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Abstract 

 
The location of rail station and route planning for new railways in a country constitute 

complicated planning processes which involve the consideration and analysis of various data 
sets. It includes the evaluation of socio-economic and technical parameters to minimize 
environmental impacts of different alternatives and to achieve the development of alternative 
station and corridors for the planned rail networks link. In Kyrgyzstan, these tasks are 
implemented using traditional manual routines that the choice of a location rail station and 
selection of corridor for new railways are based on the topography of the land.  

 
The use of modern technological tools like Geographic Information System (GIS) for 

suitable location of rail stations and selection of optimum routes involves managing a variety 
of data sets from different sources and at different scales. This work is intended to investigate 
and show the capabilities of GIS in railroad planning and station location processes using part 
of the China-Kyrgyzstan-Uzbekistan railway in the south of Kyrgyzstan as a case study.   

  
The study will identify the information needs of different factors and evaluation 

criteria for locating station and railroad planning. To achieve these objectives spatial 
multicriteria decision making (MCDM) processes for planning the rail station and the routes 
were designed and developed using GIS.     

 
The relative importance of the parameters in rail station location and rail route 

selection has been determined in cooperation with rail experts. The obtained scores were used 
in pairwise comparison to determine the weight of factors/criteria maps related to these 
parameters. These weighted factors/criteria maps were overlaid and suitability maps were 
created in GIS for rail station location and rail route selection. The Weighted linear 
combination (WLC) and The Analytical Hierarchy Process (AHP) were used to derive these 
suitability maps.  
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CHAPTER 1: INTRODUCTION 
 

1.1 Introduction 
 
Nowadays Geographic information systems (GIS) are widely used in different 

applications. Experience shows that GIS is an efficient tool for solving optimization tasks 
with spatially distributed linear objects such as railways, roads and pipelines.  

 
Analyzing variants of planning routes of transport communications is necessary to 

solve whole typical tasks. It is related to an evaluation in detail of physiographic factor, 
landscape, engineering-geological and others requirements for the investigation area. It also 
includes determining the length of the route, calculation of intersections with rivers, roads and 
railways which are considered as mountain relief complexities. Consideration of the railroad 
construction costs, which depends on geological structure and land covers (rocks, glacier, 
marshland etc.), and many others require detailed spatial multicriteria analysis.   

 
An existing GIS spatial analysis capability gives possibility of operative evaluation.            

It also gives a capability to each part of investigation area for whole complex of factors. 
Modern GIS software’s allow to automate a complex operations such as intersection with 
different linear and polygonal objects, estimation of transport costs during construction and 
operational service of route, calculation an integrated construction cost and etc.    

 
The necessity of GIS applications in planning variants of route and locating stations 

appeared while planning a railway through the countries China-Kyrgyzstan-Uzbekistan. The 
proposed rail route and station should satisfy all requirements of technical and construction 
parameters and including operation of the service under conditions in high mountainous areas.  

 
The importance of the China-Kyrgyzstan-Uzbekistan railway can not be overestimated 

as Kyrgyzstan does not have any shipping routes. This railway is not only for 
communications with Europe and China; it also provides a direct route to the ocean through 
Iran. 

 
Rail station locating and railway planning, involves specialized resource allocation and 

laying routes, are complex problems and depending of multiple factors. The solutions of these 
complex problems, in order to make decisions, require sequences of processes for factors and 
criteria. These need to be processed to obtain relevant information.  

 
 
 

1.2 Research Objectives 
 

Today in Kyrgyzstan, the railroad does not cater to the intraregional needs for 
transportation, and absence of short transport routes to the world markets substantially 
complicates the development of the economic relations of country. 

 
The general problem is to find a location for rail station and planning rail routes using 

GIS technology, considering the influence of various economic, ecological and technical 
factors, and after successful location of a rail station to identify new rail lines in order to link 
up all in country existing rail way lines and link them into the international rail network that 
will connect Europe and Asia.     
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The main objective of this work is to explore the potentials of spatial multicriteria 
decision making methods for locating station and planning rail routes ( Figure 1).  

 
The work focuses on development of a methodology for optimal allocation of station 

and routes by integrating GIS-based spatial multicriteria decision making process as follows: 
 

1. Determination of the relative importance of the criteria for both rail station and rail route 
in the context of the AHP method;  

2. A suitable location for Uzgen rail station close to Uzgen city in the south of the country. 
The proposed station should be located in optimum distance from existing rail stations; 

3. Selection of optimal routes from station Arpa to the newly located Uzgen station and 
then from Uzgen to stations Karasuu, Djalalabad and Kokjangak;   

4. Estimate the construction cost for rail routes; 
5. Compare the proposed rail routes Uzgen-Djalalabad and Uzgen-Kokjangak. 
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CHAPTER 2: RESEARCH CONTEXT 
 

2.1 Concepts of GIS application in railroad planning 
 
Some of the data which are required in locating rail stations and railroad planning 

projects are changing with time. The most important data for location station and planning 
railroad include the transportation network, zonal boundaries of regions and countries, 
elevation, geology, hydrology and socioeconomic data.  

 
The planning of railroad usually requires consideration of the “rules & norms” of each 

country with regards to railroad design and construction. The traditional approach to locating 
an economically efficient rail station and selecting optimally attractive railroad route is based 
on manual processing of the appropriate data and maps. This approach is time consuming. 

 
The use of GIS has been known to be efficient for preparing basic data for decision 

making in railroad projects. The concept of GIS application in locating stations and planning 
railroads were developed from traditional map processing. It is based on the generation of a 
number of base maps that are done through digitizing, geo-referencing and entering data that 
describes their characteristics. The successfully generated base map can be processed relating 
to factors. The factors can be analyzed according to given criteria and standardized for 
overlaying. The importance of influence of each factor can be evaluated using appropriate 
methods for the proposal station location and planning route. 

 
The identification and developing criteria of geographic factors are important in the 

rail station location and rail route selection. These criteria can be done in cooperation with rail 
experts and environmental groups. The successfully evaluated criteria are standardized by 
applying some of the multicriteria evaluation (MCE) methods. The importance of influence 
for station location and route selection can be calculated and derived according to 
multicriteria decision rules.    

 
Information of different factors which has an influence for the railroad construction 

cost can be obtained. Specific cost values are assigned to a factor’s attributes in the resulting 
geodatabase. These factors can be analyzed to generate different railroad construction cost 
surfaces that will be aggregated into a suitable cost surface. This cost surface can be used to 
select the least-cost route, through the application of a cost distance and route selection 
algorithm. It can also aggregate a proposal rail route and produce cross-sections with different 
map layers of spatial data. 

 
The GIS procedures have been used to determine a suitable location for the rail station 

and railroad considering several factors and criteria. These are associated with different 
procedures of data analysis for factor map processing and the influence of the importance of 
each factor on the selection of the proposal rail station and rail routes.  

 
The applied GIS-based model is represents whole path of task solutions. It contains 

layers of spatial data and commands of operation processes to achieve of suitability location 
for station and least cost route selection. This macro programmed GIS-based model 
automatically defines the given objectives and displayed the model results.  

 
For the efficient use of the large quantities of railroad project data a powerful 

geodatabase has been created and used in a decision-making process.    
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2.2 Decision making process 
 
Decision making is a process that involves a sequence of procedures, starting with 

decision problem identification and ending with recommendations. The quality of the 
decisions depends on the sequence of procedures taken. These procedures in the decision 
making process are focused on generating alternatives that use the evaluation criteria as the 
fundamental element.  

 
Decision making is defined to include any choice or selection of alternative course of 

procedures, which are of importance in the many fields of both social and natural sciences, 
including geographical information science.  The general principle for structuring the decision 
making process is that the evaluation criteria specified and the decision alternatives are 
generated to achieve the best result. This means focusing first on what is desired and then on 
alternatives to achieve it.  

 
In the decision making process the original data are interpreted and analyzed to 

produce information. The information used in the decision making process is categorized as 
“hard” and “soft”. Hard information is derived from reports, census data, remote sensing data, 
etc. Soft information is based on intuition, questionnaires, comments and opinion of decision 
makers. Using this type of information is necessary because any spatial decision making must 
focus on a mix of hard and soft information (Malczewski 1999).   

