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Abstract: The current study investigated the impact of the 1991 Gulf War military activities on the
terrestrial environment using the remotely sensed data. Environmental impact assessment had been
accomplished through the analysis of multidated Landsat-TM images. Principal component analysis had been
employed to conduct the change detection through the principal components differencing technique.
Significant changes were detected suspected to be due to the military activity at selected four locations.
Military revetments, defensive positions, new roads and storage areas were detected. The change detection
results showed that Hafer al Batin region had experienced heavy military activity however, Al Hudud Ash
Shamailyah in Northern Boarder Province of Saudi Arabia had experienced the least military activity of the
whole area of interest. The remotely sensed data had proved to be valuable information for the
environmental impact assessment.
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INTRODUCTION

The 1991 Gulf War surely created a widespread
environmental impact in the Middle East. Millions of
gallons of crude oil were released into the Arabian Gulf
and subsequently, almost 700 Kuwaiti oil wells,
refineries and facilities as well as storage tanks were
blown up. The effect of this criminal action reached
many countries surrounding Kuwaiti territory which was
the main battle field. Indeed, the atmosphere was
damaged to some extent from the fire and smoke
produced from explosives, oil fires and from both
known and unknown chemicals, [1]. Jalali et al. [2],
proved that oil pollutants were transported through the
air media to Iran from the Kuwaiti oil fires. The results
were illustrated through changes in biomass. However,
the military activities which, included development of
staging areas, constructions, training drills, shelters, etc.,
were certainly too heavy to affect dramatically the land
and the land cover. Holden [3], stated that the digging of
trenches, walls of sand and hiding places for troops had
resulted in the disruption of the natural desert surface.

Remote sensing has been used previously by
researchers in the Gulf Region to detect environmental
impact, [4]. They employed a variety of data types and
techniques to detect change in the terrestrial
environment with varying success, [5].

The  purpose of conducting TM analysis is to
measure changes in the terrestrial environment related to
military  activities associated with the 1991 Gulf War.
The current  study  aims  at mapping the location and
extension of the terrestrial environment’s changes in the
northeastern portion of Saudi Arabia using multidates

Landsat-TM data presenting three periods, namely, pre-
war, near post-war and present day. The final change
detection products will be georeferenced map products
showing the location and extent of significant change
over the study area.

In this paper, only results from a principal
component differencing technique are discussed. This
technique is employed, in the current study, to extract
significant terrestrial changes from different Landsat TM
scenes at different three dates.

Principal component analysis (PCA) is an image
enhancement technique that has been used primarily as
a data compression tool. PCA removes data redundancy
usually common in image bands that appear similar and
convey essentially the same information. Several
workers [6, 7, 8, 9] had also applied this technique for land-
cover change detection using remotely sensed data.

MATERIALS AND METHODS

Study Area: The study area is located in the
northeastern portion of Saudi Arabia at the Arabian
Gulf, (Fig., 1). Location of the selected two TM images,
the smoke plume contours and arrows representing
military activities are shown. The images cover the areas
that were influenced by the highest military activities
and some smoke concentration for short period. The
image farthest to the west (168/40) may be
representative of conditions less affected by the Gulf
War. The smoke plume contour lines are illustrated,
from east to west, representing 10, 25, 50, 100, 150 and
200 day coverage.
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Fig. 1: Map of the study area showing location of the TM images, smoke plume contours (in magenta) and military
activity arrows (in cyan).

Table 1: List of the three dates of TM imagery used for each of the
images. 

Image Number Image Pass/Row Pre - War Post -War Current
1 166/40 02 Jan. 90 11 Feb. 92 25 Feb. 01
2 168/40 17 Feb. 90 27 Apr. 92 06 Jan. 01

Materials:
Landsat Thematic Mapper Imagery: Ideally, the three
dates (Table 1) of imagery selected for each study area
would be the same for each year to reduce changes due
to seasonal differences from one year to another. 

Whenever single dates of imagery are compared to
map the location of change, there is a risk that either (or
both) dates of imagery may contain non-representative
conditions because of sudden events. Recent or extreme
rainfall, surface winds which may cause blowing sand
and atmospheric conditions can all cause non-
representative conditions. In addition to that, military
activity features less than 30 m in size may also be
difficult to detect.

