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Abstract

Urban sprawl is a common phenomenon in developed and developing countries. Population growth and
immigration to cities are the most important reason to such urban expansions. Out layer growths which in the
most cases results sprawl has so many attractions such as low rate of crime, lower costs of living and clean air.
These are probably the reasons to rapid increase of this phenomenon. Urban sprawl is a kind of growth in cities
which have derived so many negative impacts such as agriculture and natural land loss, environmental pollution,
high rate of travel time and costs, high rate of energy consuming and etc.,. Thus, analyzing and monitoring urban
area is a key task for urban planning to inform about urban growth. Numerous researches have attempted to
characterize and explain urban sprawl. In this study, we implemented Shannon Entropy for assessments of urban
sprawl. The case study is Tehran Metropolis which has experienced so fast urbanization and population growth
in the recent decades.
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1. Introduction
1.1 Introduce the Problem

Nowadays, a large number of cities in the developing and developed countries are witnessing urban sprawl as a
common phenomenon which causes so many issues. This phenomenon in particular is different from expansion
(Galster et al., 2001, Inostroza et al., 2013). In fact, urban sprawl is defined as a specific form of urban dispersed
development with low-density, auto-dependent with environmentally and socially impacts (Hasse and Lathrop
2003).

The most important negative impacts of sprawl is that this kind of development causes the increase of
car-dependency for transportation (Torrens and Alberti, 2000), the loss of agricultural, green spaces and natural
land, increase in energy consumption, the need for more infrastructure (Bruekner, 2001) and increase in
infrastructure costs, longer travel times, increasing automobile trips and costs of travel and, therefore, greater
environmental pollution, the degradation of periurban ecosystems (Johnson, 2001, Li et al., 2006). Generally,
sprawl is defined as a relatively wasteful method of urbanization, characterized by uniform low densities and this
phenomenon is often uncoordinated and extends along the fringes of metropolitan areas. It invades upon prime
agricultural and resource land in the process (Alberti and Torrens, 2000). This form of urban growth is a
common phenomenon in the developed countries and also in the developing countries which has big undesirable
environmental and socioeconomic effects such as soil recourses and weather pollution (Zhang 2007, Pourahmad
et al 2007), prolific farming lands loss around the cities (Brabec and Smith, 2002, Zhang 2000), and land use
fragmentation and loss of biodiversity (Alberti 2005), high ecological footprint (Muniz and Galindo 2005), the
decrease of even access to urban services and amenities (Burton 2001), increased traffic and demand for mobility
(Ewing et al 2002), destruction of forest cover (Rudel and McDonald 2005), high automobile dependency and as
a result exacerbate global warming (Hamin and Guran 2009).

Rapid urbanization is quite alarming, especially in developing countries (Kumar et al 2007). This rapid
urbanization in so many cases lead to urban sprawl. Urban sprawl has been identified as an undesired trend in
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many countries (Hayek et al 2011). Iran as a developing country has experienced urban sprawl in many of large,
medium-size or even small cities (Roshan et al 2009). Cities in the developing countries lack such type of
policies in most of the cases and they grow with all freedoms (Bhatta 2009). In developing countries due to the
lack of timely information of the urbanization process and its long-term ecological impacts, urban planners have
not been able to analyze consistently and restore the ecosystems in peri-urban areas (Dutta 2012). In Iran,
population growth and urban sprawl have always played an important role in environmental degradation with a
strong pressure on local, regional and global conditions (Akbari Motlag and Abbaszadeh 2012).

Sprawl pattern and land use changes could be detected and analyzed cost effectively and efficiently using remote
sensing data and geospatial information systems (GIS) techniques (Bhatta 2009, Barnes et al 2001). Monitoring
of urban growth and understanding landscape characterization through historical and timely information
provides the necessary information to evaluate environmental impacts of land use change, to determine future
infrastructure requirements and to delineate urban growth and municipal service areas (Kennedy 2007).

Remote sensing is considered to be an appropriate source of urban data to support urban studies (Donnay et al.,
2001). Urban expansion can be quantified by measuring the built-up area change between two dates (Jensen,
2005). Remote sensing as a reliable source of data is critical for areas with rapid land use changes and especially
where the updating of information is tedious and time-consuming. In urban studies, monitoring of urban
development is mainly to find out the type, amount, and location of land conversion (Yeh and Li, 1999).

In this study we implemented Shannon Entropy method for analyzing and measuring urban sprawl between 1988
and 2010. In the second step, we introduced an indicator for evaluating sprawl for Tehran Metropolis.