 
In this work the decision making involves both locating a railway station and railroad 

route selection.  
In the first problem the decision making process of searching for suitable areas for 

locating a rail station follows the decision rules. It identifies criteria and evaluates each 
alternative by multiplying the weight assigned to a particular criterion map and summing the 
products over all criteria. The higher, the total score the more suitable the area is for locating a 
rail station.    

 
In the second problem where a new rail route is required, there are usually a number of 

route options with different implications for both the environment and the construction cost. 
There are two main types of criteria in acquiring land and converting it to carry rail routes. 
The first criterion is the cost of crossing through land. And the second criterion is the need for 
protection of wildlife habitats, recreation areas, scenic landscape, archeological sites, areas 
containing minerals and construction materials, and so on. These may be characterized by 
different preferences with respect to the decision consequences and the relative importance of 
the evaluation criteria for laying the rail route.  

 
The decision making process supported through the data preparation process using 

MCDM and GIS techniques for aggregating the geographical data into values of alternative 
decisions. The GIS-based multicriteria procedures have been performed using standard GIS 
operations that provided the tools for generating data inputs to spatial multicriteria analysis. 

 
Successful decision making depends on geographic information and information about 

decision maker’s preferences that are available to the decision makers.  
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CHAPTER 3: STUDY AREA AND RESEARCH MATERIAL 
 

3.1 Overview of the Study Area 
 

The Study area comprises a part of the Chinese-Kyrgyz-Uzbek railway in the south of 
Kyrgyzstan; it starts from the station Arpa in the Arpa valley of Fergana ridge where 
intersects railways of the North-South and the Chinese-Kyrgyz-Uzbek railways. Then it 
passes through the Fergana ridge and the city of Uzgen, until connecting to the existing rail 
station of Karasuu. The total length of the China-Kyrgyz-Uzbek railway in the territory of 
Kyrgyzstan is 268,416 km and the part considered here is 168,05 km of length. 

 
Such as the study area is a part of the Chinese-Kyrgyz-Uzbek railway and in Eurasian 

continent which is considered a part of the Euro-Asia railway. This proposed railway has 
efficiency role analyzing for construction and a great importance for international rail 
network. 

Figure 1. Study area. 
 
3.2. Railway System in Kyrgyzstan, A case study 

 
Kyrgyzstan, located in the center of Central Asia, can become one more natural link 
connecting Europe with East Asia. Therefore a key part in the development of the Kyrgyz 
economy is the development of its transport infrastructure and the realization of its transit 
potential.  
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  The main form of transport in the republic is the automobile, making up more than 75 % 
of all transportation. However, road transport is not able to effectively transport cargo over 
long distances.  

 
Available today in Kyrgyzstan are only isolated dead-end railways with a total length                

of 425 km. They do not have a continuous length, but are separated in two parts: North and 
South.  

 
North, which passes through the north territory of the country with a total length of 372 

km starts from the station Balykchy in the east to Lugovaya on the western border of 
Kyrgyzstan and is connected to Kazakhstan’s railway ( Figure 1).   

 
South part, the railway passes through the territory of Uzbekistan and consists only of 

short railways in operation in the south territory of the country between the stations Osh - 
Karasuu and Djalalabad - Kokjangak.  

 
The density of these existing railways is around 1,8 km for 1000 km2. This value is low by 

compared to other countries. One reason is that Kyrgyzstan has a mountainous territory.   
 

3.2.1 The North–South railway  
 

This railway is aimed at reducing rail transportation distances for people and freight 
traveling from one region to another within Kyrgyzstan. Currently the railway route passes 
through three neighboring countries and covers a distance of around 1000 km. 

 
To assist the social and economic development of the country, and because of the 

strategic value of a railway link between the northern and southern regions a new railway has 
been developed named “North–South”. 

 
The first portion of the North-South line has been completed and construction of 

second portion is currently being started. The completion of the construction of the railway 
connecting the north and south of the country comprises a total length of more than 350 km 
and will be of huge value, economically and politically.  

 
3.2.2 Proposed Chinese-Kyrgyz-Uzbek railway  
 

The China-Kyrgyzstan-Uzbekistan railway was first proposed in 1997 in the framework 
of the European Union Program TACIS through the project of TRACECA (Transport corridor 
Europe-Caucasus-Asia) to provide communication for five countries in Central Asia with 
Europe through states of Transcaucasia.      

 
The Chinese-Kyrgyz-Uzbek railway represents an international railway which will 

connect China, Kyrgyzstan and Uzbekistan. The projected railway will start at Kashgar 
station on the existing railway in the southern part of Xingjian, China; it then passes 
northwest to Torugart’s ridge and on through a З km long tunnel to the Kyrgyz/Chinese 
border.  

The length of the projected railway on Chinese territory is approximately 173 km. 
Entering Kyrgyzstan from China the railway passes the Fergana ridge by means of a 14.1 km 
long tunnel and on the west arrives at Karasuu station meeting the existing railway on the 
Kyrgyz/Uzbek border. The total length of the projected railway on Kyrgyz territory is 
approximately 268 km, and from Karasuu station it is approximately 50 km to the important 
city of Andijan in the eastern part of Uzbekistan. Here it connects to the existing railway of 
the Former Soviet Union and reaches Tashkent - the capital of Uzbekistan.  ( Figure 1 ) 
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3.3 Data collection 
 

Data collection was the main task and it typically consumed the majority of the 
available resources.  Today data collection still remains a time consuming, tedious and 
expensive process. During the last 5-7 years GIS was developed in Kyrgyzstan, resulting in 
the establishment of some GIS Organization, Agencies and Centers. The data collection 
started with searching information from existing local GIS organizations, visiting them and 
preparing agreements to share data. Some geographic and statistical data are available in the 
internet.        
 
3.3.1 Spatial data  

 
The cartographic maps served as the main source of data for GIS since long times. 

Maps as an origin of information have two types of functions: 
- Positional, i.e. give information about the exact location of objects; 
- Informational, i.e. give information about data type, shape and class of objects 

including topological properties and relationship of objects. 
Input of cartographic information usually is done with methods: scanning and digitizing. 

The principal difference between these methods is, in the case of digitizing creates a vector 
data, and in the case of scanning creates a raster data.  

 
For this work scanning and digitizing have been applied, i.e. paper maps have been 

processed with an A3 scanner and digitized. 
Data input through scanning of cartographic information included the following steps: 
- scanning maps through a flatbed scanner results in raster data; 
- geometrical correction of the resulting raster image; 
- selection of control points (latitude and longitude, topographic grids); 
- manually digitizing of each sheets, maps;  
- vectorization of the scanned raster image; 
- creating shape file for each layers; 
- giving coordinate systems and map projections; 
- editing of vector layers in interactive mode; 
- creating geodatabase by adding attributes. 

 

3.3.2 Non spatial data  
 

All geographic objects have attributes. Attributes of geographical objects have been 
collected at the same time as the vector geometry, e.g. number of population in cities, the 
category of roads, rivers and so on. These attributes have been manually entered into the 
geodatabase. 
 
3.3.3 Data used 
 

The following data were used for analysis and decision making of rail station location 
and to define variants of railroads for selection of the optimal path: 

- Topographic maps 1:200000; 
- Geological maps 1:200000; 
- Preliminary project work of project institute “Kyrgyzroadtransproject”; 
- Reports; 
- Statistical data of the Kyrgyz Republic; 
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3.3.4 Unused data 
In addition to the data mentioned above it is also necessary to consider the risk to the 

new railway from avalanches, landslides and earthquakes. Unfortunately, at the time, such 
data were not able to be made available for the study area and are therefore not considered in 
this study. 

 
3.3.5 DEM generation 

The US National Aeronautics and Space Administration (NASA) have supported the 
Shuttle Radar Topography Mission (SRTM) which has produced a global DTM at a grid size 
resolution of approximately 90m. Its most recent release SRTM 3 has been fully revised and 
many holes and data irregularities have been resolved – resulting in a very valuable global 
data source freely downloadable in many data formats. For this study this data was 
downloaded in ArcInfo GRID format, resampled to 25m to match the other study data. 