Methodology:
Image Processing: The  TM imagees of the three dates
for each of the  two areas were processed in the same
way so that results can consistently be compared within
an image area and between image areas. Also, all
images were evaluated for anomalies, artifacts and
image quality. 

A prerequisite for mapping change in multi-
temporal imagery is image-to-image registration to align
pixel locations in the two images. Therefore, the 1990
and 1992 images were spatially registered to their
corresponding 2001 image. For each image-to-image
registration, 25 to 35 control points, homogeneously
distributed over the entire scene footprint, were carefully
selected using intersections between well defined,
invariant linear features on both images. This
registration was carried out using ERDAS IMAGINE
software and a second-degree polynomial transformation
with an overall error of less than one pixel for each pair
of registered images. 

Another important factor that could significantly
affect the change identification is the differences in
atmospheric and/or illumination conditions among the
multi-date images involved in the process. To minimize
detected change due to these factors, the 1990 and 1992
images were normalized to their corresponding 2001
images to remove variations due to atmospheric effects
and sun angle differences. The normalization involves an
empirical line correction and linear regression analysis.
Additionally, all imageries were colour balanced for
visual display and analysis purposes using standard
ERDAS IMAGINE tools.

Various techniques are available to identify,
quantify and map change. The preliminary results
presented in this paper have been generated using a
conventional Principal Components Differencing (PCD)
technique.

Principal Component Analysis (PCA) is an image
enhancement technique that is used to compress
information in the six relative TM bands into a smaller
number of bands. PCA removes data redundancy usually
common in image bands that appear similar and convey
essentially the same information. 

Principal components differencing is the process of
subtracting the PCA of one date from the PCA of
another date and of thresholding (assigning colors) the
most significant values of change. For each of the TM
image representing areas, PCD results were generated
for three time periods; 1990 to 1992, 1992 to 2001 and
1990 to 2001. The change detection results show the
location and extent of change across the entire TM
image. Each set of change results were analyzed
extensively and the results from one time period to
another were compared and evaluated.

RESULTS AND DISCUSSIONS

Area of the TM-Image One: TM-Image One (166/40)
covers Hafer al Batin area in Eastern Province of Saudi
Arabia on the Kuwait border that experienced heavy 
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Fig. 2: Image One from 1990 displayed in RGB (bands 5, 4, 3). Areas M1-M4 represent areas of major military
activity. 

military activity and some smoke coverage. Therefore,
emphasis  was  placed  on   detecting   military
activities because the preliminary results did not indicate
much change due to smoke. Moreover, there were local
or high frequency information within the low frequency
bright and dark areas that could be difficult to see
because of the high contrast caused by the major low
frequency cover types. Therefore, a challenge to users of
remotely sensed data is to generate image products that
enhance information of interest within these low
frequency areas and high contrast images, [10]. As such,
figure 2 shows the full raw 1990 image displayed as a
colour composite of bands 5, 4 and 3 rendered in red
(R), green (G) and blue (B), respectively. The northern
half of the image covers an area located in Iraq and
Kuwait. The southern half of the image covers part of
the study area in Saudi Arabia and mostly was
vegetated. Four regions of interest were circled in red
and labeled M1 to M4. Significant changes were
detected and suspected to be due to the military activity
at these four locations. Other sites of military activity
were detected but not marked because they found to be
similar to M1 - M4 ones.

An  enlargement of region M1 in 1990 (top) and
1992 (middle), (Fig. 3). They are displayed as colour
composite of raw bands 5, 4 and 3 coded in R, G and B,
respectively. No military activity is observed in the 1990
image but defensive positions are discernible in the 1992
image. The bottom image contains the 1990 to 1992
change detection (PCD) results on the PCD image.
Significant change (both positive and negative) is
highlighted in blue. Military revetments, defensive
positions, new roads and storage areas are detected. 

These features was difficult to be observed on the raw
1992 TM image (Fig. 3, middle).

