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ABSTRACT  

 Urban expansion is one of the key factors in changing land use/ cover which has 

caused major problems like agricultural land loss, water pollution, soil erosion and some 

social and economic disadvantages. Our case study “Kermanshah” is a metropolis which has 

faced fast growth in recent decades. The main purpose of this paper is to use remote sensing 

imagery for detecting changes occurred in land use/ cover of Kermanshah during 1972-2010; 

this is the maximum period for measuring changes in this region using topographical maps 

and satellite images. Three series of Landsat MSS, TM and Landsat ETM+ images were 

used. The study area was classified into five main categories (Agriculture areas, Urban and 

Rural built up, Open scrub and Barren rocky) using visual interpretation of topographic map 

and processing of satellite images. Finally, change detection of Land use/ cover of 

Kermanshah over 1972-2010 was determined using overlay analysis and its relation with 

population growth was studied. During this period, in the year 1972, urbanized area covered 

1742 hectare, while the cultivated area covered 46859.08 hectares. In the year of 1992, 

urbanized area increased to 8726.83 hectares and cultivated area decreased to 39875.26 

hectares.  In the year 2010, extra urbanized area covered 12898.10 hectares as 15.9% of the 

total area, while the cultivated area decreased by 35704.31 hectares as 44% of the total area. 

Kermanshah was surrounded by agricultural lands and gardens, so the growth of this city 

during five decades has caused some changes in some agricultural fields and gardens and 

transformed them into residential areas. 

 

KEYWORDS: Land Use/Cover, Change Detection, Remote Sensing &GIS, Kermanshah  

 

1. INTRODUCTION  

 Today, the relationships between human societies and their natural environment have 

been strongly affected by urbanization and urban development. The rapid advance of 

urbanization throughout the world has caused the first ever prevalence of the number of 

people living in urban settlements than in rural ones (UN, 2009), an increase of 10% or 
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approximately 500 million people from 1990. This phenomenon essentially marks a new 

stage in the pace of urban development. Such a high rate of urbanization is often 

unaccompanied by adequate development of infrastructure, be it housing, transport or utility 
grids, particularly in the developing world, where most of the urbanization takes place (UN, 2009).  

In recent decades, research on land use/land cover change has become an important aspect of  

global change, or global warming studies, since land use/land cover change is a major factor 

for  global change because of its interactions with climate, ecosystem processes, 

biogeochemical  cycles, biodiversity and even more important, human activities (Lopez et al., 

2001; Aguilar et al.,  2003). For this reason, Land Use and Land Cover Change (LU/LC) was, 

therefore, treated as one core joint project of the International Geosphere Biosphere 

Programmed (IGBP) and the International Human Dimensions Program on Global 

Environmental Change (IHDP). In the last 20 years, much more attention has been paid to 

urban land use/land cover change because ecosystems in urban areas are strongly affected by 

human activities and have close relations with the life of almost half of the world’s 

population (Stow and Chen, 2002). Accurate definition of urban sprawl, although is debated, 

a general consensus is that urban sprawl is characterized by an unplanned and uneven pattern 

of growth, driven by a multitude of processes and leading to inefficient resource utilization 

(Bhatta, 2010). The direct implication of sprawl is  a change  in  land-use and land-cover of 

the region as sprawl induces the increase in built-up and paved area  (Sudhira & 

Ramachandra, 2007). Urban sprawl leads to the change of land use and land cover in many 

areas around the world, particularly in developing countries. Though  urban areas cover  only 

3% of the earth’s land surface, their ecological footprint is much more extensive ( Herold et  

al.,  2003  and  Liu and Lathrop, 2002)   Some of  the problems associated with urban sprawl  

include climate change, the destruction of vegetation and agricultural lands, negative impact 

on  rural area, air pollution and the pollution of surface and underground water 

sources(Grimm,  2000). All these leads to a decreasing quality of life in both urban and rural 

societies. Remote sensing is applicable tools to analysis land use/ land cover data because of 

its repetitive coverage synoptic view and real time data acquisition. The digital data in  the 

form of satellite  imageries, therefore, enable to accurately figure out various land cover/land 

use categories and  helps in supporting the spatial data infrastructure which is necessary for 

monitoring urban  expansion and change detections studies (Anji Reddy, 2004, Mukherjee, 

1987, Quarmby and  Cushine, 1989). The main objective of this study is to investigate the 

urban sprawl and its impact on agricultural land using integrating remote sensing and GIS   
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Digital change detection is the process of determining and depicting changes in land-cover 

and land-use properties based on co-registered multi-temporal remote sensing data. Changes 

resulting from anthropogenic forces are the effect of human modification of the environment  

(Pilon et al., 1988).   

