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ARTICLE INFO                                       ABSTRACT 
 
 
 

Rapid urbanization in the world is quite alarming, especially in developing countries such as 
India. In the present study historical change in urban area was analyzed using multi-temporal 
satellite images of 1980, 2000, 2010 and 2013 respectively to identify the areas where the 
increase or decrease has taken place over the period of last 33 years. High resolution satellite data 
of CARTOSAT 1 and 2 was used for base map and Digital Elevation Model generation. The goal 
of this study is to find potential sites in hilly terrain for urban development using site suitability 
analysis technique by multi-criteria decision analysis (MCDA) approach. To perform site 
suitability analysis, AHP technique was used for urban development in the study area. Criteria 
map like slope, aspect, elevation, road proximity; land use/cover and lithology were used to find 
new sites for urban expansion. The generated thematic layers (slope, aspect, elevation etc.) from 
criteria were standardized using pair-wise comparison matrix known as analytical hierarchy 
process (AHP). Weight for every criteria/parameter was assigned by comparing them with each 
other according to their importance. Final site suitability map was prepared with the help of these 
weights and criteria for urban expansion.  
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use, distribution, and reproduction in any medium, provided the original work is properly cited. 

  

 

 
 

 

 

INTRODUCTION 
 
Urbanization is a form of metropolitan growth that is a 
response to often random sets of economic, social, and 
political forces and to the physical geography of an area, 
through which, the productive agricultural lands, forests, 
surface water bodies and groundwater prospects are being 
irretrievably lost (Pathan et al., 1989). Rapid urbanization in 
the world is quite alarming (UNFPA, 2007), especially in 
developing countries such as India. It has led to serious land 
use problems such as loss of agricultural land, unauthorized 
urban sprawl, high land values, speculation in land, and other 
related problems.  The extent of urbanization or its growth is 
one such phenomenon that drives the changes in land use 
pattern. These changes may have an adverse impact on 
ecology, especially on hydro-geomorphology, water resources 
and vegetation.  
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Information on accurate urban growth is of great interest in 
urban and suburban areas for diverse purposes, such as urban 
planning, water and land resource management, market 
analysis & service allocation (Jat et al., 2008). In the last 
decade, more attention has been paid to urban change as the 
impact of human behavior is affecting urban ecosystems (Deal 
and Schunk, 2004). Research efforts concerned with detection 
and modeling of remotely sensed land cover/land use 
dynamics in developed countries tend to concentrate on 
changes driven by urban growth, particularly in large 
metropolitan areas (Ward et al., 2000; Jenerette and Wu, 2001; 
Wilson et al., 2003). Growing cities are creating an alarming 
situation in respect of land use, lack of proper amenities, loss 
of agricultural land and infrastructure facilities in all countries 
of the world (Manonmani et al., 2012). Percentage of the 
world urban population is growing day by day due to wiliness 
of living in urban. If urban population will be grow in this way 
then next century will be the first urban century (United 
Nation, 2004). Therefore remote sensing and GIS techniques 
are being used for mapping and monitoring of urban growth 
estimation (Meaille and Wald, 1990; Westmoreland and Stow, 
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1992; Harris and Ventura, 1995; Yeh and Li 1996, 1997, 1999; 
Weng, 2001). Identification of possible sites for urban 
expansion in hilly terrain is one of the critical issues for 
planner and planning authority. Therefore, site suitability 
analysis has become necessary for finding appropriate site for 
various developmental plans, especially in the undulating 
landscape of the hills. Multi-Criteria Evaluation (MCE) and 
GIS is useful technique for site suitability because it is 
providing us more accuracy rather than traditional technique 
(Perveen et al., 2007; Kumar and Biswas, 2013). AHP is a 
multi-criteria decision-making approach introduced by Saaty 
(1977, 1980), in which a series of pair-wise comparisons 
between factors is developed to create a scaled set of 
preferences. This will describe the importance of each factor 
relative to every other factor (Saaty, 2003). The AHP is an 
Eigen value technique to the pair-wise comparisons approach. 
It provides a numerical fundamental scale, which ranges from 
1 to 9 to calibrate the quantitative and qualitative 
performances of priorities (Saaty, 2008). In the present study 
historical change in urban area was analyzed using multi-
temporal satellite images of 1980, 2000, 2010 and 2013 
respectively to identify the areas where the increase or 
decrease has taken place over the period of last 33 years. High 
resolution satellite data of CARTOSAT 1 and 2 was used for 
base map and Digital Elevation Model generation. To perform 
site suitability analysis, AHP technique was used for urban 
development in the study area. 
 
