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Fig. 1 The general pattern of a polar orbiting satellite
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Fig. 92 A Landsat view of the Kuwait Bay area, 10 January
1973, produced on the IDP 3000 at RAE, Farnborough,
England.
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logy, petroleum and minerals, forestry, and water applications
as between 4.3 and 9.3. This is highly favourable to the U.S.A.
and is even more to the countries outside the U.S.A.
as they do not have to bear the development and operational
costs of the satellite program, and can purchase satellite ima-
gery at low cost from the United States.

Already remote sensing is an area of considerable expan-
sion. It is of great potential to the environmental disciplines in
providing a powerful data base which can be used to further
our knowledge of the Earth. For the Middle East, the potential
value of remote sensing is probably as great as for any other
area of the globe, and this potential should be grasped by the
geographic community as a whole in its search for answers to

environmental questions.
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can be monitored by comparing imagery from 1973 with that
for 1975 and 1980 to follow the immense expansion which
Kuwait has experienced, and Landsat images can be used to
identify which are the best sites for further investigation in
environmental research.

Conclusion

Remote sensing data open up a new data source for the
geographer, In particular, Landsat data have shown their value
in mapping and monitoring Earth resources, and in the countries
of the Middle East such mapping is of great importance in plan-
ning and in identifying environmental problems. Many areas
of the Middle East need to be explored to map land use and
land use potential in detail, and Landsat imagery provides a
cheap tool to aid in such exploration. For example, although
Landsat sensors cannot identify sub-surface water, the ima-
gery can be used to identify subtle changes in terrain cover
type (e.g. vegetation changes) which then give a clue to the
identification of sub-surface water. Landsat imagery can be
used for mineral prospecting in the Middle East by examin-
ing geological fault and fold structures in mountain areas, and
surface colour changes in alluvial deposits.

The economic benefits to be gained from using remote
sensing imagery are very great. The National Aeronautics
and Space Administration (NASA) of the U.S.A. has estimat-
ed that for the United States alone the benefits of improved
information about foreign crop production gained from using
satellite imagery is between $294 million and $581 million per
year (Stroud, 1977). The benefits come in improved information
about the production and distribution of crops. It seems likely
that if national governments in the Middle East use satellite
imagery in a similar way to monitor agriculture then the
benefit to their own countries will be greater, particularly in
forecasting crop harvest yields several months before the
harvest takes place (Idso et al, 1980). NASA has estimated
a benefit to cost ratio using Landsat data for agriculture, hydro-

13



4.3 Kuwait.

The Kuwait area presents a different set of problems than
either Oman or Iran as activities are on a smaller scale and
need to be mapped more closely. In order to examine Landsat
data of Kuwait in greater detail the IDP 3000 image analyser
at the Royal Aircraft Establishment, Farnborough, England
was used (Allan et al, 1979). This machine enables the user
to examine selected parts of a Landsat image in considerable

detail .

Figs 9a and 9b show detailed Landsat images of the Kuwait
city area taken on 10 January 1973. Both these images were
originally produced in colour, but are shown here in black
and white. In Fig. 9a the marine features of Kuwait Bay have
been enhanced to show greater detail. The movement of water
around the Shuwaikh port and into the bay can be clearly
seen. At the southern part of the bay an area of mud flats
is visible before the start of the land near to the road to Al
Jahra. The pattern of roads around Kuwait city is evident,
as is the airport in the south east part of the picture. The
Jalzour escarpment stands out clearly on the north west side
of the bay, and in the north west corner is an experimental
farm revealed as a dark square block.

Fig. 9b shows the Kuwait city area in greater detail, and
the road pattern is clearly revealed. The Green Belt the first
circular road outside central Kuwait city is visible on the Land-
sat image, followed further south by the ring roads then a
gap before the 6th ring road and the airport are found in the
south. At this scale the image structure shows the small blocks
(pixels) which constitute the whole picture.

Imagery of the type shown in Figs. 9a and 9b can be ana-
lysed both visually and by computer for a variety of applica-
tions. Marine sediments and pollution, surface geology and
areas of potential agricultural expansion can be mapped in
association with selected fieldwork site data. Urban expansion

12



4.2

to estimate the area covered by each land use type. This of
course is valuable in monitoring change, by the comparison of

‘land use statistics for different years produced by analysis of

Landsat images for different times.