2. Method

Spatial metrics as a valuable tool have been used for the analyzing, monitoring, and tracking of changes in land
use patterns and shapes in many research studies (Aguilera et al 2011, Kim and Ellis 2009). In this study after
introducing the study area, we implemented Shannon Entropy for analyzing urban sprawl for Tehran Metropolis.
The Shannon’s entropy reflects the dispersion of the spatial variable in a specified area (Yeh and Li 2001). The
Shannon’s Entropy can be calculated from the remotely sensed data to efficiently identify and characterize the
urban sprawl (Torrens and Alberti 2000, Yeh and Li 2001, Lata et al 2001, Sudhira et al 2004).

2.1 Study Area

The case study in this research is the city of Tehran, Iran. Tehran as the capital of Iran has experienced rapid
expansion due to the rapid growth of population and besides this city has become the main target of immigration
due to its great urbanization attractions (Roshan et al 2009). Figure 1 shows the position of this city in Iran.
Tehran has experienced rapid urban population growth in the last few decades. Figure 2 shows rapid population
growth in Tehran Metropolis in the last few decades.
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Figure 1. The study area
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Figure 2. Urban population growth in Tehran

2.2 Pre Processing

Landsat imageries acquired at 1988, 1999 and 2010 with ground pixel size 28.5 Meter have been used (Table. 1).
All of remote sensing processes have done in ENVI 4.8. The related imageries are classified based on Anderson
Level 1 (Anderson et al 1976) with Support Vector Machine (SVM) classification. Support vector machines
(SVM) due to its ability to handle the nonlinear classifier problems are applied in so many researches
(Aghababaee et al 2012). Classification accuracies are presented in Table 2.

Table 1. Satellite imageries

Date Sensor  Ground Pixel Size (m)  Satellite Datum Projection System
Sep.27,1988 TM 28.5 Landsat-5 WGS-1984 UTM, Zone 39N
Oct.7, 1999 ETM? 28.5 Landsat-7 WGS-1984 UTM, Zone 39N
Oct. 17,2010 ETM"* 28.5 Landsat-7 WGS-1984 UTM, Zone 39N

Table 2. Classification assessments

Data Overall Accuracy (%) Kappa Statistics (%)
1988 89.43 82.22
1999 87.12 72.73
2010 91.33 88.67

According to (Thomlinson et al 1999) all of the overall accuracies are acceptable. According to (Pijanowski et al
2005), 1988 and 2010 classification resulted are considered as excellent and 1999 classification result is
considered as very good.

With increased accessibility and improved quality of spatio-temporal remote sensing data as well as new
analytical techniques, it enables us to monitor and analyze urban growth and land use change in a cost-effective
and timely manner (Alberti 2005, Herold et al 2003). Table 3 shows urban and non-urban area in Tehran
Metropolis in 1988, 1999 and 2010. Figure 3 presents Tehran urban area in 1988, 1999 and 2010.
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Figure 3. Tehran urban area in 1988, 1999 and 2010

Table 3. Urban and non-urban area in 1988, 1999 and 2010
Data Urban Area (Km?)  Urban Area (%) Non-Urban Area (Km?)  Non-Urban Area (%)

1988 298.813 18.02 1359.477 81.98

1999 345.9779 20.86 1312.312 79.14

2010 428.0549 25.81 1230.235 74.19
3. Results

In this study, we implemented Shannon Entropy for analyzing urban sprawl in Tehran Metropolis during 1988 to
2010. Shannon’s entropy is a well-accepted method for determining the sprawled urban pattern (Li and Yeh,
2004; Sudhira et al., 2004; Yeh and Li, 2001). Shannon Entropy can be used to analysis urban sprawl in temporal
span or zone wise. It means it can be used to clarify sprawl for a period of time (temporal span) and for each
zone separately (zone wise). In this study we defined the zones according to distance to center. In other words,
the distance between each urban pixel and center is calculated and categorized using 2500 meter interval. Each
different zone has a different level of compactness leading to different patterns of growth. Therefore, a single
policy for the entire city never works with equal degrees of effectiveness for all (Bhatta 2009). The implemented
Shannon Entropy is defined below:

Hi == p;loge(p;) @
j=1

where,
H, = Shannon Entropy for each temporal span,
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p;= proportion of built up area in j zone to total built up area.
j is the number of zones (m=13).
i is temporal span (1, 2).

