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Abstract 
The aim of this study was to develop and use an operational approach for detecting, monitoring, analyzing and 

producing land use/cover change maps in Sahab district in Jordan during the period from 1987 to 2006, using the 
applications of remote sensing and geographical information systems (GIS) techniques, as a valuable contribution to 
urban planning which will ensure high accuracy and compatibly. 

This study is based on two subsets of Landsat-TM images, acquired in August 1987 and August 2006. Both images 
were geometrically and radiometrically calibrated to each other in order to facilitate comparison, and were then used 
individually for supervised classification purposes using Maximum Likelihood Classifier for six spectral bands of both 
images as input (with the thermal bands being excluded). Color composition was generated for visual analysis using 
TM bands 4, 3, 2 and 7, 4, 2 in order to prepare a base map for land use/cover types in the study area. 

Change detection results showed an increment in the urban land class, where the spatial expansion was 4.91 km2 
in 1987 and became 13.82 km2 in 2006, while the range land and agricltural land classes had declined, in 1987.  They 
were 50.5 km2 and 30 km2, and they became 16.31 km2 and 2.24 km2, respectively, in 2006.  

Change detection results of Sahab district revealed that the decline of agriculture and range lands areas is clearly 
the result of accelerated expansion through the process of urbanization, which has negative effects on agricultural 
lands, and is therefore strictly land degradation. 
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Introduction 

Knowledge on land use/cover is important in many planning and management activities and is considered an 
essential element for modeling and understanding the earth as a system. (Lillesand et al., 2004). Therefore land 
cover/use change dynamic studies are very useful for supporting decision making in regional planning, sustainable 
development planning, management and monitoring natural resources and environment, throughout high accuracy data 
provided from space. 

Land cover refers to the land's physical attributes such as; forest, grassland…etc., whereas land use expresses the 
purpose to which those attributes are put or how they are transformed by human action such as; cropping, 
ranching…etc., which means that land use relates to the human activity or economic function associated with a specific 
piece of land (Moran, et al., 2004 & Lillesand, et al., 2004). 

Land cover is visible in remotely-sensed data from satellite platforms, although it requires interpretation and 
ground-truthing. In general, the analysis of satellite imagery of fine-resolution increases the need for detailed ground-
based land-use information. Never the less, land cover and land use are so intimately linked that understanding of either 
requires a coupled human-environment system analysis (Moran, et al., 2004). 

Land use represents the link between human action and the landscape. Land cover is closely associated with land 
use. Over the years, land use/land cover change (LUCC) has been found to be a major contributing factor to local and 
global environmental change. LUCC is the collective result of both biophysical and socioeconomic driving forces. It is 
a highly dynamic and complex process, which involves interactions and feedback at multiple spatial and temporal 
scales, and thus requires a sophisticated multi-faceted analytical framework. Spatial analysis of historical land-cover 
change with the help of spatial statistics and landscape metrics has been employed to explore the nature of LUCC in a 
variety of ways. Various modeling approaches have also been used to tackle the complexity of LUCC dynamics (Sun, 
2006).  

There are many potential benefits of acquiring land cover/ use information. It is important in assisting local and 
regional decision-makers monitor current conditions and model the impact of future growth. It is also important in 
urban land-use pattern rapid change in response to economic, social and environment-ed forces. In addition, agricultural 
resources, natural ecosystems, as well air and water quality, can all be affected by changing land use patterns. 
Information on changing land cover/ use patterns is also valuable information for economic development, as investors 
can gain insights regarding new areas of growth. The remote sensing data can be particularly important in visualization 
of these trends. The large existing archive of imagery with a short repeat interval and consistent image quality has been 
particularly important in this trend (Almutairi, 2000). 

On the other hand, integration of remote sensing data and Geographical   Information Systems (GIS) analysis has 
become a trend for environmental assessment and management for its capabilities of managing and manipulating large 
amounts spatial data to satisfy planner and policymaker’s growing needs of accurate LULCC information (YUAN, 
2008). 

Remote Sensing (RS) and GIS are now providing new tools for advanced ecosystem management. The collection 
of remotely sensed data facilitates the synoptic analyses of Earth-system functions, patterns, and changes at local, 
regional and global scales over time. Such data also provide an important link between intensive, localized ecological 
research and regional, national and international conservation and management of biological diversity (Opeyemi, 2006). 

