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1. Introduction 
One of the main objectives in industrial site 

selection is finding the most appropriate site with desired 

conditions defined by the selection criteria. Most of the 

data used by managers and decision makers in industrial 

site selection are geographical which means that 

industrial site selection process is spatial decision 

problem. Such studies are becoming more and more 

common, due to the availability of the Geographic 

Information Systems (GIS) with user-friendly interfaces. 

The GIS is a powerful tool for spatial analysis which 

provides functionality to capture, store, query, analyze, 

display and output geographic information [1-6]. The 

tool can be used to analyze spatial data and its 

sophisticated analysis functionalities with multi criteria 

evaluation provide a better approach for suitability 

analysis of site selection for cement industries [7-10]. 

The GIS is used in conjunction with other systems and 

methods such as systems for decision making (DSS) and 

the method for multi-criteria decision making (MCDM). 

The GIS also has been used to monitor the different 

geographical features for change of nature. It helps 

developers make informed decisions about the 

development condition of an area and work out a plan. 

Since geospatial factors have a considerable impact over 

the settlement planning to analyze the geo-spatial 

properties of land including slopes, elevation, land cover, 

geological formation and other. Hence, the scope of our 

project is to develop a suitable map for industrial site 

selection using Analytical Hierarchy Process (AHP). 

Industrial site selection is critical point in the process of 

starting, expanding or changing the location of industrial 

systems of all kind. Construction of a new industrial 

system is a major long-term investment, and in this sense 

determining the location is critical point on the road to 

success or failure of industrial system. This paper aims 

to do a suitability analysis to identify possible locations 

for establishment of cement industry in Makwanpur 

District of Nepal and to develop a suitability map of 

industrial site selection by using GIS techniques (Fig. 1 

& 2). Makwanpur District is in part of Narayani Zone, is 

one of the seventy-seven districts of Nepal, a landlocked 

country of South Asia. The district, with Hetauda as its 

district headquarters, covers an area of 2,426 km² and 

had a population of 392,604 in 2001 and 420,477 in 

2011.Makwanpur holds many religious and natural  
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                Fig. 1: The Makwanpur district, Nepal. The unit of elevation range is in meters 

 

sites. This location must comply with the requirements 

of the existing governmental regulations and at the same 

time must minimize economic, environmental, health, 

and social costs. In assessing a site as a possible location 

for suitable site location for cement industry. 

 

2. Methods and Materials 
Required data for the analysis has been collected 

from different sources (Fig. 3). For suitability analysis, we 

need topographic data such as road networks, rivers, 

settlement, transmission line, land use, slope, and 

limestone were collected from Survey Department and 

we used this data as the primary data. With the help of 

contour data, a Digital Elevation Model (DEM) was 

created which was further used for preparing slope map 

and elevation map. Other data were also used for 

generating land use/cover, hydrological map, residential 

area and road map. The analytic hierarchy process 

(AHP) is a structured technique for organizing and 

analyzing complex decisions, based on mathematics and 

psychology [11-15]. It has particular application in group 

decision making and is used around the world in a wide 

variety of decision situations, in fields such as 

government, business, industry, healthcare and  

 

 

Fig. 2: Restriction Map of Makwanpur District, Nepal 
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education. Rather than prescribing a "correct" decision, 

the AHP helps us to find one that best suits for our goal 

and our understanding of the problem. It provides a 

comprehensive and rational framework for structuring a 

decision problem, for representing and quantifying its 

elements, for relating those elements to overall goals, 

and for evaluating alternative solutions [18].  

In AHP, problem is first decomposed into a 

hierarchy of more easily comprehended sub-problems, 

each of which can be analyzed independently. The 

elements of the hierarchy can relate to any aspect of the 

decision problem: tangible or intangible, carefully 

measured or roughly estimated, well or poorly 

understood, anything at all that applies to the decision at 

hand [18, 19]. The AHP converts these evaluations to 

numerical values that can be processed and compared 

over the entire range of the problem. A numerical weight 

or priority is derived for each element of the hierarchy, 

allowing diverse and often incommensurable elements 

to be compared to one another in a rational and 

consistent way. This capability distinguishes the AHP 

from other decision-making techniques. 

