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Abstract: The natural vegetation in desert environments is a precious resource. Space imagery can be very
useful in monitoring the vegetation in a large country like Saudi Arabia. The goal of the study was to assess
the temporal land cover changes from 1990 to 2006 and in-season changes in vegetation during the years 2000
and 2006, in Dirab region of Saudi Arabia. Landsat TM and ETM+ images were used for the study. Normalized
Difference Vegetation Index (NDVI) supported by GIS (ArcMap) was employed to detect the land cover and
vegetation changes. Results revealed significant changes in land cover and vegetation of the region during the
study period. The mean NDVI values of the region ranged from 0.091728 during September 2000 to 0.462475
during January 2006. Similarly, the maximum NDVI of the region increased from +0.373933 in September 2000
to +0.995817 in January 2006. The in-season variations observed in vegetation of the region were mainly due
to changes in agricultural crop cover. Such studies on temporal analysis of land cover changes can help in
monitoring the pattern of land cover changes and in planning for attaining sustainability of land use pattern.
The results could be integrated with socio-economic information to develop strategies for efficient utilization

of available natural resources in the region.
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INTRODUCTION

The natural vegetation is of crucial importance to the
stability of the fragile desert ecosystem of Saudi Arabia.
Periodic monitoring of temporal land cover changes in
such environments would help in effective management
of the scarce natural resources. The expansions of
urbanization, lack of planning and socio-economic factors
determine land use and land cover changes [1]. The
human activity and the environment are the interactive
components, which affect land use and land cover
changes [2]. Land degradation due to urbanization can be
observed using remotely sensed data [3] at local, regional
and global scales [4,5]. Recent developments in remote
sensing coupled with availability of multi-temporal
satellite images have provided a better opportunity to
study and understand land cover changes in an effective

manner [6]. Studies on land cover changes have assumed
greater importance in an era of rapid urbanization [7].
Temporal landsat images are very useful for
assessing land use land cover changes and changes in
vegetation [6-8]. The landsat imagery with coarse
resolution are more effective in land cover mapping of
larger areas [9] and can be used to provide a more
meaningful linkage between surface energy fluxes and
remotely sensed observations across multiple years [10].
Bagour ef al. [11] used NDVI and PCA techniques to
analyze AVHRR data for change detection of the
vegetation cover in northeastern part of Saudi Arabia
due to the Gulf war. Kelarestaghi, et al. [12] performed
NDVI, PCA, tassel cap transformation and data fusion
on Landsat ETM+ data for land use change detection.
Time series data from Landsat images offer several
unique advantages, such as coverage of larger area,
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repetitiveness and uniformity in pictorial aspect. These
images delineate many major features on the earth’s
surface, such as natural vegetation, crops, surface water,
soils and geology. The synoptic view and high resolution
of the Landsat images offer a viable technological
solution for monitoring vegetation changes. However, the
use of satellite remote sensing for land cover changes
depends on adequate understanding of landscape
features, imaging systems and information extraction
methodology employed in relation to the aims of the
analysis. The main goal of this study was to determine
using Landsat TM and ETM+ imagery, the temporal land
cover changes from 1990 to 2006 and to assess in-season
changes in vegetation in 2000 and 2006 in Dirab region of
Saudi Arabia.

MATERIAL AND METHODS

Description of the Study Area: The area under study was
about 50 km west of Riyadh and located between 24° 20”
35" and 24° 30" 51" N Latitude and 46° 31" 41" and 46° 45~
34" E Longitude. The study area (Dirab) had a dry
continental climate with hot summer and cold to moderate
winters. The average temperature was 35° C. The geology
of the area was predominantly sandstone with
subordinate limestone from Mesozoic age. The
sedimentary formation, which underlaid Dirab, was a part
of an extremely thick sequence of rock bed that dipped
easterly of the Arabian shield. The water-bearing
sandstone and limestone beds store substantial volume
of water and constitute an important alluvial aquifer.

Landsat scene covering Dirab region

Fig. 1: Location map of the study area
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The general topography of Dirab region is steeply
undulating terrain dissected by valleys. There are two
valleys in the area: Lida valley and Al-Awsat valley,
which are exploited mainly for their high agricultural
potential. Wheat, alfalfa and other crops are grown
primarily with the use of central pivot irrigation system.
However, the poor quality of water is not conductive to
growth of crops; and in some cases, this has forced many
farmers with large holdings to limit their agricultural
activity.