Change detection is the process of describing and/or determining changes in land use/land cover properties based 
on co-registered multi-temporal remote sensing data. Numerous research projects have discussed land use/land cover 
changes in Jordan. Al-Mashagbah and Al-Adamat (2010) used Landsat TM data to investigate land use/land cover 
changes that for the period from 1990 to 2005 in Amman-Zarqa Basin, North East Jordan. The study showed that there 
were significant changes had occurred as a result of cultivation and urbanization. Milligton et al. (1999) used Landsat 
TM imagery and area analysis using GIS in the Northern Badia of Jordan. The study indicated that the rapid population 
growth was the main push factor, which influenced land use/cover. Rababa’a and Al-Bakri (2006) used unsupervised 
classification technique of Landsat TM imagery to map land use/land cover in Dead Sea basin. Results of the study 
showed variations among mapped classes and between classification methods.    

Sahab’s district population has grown rapidly during the past three decades. In 1979 the total population was 
around 16000 inhabitants and became more than 63000 inhabitants in 2006 (DOS, 2008).  Sahab district has many 
factories; it also compresses the Jordanian first and largest industrial estate (King Abdullah the Second Industrial 
Estate).

The main aims of this research are to produce, examine and analyze land use/cover change dynamic patterns in 
Sahab district (central Jordan) between 1987 and 2006 using satellite remotely sensed data and geographic information 
systems in order to detect the changes that have been occurred, and to develop a framework of land use/cover changes  
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research in Jordan using optical remote sensing data and geographic information systems techniques, as well as to 
explore the potential of these techniques for land use/cover change control within the current urban planning system and 
management of natural resources .  

Study area  

Location 

Sahab district is located in central Jordan towards the southeast of Amman, which includes eight localities; Sahab, 
Al`Abdaliyya, Zamlat Al`Alya, Khashafiyyeh Shamaliyyeh (Dabaybeh), Khashafiyyeh Janoobiyyeh (Shawabkah), Al-
Manakhir, Qa`fur, and Al-Maduna. It includes four areas with very little population; Al-Ghabawi , Tilal Safr Al-
Rasheed ,Tilal Al-Roqban and Hamra Hamd. It lies between the latitude 31°45' and 32°00'  North and longitude 36° 00'  
and 36°30'  East, and covers an area about 483.21  km2 (Figure 1). 

Geological and Topographical Setting 

According to Fadda (1991), and as shown in Figure (2), the major geological formations in Sahab district are:  

 - Umm Rijam Chert - Limestone Formation (Middle Palaeocene to Middle Eocene) is 125-130m thick and covers 
broad areas in Sahab district. The formation consists of chalk and marl at the lower part. Chert, chalk, marl, and 
limestone concretions are present in the upper part.  

- Amman Silicified Limestone (Campanian - Maastrichtian) is the oldest exposed formations in Sahab district. This 
formation is consisting of limestone, varicoloured chert (up to O.8m thick), coquina, phosphatic limestone and 
phosphatic chert. The formation has a restricted distribution in the northwestern part of Sahab district with a total 
thickness of 25m.  

- Muwaqqar Chalk - Marl Formation (Maastrichtian-Middle Palaeocene) cover small areas of the study area. The 
formation is up to 18m thick and consists of limestone, grey chalky limestone, chalky marl, limestone concretions, and 
thin bedded grey phosphatic limestone. 
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Figure 1.  Location of the study area and its administrative localities. 

- Wadi Assir Limestone Formation (Turonian) covers small areas of the study area. The formation is 90 m thick 
and consists of bedded massive limestone hard buff dolomitic limestone with subsidiary marls and chert nodules 
common in the middle and upper parts.  

- Wadi Umm Ghudran Formation (Coniacian - Santonian) covers small areas of the study area. The formation is up 
to 15 m thick and consists of massive, white buff-grey, hard, detrital chalk that contains fish teeth and shell fragments, 
thin layers of chert and quartzite.  

- Alluvium and Wadi sediments cover small areas of the study area and consist of poorly sorted fluvial gravels; 
mainly present in the wadi courses. Mudflat is present, locally, in yellow soil rich in calcium carbonate, silt and clay.  
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Figure 2.   Sahab district geological formation (Modified After NRA 1989, 2004). 

 Topographic information of Sahab district was obtained from a digital elevation model (DEM) acquired by Earth 
Remote Sensing Data Analysis Center (ERSDAC) of Japan in 2009. The DEM has a resolution of 30x30 m, and is 
available at the ERSDAC website (www.ersdac.or.jp). The elevation of the study area ranges from 580 meters above 
sea level (ASL) on the eastern and northern parts to 960 m ASL, on the western and southern parts (Figure 3).  