Study Area 
 
Parwanoo is a city and a municipal council in Solan district in 
the Indian state of Himachal Pradesh. It is an industrial town. 
It borders Panchkula district of Haryana, and is after the towns 
of Pinjore and Kalka on the Chandigarh Shimla Highway 
(NH-22). The study area lies between 30°49'17"N and 
30°52'20"N northern latitude and lies between 76°55‘10"E and 
76°59'04"E eastern Longitude (figure.1). The town is divided 
into 6 different sectors spread randomly across the Shivalik 
Range in a radius of about 4 km. Parwanoo is essentially an 
industrial town with almost 80% of the local population 
engaged with the industries in one way or other. In the study 
area, elevation ranges from 725-1500 meters (figure.2). 

 

MATERIALS AND METHODS 
 
In this present study, base map has been prepared using high 
resolution satellite images (CARTOSAT-1 and 2). Base map 
generated includes features like administrative boundaries, 
water body, roads, parks, railways, ponds, playgrounds etc. 
(figure 3). Digital elevation model (DEM) was generated from 
Cartosat-1 satellite data of 30 m contour interval with the help 
of Leica Photogrammetry Suite 2013 (LPS) software. The 
present study emphasizes on the use of remote sensing and 
GIS in understanding the changes in the pattern of 
urbanization and finding new sites suitable for potential urban 
growth without disturbing the environmental balance.  The 
present research is located in the Shivalik hills of Himachal 
and Haryana. The area has experienced rapid growth in 
urbanization, so the change detection in the urban area was 
carried using LANDSAT satellite images for the year 1980, 
2000, 2010 and CARTOSAT 1 and 2 data for 2013 
respectively (Table 1). Field verification was carried out using 
Garmin GPS to improve the accuracy of the base map.  All the 

analysis was performed in GIS environment to identify a new 
site for urban development (Figure. 4). 
 

 
 
 
 
 
 
 
 
 

RESULTS AND DISCUSSION  
  
In the present study, on the basis of visual interpretation 
technique like tone, texture, shape, size etc. were used to 
identify the landuse/ landcover categories. The multi-temporal 
satellite images for different time periods i.e LANDSAT 1980 
(figure5), LANDSAT 2000 (figure 6), LANDSAT 2010 
(figure 7), CARTOSAT-1 2011 and CARTOSAT-2 2013 
(figure 8) respectively were used to map urban area. In 1980, 
built-up area was 188189 square meters (0.72%) which has 
increased to 751679 square meters (8.44%) in 2000 which 
indicates rapid urbanization between 1980 and 2000 as various 
industries were establishment due to development of 
infrastructure and favorable industrial policy of the 
Government. Built-up area of Parwanoo has increased from 
751679 square meters to 980943 square meters (11.01%) in 
2010 because of major industrial development and 1283522 
square meters (14.29%) in 2013 reflecting an increase built-up 
area over the decade. Change detection analysis includes a 
broad collection of process used to identify, differences 
between images of different times period. Calculation of urban 
growth rate of the study area was done through calculation of 
the total built-up area from satellite images of different time 
periods and then calculating the percentage of change in built-
up area between these time periods. Growth of built-up area 
and percentage of increase in growth rate has been calculated 
for different time periods by using the following formula 
(equation 1, figure 9, Table 2); 
 

 
 
 
 
 
 
 
 
 

Built-up growth rate = present built-up area-previous built-up / 
previous built-up x 100……….equation 1 
 

In the present study six criteria/parameters including slope, 
road proximity, land use/cover, geomorphology, elevation and 
aspect were used in preparation of criteria maps and multi-
criteria based site suitability analysis. To perform site 
suitability analysis for urban expansion CARTOSAT-1 and 2 
panchromatic satellite data at a resolution of 2.5 m and 1 m 
respectively was used for generation of Digital Elevation 
Model (DEM). The DEM was used to create slope and aspect 
map. Land use/cover and road proximity map was prepared 
with the help of a high resolution CARTOSAT-1 and 2. A 
Geomorphological map was prepared using satellite images. 
All these parameters were incorporated and evaluated in GIS  