 
3.4 Software and tools 
 
3.4.1 ArcGIS Desktop  
 

ArcGIS desktop is well known in the world and the most widely used category of GIS 
software. It has been developed by Environmental System Research Institute Inc. (ESRI), 
Redlands, USA. In this work the components of ArcGIS desktop like ArcMap, ArcCatalog, 
and ArcToolbox have been used: to create the geodatabase; editing, data management and 
storage; georeferencing data from different sources; performing spatial multicriteria analysis 
and visualization of output data; implementation geo-processing functions for different tasks; 
generating criteria maps and aggregating; defining a cost distance and least cost path; creating 
profiles of routes and etc.  

      
3.4.2 IDRISI  
 

IDRISI is a comprehensive geographic analysis and image processing system that has 
been developed by Clark Labs for Cartographic Technology and Geographic Analysis at 
Clark University, South Carolina, USA. The software has been used to perform multicriteria 
decision analysis using the built-in decision support module. This describes the use of the 
IDRISI/Decision Support module for analyzing a suitable area for among others, location of a 
new rail station.     
 
3.4.3 Using ArcGIS with Idrisi  
 

ArcGIS and IDRISI are used together in this work. ArcGIS is primarily a vector 
system with raster capabilities, while IDRISI is primarily a raster system with vector 
capabilities. The raster and vector formats used by each are very similar and easily converted 
between ArcGIS and IDRISI.  
 
3.4.4 ArcGIS Model Builder & IDRISI Macro Modeler 
 

ArcGIS Model Builder and IDRISI Macro Modeler are graphical environments for 
building and executing multi-step models with facilities for batch processing and dynamic 
modeling included. The model is the description of a decision situation to generate a solution 
to the problem. Both Model Builder and Macro Modeler are GIS-based decision support 
tools. They can used for a given decision problem which is well structured so that all decision 
problem-solving activities can be automated.  The main characteristic of using a Model is the 
possibility to structure the decision problem and use well established procedures for solving 
the spatial problems.   
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3.4.5 Georeferencing  
 

Raster data which is obtained by scanning maps usually do not contain the locational 
information on the surface of the earth and need be georeferenced. The georeferencing 
process includes assigning a coordinate system that associates the data with a specific location 
on the earth in real-world coordinate system. These coordinates used to create control points 
that are used to build a polynomial transform from one coordinate space to another. The 
control points are selected in the input raster dataset and the output location are specified by 
typing in the known output coordinates.  

 
3.4.6 Coordinate system 

 
Before selecting a coordinate system for GIS it is necessary to consider existing 

reference systems. 
 
In Kyrgyzstan (and much of the former Soviet Union) the Pulkovo 1942 geographic 

coordinate system, based on the 1940 Krasovsky ellipsoid is the main datum used. It is on this 
datum that the Gauss Kruger projected coordinate system is based. 

 
The Gauss Kruger system is a transverse mercator rectangular coordinate system 

which is divided into 6 degree zones, most of Kyrgyzstan falls within zone 13. Most 
topographic maps produced in Kyrgyzstan are in Gauss-Kruger projection zone 13, although 
sometimes zones 12 and 14 are also used and it can complicate analysis when working across 
zones. 
For GIS railway planning a projection is better in case if railway is located at same zone.     

 
In this work the data used has the following coordinates: 

 
Projected Coordinate System: Pulkovo_1942_GK_Zone_13 
Projection: Gauss_Kruger 
Geographic Coordinate System: GCS_Pulkovo_1942 
Datum: D_Pulkovo_1942 

 
3.4.7 Geodatabase 
 

A geodatabase is a collection of geographic data based on a well-defined model for 
geographic data types. It contains of layers vector data representing features and raster data 
representing images and grid surfaces. The purpose of geodatabase is to make the features in 
GIS datasets and define a relationship among features that were displayed on maps as layers.  
Each layer represents particular types of features which have been used for spatial analysis. 
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CHAPTER 4. METHODOLOGY 
 
4.1 Overview of Methodology 

The methodology of this work contains two parts: Data collection and Data analysis as 
shown in Figure 2. 

 
Figure 2. Methodology 
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4.2 Spatial multi criteria decision making 
 

The information required depends on the nature of a spatial decision problem.  There 
are several characteristics of spatial decision problems are evaluated on the basis of multiple 
criteria.  

 
The spatial multicriteria decision making (SMCDM) involves evaluation of 

geographical events based on criterion values and the decision maker’s preferences to a set of 
evaluation criteria. The large number of factors necessary causes difficulties in making spatial 
decisions, difficulties in attempting to acquire and process data to obtain information for 
making decisions. Therefore, using GIS and MCDM techniques to support the decision maker 
achieves greater effectiveness and efficiency of solving spatial decision problems.  

      
The combination of GIS capabilities with MCDM techniques provides the decision 

maker with support in all stages of decision making, that is, in the intelligence, design and 
choice phases of the decision making process is shown in Figure 3 (Malczewski, 1999).   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Framework for locating and planning decision making  
 

Figure 3 represents a general framework for station locating and route planning 
decision making based on the following steps: 

1. Intelligence: The identification of problems for decisions. According to defined 
problems to evaluate criteria and generate criteria maps based on GIS functions. 

 
2. Design: Evaluate the relative importance of given criteria based on one of the MCDM 

methods. 
 
3. Choice: Evaluation alternative options and making decisions of problems by applying 

the corresponding multicriteria decision rules.      
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4.2.1 Defining the Set of Evaluation Criteria 
 

The general rule for selecting evaluation criteria is identified with respect to the 
problem. There are usually two tendencies in defining the set of evaluation criteria.  First, the 
number of evaluation criteria is defined in a way that the decision model describes the 
problem situation as closely as possible. Second, the problem situation can be described by a 
small number of criteria that may lead to an oversimplification of the decision problem, which 
is usually related to data availability and data quality (Malczewski, 1999). The evaluation 
criteria are important for any decision problem. It provides a selecting the set of criteria to 
available data.     

 
In this work the procedures for selecting a set of criteria based on the properties of 

attributes.  The used attributes were comprehensive and measurable. 
 
An attribute is comprehensive where its level for suitable station location decision 

problem. It indicates to objective is “to minimize” and “to maximize”. The minimization 
criteria is, the closer the area to the power line, major road, to the city and etc.; the 
maximization criterion that requires the area to be located away from wetland, recreation 
areas and archeological sites and so on. 

 
An attribute is measurable where its level for selection route decision problem.  Here 

assigns a number “cost” values to the attribute for each alternative. The cost values are 
considering of criteria in acquiring and crossing through layers on land.   

Each criterion is represented in a criterion map.  
 
4.2.2 Generating Criterion Maps 

 
After establishing a set of criteria for evaluating decisions where each criterion 

represents as a map layer in the GIS data base. This layer is representing a criterion maps. The 
criterion map indicates the generic nature of the criterion concept and is used to emphasize the 
attribute-objective relationship. It is known, that criteria can be of two types: factors and 
constraints (Eastman 1993).  Factors represent the spatial distribution of an attribute that 
measures the degree to which its associated objective is achieved. Constraints represent 
restrictions imposed on the decision variables that can be used to eliminate from consideration 
alternatives characterized by certain attributes.  

 
The procedures for generating criterion maps follow the major functionality of GIS. 

The relevant data are acquired and stored in a GIS database, and then the data are manipulated 
and analyzed to obtained information on a particular evaluation criterion for multicriteria 
spatial decision making. In a sense the criterion maps can be considered as output of GIS-
based data processing and analysis to generate criterion maps (Malczewski, 1999).   

 
Figure 4 illustrates as example of the GIS based approach to generating criterion maps.  

Here the decision problem involves evaluating three parcels of land on the basis of in this 
case, three criteria: 1) proximity to the roads, 2) Constraint map and 3) the cost surface. 

 
In this work have been created factors and constraint maps for suitable station location 

and cost surface for planning route decision problems. 
 
The process of generating these three criterion maps starts from the base map contains 

of the three parcels of land and the roads using GIS operations (Malczewski, 1999).  
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Figure 4. Generating criteria maps 

 
These three criteria maps have been generated using basic GIS operations. The 

constraint map is created by coding with a 0 areas excluded and with a 1 areas that 
considered. The distance operation is used to generate the proximity-to-road criterion map.       
A cost criterion map is created by assigning the cost values of the attribute to each of the 
objects (parcels of land and roads). These criteria maps are the input to multicriteria decision 
analysis. The criterion maps attributes are measured in different units. Since most 
multicriteria decision rules require that the criterion maps should be standardized before they 
can be used in multicriteria decision analysis. To make the criterion map layers comparable 
have been use the fuzzy methods.  

