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A Two-Decade Land Use and Cover Change Detection and Land Degradation
Monitoring in Central Jordan Using Satellite Images
Hussam H. Al-Bilbisi*

ABSTRACT
This paper describes a suite of techniques used to develop an operational approach for mapping land degradation and
change detection purposes in the central parts of Jordan using Landsat (TM) images acquired in March 1987, and
February 2009, respectively. The two multi-temporal images were geometrically and radiometrically calibrated to each
other and used as input to an automatic change detection procedure. To map changes that had occurred between the two
dates six spectral bands of both TM digital data (with the thermal bands being excluded) were individually used as
input for supervised classification purpose. Monitoring of the land degradation, particularly in vegetation coverage, had
been done using NDVI image differencing. The histogram of difference image showed that unchanged pixels were
centered around the mean; the changed pixels were located in the tail regions on either side. The difference image
indicated that significant negative changes in land use/cover have occurred between 1987 and 2009. Change detection
results of central Jordan revealed that the decline of cultivated areas and green vegetation areas was clearly the result of
accelerated expansion through the process of urbanization, which had negative effects on both agricultural lands and
water basins, and consequently enhanced land degradation.
Keywords: Remote Sensing, Land Degradation, Change Detection, NDVI, Central Jordan, Landsat TM.

land use/cover changes (Herold et al., 2003).
Consequently remote sensing already proved useful in
mapping urban areas and as data source for analysis and
modeling of urban growth and land use/land cover
changes (Xio et al., 2006; Grey et al., 2003; Herold et
al., 2003; Wilson et al., 2003).
According to the United Nations Convention to
Combat Desertification land degradation was defined as
(UNEP, 1994):
“Reduction or loss in arid, semi-arid and dry subhumid areas, of the biological or economic productivity
and complexity of rain fed cropland, or range, pasture,
forest and woodlands resulting from land uses or from a
process or combination of processes, including processes
arising from human activities and habitation patterns,
such as: soil erosion caused by wind and/or water;
deterioration of the physical, chemical and biological or
economic properties of soil; and long-term loss of
natural vegetation”.

INTRODUCTION
During the last 3 decades, satellite remote sensing
has become an important and active useful technique to
map land use/cover changes. Changes in the land
use/cover particularly in urban areas cannot be
understood without a better knowledge of the land use
changes that drive them and their links to human causes.
The linkage between the human and the biophysical
causes or drivers to land use/land cover are not
sufficiently understood. Remote sensing technique offers
new dimensions, where the importance of this technique
was emphasized as a “unique view” of the spatial and
temporal dynamics of the processes in urban growth and
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as far back time as possible. Obviously, satellite data,
remote sensing and GIS are the most relevant
technologies for meeting these needs in the most costeffective manner (Ridd, 1995; Yang and Lo, 2002). Thus
mapping land use/cover and monitoring land degradation
between two dates is increasingly interesting and
valuable application of remote sensing. In this paper, and
by using Landsat TM imagery, and different methods of
digital change detection techniques a method for land
degradation monitoring had been investigated, as well as
land use/land cover changes and environmental changes
in the central part of Jordan.
2- Study Area
Encompassing an area of about 90,000 km2,
Jordan is situated in the western part of Asia. The study
area (figure1) is the central part of Jordan, which
includes the capital city of Amman and Zarqa city. It lies
between the latitudes 31°54′29″and 32°13′04″North and
longitudes 35°46′34″and 36°13′38″East. The rapid urban
development in this area since 1980s has dramatically
enhanced the potential impact that human activities can
have on land use/cover and natural resources, which in
turn can affect the management needs of the various
ecosystem environments.
Jordan’s population has rapidly grown during the
past two decades. Population had increased by more than
95% between 1987 and 2009. In 1987, the total
population was around 3.1 million inhabitants and
became around 5.98 million inhabitants in 2009 (DOS,
2010). Amman and Zarqa cities have almost 52% of the
total population of Jordan. The annual growth rate in
both cities reached 3.5% during the period from 1979 to
1999 and 2.8% between 1999 and 2009 (DOS, 2010).
Due to the Gulf crises, more than 300,000 people
returned to Jordan in 1991 and 2003 from Gulf
countries. Most of those peoples reside in urban areas,
especially in cities of Amman and Zarqa, and as a result
increasing concentration in these urban areas, where
services and job opportunities are available.