Multi Temporal Satellite Data: The landsat TM and
ETM+ data for the period from 1990 to 2006 were used to
study the land cover and vegetation changes in Dirab
region of Saudi Arabia. Satellite images of path 165/043
and 166/043 covered the study area (Figure 1). The
Landsat TM and ETM+ data were acquired from Global
Land Cover Facility (GLFC) for the five different dates
(Table 1). The features of Landsat Images are presented in
Table 2.

Land Cover Mapping and In-season Vegetation Change
Detection: Remote sensing change detection based on
multitemporal, multispectral and multisensor imagery has
been developed over several decades and provided timely
and comprehensive information for planning and

decision-making. Landsat TM and ETM+ data were used
to calculate the NDVI and identify the trend in vegetation
changes for the study period. The Erdas Imagine
Professional 10 software was used for satellite image
processing. Raw

images were imported into Erdas

il *

Subset image of Dirab region
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Table 1: Details of data obtained from archive of the Global Land Cover

software and subset images of Dirab region (study area)

Where, NIR is reflectance in Near Infrared band

Facility were generated from two different Landsat scenes (Fig. 1).
SN. D WRS:P/R  Acquisition date  Data Set  Source After subsetting of the study area with reference to
1 203839 166.043 07/09/1990 ™ USGS geographic co-ordinates, digital numbers (DN) were
) 212570 166,043 02/09/2000 ETMs USGS converted to Normahzf:d leference Vegetatlf)n Index
(NDVI) values. Normalized Difference Vegetation Index
3 212-509 165.043 16/12/2000 ETM+ USGS . . .
(NDVI) values were derived using the following formula
4 219-178 166.043 22/01/2006 ETM+ USGS .
of Rouse ef al. [13]:
5 219-121 165.043 04/03/2006 ETM+ USGS
. NDVI =NIR-R / NIR+R
Table 2: The specifications of Landsat data
Spatial Spectral
R . . and R is reflectance in red band. The wavebands
esolution (m) Resolution (um) : A Al )
representing near-infrared and visible-red region were
Spectral Bands
Band ™ — ™ — extracted from each Landsat dataset to calculate the
o Normalized Difference Vegetation Index (NDVI) values.
1. Blue 30 30 0.45-0.52 0.45-0.52 The Principal Component Analysis (PCA) was used to
2. Green 30 30 0.52-0.60 0.53-0.61 reduce noise, multiband correlation and compress
3. Red 30 30 0.63 - 0.69 0.63 - 0.69 information in bands [14-21]. All the digital numbers (DN)
4. Near IR 30 30 0.76 - 0.90 0.78 - 0.90 of image pixels were exported into Excel to obtain actual
5. Middle IR 30 30 1.55-1.75 1.55-1.75 values of NDVI using statistical equations. The NDVI
6. Thermal IR 120 60 104-125 104-12.5 maps of the study area were prepared using ArcMap
7 Middle IR 30 30 2.08-235 2.09-2.35 software (Figures 2-6). These‘NDVI val}les and maps were
¢ Panchromatic - 5 ] 0.52-0.90 use.d to detect the changes in vegetation over the study
period.
Class-V__ [ - 0247311831 to - 0057000257
Class-IV - 0.057000257 to 0.055896439
Class-I1T 0.055896439 to 0191372474
Class-II 0.191372474 to 0365555948
Class-1 || 0365555948 to 0575221241

8,200
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Fig. 2: NDVI map of Dirab region (07/09/1990)
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Fig. 3: NDVI map of Dirab region (02/09/2000)

Class-V F - 0190476194 to - 0130480819
Class-IV - 0.130480819 to - 0.086039800
Class Il - 0.086039800 to - 0.005064288
Class-1I -0.005064288 to_0.12949914

ClassT IO 0.12949914 _to 0376146793
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Class-V -0.571428597 to 0.078072315
Class-IV 0.078072315 to 0.117266336
Class-TII 0. 117266336 to 0.234848398
Class-1I (1.234848398 to 0.442016792
Class-1 0. 442016792 to 0.856353381
U_ ..-m_sml k] wm
Fig. 4: NDVI map of Dirab region (16/12/2000)
Class-V -0.070866145 to 0.101312333
Class-IV 0.101312333 to 0.193700785
Class-TIT 0.193700785 to 0.365879263
Class-II (1365879263 to 0685039369
Class-1 0.685039369 to |
L 2,050 4,100 §200
Fig. 5: NDVI map of Dirab region ( 22/01/2006)
Class-V -0.292035401 to -0.107494571
Class-IV -0.107494571 to -0.0262966035
Class-I11 -0.026296605 to 0.136099326
Class-11 0.136099326 to 0.376002405
Class-1 0.376002405 to 0.649122834
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Fig. 6: NDVI map of Dirab region (04/03/2006)
RESULTS AND DISCUSSION