This value ranges from 0 tolog, (m) , values closer to 0 indicate very compact distribution and the value closer
to log,(m) indicates that the distribution is much dispersed. In other words, larger value of entropy indicates
the occurrence of urban sprawl. Table 4 presents Shannon Entropy for each temporal span. According to Bhatta
et al (2009), half of the log,(m)is a threshold for determining urban sprawl. In this study due to m=13, this
value is 1.2825. It means if Shannon Entropy in any of them is larger than this value, it can safety said this
region is sprawled and if become less than this value, the region is non-sprawling. According to Table 4, in both
temporal spans (1988 to 1999 and 1999 to 2010) this city has experienced sprawl and Shannon Entropy for this
city become bigger. It means, this city becoming more sprawling. Figure 4 shows urban cells in each zone. The
urban expansion between 1988 and 2010 covered greater areas especially in west and north directions and this
expansion occurred at distance from the center (Figure 4).
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Figure 4. Urban cells in each zone

Table 4. Shannon Entropy during 1988 to 1999 and 1999 to 2010

Temporal Span 1988-1999  1999-2010
Shannon Entropy 1.9002 2.3088

Distance to center is a key factor in urban expansion. As this factor growth, urban sprawl and dispersed
expansion will happen. When distance urban cell in a city from center increase, travel time, trip costs, pollution,
and agricultural land lost and so many negative impacts will increase, too. This factor clarifies the importance of
vertical expansion in the cities. Figure 5 shows the dispersion of the urban cells in 1988, 1999 and 2010. The
number of urban cells in larger distance to center in Tehran Metropolis during the time has increased. According
to Figure 5, number of the urban cell in during 1988 to 1999 with distances larger than 9 Km has increased and
this expansion in more distant area has been so fast in 1999 to 2010.
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Figure 5. Dispersion of the urban cells in 1988, 1999 and 2010

3.2 Sprawl Index

Geospatial Information Systems (GIS) are widely used to represent, analyze, and display various spatial data
such as topographic maps, satellite imageries and Digital Elevation Model (DEM). Many researchers use GIS as
a reliable science and technology to find the spatiotemporal characteristics of landscape (Xie and Cho 2007).
Using remote sensing data with GIS techniques provides a powerful tool to analyze, model and project
environmental change. Therefore, integration of remote sensing and GIS have been recognized as powerful and
effective methods in monitoring environmental change, especially in detecting the land use/land cover change
(LUCC) (Herold et al 2003, Gao et al 2006). In the second step in this paper, the Sprawl Index (SI) is calculated,
by means of specific GIS modeling, using thematic degrees of propensity to the phenomenon that depend on a
set of territorial (morphological-urban development) characteristics: slope, elevation, aspect, distance to main
road, distance to center, agriculture consistency, green spaces consistency, planning consistency and distance to
commercial center (Table 5). The Sprawl Index (SI) is calculated through the following equation that contains a
set of degrees of settlement location sensitivity to the aforementioned territorial and morphological
characteristics. Figure 6 shows the sprawl parameters.

Table 5. Important parameters for obtaining SI map

Parameters Refers

Distance to Centers (DC) Ewing et al, 2002
Slope Romano 2004
Elevation Romano 2004
Aspect Romano 2004

Distance to Main Roads (DM)

Planning Consistency (PC)

Open Spaces Consistency (OSC)
Agriculture Consistency (AC)

Distance to Commercial Centers (DCC)

Ewing et al, 2002, Romano 2004
Jiang et al, 2007

Jiang et al, 2007, Sim & Mesev, 2011
Jiang et al, 2007

Ewing et al, 2002, Romano 2004

Sprawl Index is obtained from implementation of 9 parameters. Sprawl Index is defined,
Sprawl Index (SI) =DC+ Slope+ Elevation+ Aspect+ DM+ PC+ OSC+ AC+ DCC.
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Figures 6 and 7 show all of 9 parameters and the resulted SI map, respectively.
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Figure 6. Important parameters for determining Sl



WwWWw.ccsenet.org/mas Modern Applied Science \ol. 9, No. 8; 2015

Kilometers

Datum: WGS 1984
Proj.: UTM, Zone 39N

Figure 7. The Sl resulted map

According to Figure 7, many part of Tehran Metropolis areas are developed in regions with approximately
moderate or high level degrees of sprawl. This means these region is considered as a sprawl region. In Figure 8,
we categorize S| range value between 0 to 1 in 5 classes.

Sprawl Index for urban area

. ﬁ
[+] 50000 100000 150000 200000 250000
1 2 3 4 5
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4] 0.15 0.15 0.25 0.25 0.4 0.4 0.55 0.65 1

Figure 8. Categorized SI map

As the results are shown in Figure 8, the number of urban cell with Sl bigger than 0.4 are 39090 cells. It means
huge areas in the city are developed in area with high degree of sprawl. At the other side, some part of area in the
class number 3 has approximately the big value of SI and these regions have the same problems.