Most of the changes are highly dependent on the
biophysical constraints of the land units (Ridd, 1995;
Douglas, 1981). Urbanization has been a major feature
of dry lands in the new and old world since World War
II and is likely to continue apace (Beaumont, 1989;
Warren and Agnew, 1987). Therefore, many urban areas
around the world have been responsible for severe
damage to the natural environment by the physical
expansion of the built land which could lead to land
degradation processes. The resultant expansion of urban
land has important climatic implications across all
scales, since the simultaneous removal of natural land
cover and the introduction of urban materials alter the
surface energy balance, with a consequent increase in
sensible heat flux at the expansion of latent heat flux
(Owen et al., 1998). Several authors have also noted the
deleterious effect of recreational vehicle use by urban
dwellers on the land degradation and desert environment
by damaging vegetation and destabilizing soil surface
(Cooke et al., 1993).
Jordan’s population has grown rapidly during the
past two decades. Population had increased by more than
95% between 1987 and 2009. Central part of Jordan is
undergoing both a very high rate of urbanization,
particularly Amman (the capital city) and Zarqa city, and
human-beings induced changes in land cover. Urban land
use is the other major land use that is primarily influenced
by the activities of the human beings. The growth of the
central part of Jordan is gradually encroaching on arable
lands, pasture lands, and water basins. Therefore accurate
mapping of land use/cover changes in central Jordan
(where more than 52% of the total populations of Jordan
are residing) for the past 20 years is required to provide
the input data needed for urban modeling. In this study the
investigation will focus on land use/cover change inside
and around both greater Amman and Zarqa cities, where
major changes have occurred.
A database needs to be created to show land
use/cover change in a particular area at regular intervals
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Figure 1. Location of the study area.
winter, but absolute minimum values reach less than -8°
C, with average annual rainfall reaches more than
450mm (JMD, 2010).
Soil in the studied area is derived from limestone rocks
or limestone accompanied with basalt rocks in certain areas.
Soil depth decreases as the inclination becomes steeper than
4%; soil rich in calcium carbonates is found in areas of 46% inclination. The most important characteristics of this
soil are high proportions of silt and calcium carbonates.
Salinization and gypsum increase towards eastwards. The
low level of organic materials and the formation of the
surface cause high rates of erosion by wind and water. The
main types of soil prevailing in the areas below an
inclination level of 10% are aridsols and entisols in steeper

The climate of the concerned area is hot and dry in
summer. The mean annual temperature reaches 29°-35°
C in August, but absolute maximum values can exceed
44°C. In winter two distinct climates prevail in the
studied area, (i) cold and dry in the eastern parts of the
area between the blend of mountainous and desert area.
The mean annual of the minimum temperatures decline
to as low as 2°-7° C in winter but absolute minimum
values can be declined to as low as –8.0° C. Relative
humidity is low (between 50-60%) with an average
rainfall reaches 150mm (30 years average) (JMD, 2008),
and (ii) wet, cold to moderate in the areas close to the
desert, in areas of Amman and Zarqa cities. Mean annual
minimum temperature declines to as low as 1.5°-8° C in
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provide detailed information on how various land
use/cover categories change. The map-to-map
comparison requires that images from two dates are
classified, and then the two classified maps are
compared. Map-to-map comparison is preferred for
many applications as it can detect a full matrix of land
use/cover changes (Jensen and Cowen, 1999; Moller,
1990). The effectiveness of the map-to-map comparison
technique is highly dependent upon the assumptions and
techniques used to produce maps of the same area at
different times. For large amounts of data over large
study areas, the automated image classification method
is preferred; this technique relies mainly upon brightness
and spectral elements with limited use of image spatial
contents. Consequently, classifiers advocated by this
technique generally work well in spectrally
homogeneous areas, such as forest, but not in highly
heterogeneous regions, such as urban landscapes.
For improving automated classification, many
strategies have been developed. Some techniques have
demonstrated improved performance, for instance,
enhanced classification methods ranging from
knowledge-based expert system (Moller, 1990), artificial
neural networks (Civco, 1993), fuzzy logic (Ji and
Jensen, 1996, to genetic algorithms (Zhou and Civco,
1996). However, few have found their way into routine
use because these techniques can vary greatly in terms of
their performance with changes in image characteristics,
and in circumstances for targeted studies (Campbell,
2006). Opportunely, several less sophisticated
techniques or procedures are quite promising because
they have been shown experimentally to be not only
accurate but also comparatively simple and easy to
implement in a conventional image processing platform.
Examples include: firstly, the use of pre-classification
image transformations and feature-extraction techniques,
such as median filtering and various measures of image
texture (Yang and Lo, 2002); secondly, the incorporation
of spatially referenced, ancillary data into the
classification procedure (Ehlers et al., 1990); and thirdly,
the application of post-classification spatial processing,
ranging from the mode filtering to contextual