Table 1. Satellite data used in the study 
 

No. Satellite data used Resolution Year 

1. LANDSAT-MSS 60 M 1980 
2. LANDSAT-7 ETM+ 30 M 2000 
3. LANDSAT-5 TM 30 M 2010 
4. CARTOSAT-1 2.5 M 2011 
5. CARTOSAT-2 0.8 M 2013 

Table 2. Trend of urban growth during 2000-2013 
 

Year 
Built-up 
area (m²) 

Time 
period 

Growth(m²) 
Rate of 
growth 
(in %) 

% increase 
in growth 

rate 

2000 751679.21 2000-2010 229264.14 30.50  
2010 980943.35 2010-2013 302579.28 30.85 1.13 
2013 1283522.63     
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Figure 1. Location map of study area 
 

 
 

Figure 2. Elevation map of the study area 
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Figure 3. Base map of the study area 

 

 
 

Figure 4. Flow chart of methodology 
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Figure 5. Built-up area in 1980 

 

 
Figure 6. Built-up area in 2000 
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Figure 7. Built-up area in 2010 
 

 

Figure 8. Built-up area in 2013 
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Figure 9. Built-up between 2000 and 2013 
 

 

Figure 10. Geomorphology map 
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environment (ArcGIS software) to obtain final site suitability 
map. Geomorphology is also one of the major factors which 
influence the urbanization (figure 10). The geomorphological 
map prepared using satellite images can be broadly divide into 
two major type i.e flood plains and structural hills. Flood plain 
is considered as highly suitable for built-up because of low 
cost involved in construction compared to structural hills 
(moderate-low suitable). In this present study elevation has 
been considered as an important parameter in influencing the 
urbanization (figure 11). Majority of the area lies between 
elevation range 725-975 m which comes under high suitability 
whereas minor part lies between 975-1225 m under low 
suitability and above 1225 m under very low suitability for 
urban expansion because of expensive infrastructural 
development and accessibility to various distant places where 
the probability of natural hazards is very high. Road is also an 
essential parameter for site suitability analysis for the study 
area because transportation facility is important for carrying 
raw materials for industries as well as for livelihood. 
Construction of new roads in hilly terrain is expensive 
compared to plain area. For that reason, prime motto of this 
study is to find new site closer to any existing road for urban 
expansion (figure. 12). Therefore, buffer zones have been 
created outside the existing road for better accessibility. In the 
present study, areas less than 15-45 m distance from road is 
considered as high suitable, 45-60 m under low suitability and 
more than 60 m under very low suitability.  

 
Slope is one of the most important parameter for finding new 
suitable sites for urban expansion (figure 13). In hilly areas 
people do not prefer construction on steep slopes because it 
increases the building costs as erosion process occurs during 
the construction activity in these areas and probability of 
natural disasters may occur. In the present study the slope of 
0-10º is considered as having highest suitability, 10º-20º is  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

considered as having moderately high suitability, 20º-30º as 
moderately suitable, 30º-40º as moderately low suitable, 40º-
50º as low suitable, 50º-60º as very low suitable and more than 
60º as least suitable for construction of new houses. Aspect 
has a strong influence on temperature and affects the angle of 
the sun rays when they come in contact with the ground.  
Aspect generally refers to the horizontal direction which a 
mountain slope faces (https://Characteristics+of+ 
outdoor+environment.ppt). In the mid winter north facing 
slopes receive very little heat from the sun especially in the 
northern hemisphere. On the other hand, south facing slopes 
get much more heat rather than north facing slopes 
(www.fsavalanche.org/encyclopedia/aspect.html). In the 
present study areas with south facing slopes come under high 
suitability because in hilly terrain people prefer construction of 
houses in sun facing areas because in hilly terrain its cold 
during most part of the year (figure 14). Only a few a people 
prefer construction of houses on east facing slopes because 
east facing slopes receive sun heat only during morning time. 
Therefore in the present study higher intensity of importance 
has been given to southern facing slopes rather than other 
slopes. East facing slopes are colder than west facing slopes as 
east facing slopes face sun only in the morning when 
temperatures are colder  whereas at the same time west facing 
slopes take the sun in the warm afternoon mostly in hilly area. 
 