Although visual analysis of Landsat imagery is useful and
flexible, is does have the disadvantage of being subjective. The
same image can be examined by different interpreters and
different maps will be produced. This has led scientists to

explore objective techniques of analysing remote sensing ima-
gery (Gardner, 1979). This objective approach principally in-
volves the use of computers, and has enabled remote sensing
imagery to be analysed faster and with greater consistency
than by subjective techniques alone (Swain and Davis, 1978).
In Fig. 7 is shown a computer-produced terrain cover map
of the region of the Shah Abbas reservoir shown in the south
west corner of the Landsat image in Fig. 6a. Brightness and
texture analyses (Harris, 1979; Harris and Barrett, 1978) were
used in a computer program to classify each pixel into one of
five terrain cover types shown in that key. The resulting map
is more detailed and more objective than could have been
produced by visual analysis of the image. The computer-based
classification was supported by fieldwork in the Esfahan basin,
and from selected ground survey sites it was possible to charac-
terise the brightness and texture of these areas as a basis for
the classification of the rest of the image area.

Khaburah, Oman.

Similar land use mapping work has also been done in
support of a development project on the Batinah coast of
Oman. At Khaburah there is an agricultural development
project aimed at improving local agricultural (Bowen-Jones,
1980). On a broader scale there is a need for land use mapping
to identify areas of agricultural potential and to map geomor-
phological features, and Fig. 8 shows a Landsat image which
has been used for land use mapping in the area.

11



the rate shown in Table 1, but water use in iron and steel
and in armaments r?lay not reach the totals estimated for 2005
because of the recent Iranian revolution and its effects on
planning policies

However, the overall picture is clear. There will be a
serious seasonal shortage of water in the Esfahan region at the
end of this century, as the annual supply and demand totals
coverage. These figures donot take evaporation and evapotran-
spiration into account, so the situation will probably be worse
than described in Table 1. In order to plan water use in the
region land use information is vital, and Landsat imagery can
provide a key to collecting this information.

Fig. 6a shows a May 1973 Landsat image of the Esfahan
region, and Fig 6b is a visual analysis of the Landsat image
drawn by hand. The analysis is a landuse, or terrain cover,
map and shows Esfahan city surrounded by agricultural land.
Agriculture is most intensive west of Esfahan towards Najaf-
abad, and reduces in intensity eastwards as the water supply
diminishes after extraction further upstream. North of Esfahan
city is a broad flat area of salt soils with large fields and groups
of fields interspersed within these desert soils. Further north
is an area of alluvial fans which carry water away from the
central Iranian mountains which themselves are topped by
bright white cumulus clouds. The mountains are mainly cre-
taceous and igneous rocks, and a fault is clearly visible separat-
ing the two rock types. Cretaceous mountains rise out of allu-
vial fans in the west of the image area, and the Shah Abbas
dam and reservoir are enclosed by alluvium and gravel de-
posits in the south west. Isolated pockets of agriculture appear
within the mountains when water supply is adequate, and
water is normally brought by the sub-surface ganat system.

Maps of the type shown in Fig. 6b can readily be prepared
from Landsat imagery at a scale which is useful for planning
purposes. Not only does this type of map show the distribution
of different categories of land use, but in addition it is possible
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Water is the lifeline of the Esfahan region, but the major .
sources of water are established now and will not grow much
in the future, whereas demand for water will certainly grow
as population increases. The main source of water in the region
is the Shah Abbas dam and reservoir, flowing in to the Zay-
andeh river. In 1973 1,230 million cubic metres of water per
year (mcm/yr.) were avaiable from all the water sources in
the Esfahan region for agricultural, domestic and industrial
use. By the year 2005 this figure will have risen to 1,470 mem/
yr. (Whitton, 1980). In the same period water demand will
have nearly doubled from its 1973 figure of 767.7 mem/yr. to
1,143 mem/yr. The detailed figures are given in Table 1.

Table 1. Present and projected water use in the Esfahan basin,

central Iran.
Water use (mem/yr.)