areas (NSJ, 1991).
3- Development of Change Detection Technology
Change detection and monitoring involve the use of
multi-temporal images to evaluate differences in land
cover due to environmental conditions and human
actions between the acquisition dates of images (Singh,
1989). An adequate understanding of landscape features,
imaging
systems,
and
information
extraction
methodology employed in relation to the aims of
analysis are the main factors of the successful use of
satellite remote sensing for land use/cover change
detection purpose.
Highly heterogeneous surface covers with substantial
inter-pixel and intra-pixels changes generally
characterize the urban environments. Data used for
urban application must meet certain conditions in terms
of temporal, spatial, spectral, and radiometric
characteristics (Lo, 1986; Yang and Lo, 2002). For
urban land use/cover change mapping, finer geometric
resolution images are usually preferred. Useful source of
satellite data for this type of applications are the images
from Landsat MSS, Landsat TM, and SPOT HRV,
which have a long period of operation. Since 1982,
Landsat TM data has become recently available. The
improved spatial, spectral, and radiometric resolution of
Landsat TM data allows land use/cover mapping at a
higher level of details and finer urban detection Yang
and Lo, 2002; Gomarasca et al., 1993; Green et al.,
1994). SPOT HRV data have been found to be able to
provide significantly more urban land use/cover
information compared with Landsat MSS and TM data
(Colwell and Poulton, 1985).
Land use/cover change detection using satellite data
can be realized through either image-to-image
comparison or map-to-map comparison (Green et al.,
1994). General reviews of different algorithms under
these two categories are given elsewhere (Singh, 1989;
Jensen and Cowen, 1999). For urban land use/cover
change detection several studies assessed the
effectiveness of these techniques (Ridd and Liu, 1998).
The image-to-image comparison involves subtraction of
two images and is generally accurate, but it cannot
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bands 2, 4, and 7 combination was done in order to use
the information of the three main spectral regions of
Landsat imagery (i.e., visible, near-infrared and midinfrared) regions, TM band-7 (mid-infrared) was used
because it gave a better water versus non-water
boundary mask.
4-2-1 Image classification
To map changes that had occurred between the two
dates, six spectral bands of both TM digital data (with
the thermal bands being excluded) were individually
used as input for supervised classification purpose.
Maximum likelihood algorithm provided by PCI
software had been used for land use/cover mapping from
Landsat images.
A modified version of Sato-Tateishi Land Cover
Guideline (ST-LCG) (Sato and Tateishi, 2002) scheme
was adopted and used as a classification scheme design
for this study. In total, five land use/cover classes were
included in the scheme: (1) urban class, (2) cultivated
class, (3) exposed land class, (4) green vegetation, and
(5) water class. Detailed definitions for these five
categories of land use/cover are summarized in table 1.

reclassification (Booth and Oldfield, 1989; Barnsley and
Barr, 1996). However, further efforts will certainly be
maintained and will probably intensified in order to
adapt these techniques to solving practical problems in a
productive environment.
4- Methodology
4-1 Geometric rectification and radiometric
calibration
A subset of each of the Landsat TM digital images
acquired in March 1987, and February 2009 covering
central parts of Jordan including Amman and Zarqa cities
(figure1) were used. The digital images were geometrically
and radiometrically calibrated to each other to facilitate
their comparison. Geometric rectification is critical for
producing spatially corrected maps of land use/cover
changes through time. The 1987 Landsat TM image, which
was supplied by Earth Satellite Corporation, had already
been rectified and georeferenced to UTM map projection
(Zone 36), and WGS84 ellipsoid. Then, this image was
employed as the reference scene to which the second scene
(TM of 2009) was registered. Using the image-to-image
registration the first-degree polynomial equation was used
in image transformation. The resultant root mean square
error (RMSE) was less than 0.5 pixels, indicating an
excellent registration. The nearest neighbor resampling
method was used to avoid altering the original pixel values
of the image data.
An important component to the change detection is
radiometric calibration and corrections (Chavez and
Mackinnon, 1994). Radiometric calibration and
corrections can eliminate or reduce image differences
introduced as a result of changing atmospheric
conditions. Since both images are acquired in same
season. A histogram matching provided by PCI software
had been used in this study. After this correction, image
statistics and histograms from the two periods were
found to be similar and comparable.
4-2 Image processing
TM bands 2, 3, and 4 color combination and TM
bands 2, 4, and 7 color combination were generated form
each image for visual interpretation and analysis
purposes. The selection of color combination of TM

Table 1. Land use and land cover classes and
definitions used in this study.
No
Class
Definitions
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1

Urban

Construction
materials,
e.g.
asphalt, concrete, etc.; typically
commercial
and
industrial
buildings,
residential
development including most of
single/multiple
houses,
transportation
facilities,
e.g.
airports, parking lots, highways,
and local roads.

2

Cultivated

Plowed areas, and areas of sparse
vegetation cover (less than 20%).