 

4.2.3 Fuzzy set membership    
 

The process of standardizing the evaluation criteria considered one of recasting values 
of set membership. The elements of fuzzy set membership help to design standardized 
criterion maps which are defined by a fuzzy number. A fuzzy number is a fuzzy set defined 
on the real numbers that they can be used in the multicriteria spatial analysis. GIS-based fuzzy 
operations are based several algebraic operations on fuzzy numbers to defining fuzzy sets. 

 
The fuzzy set operation has been used in IDRISI for the solution of the problem to find 

a suitable location of a rail station.  
 

4.2.4 Estimating weights 
 
MCDM problems involve determination of the relative importance of the criteria. This 

is usually achieved by assigning a weight to each criterion. A weight can be defined as a value 
assigned to an evaluation criterion that indicates its importance relative to other criteria under 
consideration. The larger the weight, the more important is the criterion (Malczewski 1996).   

 
Assigning weights of importance to evaluation criteria are changes in the range of 

variation for each evaluation criterion. The weights are usually normalized to sum to 1. In the 
case of n criteria, a set of weights is defined as follows:  

w =  ( w1 , w2 ,…., wj ,…., wn ), and ∑  wn = 1. 
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There are several the weight assessments techniques can be used in spatial 
multicriteria decision analysis. Which method should be used depends on a particular decision 
situation.        

Among the known techniques for the development of weights, one of the most 
promising is pairwise comparisons method.   

 
4.2.5 Pairwise Comparison Method 

 
The pairwise comparison method was developed by Saaty (1980) in the context of a 

decision making process known as the Analytical Hierarchy Process (AHP). It involves 
pairwise comparisons to create a ratio matrix of criteria and to produce the relative weight for 
each criterion. Particularly, the weights are determined by normalizing the eigenvector 
associated with the maximum eigenvalue of the ratio matrix.  

 
The pairwise comparison approach is used in IDRISI as a method for assessing 

weights to evaluation criteria in GIS-based multicriteria decision making for the task of 
finding a suitable location for a railway station.  

 

4.2.6 Multicriteria decision rules 
 
A multicriteria decision rule is a procedure that allows for ordering alternatives, to 

enable us to decide which is preferred to another. It integrates the data and information on 
alternatives and decision maker’s preferences into an overall assessment of the alternatives.  

 
 Any spatial decision making problem rule involves a set of attributes and a set of 

objectives. And spatial multicriteria decision rules can be categorized into multiattribute 
decision making (MADM) and multiobjective decision making (MODM) decision rules.  

 
   The objectives of this work are implemented in the multiattribute decision rules 

which are based on the assumption that the attributes serve as both decision variables and 
objectives. The aim of MADM analysis is to choose the most preferred alternative to rank in 
descending order of preference. There are numerous decision rules that can be used for 
MADM problem. The following MADM methods in GIS-based decision making have been 
used for achieve the thesis objectives: the weighted linear combination and the analytical 
hierarchy process methods.   

 

4.2.7 Weighted linear combination method 
 
The weighted linear combination (WLC) method is the most often used technique for 

tackling spatial multiattribute decision making that is based on the concept of a weighted 
average. In this method the decision maker directly assigns weights of “relative importance” 
to each attribute. A total score is obtained for each alternative by multiplying the importance 
weight assigned for each attribute by the scaled value given to the alternative on that attribute, 
and summing the products over all attributes by the following formula: 

                              
                                 Ai = ∑ j wj  xij                                 (Eq - 1)  
 
 where xij    is the score of the jth alternative with respect to the jth attribute, the 

weights wj are normalized weights, so that  ∑  wj  = 1. The most preferred alternative is 
selected by identifying the maximum value of Ai (i = 1,2,…..,m) (Malczewski 1996).   

 
This method can be processed using any GIS system having overlay capabilities that 

allow the evaluation criterion map layers to be aggregated to determine the composite map 
layer.  
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4.2.8 Analytical Hierarchy Process (AHP) method. 
 
   The analytical hierarchy process (AHP) method, developed by Saaty (1980), is a 

mathematical method for analyzing complex decisions with multiple criteria. The multicriteria 
decision uses hierarchical structures to represent a decision problem, and then develops 
priorities for the alternatives based on the decision maker’s judgments throughout the system. 
Its special value to managers is that it can be used to incorporate judgments on criteria.   

 
A hierarchy is an abstraction of the structure of a system to study the functional 

interactions of its components and their impacts on the entire system. This abstraction can 
take several related forms, all of which essentially descend from an overall objective, down to 
sub-objectives, down further to forces which affect these sub-objectives (Malczewski 1999).   

 

Figure 5. Hierarchical structure of the objectives 
 
Figure 5 illustrates the use of AHP to investigate our study objectives for 1) Suitable 

location for the Uzgen rail station and 2) Suitability assessment for laying rail route.  
 
In the first objective the hierarchy focuses on given criteria that are considered most 

important. To find out the suitable station location has been performed on weighting of 
criteria. Here determines the relative importance of criteria which are derived from map 
layers. The pairwise comparison approach is used in IDRISI as a method for assessing 
weights to evaluation criteria for the task of finding a suitable location for railway station. 

 
In the second objective the hierarchy focuses on available decision factors/criteria that 

are considered important. To find out the suitability for laying rail route also has been 
performed on weighting of decision factors/criteria. To determine the relative importance of 
factors/criteria are based on attribute values. Here the attribute values are measured in 
different values. The decision maker assigns number of values at same range in order 
comparable before overlaying. The implementation of the pairwise comparison approach for 
assessing weights to evaluation criteria for this objective is explained in detail below.  
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4.3 AHP in rail route planning 

 
AHP has been used to determine the weights of relative importance of the 

factors/criteria in rail route planning. This case the decision problem involved seven 
factors/criteria: Landuse/Landcover (Ln), Slope (Sl), Settlement (St), Forest (Fr), Road (Rd), 
Hydrology (Hd) and Geology (Gl) (see Figure 5 (2)). And based on three principles: 
decomposition, comparative judgment, and synthesis of priorities.  

 
4.3.1 Developing the AHP hierarchy 

 
The first step in the AHP procedure is to decompose the decision problem into a 

hierarchy that consists of the most important elements of the decision problem. In developing 
a hierarchy identified the objective, factors and attributes. The hierarchical model of a 
decision problem is the objective of the decision at the top level and then descends towards 
lower level of decision factors until the level of attributes is reached. Each level is linked to 
the next higher level (Malczewski, 1999).        

            
Figure 6 below illustrates the AHP method only for three factors as an example.         

In Figure 6 (A) we illustrate the basic form of a hierarchical model of making decision, where 
the objective to identify suitability for laying an optimum rail route is at the highest level.                
The next level represent the factors/criteria that need to be considered for the suitability 
assessment and the attributes associated with respective criterion. The alternatives are 
represented in the GIS database so that each layer contains the attribute values assigned to the 
alternatives, and each alternative (e.g. cell or polygon) is related to the higher level elements 
(i.e., attributes).    

 
The suitability will be evaluated on the relative importance of the elements at each 

level of the decision hierarchy, that is, objectives, factors/criteria and attributes.  

Figure 6. AHP method: A) AHP procedure; B) GIS based rating of alternatives 
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The Figure 6 (B) illustrates the following steps: 
1) Define the set of evaluation criteria (map layers); 
2) Standardize each criterion map layer; 
3) Define the criterion weights; that is, a weight of “relative importance” is directly 

assigned to each criterion map; 
4) The weighted standardized map layers; that is, multiply the standardized map 

layers by the corresponding weights;  
5) Generate the overall score for each alternative using the add overlay operation on 

the weighted standardized map layers; 
6) Rank the alternatives according to overall performance score; that is, the 

alternative with highest score is the best alternative or cost surface; a higher value 
indicates higher travel cost. 