In the present study six criteria/parameters i.e. slope, road 
proximity, land use/cover, geomorphology, elevation and 
aspect were used in assigning weights based on Knowledge-
based approach (Table 3).  Higher weight age were assigned 
according to its suitability for site suitability analysis and vice 
versa. Further, pair wise comparison matrix using Saaty's nine-
point weighing scale was calculated and applied to generate a 
ratio matrix (Saaty, 1996). Thereafter calculation of the 
criterion weights was done after the creation of pairwise  

 
 

Figure 11. Elevation map 
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Figure 12. Road proximity map 

 

 
Figure 13. Slope map 
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Figure 15.
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Figure 14. Aspect map 

 

Figure 15. Site Suitability map of Parwanoo 
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Table 3. Weightages and parameters in determination of site suitability analysis 
 

Slope Road-proximity(m) Lu/lc Aspect Geo-morphology Elevation (m) Weights Intensity 

0-10 0-15 Open land South Flood plain <600 9 Highest 
... 15-30 ... South-West ... 600-725 8 Very high 
... 30-45 ... South-East ... 725-850 7 High 

10-20 45-60 Scrub West ... 850-975 6 Moderately high 
20-30 60-75 Grassland East  975-1100 5 Moderate 
30-40 75-90 Rocky land North-West Structural hills 1100-1225 4 Moderately low 
40-50 90-105 Forest North-East ... 1225-1350 3 Low 
50-60 105-120 Agriculture land North ... 1350-1475 2 Very low 
>60 >120 Built-up ... ... >1475 1 Lowest 

 
 

Table 4. Pairwise comparison matrix and normalized pairwise comparison matrix 
 

Criteria 

Pairwise comparison matrix Normalized pairwise comparison matrix Calculation 
of criteria 
weights Slope 

Road 
proximity 

LU/LC Elevation 
Geo-

morphology 
Aspect Slope 

Road 
proximity 

LU/LC Elevation 
Geo-

morphology 
Aspect 

Slope 1 3 4 7 8 9 0.512821 0.619835 0.458716 0.449294 0.342906 0.28125 0.44413681 
Road proximity 0.33 1 3 4 7 8 0.169231 0.206612 0.344037 0.256739 0.300043 0.25 0.25444355 

Land use/land cover 0.25 0.33 1 3 4 7 0.128205 0.068182 0.114679 0.192555 0.171453 0.21875 0.14897057 
Elevation 0.14 0.25 0.33 1 3 4 0.071795 0.051653 0.037844 0.064185 0.12859 0.125 0.07984440 

Geomorphology 0.12 0.14 0.25 0.33 1 3 0.061538 0.028926 0.02867 0.021181 0.042863 0.09375 0.04615467 
Aspect 0.11 0.12 0.14 0.25 0.33 1 0.05641 0.024793 0.016055 0.016046 0.014145 0.03125 0.02644996 
Total 1.95 4.84 8.72 15.58 23.33 32 1 1 1 1 1 1 1 

 
 

Table 5. Calculation of consistency vector 
 

Criteria Sum of weighted vector Consistency vector 

Slope {(1*0.4441)+(3*0.2544)+(4*0.1489)+(7*0.0798)+(8*0.0461)+(9*0.0264)}                     = 2.96954775/0.4441    = 6.686110273 
Road proximity {(0.33*0.4441)+(1*0.2544)+(3*0.1489)+(4*0.0798)+(7*0.0461)+(8*0.0264)}                 =  1.701980532/0.2544 = 6.689029929 

LU/LC {(0.25*0.4441)+( 0.33*0.2544)+(1*0.1489)+(3*0.0798)+(4*0.0461)+(7*0.0264)}           = 0.953272842/0.1489  = 6.399067891 
Elevation {(0.14*0.4441)+( 0.25*0.2544)+(0.33*0.1489)+(1*0.0798)+(3*0.0461)+(4*0.0264)}      = 0.499058633/0.0798  = 6.250389245 