3

Green
Vegetation

Characterized
by
high
percentages of grasses, other
herbaceous vegetation, crops, and
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was based on the following considerations (Yang and
Lo, 2002; Booth and Oldfield, 1989). First, the filter size
should be large enough to allow some important or
targeted components to be covered within the patch.
Thus, a 3 x 3 mode filter was used here. Second, the
mode filter could affect linear features. Most of the
linear features found in the studied area are often urban
uses and should be preserved. A 3 x 3 mode filter with
the four corner cells disabled (i.e. with zero value) can
preserve some linear features.
(ii) Resolving spectral confusion: Given that several
land use/cover classes have similar spectral response,
which is highly dependent upon imaging sensor
characteristics (spatial, spectral, and radiometric
resolutions) and scene contents, spectral confusion is
expected. As image spatial resolution decreases (i.e.
larger pixel size), the number of mixed pixels increases,
and thus the spectral confusion tends to be more serious.
Spectral confusion is the major cause of classification
accuracy of a spectrally based classification method
(Yang and Lo, 2002; Campbell, 2006; Lillesand and
Kiefer, 2003).
Defining spectral confusions requires the use of
image spatial and contextural properties. For this
purpose, visual interpretation was employed because it
allows an integrated use of spectral and spatial contents
as well as human wisdom and experience. At present,
visual interpretation can be incorporated effectively into
a digital classification procedure with the use of onscreen digitizing, multiple zooming, and Area of Interest
(AOI) functionality. In addition, several image
processing platforms permit advanced tools for spatial
modeling through which some “manual” operations can
be implemented automatically. With the use of this
method, three major types of spectral confusion can be
identified in the current study: (1) cultivated class/green
vegetation class; (2) green vegetation class/exposed land
class; and (3) urban class/exposed land class. These
spectrally confused clusters were further spilt and
recorded into their correct land use/cover classes.
4-2-3 NDVI and image differencing generated
image

trees.
4

Exposed land

Consolidated lands, e.g. bare rock
areas, gravels, stones and
boulders areas, and hardpan areas.
Unconsolidated lands, e.g. bare
soils areas.

5

Water

All areas of open water, including
streams, lakes and dam reservoirs.

4-2-2 Spatial Reclassification
Basically, there are two types of misclassification
errors: the boundary error and the confusion in spectral
classes representing two or more land use/cover types.
These errors can be substantially reduced with the use of
spatial reclassification procedures.
(i) Reducing boundary errors: Due to the occurrence
of spectral mixing within a pixel boundary error occurs at
class boundaries (Booth and Oldfield, 1989). These missclassified areas are often small relative to areas of correct
classification. There are also some small areas of
anomalous pixels (often in the forms of salt and pepper)
representing the noise in the data within the same class.
These small areas should be removed and replaced with
class values on their surroundings. A contextual
classification procedure could be used and it involves tow
stages (Yang and Lo, 2002; Booth and Oldfield, 1989):
Firstly, identification of minimal areas and their
subsequent declassification, and secondly, re-labeling of
declassification areas on basis of their surrounding pixels.
To achieve a fast approximation of these two stages in a
one-pass operation, the mode filter had been used.
Mode filter is applied to n x n pixel patch, where n is
an odd integer. A histogram of class values in the patch
is generated and the value having the highest frequency
is returned as the new central value. The center pixel’s
value thus becomes that of the most commonly
occurring class within the patch. In this way, the small
(and erroneously classified) pixels are reclassified
according to the dominant class within the patch.
The choice of filter size and the number of neighbors
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image differencing method was adopted for pixel-bypixel comparison and was performed on the NDVI
generated images of both dates. Image differencing was
calculated as:
LATER IMAGE – FORMER IMAGE + 25
(2)
where, 25 is a constant to remove negative values.
Subsequently, subtracting NDVI images generated
NDVI difference image.

Normalized Difference Vegetation Index (NDVI), an
algorithm for monitoring vegetation using satellite data,
can be written as (Rouse et al., 1974):
NDVI = [(NIR – Red) / (NIR + Red)]
(1)
where, Near Infra Red (NIR) is band 4 for both TM
images, and Red is band 3 for the both images. NDVI
images were generated for both dates using equation (1)
for land degradation monitoring purpose, and were also
used during the classification procedure to differentiate
between the cultivated, green vegetation, and exposed
land classes. NDVI values were expressed in digital
values, and determined as (DN = (NDVI * 100) + 100).
Land degradation can be quantified in terms of
(Pickup, 1989; Behnke and Scoones, 1994): (i) soil loss;
(ii) loss of soil quality, e.g., nutrient loss and/or soil
compaction; (iii) a decline in vegetation (forage)
production; or (iv) a change in vegetation species
composition
contrary
to
management
goals
(Washington, 1998). Therefore, this study focus on the
changes in land use/cover types and on the land
degradation monitoring between1987 and 2009 in the
central part of Jordan.
For land degradation monitoring and changes in land
cover types, particularly in vegetation coverage, an

5- Results and Discussion
Figures 2 and 3 show the color composites generated
from the filtered TM images bands 2, 4, and 7 results
using the images acquired in 1987 and 2009, respectively.
Urban area is pink color while vegetation is green because
the near-infrared band (TM-4), in which vegetation has a
high spectral response, was exposed through the green
filter. Color products using the bands 2, 3, and 4
combinations were also generated for interpretation and
analysis purposes; urban area in this combination is cyan
color, plowed areas is green while vegetation is red. The
areas that had more mature and/or denser vegetation
appear brighter red than areas with less mature and/or less
dense vegetation (Kwarteng, 1997).