The topographies map of the study area (RJGC, 1997) shows a very distinct variation with elevation from around 
580 to 960 m (ASL). The upper left and   medial parts of the landscape 800 to 960 m ASL, is much dissected with steep 
slopes (4–17°).  At lower altitudes, the slopes are gentle (1-4°) (Figures 3 and 4). 
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Figure 3. Digital elevation model of Sahab district. 

Figure 4.  A slope map of Sahab district in degrees. 

Climate 

In summer the climate of the study area is hot and dry. Mean annual temperatures reach 30˚C-39˚C in July (Figure 
5) but absolute maximum values can exceed 45˚. In winter the climate is cold and dry. Mean annual minimum 
temperatures decline to as low as 1˚C-5˚C in the winter time (Figure 5) but absolute minimum values can decline to as 
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low as -3˚C (JMD, 2005). Generally evaporation is high in summer and relative humidity is low. Sahab district receives 
an average 156 mm of rain and 200 days of sunshine a year (JMD, 2002). 

Figure (6) shows the mean annual rainfall map of Sahab district, which was interpolated, based on daily records 
from 1976 to 2005 using ARC GIS (9.3) software. Rainfall data was obtained from the nearby climatic stations: 
Amman Airport Station (35° 59' E, 31° 59' N) and Queen Alia Airport Station (35° 59' E, 31° 43' N) (JMD, 2005). As 
shown in Figure (6), the amount of rainfall increases from south to north and from east to west. Generally, the high 
elevated areas receive higher precipitation than the low elevated areas in the study area. 

Figure 5. Mean maximum and minimum temperature OC of the study area.

Figure 6. Mean annual rainfall distribution map in Sahab district. 
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Population 

Sahab’s district population has grown rapidly during the past three decades, particularly after the construction of 
the King Abdullah the Second Industrial Estate in 1981. for instance, the population had increased by more than 25 
times between 1979 and 1994. In 1979 the total population was around 16000 inhabitants and became more than 63000 
inhabitants in 2006 (DOS, 2008). Figure (7) and Table (1) show the population size and population growth rates in 
Sahab district between 1952 and 2008. Consequently, Sahab district is undergoing both a very high rate of urbanization, 
particularly eastern part of the study area, and human induced changes in land use/cover. 

 Figure (8), which was interpolated based on Table (2) using ARC GIS (9.3) software, shows that the population 
distribution in Sahab district has irregular form. Although Sahab locality represents 2.7 % of the total area of Sahab 
district, it contains 77 % of total population, where services and job opportunities are available.   

Table 1 Sahab population growth rates and population size development. 

Population growth ratePopulation sizeYear

019351952
9.8545061962
7.38162381979
7.65490601994
2.4622202004

1.68654532008

Figure 7. Sahab population size growths. 
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Figure 8. Population density map in Sahab district. 

Table 2. Sahab district localities population size and area. 

Locality Area (km2) Population Size 2008 Area % 

Al Khashshafiyya Janoobiyyeh  ( Shawabkah) 7.42 835 1.54 

Al `Abdaliyya 9.48 7623 1.96 
Al Manakhir 9.51 508 1.97 

Al Khashshafiyya Shamaliyyeh  ( Dabaybeh) 11.29 4959 2.34 
Sahab 13.05 51210 2.70 

Zamlat Al `Alya 15.29 79 3.16 
Qa`fur 17.30 30 3.58 

Al Maduna 24.94 209 5.16 
AL-Ghabawi 38.69 0 8.00 
Hamra Hamd 65.76 0 13.61 

Tilal AL-Roqban 97.27 0 20.13 
Tilal Safr AL-Rasheed 173.21 0 35.85 

Total 483.21 65453 100 

Methodology  

A subset of each of Landsat TM images acquired in 1987 and 2006, were used to drive land use/cover maps. Then 
GIS analysis (using ARC GIS 9.3) was employed for cartographic presentation and creation of comprehensive 
geographic database for the study area that is able to merge, update and shared. In order to determine the trend, nature, 
rate and location of land use/cover changes. a sequence of processing and interpretation steps was followed (Figure 9). 
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Figure 9. Flow chart summarizing the methodology used for this study. 
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Geometric rectification and radiometric calibration  

Both Landsat TM 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 37), and WGS84 ellipsoid. Then, this image was employed as the 
reference scene to which the second scene Landsat TM 2006 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 excellent registration. The nearest neighbor resampling method was used to avoid 
altering the original pixel values of the image data. The Landsat TM images were resampled to 30 meters. 