Geomorp-hology {(0.12*0.4441)+(0.14*0.2544)+(0.25*0.1489)+(0.33*0.0798)+(1*0.0461)+(3*0.0264)}  = 0.278014385/0.0461  = 6.023536314 
Aspect {(0.11*0.4441)+(0.12*0.2544)+(0.14*0.1489)+(0.25*0.0798)+(0.33*0.0461)+(1*0.0264)}= 0.161886267/0.0264  = 6.120472203 
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comparison matrix (Table 4). AHP being a powerful tool in 
applying MCDA was developed by Saaty in 1980. Weights or 
priority vector for the alternatives or the criteria is required. 
For creating the pair wise comparison matrix (PCM), a system 
of numbers to indicate how much one criterion is more 
important than the other was designed by Saaty (1980). The 
value of λmax is required in calculating the consistency ratio 
(CR) (Han and Tsay, 1998):  
 
Consistency Index (C.I.) = (λmax-n) / (n-1)       (equation .2) 
 
where n is the number of criteria and λmax is the largest eigen 
value (Han and Tsay, 1998; Malczewski, 1999). The final 
consistency ratio is calculated by comparing the C.I. with the 
Random Index (Malczewski, 1999). 
 
C.R. = C.I. / R.I.                                   (equation .3) 
 
where R.I. depicts random index and in this case R.I. = 1.24 
(Saaty, 1980). The consistency ratio is designed such a way 
that shows a reasonable level of consistency in the pairwise 
comparisons if C.R. < 0.10 and C.R. ≥ 0.10 indicate 
inconsistent judgments (Table 5).  
 
In the current study, the C.R. matrix of the six important 
parameters in site suitability assessment for urban expansion is 
0.0582. Therefore the pair-wise matrix appears to have 
sufficient internal consistency to be considered acceptable. All 
criteria layers were converted into raster format for analysis 
because raster format is less complicated than vector data 
format (Chang, 2006). Thereafter all layers were multiplied by 
its weight for final site suitability map using raster calculator 
of ArcGIS. Voogd (1983) mentioned that the most relevant 
technique for multi-criteria evaluation is the weighted linear 
combination. In this technique, factors are combined by 
applying a weight value to each, followed by a summation of 
the results to yield a map of suitability (Eastman et. al. 1995) 
as follows; 
 
S = Σ (Wi * Xi) or Σ [criteria map * weight]        (equation .4) 
 
Suitability Map = ([Slope] * 0.44) + ([Road proximity] * 0.25) 
+ ([Land use/cover] * 0.15) + ([Elevation] * 0.08) + 
([Geomorphology]*0.05) + ([Aspect] *0.03) 
 
Where S is the final suitability map, Wi is the criteria map and 
Xi is the weight of the parameter. The final site suitability map 
describes that the study area was divided into six suitability 
classes (Figure 15). In figure 15 dark red colour shows very 
highly suitable areas for urban expansion where as light 
orange colour shows very low suitability and yellow colour 
shows the areas not suitable for construction of houses and 
other structures. 
 
Conclusion 
 
The present study shows that built-up area was 2.1% of total 
area in 1980 which increased to 14.3 % in 2013.  This clearly 
indicates rapid urbanization at cost of forested land. The 
present study shows the use of geo-informatics techniques and 
multi-criteria decision analysis (MCDA) technique for 
selection of appropriate sites for urban development in 
Parwanoo Planning Area, Kasauli Block, District Solan, 

Himachal Pradesh. The study area comprises about 14% area 
under very highly suitable for urban expansion, 18% area 
highly suitable, 22% area moderately suitable, 30% area low 
suitable, 9% area very low suitable and 7% area which is not 
suitable for urban expansion. Remote Sensing is a very useful 
tool to obtain different types of data required for site 
suitability analysis. The integration of different parameters in 
ArcGIS environment with the help of AHP approach can 
generate site suitability map having significant accuracy as 
shown in this study. This study can help the planners and 
decision makers in preparation of appropriate developmental 
plans for further growth of the study area. The result of the 
study can also be successfully applied to other areas especially 
in hilly areas to solve the problem of land scarcity for 
development of new urban areas. 
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