In this research we have used three Landsat imageries with ground pixel size 28.5m resolutions. Number and
date of these satellite imageries is an important issue in studies like urban sprawl. Because as number of satellite
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imageries increase and the interval period of the imageries become even, the research precision and reliability
will increase. In this research due to lack of comprehensive data (from number view) we have used three
imageries. Also, resolution of the imageries is another important issue. Because as ground resolution of the
imageries decrease, obviously, classification error in ground scale will decrease and this make the calculations
accuracy increase.

4. Discussion & Conclusion

Since the 1988, the most important urban expansion has taken place in the North and Northwestern region of the
city. These regions probably due to their appropriate elevation and slope situation and fast transportation
networks growth have experienced such great expansions.

According to Table 4, Shannon Entropy for temporal span 1988-1999 is calculated 0.9667. The half of |og, (m)is
0.6931. Thus, according to earlier works (Bhatta et al 2010), it can be say due to bigger than the half of
log,(m) , in this period; this city is considered as sprawled. For the second temporal span 1999-2010, Shannon
entropy is calculated 1.0422 and this criterion has increased from 0.9667 in 1988-1999 to 1.0422 in 1999-2010.
It seems the tendency to sprawl in this city has increased. This result obviously confirms that this city is
becoming more sprawling.

As the result is shown in Figure 7, many area of this city have the SI indexes more than 0.4. Construction over
the planning schemes, construction without considering urban planning criterion and so many reasons are causes
to this sprawl condition in this city. A part of this inconsistency and uneven growth is derived from lack of
temporal, sufficient and reliable data about history of the city.

This research can be considered as a useful method for analyzing urban growth in any cities. It should be
mentioned that there are so many sprawl assessments factor for monitoring urban sprawl, but due to lack of
sufficient and comprehensive data for analyzing urban and it landscape’s and at the other side, practical methods
which have been used in this research, it can be assumed as a powerful and great step for analyzing and
monitoring urban growth in many cities. Integration of GIS, remote sensing data and statistical methods has been
so productive in so many fields especially in urban planning.

According to the finding in Table 4, Tehran is sprawled and this city is becoming more sprawled. Urban growth
in this city due to population growth, attraction of the city as the capital of Iran and social, economic potential of
the city have increased so fast. These factors have resulted urban land and urban population growth so fast in this
city.

Cities unavoidably will expand, but how to control the urban development while avoiding sprawl is an issue of
urban planning. One of the solutions for this uneven dispersion is implementation of some policies that aim to
restrict urban expansion in the cities to make them more compact. In other words, the policies should cover
vertical growth and infilling growths of the city instead of edge expansion and out-filling expansion.

According to Figure 8, approximately all of expansion has occurred in area with distance larger than 4 km. A
great part of these expansions have occurred in the area with distances larger than 9 km especially during 1999 to
2010. Trend to settlements in the distant area from center has increased especially during 1999 to 2010. Lower
cost of living, cleaner air and so many reasons such as personal preferences, safety neighborhood and low range
of crimes are probably the reasons for this huge expansion instead of vertical growth of the main parts of the city.
But as we know it causes a lot of problems such as increasing numbers of travels and travel costs, agriculture and
natural and open space loss, insufficient infrastructure and high infrastructure costs.

This research can be considered as an alarming to urban planners to inform them about situations of this city.
Combination of GIS and remote sensing data can be used as a powerful method for analyzing urban growths.
This should encourage urban managers and policy makers to implement such methods for determining
development scenario.

Three satellite imageries have been used to analysis urban sprawl for Tehran Metropolis. The greater number of
satellite imageries and using imageries with smaller ground pixel size definitely increase accuracy and reliability
of results. But it should be mentioned for a developing country like Iran which historical urban data and land use
map is not stored properly or even existed, this research using free and reliable satellite imageries data which
approximately is the single source of data for these regions is a practical and scientific method for analyzing
urban growth.

One of the major issues in cities intelligent management is the lack of proper and scientific development and as a
result urban development in high slope and elevations, destruction of agricultural land, increased infrastructure
and utilities costs, environmental deteriorate and natural hazards and the lack of optimum use of land have been
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encountered (Mohammady et al, 2013).

An important finding of this study is the fact that this city in both the periods (1988-1999 and 1999-2010) has
experienced sprawl and unfortunately, this trend is becoming larger.
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