     

4.3.2 Compare the decision elements on a pairwise base. 
 

Once the hierarchy is formed, and the second step is the principle of comparative 
judgment, i.e. the pairwise comparison method. The procedure greatly reduces the conceptual 
complexity of decision making since only two components are considered at any given time.  

As mentioned above a suitability assessment for laying rail route applied on the basis 
of seven factors/criteria to determine the weight of relative importance through pairwise 
comparison. The procedure of pairwise comparison consists of three steps: generation of the 
pairwise comparison matrix, the criterion weights computation, and the consistency ratio 
estimation. 

 
4.3.2.1 Development of the pairwise comparison matrix.  

 
The AHP method employs an underlying scale with values from 1 to 9 to rate the 

relative preferences for two criteria (Table 1). This scale consists of a 9-point continuous scale 
so that an individual can simultaneously compare and consistently rank.  
 
Table 1. Scale for Pairwise Comparison. (Saaty 1980) 
Intensity of 
Importance 

Definition Explanation 

1 Of equal value Two requirements are of equal value 
3 Slightly more value Experience slightly favors one requirement 

over another  
5 Essential or strong value Experience strongly favors one requirement 

over another 
7 Very strong value A requirement is strongly favored and its 

dominance is demonstrated in practice 
9 Extreme value  The evidence favoring one over another is 

of the highest possible order of affirmation 
2, 4, 6, 8   Intermediate values between 

two adjacent judgments 
When compromise is needed 

Reciprocals If requirement one has one of the above numbers assigned to it when 
compared with requirement second, then second has the reciprocal value 
when compared with first  

 
Malczewski (1999), the comparison matrix is reciprocal; that is, if criterion A is twice 

as preferred to criterion B, we can conclude that criterion B is preferred only one-half as much 
as criterion A. Thus, if criterion A receives a score of 2 relative to criterion B, criterion B 
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should receive a score of ½ when compared to criterion A. Using this logic we have 
completed the matrix of pairwise comparison for our study case where we applied the relative 
importance for the criterions in Table 2. Here in step 1 (Table 2) that the completed matrix of 
paiwise comparisons comparing two criteria at a time and assigning scores according to Table 
1 is shown. The scores are placed in decimal format in the pairwise comparison matrix.               
The comparison of anything to itself results in 1s being placed in the main diagonal of the 
matrix.      

 
4.3.2.2 Computation of the criterion weights 

 
Saaty (1980) proposes a simple method for this, known as averaging over normalized 

columns, that involves the following steps: I) calculate the sum of the values in each column 
of the pairwise comparison matrix; II) divide each element in the matrix by its column sum; 
The result of this computation is referred to as the normalized pairwise comparison matrix 
and is an estimate of the eigenvalues of the matrix; III) compute the average of the elements 
in each row of the normalized matrix, that is, divide the sum by the number of factors/criteria 
in this case by 7. These averages provide an estimate of the relative weights of the 
factors/criteria being compared (Table 2). From the eigenvalues of the comparison matrix we 
can see the criterion weights in percents where total importance must equal 100%; for 
Landuse/Landcover – 30%, Slope – 22%, Settlement – 7%, Forest – 16%, Road – 9%, 
Hydrology – 12%, Geology – 4%. This means that Landuse/Landcover and Slope are the 
most important criteria for the suitability assessment for laying the rail route. These defined 
the criterion weights are being used in the aggregating to produce the suitability index for 
laying rail route below in 4.5.2       
 
4.3.2.3 Estimation of the consistency ratio. 

 
It involves the following steps: I) determine the weighted sum vector by multiplying 

the weights for their corresponding values of the original pairwise comparison matrix, sum 
values over the rows; II) determine the consistency vector by dividing the weighted sum 
vector by the criterion weights determined previously (Table 3). 

 
After successful calculation of the consistency vector, we need to compute values for 

lambda (λ) and the consistency index (CI). The value for lambda is simply the average of the 
consistency vector: 
 

λ = (7,973+8,233+7,389+7,882+7,227+7,614+7,469)/7 = 7,684 
 

The calculation of CI is based on the observation that λ is always greater than or equal 
to the number of criteria under consideration (n) for positive, reciprocal matrixes, and λ = n if 
the pairwise comparison matrix is a consistent matrix. Accordingly,   λ – n can be considered 
as a measure of the degree of inconsistency and can be normalized as:  
 

CI = (λ – n) / (n - 1) = (7,684 - 7) / (7 - 1) = 0,114 
 

CI provides a measure of departure from consistency, and the calculation of the 
consistency ratio (CR), which is defined as follows:   

 
CR = CI / RI = 0,114 / 1,32 = 0,086 

Where, RI is the random index, the consistency index of randomly generated pairwise 
comparison matrix. The RI depends on the number of elements being compared. The defined 
value of CR<0.10, the ratio indicates a reasonable level of consistency in the pairwise 
comparisons.  
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Table 2. Determining the Relative Criterion Weights 
Step I Step II step III Factors/ 

Criterion Ln Sl St Fr Rd Hd Gl Ln Sl St Fr Rd Hd Gl Weight 
Landuse (Ln) 1 2 3 2 3 5 5 0,327 0,414 0,222 0,235 0,241 0,411 0,208 (0,327+0,414+0,222+0,235+0,241+0,411+0,208) /7 = 0,294 

Slope (Sl) 0,5 1 2 4 3 2 4 0,163 0,207 0,148 0,471 0,241 0,164 0,167 (0,163+0,207+0,148+0,471+0,241+0,164+0,167) /7 = 0,223 
Settlement 

(St) 0,33 0,5 1 0,5 0,2 0,33 2 0,108 0,104 0,074 0,059 0,016 0,027 0,083 (0,108+0,104+0,074+0,059+0,016+0,027+0,083) /7 = 0,067 
Forest (Fr) 0,5 0,25 2 1 2 3 6 0,163 0,052 0,148 0,118 0,161 0,247 0,250 (0,163+0,052+0,148+0,118+0,161+0,247+0,250) /7 = 0,163 
Road (Rd) 0,33 0,33 2 0,5 1 0,33 4 0,108 0,068 0,148 0,059 0,080 0,027 0,167 (0,108+0,068+0,148+0,059+0,080+0,027+0,167) /7 = 0,094 
Hydrology 

(Hd) 0,2 0,5 3 0,33 3 1 2 0,065 0,104 0,222 0,039 0,241 0,082 0,083 (0,065+0,104+0,222+0,039+0,241+0,082+0,083) /7 = 0,119 
Geology (Gl) 0,2 0,25 0,5 0,17 0,25 0,5 1 0,065 0,052 0,037 0,020 0,020 0,041 0,042 (0,065+0,052+0,037+0,020+0,020+0,041+0,042) /7 = 0,040 

Sum 3,06 4,83 13,5 8,5 12,45 12,16 24 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

 
Table 3. Determining the Consistency Ratio 

Factors/Criterion Step I Step II 
Landuse (Ln) (0,294*1+0,223*2+0,067*3+0,163*2+0,094*3+0,119*5+0,040*5) = 2,344 2,344/0,294 = 7,973 

Slope (Sl) (0,294*0,5+0,223*1+0,067*2+0,163*4+0,094*3+0,119*2+0,040*4) = 1,836 1,836/0,223 = 8,233 
Settlement (ST) (0,294*0,33+0,223*0,5+0,067*1+0,163*0,5+0,094*0,2+0,119*0,33+0,040*2) = 0,495 0,495/0,067 = 7,389 

Forest (Fr) (0,294*0,5+0,223*0,25+0,067*2+0,163*1+0,094*2+0,119*3+0,040*6) = 1,285 1,285/0,163 = 7,882 
Road (Rd) (0,294*0,33+0,223*0,33+0,067*2+0,163*0,5+0,094*1+0,119*0,33+0,040*4) = 0,679 0,679/0,094 = 7,227 

Hydrology (Hd) (0,294*0,2+0,223*0,5+0,067*3+0,163*0,33+0,094*3+0,119*1+0,040*2) = 0,906 0,906/0,119 = 7,614 

Geology (Gl) (0,294*0,2+0,223*0,25+0,067*0,5+0,163*0,17+0,094*0,25+0,119*0,5+0,040*1) = 0,299 0,299/0,040 = 7,469 
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4.4 Overview of Multicriteria Evaluation 
 
The objective is to find the most suitable location for a rail station close to the city of 

Uzgen in order to develop railway communications with existing rail stations, such as the 
stations Karasuu, Djalalabad and Kokjangak.  