Numerous scholars have addressed the problem of accurately monitoring land-cover and 

land- use change in a wide assortment of environments ( Muchoney and Haack, 1994,  Jensen 

and  Cowen, 1999 and Shalaby and Tateishi, 2007). Change detection has become a main 

application of remote sensing data. Satellite remote sensing is a potentially powerful resource 

of monitoring land-use change at high temporal resolution and lower costs than those 

associated with the use of traditional techniques (Anji Reddy, 2008, Martin and Howarth, 

1989 and El-Raey et al., 1995).  The following aspects are required to achieve the main goal.  

1) Detect changes of urban growth.  

2) Analyze the urban land cover and existing land use changes.  

3) Investigate the structure and patterns of land use.  

4) Analyze the main factors governing urbanization and land use and land cover change. 

 

2. Description of the study area 

 Kermanshah lies on the geographical coordinates of 31° 18' 45" N and 54° 52' 1" E. 

Kermanshah  is located at the west of Iran between longitudes  47 03' 20''  and latitudes   34 

11' 35''. As it is situated among two cold and warm areas enjoys a moderate climate. 

Kermanshah is the capital and the largest city in the Kermanshahan Province and is important 

as the center of administration, culture, economy, military and transportation. The current 

population is around 1.2 million. During recent two decades, the city extended fast because of 

its important position in international trade operations. Especially in the last 20 years, after a 

war, urban expansion in Kermanshah has been very significant. According to the Economic 

Annals of Kermanshah Township in 2010, its population and built-up of the total area are 1.2 

million and 65.15 km2.   Kermanshah has a mild and mountainous climate. Because of the 

natural position, this city is situated on the slopes of the Zagros Mountains like Tagh‟e 

Bostan and Koh-e Sefid, which are the most major mountains in the suburb of Kemanshah. 

The length of this city is more than 10 km which runs alongside Sarab River and Valley. The 

height of Kermanshah Township is 1420 meters above sea level. (Fig. 1). As a result, the land 

use Land cover of Kermanshah Township was largely changed (census of Kermanshah, 2008).   
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Figure 1. Location map of the study area 

 

3. Materials and methods  

The research methodology involved two main steps. In the first step, classification of satellite 

data for Land use/ Land covers (LU/ LC) types. The second step concentrated on the change 

detection analysis in LU/ LC types. Analysis of satellite data includes registration, 

classification and change detection. Satellite data analysis is done by using spatial analyst 

GIS version 10software and Erdas version 9.1.  

 

3.1. Data sources  

The analysis of spatiotemporal changes in Kermanshah was based in three land Use/ cover 

maps derived from the implementation of a supervised classification over three satellite 

images. These satellite images were selected within the Landsat historical archive: Landsat 

MSS of April 30th, 1972, Landsat5 TM of March 14th, 1992 and Landsat7 ETM+ of May 

29th, 2010. The selection was oriented for images free of clouds from late winter or early 

spring relative to years close to those when statistical data from agricultural census was 

available: 1972, 1992 and 2010. The Landsat TM and ETM+ images had pixel of 30 × 30 m, 

but the Landsat MSS image was acquired with pixel 57 × 79 m. In this Landsat MSS image, 

the pixel was converted to a 30 × 30 m pixel using the nearest neighbor re-sampling 

algorithm (Richards & Jia, 2006). Also in this study, multi-annual socio-economic statistical 

data and multi-temporal city maps are collected for evaluating the temporal and spatial 

characteristics of urban expansion from 1972 to 2010.  