1973 2005 estimate
Agriculture 760 1007
Green spaces 0.6 22
Domestic, .3 —
Iron and steel 3.2 237
Armaments 0.9 79
Cement ‘ — 13
0il — 73

767.7 1,431
Water Supply 1,230 1,470

(Source, Whitton, 1980).

Two main categories are responsible for the dramatic increase
in water use between 1973 and 2005 : agricultural use and
industrial use. Agricultural water use is’likely to increase at
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On a broader front, remote sensing is of interest to Geo-
graphy not only because it is an important means of gather-
ing data, but also because it enables the combination of new
and traditional geographical skills. Geographers can employ
the new skills of quantitative methods and computing together
with traditional fieldwork skills and appreciation of landscape
and its problems. Geographers have important skills in reco-
gnising environmental problems, and with new techniques
and data sources they can more readily answer such environ-
mental problems.

So, remote sensing is important in the Middle East not
only because of the four factors listed above, but more funda-
mentally because of the contributions which the geographer
can make in the environmental disciplines.

Landsat case studies

In order to examine the role of remote sensing more close-
ly, three case studies using Landsat data will now be examin-

ed.
Esfahan, central Iran

The region of the Esfahan basin in central Iran suffers
from three environmental problems :
(1) It is an area in which desertification is occurring, for
both physical and socio-economic reasons.
(2) Land use patterns are changing because of land reform
in the past 20 years, and increasing population pressure on
agricultural land.
(3) Water supply is seasonably limited at present, and in the
future the shortage of water will be acute.

Land use, or more generally terrain cover, information is
basic to an assessment of these problems. The area available for
agriculture is linked to water supply, and its changing pattern
to desertification, population change, and government policy.



The Landsat family is probably the most important sa-
tellite series for mapping and monitoring Earth resources.
In the future the resolution of the satellite sensor will in-
crease (i.e. the pixel size will decrease to 30 or 40 m square),
and this will greatly benefit geographers in mapping the
important features of the Earth’s surface. Already Landsat
images have been very important in agriculture studies
(Bauer, 1979; Bauer et al., 1978; Berg et al., 1978; Tokerud
and Quirein, 1978), and many other fields of geographic in-
quiry have been tackled with these data. The decade of
the 1980’s will witness a change in orientation in the environ-
mental disciplines now that such large amounts of data are
available from remote sensing, and the work of geographers
in the Middle East will be one area which will show that
change.

Remote sensing and the Middle East

The Middle East region offers certain advantages to the
scientist interested in remote sensing, Some of these reasons

can be listed as follows ;

1) The area is cloud-free for most of the year, so that the
land surface can normally be seen from satellite altitudes.
However, dust storms (e.g. the Khamsin wind in Egypt) can
cause problems in certain areas for short periods of time.

2) The area encompasses many- developing countries which
have a need for environmental data about their own nation.
For example, mineral resources. agricultural areas, and relief
patterns are often inadequately or inaccurately mapped on
existing, topographic and thematic maps, yet can be accurate-
ly mapped from space using remote sensing techniques.

3) Particularly in desert regions in the Middle East, the ter-
rain is difficult to traverse by ground survey, and fieldwork
is difficult in the heat of the summer months.

4) The Middle East is an area undergoing rapid change, and
to fully understand this change monitoring information is
needed.



repetitive acquisition of high resolution imagery of the whole
of the Earth’s surface (NASA, 1976).

The Landsat satellites are polar orbiting (see Fig. 1) and
pass over the same point on the surface of the Earth once
every 18 days. They orbit at an altitude of 920 km, and
images of 185 x 185 km are produced from them. They are
equipped with scanning radiometer sensors which build up
an image by scanning consecutive lines across the surface
of the Earth across the track of the satellite. The scanning
pattern is shown in Fig. 4. Each scan line consists of a series
of blocks, which are termed pixels, and each pixel covers an
area on the ground of 79 x 79 m. The pixel size is often
termed the resolution of the sensor as it is the smallest
element on the ground which can be observed by the sensor
in the satellite The sensor on Landsat is equipped to measure
the energy reflected by each pixel in four wavelengths :

0.5 — 0.6 um Band 4 visible

0.6 — 0.7 um Band 5 i light

0.7 — 0.8 um Band 6 near infrared
0.8 — 1.1 um Band 7 } light

(NB.Ium = 10-5)

So for each pixel there are four energy values recorded,
one for each wavelength of the sensor. The energy values
are recorded in digital form on magnetic tapes, and also re-
produced as black and white images. An example of the four
different wavelength images is shown in Fig. 5 for the Kuwait
Bay area Each picture is slightly different from the others
as it is showing the spatial pattern of a different wavelength
of reflected energy.