Images Visual Interpretation 

Figures (10) and (11) show the color composites of TM bands 7, 4, and 2, which were generated from both images. 
The selection of this color combination was done in order to use the information of the three spectral regions of Landsat 
imagery (i.e., mid-infrared, near-infrared and visible, respectively). Visual interpretation of TM bands 7, 4 and 2 color 
combination shows that the urban area has pink color while vegetation has green because the near-infrared band (TM 
4), in which vegetation has a high spectral response, was exposed through the green filter. TM bands 4, 3, and 2 color 
combinations were also generated for interpretation and analysis purposes; the urban area in this combination is cyan 
color, the range land areas is green and 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, et al., 1997). 

Figure 10. Color composite image of Landsat TM (1987) bands 7, 4 and 2 exposed  

                   through the red, green and blue filters, respectively. 
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Figure 11. Color composite image of Landsat TM (2006) bands 7, 4 and 2 exposed  

                   through the red, green and blue filters, respectively. 

Image classification 

To map changes that had occurred between the two dates, six spectral bands of both Landsat TM images (with the 
thermal bands being excluded) were individually used as input for supervised classification purpose. Maximum 
likelihood algorithm provided by Geomatica PCI software had been used for land use/cover mapping from Landsat TM 
images. 

Ground data and field survey were acquired in August 2009; the aim was to collect ground truth points. Ground 
truth points were collected using a Global Positioning System (GPS). These points were used as training sets and as 
reference for geometric calibration and accuracy evaluation purposes. Geographic coordinates were recorded using 
more than four GPS satellites to obtain a position fix. 

A modified version of USGS Land Use/Cover Classification scheme (Lillesand, et al., 2004) was adopted and used 
as a classification scheme design for this study. In total, four land use/cover classes were included in the scheme: (1) 
urban class, (2) range class, (3) barren land class, and (4) agricultural class. Detailed definitions for these four 
categories of land use/cover are given in Table 3. 

In an attempt  to create uniform conditions for the 1987 and 2006 Landsat TM images, the same training sites were 
used during the classification processes.  

Table 3. Land use / cover classes and definitions used in this study. 

DefinitionsClassNo

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. 

Urban land1

Plowed areas and areas of sparse vegetation cover (less than 20%). Range land 2

Characterized by high percentages of grasses, other herbaceous vegetation, and crops. Agricultural land 
3

Consolidated lands, e.g. bare rock areas, gravels, stones and boulders areas, and 
hardpan areas. Unconsolidated lands, e.g. bare soils areas. Barren  land 4
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Accuracy assessment 

Figures 13 and 14 show land use/cover maps, which were produced from the supervised classification of Landsat 
TM 1987 and 2006, respectively. Accuracy assessment is necessary for testing the accuracy of the resultant classes from 
the classification image. There are several methods of performing 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, et al., 
2004). 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

ii
ii

r

ii
ii

r

i
ii

XXN

XXXN
k

)(

)(
ˆ

2

1

Where r is number of rows in the confusion matrix, Xii is number of observations in row i and column i, Xi+ 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 (5 and 6) show the confusion matrices resulting from the classifying digital data. 

Table 5. Confusion matrix of the signatures derived from supervised training, TM 1987. 

Classified data Urban 

Land

Barren

Land

Range 
Land

Ag.* 

Land

Raw total User accuracy (%) 

Urban Land 111 3 1 1 116 95.69 

Barren Land 5 89 3 4 101 88.12 

Range Land 3 2 74 2   81 91.36 

Ag. Land* 4 4 2 82   92 89.13 

Column total 123 98 80 89 

Producers Accuracy 
(%)

90.24 90.82 92.50 92.13 

390 Overall Kappa 

Index = 0.88 

Note: Number of pixels correctly classified = 356; overall classification accuracy= 91%. * Agricultural Land.  
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Table 6. Confusion matrix of the signatures derived from supervised training, TM 2006. 

Classified data Urban 

Land

Barren

Land

Range 
Land

Ag.* 

Land

Raw total User accuracy (%) 

Urban Land 67 1 2 1 71 94.37 

Barren Land 2 92 5 2 101 91.09 

Range Land 3 3 105 4 115 91.30 

Ag. Land* 1 0 3 99 103 96.12 

Column total 73 96 115 106 

Producers 
Accuracy(%) 

91.78 95.83 91.30 93.40 

390 Overall Kappa 

Index = 0.90 

Note: Number of pixels correctly classified = 363; overall classification accuracy= 93%. * Agricultural Land.  