Because of sparse vegetation, it is always
intrinsically difficult to analyze vegetation cover in
arid regions using remote sensing data. NDVI values
generally range from -1.0 to +1.0, where negative values
represent clouds, snow, water and other non-
vegetated surface and positive values represent
vegetated surfaces. The NDVI values increase as the
quantity of green biomass increases. Higher NDVI values
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indicate more “green” cover type [15] and increase
in biomass per unit area, and vice versa. The NDVI
maps of the study area from 1990 to 2006 and five
NDVI classes are presented in Figures 2-6. The data
revealed significant changes in vegetation, vigor and
density in response to biophysical conditions
including soil type, nature of vegetation, weather and
anthropological factors. The mean NDVI values (Table 3
and Figure 7) ranged from 0.091728 (September 2000) to
0.462475 (January 2006).
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Fig. 7: Temporal changes in NDVI values
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Fig. 8: Area under healthy biomass based on NDVI
values (Class-I and IT)

This indicates that the vegetation in the study area
had a higher active biomass during January 2006 than
during any other period. The in-season maximum NDVI
values, during the year 2000, increased from 0.373933
during September to +0.850776 during December. The
sowing of wheat crop in the region is generally performed
during the months of October and November. As a result
there was an increase in the maximum NDVI values during
December. During the year 2006, the in-season maximum
NDVI values decreased from 0.995817 during January to
0.645446 during March. This decrease is attributed to the
harvest of the predominantly grown alfalfa crop which
took place between January and March 2006. The results
also indicated that the period of maximum vegetation
in the region was in January. For the years from 1990 to
2006 the maximum NDVI values were observed to
gradually increase from 0.373933 in September to 0.850776
in December and ultimately reach the highest NDVI value
of 0.995817 in January and decreased thereafter to
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Table 3: The temporal variation in NDVI values from 1990-2006

Date Min. NDVI Max. NDVI Mean NDVI
07/09/1990 -0.247312 0.572008 0.162348
02/09/2000 -0.190476 0.373933 0.091728
16/12/2000 -0.571429 0.850776 0.139673
22/01/2006 -0.0708661 0.995817 0.462475
04/03/2006 -0.292035 0.645446 0.176705

0.645446 during March. The temporal changes in the area
under healthy biomass based on NDVI values from Class
I and IT are presented in Figure 8.

The largest area under healthy biomass of 1016.55 ha
was observed during December 2000, however, the
smallest area of 165.33 ha was observed during September
1990. The temporal NDVI changes clearly depicted the
nature of seasonal variation in the vegetation of the
region due to anthropological factors. The major activity
in the area that influenced the changes in vegetation was
the agricultural activity. The sowing season generally
started during October and November and hence there
was a gradual build up of the biomass and consequent
increase in NDVI values due to growth and development
of agricultural crops until wheat crop is harvested in
March and April. However, fluctuations in the vegetation
of the area were due to cultivation of alfalfa, which is a
multi-cut crop generally harvested at an interval of 60
days. Bagour ef al. [11] concluded that imagery of
August month was not ideal for measuring vegetation in
north eastern part of Saudi Arabia, because the
vegetation was at a seasonally low level and there was
little vegetation in the desert study area. The study area
(Dirab region) was also a desert ecosystem and the only
vegetation observed was the biomass of agricultural
crops grown in the region under center pivot irrigation
systems.



Middle-East J. Sci. Res., 9 (6): 711-717, 2011

CONCLUSION

The present study analyzed the land cover changes
in Dirab region of Saudi Arabia using multi temporal TM
and ETM+ data from 1990 to 2006. NDVI maps created for
comparing temporal land cover changes indicated
significant changes in vegetation of the region. The mean
NDVI values ranged from 0.373933 (September 2000) to
0.995817 (January 2006). The area under healthy biomass
in the region ranged from 165.33 ha in September 1990 to
1016.55 ha in December 2000. The use of Landsat imagery
and NDVI mapping were found to be quite useful in
assessing temporal land cover changes.
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