3.2. Data preparation  

Acquired satellite data are re-registered using image to map registration technique. Then each 

image was cropped method. Then each image was cropped to study area using Area of 

Interest cropping method. These three cropped images were re-projected to a common 

projection; Universal Transverse Mercator with WGS 84 datum and Zone 38.  
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3.3. Image classification  

The initial  Landsat  (1972),  Landsat  5 TM  (1992) and final,  Landsat  7 ETM  (2010)  

imageries  were subjected to a classification  zone. Visual image interpretation was utilized to 

classify the images to different land use/ land cover categories. In order to classify the 

rectified images, five classes were delineated in the images namely, agriculture, built up 

(urban), built up (rural), open scrub and barren rocky. The  land  use/ land cover  map  

prepared  for the  year 1972,1992   and  2010 are  shown in figure  3,4 and  5 respectively.  

 

3.4. Change detection  

Change detection analysis encompasses a broad range of methods used to identify, describe 

and quantitative differences between images of the same scene at different times or under 

different conditions. Numerous of the tools can be used independently or in combination as 

part of a change detection analysis. Change  detection menu  after  a straight forward 

approach  to  measuring  changes between a  pair of images that represent a  pair of images 

that represent  on   initial stage and   final stage  (Khorram,  et al. 1999). The change 

detection statistics for classification images average used for the compute difference map for 

image.  Land cover/ use change detection of Kermanshah districts for a period of from 1972 

to 2010 was assessed by specification of a joint model for multi-temporal classification 

(Radke, et al., 2005).  

 

4. Results and discussion  

4.1. Urban expansion over the past 50 years  

The urban area of Kremasnhah expanded from 1742 hectare in 1972 to 12898.1 hectares in 

2010 at an average rate of 232.4 h/year. Temporal properties of the urban expansion over the 

past 50 years, the process of urban growth or urban expansion of Kermanshah experienced a 

high speed stages (Fig. 2).   
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Fig. 2. The temporal changes of built area in urban development of Kermanshah Township 

 

 The data extracted from the three satellite images and topographical maps are 

consistent with those from statistical. According to the multi-annual change of urban area 

(Table. 1), urban expansion of Kermanshah can be divided into three stages as: (1) initial 

growth stage from 1970 to 1980, (2) fast expansion stage from 1981 to 1990, (3) gradual 

growth stage from 1991 to 2010.  During the initial growth stage (1970–1980), urban areas 

grew very slowly with an annual speed of around 30 h/year. During this stage, the city was in 

its initial form with a slow natural growth.  The second stage (1981–1990) was during the 

war and also recovery, rebuilt age. Relativity stable social economical brought a fast urban 

growth at the rate of 93.65 h/year.  In the last period from 1991 to 2010 (Fig. 2), the mean 

value of the annual urban growth rate suddenly rose to 7.81% with a maximum of 10.1%. 

Except for the „in-filling‟ growth at the fringe of the old city territory, most of the high-speed 

growth cells are „out-extension‟ growth, which mainly lie in the Northwest and Southwest 

side for residential and associated uses. 

 

4.2. Detecting urban growth in Kermanshah Area  

Fig. 3,4 and 5 shows the three land use/land cover classification maps. The classification 

accuracy is assessed through evaluating the overall classification accuracy and Kermanshah 

statistics, which are calculated according to the method of Congalton et al. (1983) by using 

the three sets of testing datasets. The overall accuracies of the classifications are 82.96%, 

86.84% and 87.34% in 1972, 1992 and 2010, respectively; these indices can meet the lowest 

demand for change detection (Lucas et al., 1989).  The dominant causative factors of the 

different types of land degradation were identified in the field and also collected from the 

available technical reports. The main type of human induced land degradation in the 
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investigated areas is urbanization. These degradation variables were assessed showing the 

changes that occurred during the period of 1972 and 2010 for human induced land 

degradation using multi-dates satellite images (Table 1, Figure 3, 4, 5). Comparing the three 

classification maps as demonstrated in Fig. 3, 4, 5, LU/ LC change is significant: the urban 

region is largely broadened; the agricultural lands have largely decreased and most part of the 

gardens and cropland distributed on the south side are disappeared. 
Table 1. Change detection in Kermanshah district 

 

 

Map unit 

 

 