Imagery and digital data from Landsat satellites can be
purchased from the EROS Data Center, Sioux Falls, SD 57198,
US.A. The Center also provides lists of Landsat imagery
available for any given part of the globe on request (Harris,
1979).
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A diagram of the general pattern of a polar orbiting satellite
is shown in Fig. 1 The U.S.SR. has also launched polar
orbiting weather satellites such as the Cosmos series, and
both the U.S.A. and the U.SSR. satellites can be used to
monitor weather patterns all over the world

A second type of orbit of weather satellites is the geo-
stationary orbit. This orbit enables satellites to appear fixed
above the same point on the surface of the Earth, and take
pictures of the Earth below once every 30 minutes (Morgan,
1980). Each picture shows approximately one third of the
globe and the image area extends from 60°N. to 60°S. The
general form of the view of the globe is shown in Fig. 2,
and an example of geostationary image is shown in Fig. 3.
During the First GARP Global Experiment (FiGGE) in 1979
there were five such geostationary satellites arranged around
the globe, providing a full coverage of the weather features
of the Earth once every 30 minutes, and the Middle East was
covered by the European Meteosat satellite in the west and
the United States GOES I/0 satellite in the east.

Imagery from the weather satellites operated by the
U.S.A. is available for most parts of the world including the
Middle East from the National Oceanographic and Atmos-
pheric Administration in Washington D.C. For the European
and North African region the European Space Agency in Paris
provides geostationary imagery from its Meteosat programme.

Earth resources satellites

As well as remotely sensing the clouds of the Earth, the
land surface has also been monitored by the Earth Resources
Technology Satellite (ERTS) programme This began in the
United States in 1966, and resulted in the launch of the first
Landsat satellite in 1972 (Heaslip, 1976). Another two Landsat
satellites have been launched since then : Landsat 2 in 1975,
and Landsat 3 in 1978, although only Landsat 3 is currently
operational. The fourth Landsat satellite is scheduled for
launch in 1981. The aim pof the Landsat programme is the
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2.2

Remote sensing and sensors

The valuable synoptic view which satellite remote sensing
offers was seen from the imagery taken during the manned
satellite missions of the 1960’s, and Heuseler (1976) illustrates
this type of imagery in a world atlas of satellite pictures. It
is the series of operational satellites, however, which provide
the best remote sensing coverage for use by the geographical
community.

Remote sensing platforms can be grouped into three cate-
gories : aircraft, weather satellites, and Earth resources sa-
tellites, and each of these will be discussed in turn.

Aircraft

Aircraft have provided a principal source of remote
sensing imagery since the Second World War. Remote sen-
sing aircraft are normally equipped with high quality ca-
meras, and more recently with heat scanning instruments.
The imagery is at large to medium scales (1:10,000 to 1:60,000),
and has been used for topographic mapping through stereo-
scopic photo coverage, and for thematic mapping by visual
interpretation of the aerial photographs. Aircraft have the
advantgaes that they are flexible in operation and can fly
over areas under investigation at specified scales, but they
have the disadvantage that they are costly to maintain and
run, and the data are often available only to a limited number
of users.

Weather satellites

The first weather satellite was launched in April 1960
and begun the modern period of remote sensing. In the 1960’s
and 1970's the U.S.A. launched a series of polar orbiting
weather satellites (Barrett, 1974) such as Tiros, Essa, Noaa
and Nimbus, and these satellites provided a twice daily cover-
age of the clouds and weather for each area on the globe.



employed Landsat imagery for geological mapping in Saudi
Arabia; and Iranpanah (1977) also used satellite imagery to
improve geological maps in northern Iran. Pacheco (1977)
mapped soil degradation in Morocco at 1:1,000,000 scale from
Landsat images as part of an FAO project to assess world-
wide soil degradation, and Allan (1977) monitored land use
change in Turkey by remote sensing techniques at scales of
1:1,000,000, 1:250,000, and 1:60,000. Allan et al. (1979) also
examined new ways of displaying Landsat imagery of Turkey
and Malta by using a sophisticated image analyser.