 
The preferable area for rail station is 400x200m2. The location of this rail station 

should be in an optimal distance from the existing stations and include the station Arpa, west 
of Uzgen, for future development of a rail network among these stations.  

 
   For this task GIS has been used as a decision support system for suitability mapping 

and rail station allocation decisions. These decisions are greatly assisted by GIS tools, as they 
often involve evaluation of a variety of criteria that can be represented as layers of geographic 
data. Multicriteria evaluation (MCE) is a common method for evaluating and aggregating 
many standardized criteria to derive at a solution.   

 
The IDRISI GIS and its built-in decision support system module for performing 

multicriteria decision analysis have been used. This case illustrates the use of the Macro 
Modeler of IDRISI and the MCE module using AHP’s Pairwise Comparison Method.  

 
4.4.1Establishing the Criteria: Constraints and Factors  

 
The first step in the MCE process is to identify and develop criteria (see Figure 5) 

which have been developed by experts from “The State directorate on designing and 
construction of the railroad” and environmental groups which included criteria for preserved 
areas and wildlife. Criteria are of two types; constraints and factors. Here four constraints and 
eight factors have been identified as being of concern for locating the rail station close to 
Uzgen city.  The procedure for establishing the criteria and standardizing for both constraints 
and factors is explained below.   
 
4.4.2 Boolean Constraint Standardization  

 
The most common method used to solve a MCE problem is a Boolean approach where 

all criteria and constraints are standardized to Boolean values 0 and 1. The value 0 is given to 
areas that should not be considered while those that should be considered are given the value 
1. All of the continuous factors also have been effectively reduced to Boolean values. The 
following considerations for each factor have been expressed as a Boolean constraint.   

 
a) Limitation Distance to the Uzgen city  

The rail station is to be located outside of the city - as the construction of an under 
ground railway transportation system requires a huge amount of money. Also, administrative 
and environmental considerations do not allow locating the rail station in the city. Uzgen city 
is an ancient city which has been included into the World Heritage Convention. 

 
CN&R 11-60-75 (Construction Norms and Rules) «Planning and building up cities, 

towns and village settlements. Norms of designing» claims that a rail station should be at least 
350m from the city, for the future city extension and of course in order to provide a decrease 
of noise level in settlements. But, the suggested distance from city given by experts is at least 
500m – 3km in order to safe keep the historical city.  
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b) Landuse Constraints map 
Landuse Constraint map is a combination of layers where the criteria given for 

landcover, settlements and roads. The considered criteria as follows: 
• The limitation for preventing the location a rail station on irrigated and forested areas.  

This is more important in the selection and construction of a rail station that causes 
damage and influence to agricultural and forest areas. 

• As mentioned above CN&R 11-60-75 claims that in order to provide decreasing of 
noise level in settlements. The distance between railways stations and settlements 
should be greater than 100m. So areas of land within 100m of settlements are 
considered as unsuitable. 

• The areas for rail station closer to roads were considered more suitable than those that 
are distant. The location a rail station on roads is not allowed. For the Boolean 
analysis were reclassified a continuous image of distance from roads 30m that are 
suitable.  
 
Finally, the Landuse constraint map was derived according to Boolean method that has 

been aggregated from these layers where was given criteria each of them separately and as a 
result the constraints multiplied.  

 
c) Limitation Distance to Water bodies 

According to CN&R “The protection and resources water conservation” as applied to 
planning rail station. Any construction like a rail station should provide protection of water 
storage from pollution. In order to avoid of this case and according rules of construction any 
constructions, buildings is preferred in distance 300m from water storage and 100m from 
rivers that are expressed as a suitable.   

 
d) Limitation to Slope Gradient 

The analysis of the location of Uzgen city in the digital elevation model (DEM) shows 
an elevation range from 890-950m, while slope is 2-4% derived from the DEM. The Boolean 
aggregation demands all criteria be standardized to the same values. Slope data was 
effectively reduced to these values, areas where the slope was between 2% to 15% were 
considered suitable. 

 
4.4.3 Fuzzy Factor Standardization 

 
The standardization procedure for weighted linear combination (WLC) is necessary to 

change the different measurements units of the factor images into comparable suitable and 
unsuitable areas. All factor images are standardized to a continuous scale of suitability from 0 
(least suitable) to 255 (most suitable). To derive this continuous scale has been used the 
decision support module FUZZY Factor Standardization. This module provides the type of 
membership function like Sigmoid, J-shaped, Linear and the type of shape of membership 
function like monotonically increasing, monotonically decreasing, and symmetric. According 
to given criteria each factor map specified one of the corresponding type and shape of 
membership function and also given the control points of a, b, c and d. The control points 
were needed to determine the shape of the fuzzy curve. 

The following considerations for each factor have been expressed using Fuzzy 
function – Fuzzy set membership function.  

 
a) Proximity to Uzgen city 

The proximity to Uzgen city factor was developed as linear distance decay function, 
such as developers want to see for the location of a rail station in a distance within 500m and 
3000m from this city. It is appropriate for this criteria to rescale the distance factor by 
choosing the Symmetric Linear Function and used the control points a, b, c and d.  
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Figure 7 below shows, as an example for only one criterion, the requirements of Fuzzy 
set membership function generating the standardization map. The criteria distance of 500m on 
Distance Criteria image that is standardized with a linear membership function shows the 
result of standardization with value 255 of suitability on the image of Standardized Distance 
Criterion.     

     
In the graph (Figure 7) of the Linear Membership Function we can see that the first 

control point (a) is the value at which suitability starts to rise above 0 and the second control 
point (b) at a value of 500 approaches a maximum suitability of 255 and keeps at the same 
level until the third control point (c) with at value of 1500. It then starts to decrease to the 
forth control point (d) at value 3000. 

 
 In the graph we can clearly see that the suitable areas in range 500 – 1500m distances 

which covers the given criteria.   
 

                                              The Linear                                              Standardized  
 Distance Criterion              Membership Function                         Distance Criterion 

 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Generating standardized criterion map: Proximity to Uzgen city 
 

b) Slope Gradient  
For the Slope Gradient a monotonically decreasing Sigmoidal function with a value of 

15% for the first control point (c) and 2% for the value of the second control point (d) has 
been used. This means that slopes below 15% are the most effective for the construction of 
the rail station. The lowest slopes in the range 2%-5% indicate the best suitability areas and 
slopes above 15% are unsuitable.    

 
c) Landuse Map 

Landuse Map in Boolean standardization reclassified to the types of landuse that 
available for rail station into suitable and unsuitable. Therefore, this suitable area contains 
different types of landuse that each of them has a different level suitability for rail station. The 
relative suitability of each category could be rescale into range 0-255 using FUZZY function 
but such as landuse simply requires giving a rating to each category that is specified by 
developers. In this case ASSIGN module was used to give each landuse category a suitability 
value. The Landuse Factor Map derived from Landuse Map and standardized on the continues 
0-255 scale where given a suitability rating of 255 to Dry arable Lands with pastures, 240 to 
Mountain pastures, 200 to Irrigated arable Lands, 120 to Mountain grass lands, 80 to Shrubs 
and all other categories a value of 0.      
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d) Proximity to Settlements 

Construction rules do not allow for a railway station within 100m of settlements. But it 
is desirable that a station be as close to a settlement as possible. Therefore the distances from 
settlements were rescaled using a monotonically decreasing Linear function. The suitability 
decreases in areas from settlements with distance. Here used 100 for the value of the first 
control point (c) and the maximum value of distance for the second control point (d).  

 
e) Proximity to Roads 

The experts prefer to see a location for rail station within 30m of roads as most 
suitable for cargo handling, the service of rail customers and also preferable for suitability 
within 500m of roads. The area beyond 30m is continuously decreasing suitability that the 
distance from roads rescaled by using a monotonically decreasing J-shaped function.            
For this function have been used 30 for the value of the first control point (c), at which the 
suitability starts to decline from maximum suitability to 500 for the value of the second 
control point (d).    

 
f) Proximity to Water bodies 

The appropriate values for this criteria have been done using a monotonically 
increasing Sigmoidal function in order to rescale the values of distance from water bodies.                  
This function gives the desirable result for the environmentalists and construction experts that 
require being at least 150m and would be good if a distance of 1000m was used. For this 
factor a value of 150 was given for control point (a) and a value of 1000 for control point (b). 
The suitability is very low within 150m of water bodies and beyond 150m starts to increase 
with distance to maximum suitability at 1000m.      

  
g) Proximity to Power Lines  

Power lines are necessary for rail station and allocation rail station in areas closer to 
existing power lines are more suitable than areas in distant.  These distances also were 
rescaled using a monotonically decreasing Linear function where given the minimum distance 
value for the first control point (c) and the maximum distance value for the second control 
point (d). 

 
h) Proximity to Rail stations 

The location of proposed rail station in an optimal distance from the existing stations 
is important for future development of a rail network among these stations. The optimal 
distance from the existing stations to Uzgen city is approximately 3000m. The rail experts 
prefer within in distance 3000m and 5500m.  The appropriate for this criteria that rescaled the 
distance factor by choosing the Symmetric Linear Function and used the control points a, b, c 
and d.  