Figure 2. Color composite image of
Landsat TM (1987) bands -2, -4, and -7
exposed through the blue, green and red
filters, respectively.
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Figure 2. Color composite
image of Landsat TM (2009)
bands -2, -4, and -7 exposed
through the blue, green and
red filters, respectively.

.
5-1 Accuracy Assessment
Figures 4 and 5 show the results of the supervised
classification of TM, 1987 and 2009, respectively.
Accuracy assessment is necessary for testing the
accuracy of the resultant classes from the classification
image. There are several methods of performing an
accuracy assessment, such as the overall accuracy and
the Kappa coefficient (Congalton, 1991). The confusion
(or error) matrix, which can be used as a starting point
for a series of descriptive and analytical statistical
analyses, is used to represent the accuracy assessment
(Lillesand and Kiefer, 2003). In order to obtain the
confusion matrix, a random sampling was carried out.
The columns of the matrix represent the reference data,
while the rows indicate the classes generated from the
classification process. According to the previous studies,
there are many ways to improve the interpretation of the
confusion matrix. Among them, the Kappa coefficient is
one of the most popular measures for addressing the
difference between the actual agreement and the chance
agreement (Congalton, 1991).
The Kappa coefficient of agreement was computed as:

r

kˆ =

r

N ∑ X ii − ∑ ( X i + × X + i )
i =1

i =i

r

N − ∑ ( X i + × X +i )
2

(3)

i =i

Where r is number of rows in the confusion matrix,

X ii is number of observations in row i and column i,
X i + is the total number of observation in row i, X +i is
the total number of observation in column i, and N is
the total number of observations included in matrix.
Tables 2 and 3 show the confusion matrices resulting
from the classifying digital data. For the 1987 land
use/cover map, a total of 527 pixels were selected, which
were then checked with reference to 1:50 000
topographic map. The result shows an overall accuracy
of 90%. In terms of producer’s accuracy, all classes were
over 81%, while in terms of user’s accuracy; all classes
were over 86%, and a Kappa index of agreement of
0.860 (table 2). This value indicates that the
classification process was avoiding 86.0% of the error.
For the 2009 land use/cover map, a total of 456
pixels were selected. These were checked against an
interpretation of the in situ check. The result indicated an
overall classification accuracy of about 90.4%. In terms
of producer’s accuracy, all classes were over 79%, while
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in terms of user’s accuracy; all classes were over 79.2%,
and a Kappa index of agreement of 0.858 (table 3). This
value indicates that the classification process was
avoiding 85.8% of the error.
A comparison of table 2 and 3 reveals that the 1987
land use/cover map is compatible in accuracy in every

respect to the 2009 land use/cover map, where the overall
accuracy is more than 85%, for both maps, indicating that
this is a good evidence that the image processing approach
adopted in this study has been effective in producing
compatible land use/cover data over time.

Figure 4. Land use/cover classification map of the central part of Jordan based on analysis of Landsat TM 1987.

Figure 5. Land use/cover classification map of the central part of Jordan based on analysis of Landsat TM 2009.
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Table 2. Confusion matrix of the signatures derived from supervised training, TM 1987.
Reference data

Classified data
1
2
3
4
5

1
118
3
3
10
0

Column total
134
Producer’s
Accuracy (%) 88.06

2

3

4

5

2
63
1
0
0

5
4
60
5
0

9
2
5
216
1

2
0
0
0
18

66

74

233

20

95.45

81.08

92.70

90.00

Row
total
136
72
69
231
19
527

User accuracy
(%)
86.76
87.50
86.96
93.51
94.74
overall Kappa
index = 0.860

Note: Number of pixels correctly classified =475; overall classification accuracy = 90.0%; Class 1= Urban; class 2= Cultivated; class 3= Green
vegetation; class 4= Exposed land; class 5= Water.

Table 3. Confusion matrix of the signatures derived from supervised training TM 2009.
Reference data

Classified data
1
2
3
4
5
Column total
Producer’s
Accuracy (%)

1

2

3

4

5

66
1
1
6
0

3
34
2
4
0

4
4
81
9
1

2
1
3
211
1

2
0
0
0
20

74

43

99

218

22

89.19

79.07

81.82

96.79

90.90

Row
total

User
accuracy
(%)