Pairwise comparison  

This is a process of assigning ranks to one 

parameter with respect to another. Here, we used a 

scale of 1 to 9 to explain the pairwise rank for every 

parameter with respect to every parameter. Pairwise 

comparison is to determine the significance of one 

factor over another factor for specific goal [18]. Here 

our objective is to develop a pairwise comparison matrix 

for suitability factors for resettlement plan, hence we 

used a scale of 1-9 for assigning based upon the expert 

knowledge and literature review. 

Comparison matrix  

Based on the value obtained from pairwise 

comparison, we developed comparison matrix.  Since 

we have taken 9 factors as parameters for pairwise 

comparison, the matrix size is 9×9. The diagonal 

element of the matrix is always 1.  

 

 

 

Fig. 3: Methodology for suitability analysis  
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Fig. 4: Final Suitability Map of Makwanpur district, Nepal. 

 

Eigen value  
After determining the relative weights, we checked the 

consistency of our output. For this we computed 

Principal Eigen Value which is obtained from the 

summation of products between each elements of Eigen 

vector and the sum of column of reciprocal matrix.  

 

Consistency Index (CI) and Consistency Ratio (CR)  
Prof. Saaty proved that for consistent reciprocal 

matrix, the largest Eigen value is equal to the size of 

comparison matrix, or λmax = n. Then he gave a 

measure of consistency, called Consistency Index as 

deviation or degree of consistency using the following 

formula.  

CI = (λmax – n)/(n-1)  

The Principal Eigen Value is obtained from the 

summation of products between each element of Eigen 

vector and the sum of columns of the reciprocal matrix 

[20]. 

Consistency index (CI) = (λ – n)/ (n-1) = 0.077518 

Ratio Index (RI)=1.98(n-2)/n = 1.54 

CR=CI/RI = 0.05066329 

Therefore, consistency Ratio = 5.06%. If the Consistency 

Ratio (CR) is found to be smaller or equal to 10 %, the 

inconsistency is acceptable. If the CR is greater than 

10 %, we need to revise the subjective judgement5. I 

found consistency ratio to be 5.06 %.  Hence this 

evaluation is consistent (Table 1).  

 

Site suitability formula  
After calculating the relative weightage of the 

parameters taken for the suitability analysis, we 

determined the site suitability formula as (Fig. 4)  

Site suitability = ∑parameter (Pn)×weightage (Wn)-  

∑restrictive factors(R) 

 

Weightage values for different criteria for rating 

maps  
 Weightage of a factor stands for the value or 

importance of the factor when compared with another 

thing. Here I have given weightage to each parameter 

individually based on the range. The range is 

determined for each factor with the help of experts’ 

knowledge, literature review and previous studies for 

land use planning. Besides, that the topography, geology 

and data availability of the study area is also a key factor 

in determining the weightage for each factor. The 

weightage assigned to a factor is also termed as rate of 

the factor. 

 

3. Conclusion 

In this study, we found the area to be suitable depending 

upon one factor may not be the area that was suitable 

depending upon another factor. Hence the complex 

decision about the multiple criteria was possible in this 

study. Since, the factors we considered as the parameters  

for our study were the geo-spatial constraints, we used 

the GIS environment for the decision-making process. 

The results were found to be satisfactory as we validated 

using the Google Earth image overlay. Since the extent 

of our study was large, we validated the results using the 

Google Earth Imagery. It was not possible to check the 

results by field verification.  
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Table 1: Value of Consistency vector 

 Road River Land use Settlement Slope Elevation Trans-mission Line Minerals Conservation area Priority vector Weighted sum vector Consistency vector Lambda (λ) 

Road 1 0.2 3 0.2 3 3 5 0.2 0.33 0.079 0.832 10.475 9.62 

River 5 1 5 1 5 5 5 5 1 0.215 4.183 19.444  

Land use 0.33 0.2 1 0.2 3 5 3 0.33 0.14 0.0615 1.434 23.321  

settlement 5 1 5 1 3 3 5 5 1 0.201 2.231 11.1123  

Slope 0.33 0.2 0.33 0.2 1 3 3 0.2 0.14 0.0433 0.286 6.6  

Elevation 0.33 0.2 0.2 0.33 0.33 1 0.33 0.33 0.11 0.0273 0.114 4.179  

Transmission line 0.2 0.2 0.33 0.2 0.33 3 1 0.33 0.2 0.035 0.105 2.996  

Minerals 5 0.2 3 0.2 5 3 3 1 0.2 0.104 0.565 5.451  

Conservation area 3 1 7 1 7 9 5 5 1 0.234 0.701 3  
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