 
The Boolean and FUZZY standardized results of all seven factors and four constraints 

for the rail station location in around of Uzgen city are illustrated in Appendix A. The process 
of workflow for suitability selection and location rail station is shown below in Figure 8.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 



24

 

 

M
C

E
 –

 W
ei

gh
te

d 
L

in
ea

r 
C

om
bi

na
tio

n 
 

Figure 8.The process of workflow for suitability map 

This figure illustrates the procedures to finding a suitability map that consist of two 
parts, Model and Weighted Linear Combination Method.  The Model was created on Macro 
Modeler of IDRISI and the last derivate maps out of Macro Modeler used in MCE that 
described below in the next steps.     
 
4.4.4 Estimating weights - AHP weight derivation 
 

An estimating and derivation of weights to each criteria are a central step in eliciting 
the decision making process. A defined weight as a value assigned to an evaluation criterion 
that indicates its importance relative to other criteria under consideration. The information 
about the relative importance of the criteria that required and breaking the information down 
into simple pairwise comparisons in which only two criteria were considered at a time to 
facilitate the weighting process.  
 
4.4.5 Pairwise Comparison Method  
 

The comparison concerned the relative importance of the two criteria in determining 
the suitability for the location of the rail station. The procedure of the pairwise comparison 
method was performed in IDRISI in three major steps: development of the pairwise 
comparison matrix, computation of the criterion weights and estimation of the consistency 
ratio. 

 
A) The Pairwise comparison matrix 

When using a weighted linear combination (WLC) in the MCE it is necessary that the 
weights sum to one. According to Saaty (1980) the weights were derived by taking the 
principal eigenvector of a square reciprocal matrix of pairwise comparisons between the 
criteria. The rating was provided on a 9-point continuous scale (Table 1).  

 
According to Scale for Pairwise Comparison (Table 1), suppose that location rail 

station close to Uzgen city is strongly preferred over the slope that is the comparison results in 
a value of 5, is moderate on landuse with score of 3 and the proximity to settlements is very to 

Suitable 
Map 
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extremely strong importance with score of 8. And the comparison of proximity to roads, 
waters and power lines are moderate with score of 3, strongly with score of 5 and moderate 
with score of 3. These scores were placed in the upper right corner of the pairwise comparison 
matrix that is shown in Table 4.  

 
When comparing anything to itself, the evaluation scale must be 1, representing 

equally preferred criteria. Thus 1s were placed in the main diagonal of the matrix. The 
comparison matrix is reciprocal and if the Proximity to Uzgen city received a score of 5 
relative to criteria Slope Gradient, criteria Slope Gradient should receive a score of 1/5 which 
placed into Table 4 when compared to criteria Proximity to Uzgen city. This process was used 
to complete all that remaining cells of the matrix of pairwise comparisons. The result is 
presented in Table 4.        

  
Table 4. Pairwise Comparison Matrix of Importance for the Rail station location  
 Proximity 

Uzgen 
city 

Slope 
Gradient 

Landuse 
Factor 

Proximity 
Settlements 

Proximity 
to Roads 

Proximity 
to Water 

Proximity 
Power 
line 

Proximity 
to 
stations 

Proximity 
to 
Uzgen city 

1 5 3 8 3 5 3 2 

Slope 
Gradient 1/5 1 2 6 3 2 2 3 

Landuse 
Factor 1/3 1/2 1 4 2 3 3 3 

Proximity 
to 
Settlements 

1/8 1/6 1/4 1 1/3 1/2 1/5 4 

Proximity 
to 
Roads 

1/3 1/3 1/2 3 1 1/2 1/4 1/2 

Proximity 
to 
Waters 

1/5 1/2 1/3 2 2 1 2 1/3 

Proximity 
to 
Power lines 

1/3 1/2 1/3 5 4 1/2 1 3 

Proximity 
to stations 1/2 1/3 1/3 1/4 2 3 1/3 1 

 
B) The Criterion weights and Consistency Ratio 

This process is usually achieved by calculating the weights for each column and then 
averaging over all columns. For example, if we take the first column of the Table 4, they sum 
to 2.51. Then dividing each of the entries in the first column by 2.51 yields weights of 0.40, 
0.08, 0.13, 0.05, 0.13, 0.08 and 0.13.  Repeating this for each column and averaging the 
weights over the columns gives the values for the principal eigenvector. 

 
 The computation of the criterion weights and consistency ratio were performed 

directly in IDRISI, using a special module named WEIGHT that required the principal 
eigenvector of the pairwise comparison matrix. Table 5 shows the result of computation of the 
criterion weights and consistency ratio by calculating the principal eigenvector of the pairwise 
comparison matrix.  
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Table 5. Criterion weights and consistency ratio.  

 
Factor Weight 

Proximity to Uzgen city 0.3215 

Slope Gradient 0.1733 

Landuse Factor 0.1242 

Proximity to Settlements 0.0304 

Proximity to Roads 0.0611 

Proximity to Waters 0.0812 

Proximity to Power lines 0.1041 

Proximity to Stations 0.1042 

Consistency ratio =   0.09 
 

These resulting weights sum to one, as required by the weighted linear combination 
procedure. The consistency ratio (CR) indicates the probability that the matrix ratings were 
randomly generated. As a general rule, a CR larger than 0.10 should be re-calculated. The 
result is a CR of 0.09 which indicates a reasonable level of consistency in the pairwise 
comparisons. 
 
4.4.6 Weighted Linear Combination  
 

In IRDISI the MCE module is procedure for the weighted linear combination (WLC) 
has been used to combine the various factors and constraints. In this case we have been used 
seven factors and four constraints. The WLC aggregation method multiplied (Eq-1) each 
standardized factor by its factor weights and then summed the results, which was multiplied 
by each of the constraints to "mask out" unsuitable areas.    

 
The resulting suitability map for locating a rail station close to Uzgen city has the 

same range of values from 0 (the least suitable) to 255 (the most suitable) as the standardized 
factor maps.   
 
4.4.7 Rail Station Location-Allocation Problem  
 

Since deriving the suitability map for decision makers and rail experts appears a 
location-allocation problem for rail station location on suitability areas around of the city.    
The rail location in continuous space and finds the best location that minimizes of travel 
distance with respect to an existing rail stations and the costs of constructions of new rail 
network. The analogous problem on network involved finding that location on a rail network 
that located in optimum distance from existing rail stations and also located on the network. 
The rail station location was achieved by using straight routes from the target stations in the 
direction of Uzgen city.  

 
Figure 9 shows the resulting suitability map for locating a rail station close to Uzgen 

city. Uzgen city is represented in the center of this image by a brown polygon. The rail station 
is shown in blue color where the visually straight lines in red intersect from target stations.  

 
The desired area for a rail station was 400x200m2. In this raster image it is located on 

16x8 pixels (pixel size is 25m).     
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Figure 9. Suitable map for location a rail station. 