Area 1972 

Change 

area (%) 

1972-1992 

 

 

Area 1992 

Change 

area (%) 

1992-2010 

 

 

Area 2010 

Change 

area (%) 

1972- 2010 

Hectares  Hectares  Hectares  

Agriculture 46859.08 -14.9 42874.16 -10.4 35704.31 -23/8 

Built up 

(Urban) 

1742 +80 5726.83 +32.3 12898.10 +86.4 

Built up  

(Rural) 

290.35 +0.04 290.48 -0.3 289.33 -0.3 

Barren  

rocky 

29295 0 29295 -0.6 29095.28 -0.6 

Open scrub 2797 0 2797 +6.6 2996 +6.6 

Total area 80983.4  80983.4  80983.4  

 

 
Figure 3. Kermanshah Land Use/ Cover Map in 1972 
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Figure 4. Kermanshah Land Use/ Land Cover Map in 1992 

 

 
Figure 5. Kermanshah Land Use/ Cover Map in 2010 

In the year 1972, urbanized area covered 1742 ha, while the cultivated one covered 46859.08 

ha.  In the year of 1992, Urbanized area increased to 8726.83 ha and cultivated area 

decreased to 39875.26 ha.  In the year 2010, extra urbanized area covered 12898.10 ha as 

15.9% of the total area, while the cultivated area decreased by 35704.31 ha as 44% of the 

total area. 
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5. Driving factors of the urbanization  

Urban expansion and subsequent land use/ land cover changes are governed by geographical 

and socio-economic factors, such as population growth, policy and economic development. In 

most cases, urban expansion and associated land use/cover changes resulted from a 

combination of these factors. For example, socioeconomic policy can strongly affect urban 

expansion and under the changes driven by urban expansion, the land use patterns of the 

urban outskirts are altered or adjusted in pursuit of high economic returns.  

Even though it is difficult to clarify the influence of these factors in these changes, their  

influence is examined by analyzing the relationships between developed area (including 

urban  and residential area) and socioeconomic factors, such  as population,  industrialization, 

traffic  conditions and infrastructure. To calculate the relationships between developed area 

and these factors during 1972–2010, data are collected from the Economic Annals of 

Kermanshahan Province (1972–2010). The population growth is a major dominant factor 

driving urbanization (Fig.  6) During the fast expansion stage. The increase in a developed 

area strongly correlates with the population growth in a linear form (r2 = 0.88). On the other 

hand, the improvement of traffic conditions also plays an important role in promoting the 

urban development. However, the development of gross industrial products and investment in 

infrastructure shows a more complex relationship with urban growth. 1992 appears to be a 

turning point in the urban development course. Before 1992, or during 1980s, both the 

growth of gross industrial products and infrastructural investment were slow but the increase 

in developed area was rapid. On the other hand, the opposite situation was illustrated over 

1992, namely, the gross industrial products and infrastructural investment grew rapidly but 

the increase of developed area was relatively slow.  This fact may imply that the urban 

expansion before 1992 was “extensive sprawl” and a large area of land was just simply 

urbanized due to new factory establishments. However, the urban expansion after 1992 

contains much more intensive components, such as, the improvement of infrastructure and 

city function, the promotion of industrial technology, and the increase of service industry. 

 

5. 1. Population growth in Kermanshah districts  

 Population increase has been taken into consideration to interpret the observation loss 

of agricultural land (Table 1). The population growth percentage in the year 2010 based on 

the year 1972 showed a positive increase in the studied area. The growth amounted to 29.5% 

in the Kermanshah district (Figure 6, Table 2). The study has shown that rapid population 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 10, November 2013 

 

407 
www.jiarm.com 

growth is a problem in some parts of Kermanshah district and there is the need to tackle this 

problem. There is rapid growth in population mainly as a result of immigration, high fertility 

and the age structure.   The relationship between urbanization and agriculture is examined. 

With migrations from rural to urban areas in the township of Kermanshah, there have been 

significant changes in land utilization. Land converted to urban uses is increasing, though it 

has little effect on total crop production. The technological transformation of agriculture has 

had much larger effects and has operated as a push-pull on the city ward movement of people 

as farm functions have moved to the city.  