77
40
87
230
22

85.71
85.00
93.10
91.74
90.90

456

overall Kappa
index = 0.858

Note: Number of pixels correctly classified =412; overall classification accuracy = 90.4%; Class 1= Urban; class 2= Cultivated; class 3= Green
vegetation; class 4= Exposed land; class 5= Water.
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increasing concentration in urban areas, such as
northwestern and southwestern parts of Amman city and
around Zarqa city had been taken place, where services
and job opportunities are available.
In quantitative terms, urban class has increased from
127.6 km2 (or 8.7%) in 1987 to 344.7 km2 (or 23.5%) in
2009 for the studied area (table 4), thus representing an
increment in the urban area class is more than 2.7 times
in land area. Notice the changes of land use/cover of the
northwestern and southwestern parts of Amman city and
around Zarqa city, where many housing settlements have
been established in these areas between 1987 and 2009
(figures 4 and 5). Another significant change is the
continuing decline in cultivated class and green
vegetation class in the studied area. In 1987, there were
38.1 km2 of cultivated land (or 2.6%), which declined to
26.4 km2 (or 1.8%) by 2009. This represents a decrease
of 30.7% (table 4). Similarly, green vegetation has
declined in area from 196.5 km2 (or 13.4%) in 1987 to
71.9 km2 (or 4.9%) in 2009, thus representing a decrease
of 63.41% in land area.

5-2 Change Detection
The post-classification comparison change detection
approach was employed (Singh, 1989). This method
involves comparing two independently produced
classified land use/cover maps from images of two
different dates. It was found to be an accurate procedure
for land use/cover change detection, provided that the
two land use/cover maps had been accurately produced,
as they were in this study (Singh, 1989; Jensen and
Cowen, 1999). There are four major land use/cover
classes of interest in the central Jordan: urban,
cultivated, exposed land, and green vegetation class. The
spatial distribution of these classes were extracted from
each of the land use/cover maps of 1987, and 2009, the
results are shown in table 4.
Table 4. Land use/cover change for the studied area
as extracted from the digital images.
TM
TM 1987
% of increase
2009
Class
2
Area(km )
or decrease
Area
Name
over 1987
(%)
(km2)
(%)
Urban
127.6
344.7
+ 170.1
8.7
23.5
Cultivated
38.1
26.4
- 30.7
2.6
1.8
Green
196.5
71.9
- 173.3
Vegetation
13.4
4.9
Exposed
1098.5
1019.9
- 7.2
land
74.9
69.4

5-3 Land Degradation Monitoring Using NDVI
Image Differencing
The image differencing procedure was performed on
the NDVI generated images using formula (2), where the
early image was subtracted from the later image. The
resultant NDVI image does not include negative values
since a constant (25) was added during the image
differencing. Figure 6 shows some of the simple
statistics and histogram data plot, which were extracted
from the resultant image.
When the difference image is Gaussian in nature,
unchanged pixels are centered around the mean while
the tail regions on either side of the histogram contain
information about the changed area. Misregistration is a
major problem in image differencing because it may
generate artifact changes during the change detection
procedure. This problem can be addressed by statistical
methods (Prakash and Gupta, 1998). The standard
deviation of the difference image establishes a threshold
level at which changes were deduced. To contain any

Based on figures 2, 3, 4, and 5, the spatial expansion
of urban class is clearly visible. In 1987, the urban class
was small and was mainly located in the inner parts of
Amman and Zarqa cities. The spread of urban class is
clearly revealed in 2009 patterns. Amman and Zarqa
cities have almost 52% of the total population of Jordan.
Between 1987 and 1999 Jordan’s population increased
by more than 50%. In 1987 the total population was
around 3.1 million inhabitants and became around 5.98
million inhabitants in 1999 (DOS, 2010), and as a result
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Qong and Igarashi, 1999), σ value is 1.12. As mentioned
above, since many unchanged pixels are centered around
the Mean, the Mean ± σ (standard deviation) threshold
level of the difference image was used. All pixels values
within the Mean ± σ (near the Mean) are thus assumed
to be unchanged pixels, and tail regions on both sides are
assumed to contain information about the positive (gain)
and negative (loss) change pixels.

misregistration, Singh recommended a threshold level of
± δ (standard deviation) around the Mean value (Singh,
1989; Washington et al., 1998; Qong and Igrashi, 1999).
For image differencing, unchanged pixels values should
be equal to 0 in theory (in this case it should be equal to
25). For this study, the difference image is Gaussian in
nature (figure 6), where the Mean value equal the
Median value (=24), and one-standard-deviation σ
(threshold) had been used (Washington-Allen, 1998;

Figure 6. Histogram for the generated NDVI difference image.
Mean - σ > DN of the NDVI difference image, then
negatively changed pixels (loss).
The positive changes in the difference image denoted
that the NDVI values of the former image were larger
than the later one. Similarly, the negatives values
denoted that the NDVI value of the former image was
smaller than the later one. Positive changes represent an
increase in vegetation cover between the two dates.
Negative changes represent a decrease in vegetation
cover or an increase in lower NDVI values. The

The difference image was density sliced and colorcoded using the above threshold selection method to
distinguish unchanged pixels from changed pixels
(figure 7). The threshold boundary between changed
pixels and unchanged pixels is determined according to
the following rules. If:
Mean ± σ = DN of the NDVI difference image, then
unchanged pixels.
Mean + σ < DN of the NDVI difference image, then
positively changed pixels (gain).
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cultivated areas and green vegetation areas is clearly the
result of accelerated expansion through the process of
urbanization, such as; northwestern, southwestern and
southeastern parts of Amman city and around Zarqa city,
these areas have negative changes (figure 7), where
many housing settlement have been established in these
areas between 1987 and 2009. Both change detection
results and NDVI image differencing result indicate that
the urbanization process has an increased pressure on
agricultural lands, and as a result land degradation has
taken place in these areas.