Figure  4  shows  the  M1  site from 1992 to 2001
where,  the  top  and  middle  images  are the raw 1992
and  2001  images,  (bands  5,  4  and 3 in R, G and
B). The  military  activities  are  less  discernible   in
the 2001 image although the north-south road is more
evident,  probably  because  it  has   continued   to  be
used after 1992. The bottom image shows the change
detection results. The significant change areas are
highlighted in blue. The military features are more
difficult to identify in the 1992 to 2001 results, probably
because they have been partially covered with blowing
sand or weathered. No new military activity was
detected at this site when the 2001 and 1992 imageries
were compared.

The  M1  site  from 1990 to 2001 is presented in
figure 5 in the same format as in figure 3. The military
features were partially detected in the change results
because the features did not exist in 1990 and were
barely discernible on the 2001 image.

M2 site  appear  in  figure 6 as 1990 raw image on
top  and  the  1992 raw image in the middle (both of
bands 5, 4 and 3 in R, G and B). On the 1992 image a
large circular military defensive position and areas of
berms  were  barely  discernible.  The changes between
1990  and  1992  are illustrated with significant positive
and  negative changes highlighted in blue (Fig., 6
bottom). The location of the military features is clear in
the change results. The changes from 1992 to 2001 for
the M2 site, (Fig., 7), reveal that the military features
that were so apparent on the 1990 to 1992 PCD image
were not easily discernible on the correspondent image
of 1992 to 2001. 
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A. Jan. 90 raw TM 
-No activity observed

B. Feb. 92 raw Tm
-Military activity visible

C. PCD image (1990-
1992) -Military activity
 is shown in blue and is
very discernable on this
image

Fig. 3: Change detection between 1990 and 1992 due to
military activities in area M1 of Image One.

A. Feb. 92 raw TM 
-No activity observed

B. Feb. 01 raw Tm
-Military activity 
remains visible,
although difficult to
discern

C. PCD image (1992-
2001) -Military activity
 is shown in blue and is
very discernable on this
image

Fig. 4: Change detection between 1992 and 2001 due to
military activities in area M1 of Image One.

A. Jan. 90 raw TM
-No military activity 
is visible

B. Feb. 01 raw TM
-Military activity remains
 visible, although difficult
 to discerm

C. PCD image (1990-
2001) -Military activity
is shown in red and is
very discernable on this
 image

Fig. 5: Change detection between 1990 and 2001 due to
military activities in area M1 of Image One.

A. Jan. 90 raw TM 
-No activity observed

B. Feb. 92 raw TM 
-Military activity is
 visible

C. PCD image (1990-
1992) -Military activity
is shown in blue and is
very discernable in this
image

Fig. 6: Change detection between 1990 and 1992 due to
military activities in area M2 of Image One.
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A. Feb. 02 raw TM 
-Evidence of military
activity is visible with a
larg circular area and
serveral other revetments

B. Feb. 01 raw TM 
-Evidence of military
activity remines visible,
although difficult to
discern

C. PCD image (1992-
2001) -Military activity
is shown in blu and light
tones

Fig. 7: Change detection between 1992 and 2001 due to
military activities in area M2 of Image One.

A. Jan. 90 raw TM 
-Defencive berns not
present

B. Feb. 92 raw TM 
-Berns Present

C. PCD image (1990-
1992) contrast
enhancend -Berns shown
in Blue

Fig. 8: Change detection between 1990 and 1992 due to
military activities in area M3 of Image One.

A. Feb. 92 raw TM 
-Defensive berns visible

B. Feb. 01 raw TM 
-Berns remain, but are
difficult to discern

C. PCD image (1992-
2001) contrast enhanced
-Berns highlighted
 inlight tone

Fig. 9: Change detection between 1992 and 2001 due to
military activities in area M3 of Image One.

Fig. 10: Image Two (Full TM scene) with the country
border, the two areas of interest (S1 and M1)
and the change detection results for 1990-1992.

