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Abstract

The aim of this study is to understand and quantify the urban growth and trend in Zarqa city dur-
ing the period 1990 to 2014 and to produce land use and cover map for the studied area through
the use of the GIS and remote sensing techniques with Shannon’s Entropy statistical method. For
this purpose, three Landsat images were used for land use classification by using supervised
maximum likelihood classification techniques to extract and assess the changes of urban lands.
The results indicated that the urban areas in Zarqa city increased by 22.15% in the period from
1990 to 2005 and 14.86% from 2005 to 2014, with a rate of expansion of 0.96 and by 1.31 km?/
year for the two time periods respectively. The entropy value increased from 1.20 in the first pe-
riod to 1.38 in the second, while the entropy value for the NE, NW, SE and SW zones showed high
values, which confirmed that urban expansion and sprawling had existed in the past twenty four
years in the study area. Urban expansion and sprawl cause different impacts on the natural, eco-
nomic, and aesthetic aspects of the city which lead and guide government officials and planners to
understand and monitor current growth and visualize future growth.
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1. Introduction

Urban expansion and sprawling have become significant concern throughout the world in the past few decades
[1]-[4]. They have economic, cultural and natural impacts; they increase cost of infrastructure, cause loss in farm
and forest lands, increase consumption of energy and other environmental resources, raise land prices, cause
crowding roads and heavy traffic, and decrease social interaction between people and other negative environ-
mental impacts. The population growth and the construction of new roads, buildings, and other human made in-
frastructures and features impose on the city development authority and city planners to understand the current
growth and to have up to date information and maps for future planning [5] [6].

Entropy is an efficient technique for comparing urban sprawl patterns [2] [7] [8], therefore, the Shannon’s en-
tropy for each zones and time period must be calculated, and the degree of sprawl can be measured by the value
of entropy which varies from 0 to logarithm of number of zones or time period. The more compact of the struc-
tures and the built up areas is closer to zero entropy value, while the closer to the logarithm number of zones is
the more dispersed the region [7] [9].

The image processing and classification in geographical information system and the remote sensing combined
with statistical methods like Shannon entropy can be used to analyze, and detect Urban expansion and sprawling
[10] [11]. The Zarga District has experienced fast urbanization in the last few decades characterized by a spread
of built up areas, for this reason, this study will use these methods and techniques to calculate and analyze the
urban sprawl and urban growth pattern in Zarga city within the last 24 years.

2. Description of the Study Area

Zarqa District is the third largest governorate in Jordan by population. It is located 25 km to northeast of the
Jordanian capital Amman (Figure 1). Zarga city is the capital of Zarqa Governorate. It is the industrial capital of
Jordan, with many factories and Jordan’s major oil refinery. Also, it functions as a large military center, with
several military camps. It extends between latitudes 31°58'N and 32°06'N and longitudes 36°01'E and 36°20'E,
covering an area of 253.31 km? with altitudes ranging between 508 to 803 meters above sea level.

Zarqa city Study Area

Figure 1. Location Map of the study area.
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3. Methodology and Data Used

Three Landsat images were used for land use classification. The satellite data covering the study area were ob-
tained from earth explorer site (http://earthexplorer.usgs.gov) and global land cover facility site
(http://glcfapp.glcf.umd.edu.). The remotely sensed images Landsat-TM 1990; Landsat-ETM+ 2005 and Land-
sat-ETM+ 2014 were used in this study to derive the built-up area extents in Zarga city using a supervised clas-
sification method.

The classification method started by clipping the satellite imageries using a vector map of the study area, af-
terwards, a supervised maximum likelihood classification technique in Arc map 10.2 was used to classify the
clipped images to extract the urban areas.

The overall classification accuracy and the kappa coefficient of these classified imageries were 87.22% and
81.15% in 1990, 85.84% and 79.88% in 2005 and 89.02% and 87.57% for 2014, respectively by comparing a
selected real ground reference polygons with the classified output maps by computing Error Matrix.

In the study area only the built-up areas and barrens land found. For this reason, only two classes were consi-
dered, namely: urban class and non-urban class as shown in Figure 2.

Afterwards, classified imageries were clipped further into 4 zones namely NE, SE, SW and NW as shown in
Figure 3. The built-up areas and urban growth for each zone were calculated using Shannon’s entropy theory.

Urban areas
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Figure 2. Urban and non-urban areas in 1990, 2005 and 2014.

Figure 3. Zone map of the study site.
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Finally, the sprawl of Zarga city was analyzed by dividing the study area into 4 zones, and then the percentage
of built-up area for each zone was calculated by dividing the built-up area by the total area.

Urban Sprawl and Shannon’s Entropy

Shannon’s entropy method is used to determine whether the growth of urban areas was divergent or compact [2]
[10].
The Shannon’s entropy, Hn is given by Equation (1),

Hn=->"Pilog(Pi)
in:l (1)
Hn=-)"Pilog(Pi)
i=1
where;
Pi = Proportion of the built-up areas in the ith zone.
n = Total number of zones.
The value of the Shannon’s Entropy is between 0 and log n. 0 means very dense urban areas whereas log n
indicates urban sprawl areas [2].

