Mujib will create an upstream reservoir whose volume will
be dependent on the dam height. The very unstable slopes already present a potential danger of further
landslides, the result being that the reservoir will progressively lose its capacity due to sediment infill.
In addition, by raising the water table, the marly canyon walls will become moist (with a higher pore
pressure) making the present slope instability even worse.
As there is increased contact between the future lake and the high risk zones, there is a considerably
increased danger of slope instability for dam walls of above 20 meters in height.
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Methodology and Results
GEO-ARCHEOLOGICAL CARTOGRAPHY
Method
What is a good archeologist's spot?

A model similar to that for slope instability is drawn up for the geo-archaeological mapping. In this case,
however, there is no statistical calculation and thus no weights are allocated. The model consists of 8 information layers on the spatial variation of possible locations of as yet undiscovered archaeological sites or artefacts :
- The proximity of the steep plateau rim: the location of most known sites indicates the strategic importance of the plateau rim. From here there is a good view of the surrounding area and protection from
attacks from the opposite side by the deep canyon.
- The proximity of the important King's Highway: this trading route dating back several thousand years
has already yielded many archaeological finds.
- The proximity of thalwegs or wadis: these are important for the supply of water.
- The gradient: the flatter the terrain, the more likely it is to be attractive to people to settle there.
- The lithology: the presence of basalt (on which fertile earth develops) or fertile alluvium is very likely
to attract people.
- The proximity of a water source, a seepage line, or of Pleistocene travertine indicates the previous
presence of water: this is important for the water supply.
- The river terrace remnants: the low gradient and presence of a fertile valley bottom results in the
formation of terraces which are an ideal place for agriculture or settlement.
- The slope direction : in hot climates people seek out shaded areas.
Since the Neolithic revolution the protecting vegetation has been removed, leaving overgrazed and bare
slopes. North-facing slopes are exposed to less sunlight, certainly resulting in a lower evaporation level
(= higher moisture content of the soil) than on south-facing slopes. East and west-facing slopes have a
value between the two.
The TK-350 images are a valuable aid in pinpointing these landscape elements.

The archaeological site of Lehun is located
on the northern edge of Wadi Mujib,
overlooking the canyon which is
700 m deep and 5 km wide

Travertine sediments (in situ) along the
valley sides

Fluviatile terraces and current river bed
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Methodology and Results
Results
This is where to dig!
By combining these information layers it is possible to produce a map which shows the spatial variation
of the likelihood of archaeological sites or artefacts being present. The relevance of the resulting geoarchaeological map is tested by comparing the location of already known archaeological excavations
with the probability map. For the test zone it appears that 52% of the known sites lie in the zone of very
high probability; the remaining 48% in zones with average to high probability. No known site is located
in zones with a low to very low probability!
It can be assumed that building the dam will result in the loss of a great deal of archaeological material
on the river terrace remnants and the alluvial deposits. Archaeologists can use the geo-archaeological
map of the dam site as a guide in organising an effective emergency excavation campaign.

Map of probable archaeological sites indicating the site of
the planned dam (height of the dam: 10 to 50 m)
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Conclusion
The combination of the geomophological interpretation of the TK-350 images and field work in
drawing up a geomorphological map (and derived landslide map) provides the necessary qualitative
basic information with which to draw up a general slope instability model.
The TK-350 images also provide an important added value when creating a geo-archaeological model
for the location of terrace remnants, alluvium, travertine deposits, the steep plateau rim, etc.
Even if time and/or money prevents a field survey, the TK-350 images provide sufficient qualitative
information for the geomorphology on a scale of 1:50,000.
It can be concluded that the use of stereoscopic TK-350 images brings two major benefits, namely:
1. They can be effectively used for geomorphological preliminary studies for environmental risk mapping.
2. For various reasons, they are more useful than stereoscopic aerial photographs (1:50,000): the lower
price (especially for large areas), shorter delivery period (just 1 month!) and image processing, and less
complexity (advantage of large coverage and metric indications on the images).
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Info
Abstract
Water is becoming an increasingly strategic and scarce resource. The supply of useable freshwater is
limited while demand is growing sharply. In arid and semi-arid regions the problem is particularly acute.
An attempt is being made to solve the problem by increasing the supply of available water, partly by
building dams. Although dozens of dams are still being built every year, their utility is being increasingly
called into question. Their construction can bring risks to the environment in areas which are often of
great scenic and cultural-historical value.
In the semi-arid countries of the Middle East water is also essential to the region's political stability. In
order to guarantee its water supply, Jordan is planning to build a dam in the Wadi Mujib canyon. Such
a dam will certainly bring benefits to the country's development, but it is not free of risks as the canyon
slopes are very unstable. By raising the water table the marly canyon walls will become moist with the
risk of increased landslides. Also, the reservoir will gradually lose its capacity as a result of sediment
infill.
This region also has a rich historical past and a high archaeological value. Building the dam could mean
that as yet undiscovered archaeological sites will be lost for ever.
This project uses stereoscopic high resolution images in order to map the environmental risk and locate
valuable archaeological sites so that these can be taken into account when planning infrastructure works.

Observation area

The Wadi Mujib canyon lies to the east of the northern basin of the Dead Sea. During the Quaternary
period the canyon cut into the Jordanian plateau that is stratigraphically composed of almost horizontal
Late Mesozoic marine sediments of principally limestone, marl, chalk and chert. In geological terms,
this 700 metre deep canyon is very young, actually cutting into the bedrock from the Plio-Pleistocene
period.
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Info
Satellite data
For this research two Russian stereoscopic TK-350 satellite images were used. According to image
provider Sovinformsputnik the TK-350 (COSMOS platform) was developed in order to provide
detailed height data. These data allows maps to be drawn on the scale of 1:50,000 for nearly all areas of
the earth's surface.
In addition, maps on the scale of 1:50,000 and 1:100,000 were consulted for topographical, geological
(and lithological), and archaeological data. Additional data were obtained from literature and fieldwork
in the canyon.

Block diagram of the digital terrain model, draped
with the TK-350 image (resolution 10 m)
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