For the 1987 land use/cover map, a total of 390 pixels were selected, which were then checked with reference to 1: 
50 000 topographic map and in situ check. The results show an overall accuracy of 91 %. In terms of producer's 
accuracy, all classes were over 90 %, while in terms of user's accuracy all classes were over 88 %, and a Kappa index of 
agreement of 0.88 (Table 3). This value indicates that the classification process was avoiding 88.0% of the error. 

For the 2006 land use/cover map, a total of 390 pixels were selected. These were checked against an interpretation 
of the in situ check. The results an overall classification accuracy of about 93 %. In terms of producer's accuracy, all 
classes were over 91 %, while in terms of user's accuracy all classes were over 91 %, and a Kappa index of agreement 
of 0.90 (Table 4). This value indicates that the classification process was avoiding 90.0 % of the error. 

A comparison of Table 5 and 6 reveals that the overall accuracy of more than 85% for both maps indicates that this 
is good evidence that the image processing approach adopted in this study has been effective in producing compatible 
land use/cover data over time. 

Change Detection Results 

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 the two land use/cover maps are accurately 
produced, as they were in this study. 

There are four major land use/cover classes of interest in Sahab district: urban land, range land, barren land, and 
agricultural land. The spatial distribution of these classes were extracted from each of the land use/cover maps of 1987, 
and 2006, the results are shown in Table 4. 

Based on Figures 12, 13 and 14, the spatial expansion of urban land between 1987 and 2006 is clearly visible; in 
1987 the urban land was small and was mainly located in the inner part Sahab. The expansion of urban land is clearly 
revealed in 2006 patterns toward the west part of the study area.  

In quantitative terms, urban land has increased from 4.91 km2 (or 1.02 %) in 1987 to 13.83 km2 (or 2.86 %) in 
2006 (Table 4), thus representing an increment in the urban land class of  more than 2.5 times in land area. Notice the 
changes of land use/cover of the Sahab district where many housing settlements have been established in these areas 
relevant from construction and development of industrial city in  south Sahab locality  between 1987 and 2006 (Figures 
13 and 14). Another significant change is the continuing decline in range land and agricultural land in the studied area. 
In 1987, there were 50.5 km2 of range land (or 10.45 %), which declined to 16.31 km2 (or 3.38%) by 2006. 
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Similarly, Agricultural land has declined in area from 30 km2 (or 6.21 %) in 1987 to 10.81 km2 (or 2.24 %) in 
2006. Finally barren land class has increased from 397.8 km2 (or 82.32 %) in 1987 to 442.26 km2 (or 91.52 %) in 2006. 

Table 4. Land use/cover change for the studied area as extracted from the digital mages. 

Landsat TM 2006 Landsat TM 1987 
Class Name 

Area (km2) (%) Area (km2) (%) 

Urban land 13.83 2.86 4.91 1.2 

Range land 16.31 3.38 50.5 10.45 

Agricultural land 10.81 2.24 30 6.21 

Barren  land 442.26 91.52 397.8 82.32 

The results of the individual classifications are compared in Figure 14. All classes comprise a similar proportion of 
the study area except for noticeable differences in All classes. 

An important aspect of change detection is to determine what is actually changing to what, i.e. which land 
use/cover class is changing to the other. This information will reveal both the desirable and undesirable changes and 
classes that are “relatively” stable overtime. This information will also serve as a critical tool in management decisions.  

Figure 12. Sahab district land use/ cover classification.
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Figure 13. Land use/cover classification map of Sahab district based on analysis of Landsat  

                  TM 1987. 

Figure 14. Land use/cover classification map of Sahab district based on analysis of Landsat 

TM 2006. 
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Conclusion 

Information about changing patterns of land use and land cover through time is important not only for the 
management and planning of these areas, but also for a better understanding of the human dimensions of environmental 
change at regional and global scales.  

Using different methods of digital change detection techniques, we demonstrated the usefulness of the satellite 
remote sensing data (Landsat TM images) for change detection study and its thematic mapping purposes. 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, using six spectral bands of 
both Landsat TM images, and mapped surface changes dealing with four 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 spectral clusters to smaller ones for re-labeling. Accuracy assessment confirmed that the image 
processing procedures were effective in extracting land use/cover maps and statistics of the Sahab district from Landsat 
TM images. These image processing procedures were easy to implement. 

Change detection results of Sahab district revealed that the decline of agriculture and range lands areas is clearly 
the result of accelerated expansion through the process of urbanization, which has negative effects on agricultural lands, 
and is therefore strictly land degradation. Therefore land degradation researches are recommended and should be 
conducted for this area. 
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