Weather satellite imagery have been used for weather
and energy budget studies. Cadet and Overlez (1976) and
Cadet and Desbois (1979) monitored winds over the Gulf and
the Indian Ocean from meteorological satellites, and Hamil-
ton (1974) examined the south Asian monsoon from satellite
imagery. Barrett (1977) has developed a technique for
estimating rainfall from weather satellite data, and his rain-
fall mapping procedure has provided an important input to
locust monitoring carried out by the FAO in North Africa.
The Middle East has been well covered by weather satellite
imagery, particularly during 1979 when there were geosta-
tionary satellites covering both the western and eastern parts
of the Middle East region simultaneously (Morgan, 1980).



and so went on to examine Landsat satellite imagery in
order to compile 1:250,000 topographic maps of Sudan. Petrie
noted that Landsat imagery was very useful in identifying
general patterns of relief and agricultural areas, but was less
useful when trying to identify point and line features (e.g.
small villages, roads and track networks). Leatherdale (1978)
came to a similar conclusion, and noted that it was the man-
made features which were the most difficult to identify on
Landsat imagery. ‘

However, Parry (1978) was able to identify strong linear
features (roads and railways) on Landsat imagery of Southern
Darfur province in Sudan for Hunting Surveys. This work
was aimed at identifying land systems in connection with a
FAO (Food and Agricultural Organisation) project which
had begun in 1971 to map natural resources. Existing maps
were judged inadequate, but using Landsat imagery it was
possible to identify and map Qoz, Baggara, Bahr and Base-
ment land systems, which then led directly to the mapping
of areas of different agricultural potential.

Landsat imagery have also been used in the Middle East
for highway engineering purposes. Krinsley (1974) used
Landsat images of the Great Kavir Desert in Iran to modify
a planned road route to Tehran, by avoiding both the wettest
areas and the areas of roughest terrain. In this way 700 km
of road construction were saved by building the optimum
route, and this provides both capital cost savings in road
construction, and maintenance savings in maintaining the
shorter road. Beaumont and Beavan (1977) report similar
work in Sudan and other developing countries, using satellite
images to identify construction materials such as gravels,
and to decide on the most suitable road alignments.

Remote sensing techniques have been useful for mapping at
small scales in several areas of the Middle East. ~ Allison
(1977) used Nimbus weather satellite data for geological
mapping in Egypt and Saudi Arabia; Podwysocki et al. (1977)



Remote sensing in the Middle East
prepared for the University of Kuwait by -

Dr. R. Harris
Department of Geography
University of Durham
Translated to Arabic by :
Prof. Ali A. El-Banna
Dept. of Geography
Kuwait University
Introduction .

Remote sensing provides a -new tool for data collection
and analysis in Geography. In the Middle East context,
remote sensing can be used to gather data for inhospitable
or inaccessible areas, to monitor’ changes in environmental
conditions, and to provide fresh insights into geographical
problems. Particularly with satellite-based remote sensing,
it is possible to map marine pollution, agricultural areas, and
geomorphological features in a relatively short time com-
pared with the extensive ground fieldwork surveys necessary
with conventional techniques. ' This then allows more oppor-
tunity for the analysis of the extensive data collected by
remote sensing. However, remote sensing is not the single
answer to environmental problems : the data collected are
best used in conjunction with conventional data sources to
establish and assist the understanding of environmental
phenomena.

Many countries of the Middle East lack reliable and
accurate topographic and thematic map bases. Working in
the Sudan, Petrie (1979) found that existing maps were
poor and were mainly compiled by route surveys, supple-
mented by aerial photography taken in the Second World
War. Petrie concluded that “there is a situation of real need
in the developing country (i.e. Sudan) with its huge areal
extent and comparatively limited resources for mapping”,
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