Figure 8 and 9 show the same sequence of 1990 to
1992 and 1992 to 2001 change detection results for site
M3. Military defensive berms were clearly detected as
significant change (blue) on the 1990 to 1992 change
detection results image but cannot be distinguished from
the other natural changes occurred from the year 1992
to 2001. In this respect, El-Baz et al. [11], explained that
as a result of the disruption of the desert surface by the
military operations, the previously stable soil became
more exposed to mobilization by wind. As in the case of
M1 and M2, the military features were barely detected
on 1990 to 2001 image. 
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Fig. 11: The M1 Area on Image Two showing a new road in 1990 – 1992 detected with PCD.

Fig. 12: The S1  Area  on  Image  Two  showing  more vegetation of drainage patteren areas in 1990 -1992 detected
with PCD.

In summary, the change detection process identified
many sites of military activity in Image One, three of
which are illustrated in areas M1, M2 and M3. At each
site, pronounced and distinctive military features were
detected between the year 1990 and 1992, which is the
period they were created. In 1992 to 2001 they were
barely detected probably because they were unused since
the war and partially covered with sand storms. In the
1990 to 2001 period, they were barely detected
indicating that they were not present in 1990 and only
partially discernible in 2001. There were no new
military activity sites detected in 1992 to 2001.

Area of the TM-Image Two: TM Image Two (168/40)
covers, Al Hudud Ash Shamailyah in Northern Boarder
Province of Saudi Arabia, the most western portion of
the study area. It experienced the least amount of
military activity and smoke coverage of the whole area
of interest. Several problems were encountered in
processing and analyzing the images. The bright sand
areas in band 5, on the 1992 image, were saturated
meaning that they were containing the maximum

recorded value. This prohibits accurate and comparable
principal component measurements for these bright
areas. Therefore, TM band 5 was removed from the
1990, 1992 and 2001 images. Also, the 1992 image got
approximately 50 percent of cloud cover. Thus, the
cloud cover of that image prohibited the change
detection of about 50 percent of the area. Because of
these two limitations with Image Two and the fact that
there was much less military activity and smoke
coverage, fewer preliminary results have been generated
for this image. 

The full 1992 raw TM image (bands 5, 4 and 3)
with the country boundary is given in figure 10. Thin
high-level clouds appeared in the northern half of the
image. The 1990 to 1992 change detection (PCD)
results, in yellow and red, have been overlaid on this
image. The only  significant  changes occurred in the
northwestern corner.  Two  red  boxes labeled S1
(smoke impact) and M1  (military  activities impact) are
areas that are enlarged in subsequent figures. Significant
positive change  (brightening)  was  detected  in  small
areas in the
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northeastern corner of the image (colored cyan). These
areas are in Iraq and the change are suspected to be
from increased rainfall in 1992. 

Figure 11 shows an enlargement of the M1 area.
The raw 1990 image (5,4,3) is on the left and the raw
1992 image (5,4,3) is in the middle. The 1990 to 1992
change detection PCD results on the right showed a new
road. This road originated on the edge of a development
and heads northeast across the Iraqi border. It was
probably built to support military activity. 

The enlargement of site S1 is shown in figure 12 on
1990 and 1992 raw image of bands 5, 4 and 3. The
1992 image shows a dendritic drainage pattern with
green, riparian vegetation in the lowest, wettest areas.
On the 1990 image these areas were neither wet nor
vegetated. Light blue dried lakes occurred at the
locations of dark vegetation or wetland on the 1992
image. These areas were detected as significantly darker
in the PCD results which appeared in yellow and red on
the right image. This change is suspected to be due to
more surface water and green vegetation biomass in the
1992 image and is probably not related to any activity
from the war.

It worth to mention that, due to problems with the
2001 image, no preliminary change detection results
exist for the 1992 to 2001 or 1990 to 2001 time periods.

Conclusion: The change detection process identified
many sites of military activity. At each site, pronounced
and distinctive military features were detected in 1992
that did not exist in 1990. By 2001, these features were
barely detected, probably because they have been
unused since the war and may be partially covered with
sand deposited by sand storms. When comparing 1990
and 2001, there were few changes noted indicating that
the features later generated by military activity were not
present in 1990 and were only partially discernible in
2001. There were no new military activity sites detected
between 1992 and 2001. In the areas appeared on the
images One and Two, most changes were attributed to
military activities smoke coverage. The remotely sensed
data had proved to be valuable information for the
environmental impact assessment.
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