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Abstract: The goal of the current study is to map location and extent of the changes in vegetation in north-
eastern portion of The Kingdom of Saudi Arabia due to the 1991 Gulf War. AVHRR data acquired in different
dates were the main source of information. Changes in vegetation during three different time periods may be
related to smoke plume impact and / or military activities. The change detection analysis of the NDVI results
showed a circular shaped area near the Kuwaiti border, had experienced the most vegetation loss in Saudi
territory between the years 1989 and 1992. However, the results should be viewed with caution, as there are
multiple potential sources of error including rainfall events prior to the image dates and varying amounts of
atmospheric haze that possibly was not completely normalized. The results should be compared with other
sources of ground information for validation. The most common technique for measuring vegetation change,
based upon AVHRR data, was used without complication to detect some patterns of change.
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INTRODUCTION

When land-cover inventory and monitoring require
frequent coverage over large areas, the Advanced Very
High Resolution Radiometer (AVHRR) provides the best
opportunity to meet these requirements [1]. Data from
channels 1 and 2 of AVHRR have been used as input to
various vegetation indices to provide a greenness index
for a variety of vegetation applications[2,3,4,5,6,7]. Extensive
work using AVHRR data for general vegetative land-
cover mapping and dynamics on a regional scale has been
done by Tucker et al [3, 8]. In these studies, variation in the
extent and density of green-leaf vegetation, over the
continent of Africa, corresponded with patterns of rainfall
and drought conditions was provided.

AVHRR data were used by Iranian scientists to study
the impact of the 1991 Gulf War on their terrestrial
environment. The objective of their study was to assess
the short-term effect of pollution in Iran through image
processing. Aminipouri et al [9] chose to use AVHRR as
a data and NDVI as a detecting technique due to the
regional scale of the study area, accuracy and workability
of the data for detecting vegetation change. The results
were illustrated through changes in biomass and the
NDVI profiles analysis indicated a considerable drop in
peak profiles in 1991 and a decrease in the vegetation
maturation period for the years prior to the introduction of

pollution. The Iranians proved that oil pollutants were
transported through the air media to Iran from the Kuwaiti
oil fires [10]. 

Land-cover change is treated as a qualitative shift
between land-cover categories. Therefore, in remote
sensing, there have been a wide variety of methods
developed and tested for detecting change in images
between two dates. Abuelgasim et al [11] developed a
hybrid classifier based on conventional statistical methods
(MLC/K-means classifier) for comparison purposes to
help evaluate the performance of the change detection
adaptive Fuzzy (CDAF) network.

Although, Principal Component Analysis (PCA) is a
common technique for remote sensing analysis, it also
removes data redundancy usually common in image band
that appear similar and conveys essentially the same
information. It has been also used for land-cover change
detection based on remotely sensed data[12,13,14,15].

Normalized Difference Vegetation Index (NDVI)
technique has been also used to measure and monitor
plant growth (vigour), vegetation cover and biomass
production. Reviewing the existing methods for fire
susceptibility estimation based on AVHRR data,
Lasaponara et al [16] demonstrated that the most
satisfactory results were obtained from methods based on
cross analyses of NDVI with satellite – derived thermal
data. 
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The Meteorology and Environmental Protection
Administration (MEPA) completed a pilot project in 1997
called the Environmental Support of Nomads (ESON)
Project [17] to provide nomads and other pastoralists with
information that would help sustain the capability of the
rangeland resources. Additionally, it was hoped that
information derived from the project would improve the
range, reduce desertification and increase sheep
production. Moreover, one aspect of the project was
interviewing nomads, if deposition of soot from the
Kuwait oil field fires during the Gulf War had damaged
the vegetation and, thus, their livelihood. However, the
Office of Arid Lands Studies [18] conducted an extension
study of the original ESON project, whereby they used
similar methodologies, but did not incorporate systematic
reconnaissance flights. Instead, greater emphasis was
placed on determining where change in the terrestrial
system may have occurred and stricter statistical analyses
were employed in analyzing trends in desertification.
OALS used a refined version of the methods developed
for mapping desertification from the ESON Project and
applied them to AVHRR data covering the years 1982-
1993. The process employed for the AVHRR data is
referred to as the NDVI method and is appropriate for
measuring changes in biomass through time.

Results from these studies were inconclusive. Due to
the lack of accurate, detailed historical ground truth data,
drawing conclusions from the imagery assessments was
difficult for them to achieve. Even using a more sensitive
statistical technique that was used in the ESON study,
OALS was unable to assign damages conclusively as a
direct result of smoke damage from Gulf War activities.
OALS did note that both of their study sites were
suffering from an increasing trend towards desertification,
but the local nomads and other land users agreed that the
trend towards desertification and the low productivity of
the land was due to overgrazing [18].

Hence, the goal of the current study is to map
location and extent of the changes in vegetation in north-
eastern portion of The Kingdom of Saudi Arabia.
AVHRR data acquired in different dates were suggested
to be the main source of information. Changes in
vegetation during three different time periods may be
related to smoke plume impact and / or military activities
of the 1991 Gulf War.