difference image indicated that significant land cover
changes have occurred between 1987 and 2009.
The statistical results of the difference image
revealed that about 28.10% (412.10 km2) of the studied
area had negative changes, 3.98% (58.40 km2) had
positive changes, and the other 67.92% had no changes
between the two dates. Negative changes represent an
increase in lower NDVI values or a decrease in
vegetation cover of the cultivated areas and green
vegetation areas. On the other hand change detection
results (refer to table 4) showed that the decline of

Figure 7. Density sliced NDVI difference image of the study area.
is important not only for a better understanding of the
human dimensions of environmental change in specific
locations, but also for the management and planning of
such areas. The objective of this study was to propose a
method for land degradation monitoring, as well as land
use/cover changes and environmental changes in the central
part of Jordan.
Using different methods of digital change detection
techniques, the usefulness of the satellite remote sensing
data (Landsat-TM images) for change detection study
and land degradation mapping purposes has been

Also it worth to notice, that some housing settlements
have been established on water basin areas in the studied
area, such as, Baq`a Basin to the north of Amman, giving
rise to the serious environmental problems (figures 2-5).
Such these areas need the attention of the city planners and
perhaps to carry out topographical and geological studies
for such areas, in order to prevent the expansion of the
urban areas into these lands, which do not fit for
urbanization from those standpoints.
6- Conclusion
Change detection pattern of land use/cover through time
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produced from the TM image of 2009.
NDVI image differencing method was used for land
degradation monitoring, particularly in vegetation coverage.
The difference image indicated that significant negative
changes in land use/cover have occurred between 1987 and
2009. Negative changes represent a decrease in vegetation
cover or an increase in lower NDVI values, such as,
cultivated class and green vegetation class. Change
detection results of central Jordan revealed that the decline
of cultivated and green vegetation is clearly the result of
accelerated expansion through the process of urbanization,
which reflect that there is no doubt that the high
concentration of population settlements in urban areas of
Amman and Zarqa cities has a negative effects on both
agricultural lands and water basins, and is therefore strictly
land degradation.

demonstrated. The methodology developed in this study
to map land use/cover from Landsat-TM images was
based on an adequate understanding of landscape
features, and information extraction techniques
employed.
A digital change images generated using supervised
classification scheme of two dates of both TM digital data,
was used for mapping surface changes dealing with five
land use/cover classes. To minimize problems of boundary
errors caused by spectral confusion in the image
classification, a spatial reclassification method was used to
break down spectrally clusters to smaller ones for relabeling. Accuracy assessment confirmed that the image
processing procedures were effective in extracting land
use/cover maps and statistics of the central part of Jordan
from TM image of 1987 which are compatible to those
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ﺘﺤﺩﻴﺩ ﺍﻟﺘﻐﻴﺭﺍﺕ ﻓﻲ ﺍﺴﺘﻌﻤﺎﻻﺕ ﺍﻷﺭﺽ ﻭﺃﻨﻤﺎﻁ ﺍﻟﻐﻁﺎﺀ ﺍﻷﺭﻀﻲ ﻭﻤﺭﺍﻗﺒﺔ ﺘﺩﻫﻭﺭ ﺍﻷﺭﺍﻀﻲ
ﻓﻲ ﻭﺴﻁ ﺍﻷﺭﺩﻥ ﺨﻼل ﻋﻘﺩﻴﻥ ﻤﻥ ﺍﻟﺯﻤﻥ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﺭﺌﻴﺎﺕ ﺍﻟﻔﻀﺎﺌﻴﺔ
ﺤﺴﺎﻡ ﻫﺸﺎﻡ ﺍﻟﺒﻠﺒﻴﺴﻲ