4. Results and Discussion

The classified land use maps for the year 1990, 2005 and 2014 are shown in Figure 2. The urban and not urban
areas were calculated from the classified maps and put into Table 1 and Table 2.

The trend and growth of urban sprawl was analyzed and the percent of urban land use categories for the two
times period was computed (Table 2). As shown in Figure 4, the urban area in 1990 was 65 km® and increased
to 79.4 km? in the year 2005 and 91.2 in 2014 with an increase of 14.4 km? in the first period and 11.8 in the
second period. The average annual growth rate was 1.48 and 0.99 percent respectively. During the period 1990-
2005, the non-urban areas have a downward trend while there is an increase in urban areas with 22.2%, while
the period from 2005 to 2014 have another increase in urban areas of 14.9% approximately.

The growth of built-up areas is mainly towards the southwest and northwest. The rest of the city still depicts
dispersed built-up land patterns. The period 1990 to 2005 depicts a noticeable increase of 31.4% in the built-up
areas and the second time period has another increase 36.1%. The increase of the urban area is a result of the in-
crease in population and infrastructure developments in the city.

Four zones of the city were selected namely NE, SE, SW and NW which serves as growth zones of the city to
evaluate whether the urban areas are growing equally. Table 3 shows the urban areas for each zone of each clas-
sified image while Table 4 shows the observed growth in urban area for 4 zones in the 2 time period and Table
5 shows the urban growth rate for each time period.

Table 4 indicates that in the period 1990-2014, the northeastern zone grew by 1 km?, the southeastern zone
grew by 2.6 km?, the southwestern zone grew by 7.1 km?, while the northwestern zone grew by 15.5 km? which
has the maximum growth zone.

Table 1. Urban and non-urban areas (km?) in 1990, 2005 and 2014.

Year 1990 2005 2014
Area Area km? % Area km? % Area km? %
Urban areas 65 25.7 79.4 314 91.2 36.1
Non-urban areas 187.6 74.3 173.6 68.6 161.6 63.9

Table 2. Percent change of urban and non-urban areas.

Year Year: 1990-2005 Year: 2005-2014
Urban areas 22.15 14.86
Non-urban areas —~7.46 -6.91




A. F. Al Mashagbah

As shown in Figure 5 and Figure 6 and Table 6, the rate of expansion for these zones for the 1990-2005 pe-
riod is 0.01, 0.10, 0.25 and 0.6 km?/year respectively and 0.09, 0.12, 0.38 and 0.72 km?/year for the second pe-
riod which indicate that the NW zone witnessed the largest growth and NE witnessed the smallest growth,
meaning that the study area grew mainly in a westerly direction (Figure 7 and Figure 8).

Shannon’s entropy was calculated for the urban area for each year and for each zone.

Shannon’s entropy that reflects the built-up area is computed using Equation (1). Table 7 shows the entropy
for the two time period. The entropy values for both periods are higher than the half of log (4), which indicates
that the city is exhibiting more dispersion. The entropy value has increasing from 1.20 in the first period to 1.38
in the second indicating that the sprawling has extended.

The Entropy value for all zones showed high values. Table 8 shows the entropy values for each direction,

Table 3. Urban areas (in km?) in all zones from 1990 to 2014.

Year NE SE SW NW Whole city
1990 7.1 6.3 20.3 313 65
2005 7.3 7.8 24 40.3 79.4
2014 8.1 8.9 274 46.8 91.2

Table 4. Observed growth in urban area (Km?).

Year NE SE SW NW Total change
Change 1990-2005 0.2 15 3.7 9 14.4
Change 2005-2014 0.8 11 34 6.5 11.8

Total 1 2.6 7.1 155 26.2

Table 5. Urban growth rate for the 2 time periods.

Rate of expansion NE SE SW NW
1990-2005 0.028 0.238 0.182 0.288
2005-2014 0.110 0.141 0.142 0.161

Table 6. Uurban growth rate (km?/year) for the 2 time periods.

Rate of expansion (km?/year) NE SE SW NW
1990-2005 0.01 0.10 0.25 0.60
2005-2014 0.09 0.12 0.38 0.72

Table 7. Shannon’s entropy for the two time periods (n = 4).

Time period Entropy Log (n) 1/2 Log(4)
1990 - 2005 1.20 1.39

0.693
2005 - 2014 1.38 1.39

Table 8. Shannon’s entropy for the different zones (n = sum of time period = 2).

Zone NE SE SW NW
Entropy 0.51 0.66 0.69 0.65
Log (n) 0.69 0.69 0.69 0.69
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Built up area in 1990, 2005 and 2014 in (km?).
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Urban areas during 1990 - 2014
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Figure 7. Urban areas during 1990-2014 (by year).
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Figure 8. Urban areas during 1990-2014 (by direction).

which reveal that the entropy values are higher than 0.35 (the half of log e(2)), for the NE, NW, SE and SW
zones which confirms that the sprawling has existed in the past twenty four years in the study area.

5. Conclusion

Urban growth change and trend in Zarqa city were computed and assessed by using three Landsat image during
1990 to 2014 by combining GIS, remote sensing and Shannon’s Entropy statistical techniques in order to eva-
luate the urban growth and sprawl patterns and to produce land use and cover map for the studied area. The fol-
lowing conclusions were drawn on the basis of urban growth analysis of the study area.
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