MATERIALS AND METHODS

Study area: The selected study area is located in the
northeastern portion of the Kingdom of Saudi Arabia at
the Arabian Gulf, (Fig. 1). It covers an area of
approximately 800 x 800 km and includes parts of Kuwait
and Iraq. The area was the most affected by the military
activities and smoke plume of the 1991 Gulf War, (Fig. 2a
and 2b).

Materials: Because of the coarse spatial and spectral
resolution, AVHRR can only be used to detect vegetation
of zones that are substantially larger than the 1.1 km
which is the pixel size of the image. The use of AVHRR
imagery to detect and monitor the vegetative changes in
northeastern Saudi Arabia has, however, several
limitations that could be summarized as follows:

C The desert and rangeland vegetation in this region is
sparse and difficult to be detected because of its low
biomass.

C The AVHRR pixel grid is positioned slightly
different on the ground for each date of imagery even
when images have been co-registered. This prohibits
comparisons at the pixel level.

C If single dates of AVHRR imagery are used to map
the location of vegetation, rain or sandstorm events
can significantly influence the results. For example,
a substantial rain before one date of imagery could
cause significant vegetation growth which may
appear in that imagery but not in the others. It will be
a significant natural change but not due to smoke
plume or military activity impact.

C To accurately detect the extent of vegetation zones
for any single time period, multiple dates of AVHRR
imagery, collected a few weeks apart, can be used to
produce an “average” seasonal map of vegetation.

Three AVHRR images which were acquired in
different dates were available in two spectral bands, 1
(0.58 – 0.68 µm) and 2 (0.725 – 1.10 µm) for the current
study. The selected three dates represented just before
Gulf War and acquired on 1st of August 1989, just after
the war and dated on 1st of August 1992 and nine years
later dated on 4th of August 2001. Having images
collected during the same week for each of the three dates
reduces seasonal vegetation differences, assuming
atmospheric and environmental conditions remained
invariant. The month of August has the advantage of
being a dry season without rain events that may cause
temporal “spikes” in vegetation growth, but has the
disadvantage of having low vegetation biomass (difficult
to detect). Vegetation change detection was investigated
in three time periods, namely:

C August 1989 - August 1992
C August 1992 - August 2001
C August 1989 - August 2001

The 1989-1992 period was considered the most
important, because it was right before and right after the
war. However, imageries of the month of August are not
ideal for detecting vegetation cover because the
vegetation is dormant in the hot dry summer. Images from
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Fig. 1: Study area marked over the August 1992 (AVHRR) image.

Fig. 2a: Summary of the offensive ground campaign and smoke plume concentric lines.

January, February, or March where, vigourous vegetation
cover could be present, would be more useful for accurate
vegetation detection.

Methodology: Performing spectral change detection,
three processes were used to reduce abnormal changes
between two dates:

C Removal  of   atmospheric   effects   from  the
images.

C Normalization of one image to the other (this step
brings the two images to similar atmospheric, sun
illumination and sensor characteristics).

C Geometric registration.

The images were also co-registered and normalized
to each other using a least squares regression technique.
Normalization reduces illumination and atmospheric
differences between images and is required for direct
comparisons.

Two standard techniques for measuring vegetation
change on AVHRR imagery were evaluated for the 1989-
1992 image pair:

C Normalized Difference Vegetation Index (NDVI) =
(Band 2 - Band 1) / (Band 2 + Band 1).

C Principle Component Analysis (PCA) is a
transformation of the imagery to reduce
dimensionality. PCA was employed to extract
significant change over broad areas using AVHRR
imagery.
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Fig. 2b: Location of smoke plume concentric lines (200 to 10 days of smoke) and the major offensive ground campaign
movement in the study area.

As a result, two change detection products were
generated corresponding to 1989-1992, 1989-2001 and
1992-2001 periods. These products showed the change
across the study area for each time series pair. The final
change detection products were georeferenced maps
showing both location and extent of the significant change
of the vegetation cover in the study area.

RESULTS AND DISCUSSIONS

The NDVI technique was selected as the primary
technique because it accurately detects vegetation and is
the most conventional technique for AVHRR data. The
NDVI index uses the vegetation’s high response in the
near-infrared region of the Electromagnetic Radiation
(EMR) as recorded on AVHRR band 2 and the low
reflection in the visible light region of the EMR as
acquired on AVHRR band 1.

The NDVI results matched with the location and
density  of  vegetation  cover  that  was visually
interpreted from the AVHRR raw image, (Fig. 3).
Obtained results revealed that there was low dense
vegetation cover in Saudi territory along the Kuwaiti
border and Arabian Gulf Coast. It is worth to mention
that, the lower the vegetation cover is the more difficult
the detection of the vegetation based upon the AVHRR
data will be. Kwarteng and Chavez [19] reported a similar
challenge in using of remotely-sensed data to generate
image products that enhance information of interest
within these low frequency areas and high contrast
images.