*

ﻤﻠﺨـﺹ
ﺘﻭﻀﺢ ﻫﺫﻩ ﺍﻟﻭﺭﻗﺔ ﺍﻟﻌﻠﻤﻴﺔ ﻤﺠﻤﻭﻋﺔ ﻤﻥ ﺍﻟﺘﻘﻨﻴﺎﺕ ﺍﻟﺘﻲ ﺍﺴﺘﺨﺩﻤﺕ ﻤﻥ ﺃﺠل ﻤﺭﺍﻗﺒﺔ ﺘﺩﻫﻭﺭ ﺍﻷﺭﺍﻀﻲ ﻭﻜﺸﻑ ﺍﻟﺘﻐﻴﺭﺍﺕ ﻓﻲ
ﺍﺴﺘﻌﻤﺎﻻﺕ ﻭﺃﻨﻤﺎﻁ ﺍﻟﻐﻁﺎﺀ ﺍﻷﺭﻀﻲ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﺩﺭﺍﺴﺔ ،ﺍﻟﺘﻲ ﺘﻘﻊ ﻓﻲ ﺍﻟﺠﺯﺀ ﺍﻷﻭﺴﻁ ﻤﻥ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻷﺭﺩﻨﻴﺔ .ﻭﻟﺘﺤﻘﻴﻕ
ﻫﺩﻑ ﺍﻟﺩﺭﺍﺴﺔ ،ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﺒﻴﺎﻨﺎﺕ ﻓﻀﺎﺌﻴﺔ ﻤﺄﺨﻭﺫﺓ ﺒﻭﺴﺎﻁﺔ ﺍﻟﻤﺴﺘﺸﻌﺭ ﻻﻨﺩﺴﺎﺕ ) 1987 (TMﻭ  .2009ﻭﻗﺩ ﺨﻀﻌﺕ
ﺍﻟﺒﻴﺎﻨﺎﺕ ﺍﻟﻔﻀﺎﺌﻴﺔ ﻟﻠﺘﺼﺤﻴﺢ ﺍﻟﺠﻴﻭﻤﻴﺘﺭﻱ ﻭﺍﻟﺭﺍﺩﻴﻭﻤﻴﺘﺭﻱ ،ﻭﺫﻟﻙ ﻤﻥ ﺃﺠل ﺘﺴﻬﻴل ﺍﻟﻤﻘﺎﺭﻨﺔ ﺒﻴﻨﻬﻤﺎ .ﻭﻟﺘﺤﺩﻴﺩ ﺍﻟﺘﻐﻴﺭﺍﺕ ﻓﻲ
ﺍﺴﺘﻌﻤﺎﻻﺕ ﻭﺃﻨﻤﺎﻁ ﺍﻟﻐﻁﺎﺀ ﺍﻷﺭﻀﻲ ﺘﻡ ﺇﻨﺘﺎﺝ ﺨﺭﻴﻁﺘﻴﻥ ) 1987ﻭ  (2009ﺤﻴﺙ ﺘﻡ ﺤﺴﺎﺏ ﻗﻴﻡ ﺍﻟﺘﻐﻴﺭﺍﺕ ﻋﻠﻰ ﻫﻴﺌﺔ
ﻤﺴﺎﺤﺎﺕ ﺨﻼل ﺍﻟﻔﺘﺭﺓ ﺍﻟﺯﻤﻨﻴﺔ ﻟﻠﺩﺭﺍﺴﺔ .ﺃﻤﺎ ﻤﺭﺍﻗﺒﺔ ﺘﺩﻫﻭﺭ ﺍﻷﺭﺍﻀﻲ ﻓﻘﺩ ﺘﻡ ﺒﻨﺎ ﺀ ﻋﻠﻰ ﺍﻟﻔﺭﻭﻗﺎﺕ ﺒﻴﻥ ﻨﺘﺎﺌﺞ ﺍﺴﺘﺨﻼﺹ
ﻤﻌﺎﻤل ﺍﻟﻨﺒﺎﺕ ﺍﻟﻤﺴﻤﻰ ) (NDVIﻟﻌﺎﻤﻲ  1989ﻭ  2009ﻜل ﻋﻠﻰ ﺤﺩﺓ ،ﻭﻗﺩ ﺃﻅﻬﺭﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺤﺼﻭل ﺘﻐﻴﺭﺍﺕ ﻓﻲ
ﺍﺴﺘﻌﻤﺎﻻﺕ ﻭﺃﻨﻤﺎﻁ ﺍﻟﻐﻁﺎﺀ ﺍﻷﺭﻀﻲ ﻭﺘﺩﻫﻭﺭ ﻟﻸﺭﺍﻀﻲ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﺩﺭﺍﺴﺔ ،ﻭﺨﺼﻭﺼﺎ ﺘﺩﻨﻲ ﻤﺴﺎﺤﺎﺕ ﺍﻟﻤﻨﺎﻁﻕ ﺫﺍﺕ
ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻲ ﻨﺘﻴﺠﺔ ﻟﻠﺘﻁﻭﺭ ﺍﻟﻌﻤﺭﺍﻨﻲ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻻﺴﺘﺸﻌﺎﺭ ﻋﻥ ﺒﻌﺩ ،ﺘﺩﻫﻭﺭ ﺍﻷﺭﺍﻀﻲ ،ﻜﺸﻑ ﺍﻟﺘﻐﻴﺭﺍﺕ  ، NDVI ،ﻭﺴﻁ ﺍﻷﺭﺩﻥ ،ﻻﻨﺩﺴﺎﺕ.

* ﻜﻠﻴﺔ ﺍﻵﺩﺍﺏ ،ﺍﻟﺠﺎﻤﻌﺔ ﺍﻷﺭﺩﻨﻴﺔ.
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