 

 
Figure 6. Change in population growth in Kermanshah Township 

 

Table 2. Per capita population growth in Kermanshah districts 

Population 1972 2010 % 

Kermanshah 290100 980876 29.5 

 

6. Discussions/ conclusions  

This study has demonstrated that the recent advancements in remote sensing and GIS 

technologies provide a powerful tool for mapping and detecting changes in land use/land 

cover.  This research further demonstrated that these modern technologies in conjunction 

with field observation can be a very good tool in showing both land cover conversion and 

modification.  Land use/land cover mapping and detection of changes shown here may not 

provide the ultimate explanation for all problems related to land use/land cover changes but it 

serves as a base to understand the patterns and possible causes and consequences of land 

use/land cover changes in the area. By comparing maps derived from topographical map and 



JOURNAL OF INTERNATIONAL ACADEMIC RESEARCH FOR MULTIDISCIPLINARY 
Impact Factor 1.393, ISSN: 2320-5083, Volume 1, Issue 10, November 2013 

 

408 
www.jiarm.com 

satellite images, it can be seen that agricultural lands in Kermanshah have the least stability to 

convert to urban areas among other lands and for this reason most of agricultural lands in 

Kermanshah have been converted to residential and urban regions. Physical expansion of the 

city during 1990- 2010 regarding directions is that there has been the biggest urban expansion 

during 2001-2006 and it was more in south and southern western direction (Fig. 5).  

Geographical direction of expansion of the whole city is toward the south. Lands located in 

southern parts of the city and southern east and also western parts of the city have undergone 

the most changes among other agricultural lands of Kermanshah. All of these lands were 

under cultivation in 1972 and were used as agricultural lands, but today they are part of the 

urban infrastructure. There are some reasons for this matter like road network expansion, 

establishing industrial factories, establishing different universities, schools, lots of offices and 

building. 

Saleh &Al Rawashdeh (2007) investigated urban expansion in three cities of Jordan using 

GIS and RS techniques. They used Land sat ETM+ and TM images and aerial photos to 

extract urban areas and monitor urban expansion in their study. Results showed a fast urban 

growth which mainly occurred along main roads and productive lands and. Our results are the 

same as this study. Soffianian (2010) studied on urban expansion in the Isfahan city in Iran, 

using GIS and RS techniques. Based on this research growth of population and economic 

growth are the main cause of urban expansion. Our results are the same as this study.  

Regarding basic logistics rules of land use planning, the first and second grade agricultural 

lands shouldn’t be used for other purposes (Ziyari, 2002). Results show that physical 

expansion in this city is against rules of land use planning, urban planning and sustainable 

development and it seems that it will continue in the same way in future. According to land 

use planning rules, there should be a frame for urban land use which can prevent 

inappropriate use of lands and economic and social aims, physical limitations and 

environmental policies should be considered. Protection rule should be considered as well. 

This rule insists on preventing demolition of lands, connection between urban and nature, 

conserving consistent, conserving cultural heritage and green space and the best land use site 

selection. In an expansion of Kermanshah, the rule of land use planning was not obeyed, 

especially in agricultural lands which are categorized as consistent natural resources and the 

expansion of Kermanshah has been occurring mostly on these types of lands. Knowing that 

these lands are natural investments by country and there has been a lot of hard work behind 

them for many years. We should protect and prevent them from being converted to industrial 
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and residential regions and use non agricultural lands for building and gathering population at 

least. Specialists  think that establishing  urban management units  in big cities, keeping  the 

environment  clean,  reaching space equivalence and controlling population growth in 

Kermanshah, protecting,  restoration and appropriate use of natural sources, increasing 

efficiency  in economical sections  are some of long term goals which can be reached just by 

having a view from  the past  to now  and predicting future urban growth process.  Apart from 

limitations and restrictions and other problems of Kermanshah, this city has potential for the 

establishment of big industries, cultural concentration, tourist attraction, etc. but it needs 

strong management and appropriate planning for expansion. Due to urban growth, conversion 

of agricultural lands, building construction and immigration in big cities there should be 

similar planning to be performed in the cities. The results of this kind of research could have 

a major impact on urban and regional planning.  
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