The NDVI results for the 1989-1992 pair are shown
on the 1989 image in figure 4 and the enlarged image in
figure 5. The change detection analysis of the NDVI
results showed a circular shaped area of about 75 km
diameter, near the Kuwaiti border, had experienced the
most vegetation loss in Saudi territory between the years
1989 and 1992. Although, the vegetation change, of that
area, could be described as slight decrease, it showed a
uniform distribution over the area surface similar to that
observed in Kuwait which experienced extensive
vegetation loss. However, the vegetation loss could be
considered as a major change due to the small amount of
vegetation present.

Vegetation maps, rainfall information, or any other
ancillary data for the weeks before the AVHRR image
acquisition were not available for the current study, but
would be useful for further analysis. In addition, having
only one date of AVHRR imagery in 1989, 1992 and
2001 is not as representative as “average” vegetation
zones produced from multiple dates of imagery from the
same year or season.

As a result of these limitations, the validity of the
obtained change detection results based upon AVHRR
imagery of this area should be viewed with caution until
it is verified with field data collections. Measuring subtle
changes in desert vegetation with AVHRR, over large
time periods, is not precise. There are numerous potential
sources of errors including rainfall events prior to the
image dates and varying amounts of atmospheric haze
that may not completely normalized. Comparing records,
had  resulted that rainfall in 1992 was higher than in 1989
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Fig. 3: Comparison between the raw data (RGB: 1,2,1) and the corresponding NDVI results.

Fig. 4: Change detection of the vegetation cover using NDVI method between 1989 and 1992 images.

and 2001 and yet there were still decreases in vegetation
in this one circular area of Saudi. The comparison
between the NDVI and the PCA results is illustrated in
figure 6. Both methods produced similar results where,
they could detect the vegetation loss in the same circular
shaped area.

The change detection results, based upon NDVI
classification for 1992-2001 period, are shown in figure
7 with the same colour assignments as the 1989-1992

results. The major inference is that the circular shaped
area of vegetation loss during the period 1989 to 1992 is
measured as no change through 1992 to 2001. This means
this area contained approximately the same amount of
vegetation in 1992 and 2001 (slightly less than that in
1989). This increase from the depressed state could be a
rebound effect over this nine-year period.

An area of vegetation increase (cyan or light blue in
colour)  appears  along  the  Arabian Gulf coast in Saudi.
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Fig. 5: Enlargement of change detection of the vegetation cover using NDVI method between 1989 and 1992 images.

Fig. 6: Comparison between NDVI and PCA techniques.

This  long  narrow  area  of   vegetation   growth   could
be  the  result  of  increased  rainfall  in this local area
prior to the August 2001 image date or other favorable
growth conditions in 2001. This area of vegetation
increase is not as great as the small, localized vegetation
increase areas coloured dark blue (that could be
agriculture).

The 1989 to 2001 time period (Fig., 8) should
indicate the net or cumulative vegetation changes over the
1989 to 1992 and 1992 to 2001 time periods. The
vegetation change from 1989 to 2001 shows no difference
in the circular area of vegetation loss in Saudi from 1989
to 1992. This implies that the level of vegetation was the

same in 1989 and 2001. The circular area of vegetation
loss however was never measured as increasing or
rebounding to its 1989 level during the years from 1992
to 2001. The explanation for this could be that the
decrease in vegetation was so minor that it could not be
detected.

The  long  narrow  area  of  vegetation   increase
along  the  Arabian  Gulf  in  Saudi  in  1992   to  2001
has expanded from 1989 to 2001. One potential
explanation  to  account  for  this  increase  is  that this
area  could  have  experienced  some  vegetation increase
from  1989  to  1992,  but   it   was  not  significant
enough   to   appear   in   the  1989  to   2001   results.   In
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Fig. 7: Comparison of change in vegetation between 1989-1992 and 1992-2001 using NDVI.

Fig. 8: Comparison of change in vegetation between 1989-1992 and 1989-2001 using NDVI.

the absence of detailed records of external relevant
factors, it is not possible to determine a definite
explanation.

Conclusion: AVHRR is appropriate for measuring coarse
changes in vegetation on a macro (continental) scale. It
cannot measure changes in areas less than several
kilometers on a side. Detecting vegetation change with
AVHRR in this study area had limitations. The August
dates of imagery are not ideal for measuring vegetation
because the vegetation is at a seasonally low level. There
is little vegetation in the desert study area. There was no
vegetation map of the area or information about rainfall
prior to the image dates.

Conclusions drawn from the results should be viewed
with caution, as there are multiple potential sources of
error including rainfall events prior to the image dates and
varying amounts of atmospheric haze that possibly was
not completely normalized. The results should be
compared with other sources of ground information for
validation. The most common technique for measuring
vegetation change in AVHRR was used, without
complication, to detect some patterns of change.

A circular area of slight vegetation loss was identified
in Saudi territory along the border with Kuwait, between
1989 and 1992. This concentrated area of vegetation loss
was similar to the extensive vegetation loss measured in
Kuwait during the same period. A narrow area along the
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Arabian Gulf Coast in Saudi experienced vegetation
increase in both 1992 to 2001 and 1989 to 2001. This net
increase in vegetation from 1989 could be due to
favorable growing conditions in 2001. Although some
significantly sized areas experienced minor vegetation
change, only small areas experienced significant change.
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