 
 
4.5 Overview of Multicriteria Decision Making 

 
In the previous task a suitable location was found for the Uzgen railway station close 

to the city of Uzgen that located it an optimum distance from existing stations.  
Now the objective is to find the optimum shortest routes from Arpa station through 

Uzgen station to the existing railway stations. Station Arpa is located east of Uzgen, and 
existing stations of Osh, Karasuu, Djalalabad and Kokjangak are located west of Uzgen on the 
same railway. Unfortunately during the last ten years this railway has not been fully 
operational (the route from Karasuu station to Djalalabad station passes Uzbekistan). Because 
of this people can not travel by rail from Osh city to Djalalabad. Therefore the objective is to 
find the best rail routes through the station Uzgen which would be the shortest and most 
convenient for communications. Finally the rail routes defined in this study should be 
completely inside Kyrgyzstan. 

GIS has been used to find a least cost path (LCP) that is the shortest and optimal path 
for railways in order to minimize time and fuel costs. Solutions to this problem were normally 
solved by implementing a GIS package like ArcGIS 9.1  

ArcGIS’s Model Builder has been used to automatically perform all processes 
necessary to calculate cost distances and paths between the stations of Arpa and Uzgen. 

 
4.5.1 A creating cost surfaces 

 
The values of the cost surfaces, expressed in terms of the particular measure of costs 

were calculated. These values often have an actual economic meaning and equal the cost of 
moving across the landscape. Geographic problems often require the analysis of many 
different factors for laying a new rail route, such as land cost etc. The cost values were 
calculated relative to some fixed base amount which were given values in the range 1-10                  
and 1000. These values assumed to anticipate the cost of the railway crossing geographical 
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features of certain attributes, where 1 is a low cost (equal to the base cost), 10 is high and 
1000 is the highest cost (virtually a barrier). Getting a suitable cost surface is important for the 
selection of an evaluation scale. According to given cost values in the range 1-10 and an 
evaluation scale of 1 to 10 by 1 has been assigned where 1 is least suitable and 10 most 
suitable. This evaluation scale is one of requirement of Weighted Overlay tool.                   
The process of creating cost surfaces was implemented to finding an optimal rail route among 
suitable located and existing stations. The resulting route, called a least cost path (LCP), 
which is a short optimum path for the proposed rail route was run on Model Builder. 
According to given cost values the LCP passes through low cost cells that minimize the 
length, construction costs and travel time of routes. Experts and customers usually prefer 
short travel even if construction is more costly.   Tables for creating cost surfaces for each 
geographical layer’s attributes are shown below. 

 
I) Road cost surface 

A network of transportation roads in country is sufficient for providing needs in 
transport communication between settlements. Accordingly, all types of roads intersecting 
with the proposed railroad line were assigned the cost values in Table 6 below. This table 
illustrates the cost and scale values for types of road intersecting with the proposed railroad. 
Here the railroad has a high cost value of 10, while scale value 1 (least suitable) means that 
the proposed railroad should not cross existing railroad. Other types of road are more suitable 
with scale of 8, 9 and moderate suitable with a value of  5 corresponding to their cost values 
of 3, 2 and 5 considering expenditures for construction facilities at a crossing.  

 
Table 6. Road’s cost surface for laying railway  

Road 
ID Type of roads Cost value Scale value 

1 Country roads 3 8 
2 Ground road 2 9 
3 Macadam road 3 8 
4 Railroad 10 1 
5 Main priority road 5 5 
6 Highway 5 5 

 
II) Hydrology’s cost surface 

The proposed railway line will cross water bodies at some places. The hydrology cost 
value also should consider the high water flow rainy season periods, during the rain period, 
heavy showers and melting snow, as these will affect the proposal railway. To provide 
stability of the rail subgrade and the continuous operation of trains all water which flows to 
the proposed railway line should be passed through the rail subgrade. An intersection of a 
railway with a water bodies usually requires the building of additional constructions like 
culverts and bridges. Depending of length the bridge types differ: a small bridge – at least 
25m, middle bridge – between 25-100m, large bridge 100-300m and a very large bridge more 
than 300m. Cost and scale values were assigned accordingly for the hydrology (Table 7). 
The highest cost value of 1000 is given for the reservoirs which railway should avoid by a 
distance of 200m and with scale value set to restricted.  
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Table 7. Hydrology’s  cost surface for laying railway 

River 
ID Type of rivers with width Cost value Scale value 

1 Mountain rivers 2 9 
2 Canals, Rivers less than 25m 4 7 
3 Rivers between 25m and 100m 6 4 
4 Rivers between 100m and 300m 8 2 
5 Shallow waters more than 300m 10 1 
6 Reservoir 1000 Restricted 

 
III) Settlement cost surface 

Routing a railway through settlements is usually not allowed. According to 
construction rules the railway should pass at a distance of at least 100m from any settlement 
areas. The highest cost values of 1000 are assigned to all settlement areas, while the scale 
values are restricted (Table 8).  

 
Table 8. Settlement’s cost surface for laying railway  

Settl  
ID Type of settlements Cost value Scale value 

1 Towns 1000 Restricted 
2 Cities 1000 Restricted 
3 Capital cities 1000 Restricted 

 
 

IV) Landuse/Landcover’s cost surface 
The Landuse/Landcover map of study area was classified into sixteen classes. 

Kyrgyzstan is a mountainous country. The Fergana range with its glacier area is divided into 
two parts, south and north areas. The station Arpa is located in the north. The highest cost 
value of 1000 and with scale values restricted and unsuitable were assigned to reservoirs and 
settlement. Also, the proposed railway should not pass through the territory of other countries 
(Table 9). The assigned high cost value of 10 for nival zones, rocks and glaciers areas should 
be the highest value considering cost of construction works in these areas. But assigning the 
value 1000 inhibits passage through these areas, which increases the length of proposed route. 
Here the high cost value of 10 with scale value of 1 is considered for the construction of 
tunnels passing through these areas in order to get the shortest route. The medium high costs 
and scale values of moderately suitable have been assigned to all areas related with pastures 
and irrigated areas. The main use of the land is agricultural and pastoral and occupies large 
areas of the territory. Similar cost values been assigned to land cover related to forest; the 
trees should first be felled and removed and sold depending on the species. Other landuse like 
shrubs and pebbles have a low cost value but are more suitable. The assigned cost and scale 
values for Landuse/Landcover are shown below (Table 9).            
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Table 9. Landuse/Landcover’s cost surface for laying railway  
 

Land 
ID Type of Landuse/Landcover Cost value Scale value 

1 Irrigated arable lands 6 5 
2 Dry arable lands with pastures 5 6 
3 Mountain natural grassland 4 7 
4 Low, Middle and High mountainous pastures 4 7 
5 Flood-lands forests 5 6 
6 Mountain coniferous forests 7 4 
7 Mountain deciduous forests 6 5 
8 Sparse growth of trees 5 6 
9 Shrubs 2 9 
10 Nival zones 10 1 
11 Rocks, steep stone slopes 10 1 
12 Pebbles 3 8 
13 Waters (Reservoirs) 1000 Restricted 
14 Settlements (Capital cities) 1000 Restricted 
15 Land of Uzbekistan 1000 Restricted 
16 Glacier 10 1 

 
V) Forest friction cost surface 

The previous paragraph on constraints on Landuse/Landcover briefly discussed the 
mountain coniferous and deciduous forests. Here forest – wood is vegetation which was 
characterized into eleven classes.  

 
The forest’s cost values were assigned compared to the local price of wood, as timber 

is expensive.  The high cost value of 9 with scale least suitable for walnut and juniper-trees is 
shown in Table 10. Actually these areas are natural protected areas, but government and 
national forest agency have been agreed that the railway can pass through these areas, but at 
with a high cost. To replace these tree species requires a long period of time compared to 
other types of trees. They also serve as protection from landslides and snow slides. The 
assigned cost and scale values for forest – wood vegetation is shown (Table 10).            

Table 10. Forest’s cost surface for laying railway  
 

Forest 
ID 

Type of forests Cost 
value 

Scale 
value 

1 Juniper-tree 9 2 
2 Juniper-shrab 9 2 
3 Spruce, Abies 6 5 
4 Walnut 9 2 
5 Pistachio-tree, almond tree 8 3 
6 Acacia, maple, ash-tree 7 4 
7 Birch 5 6 
8 Apple, Pear 2 9 
9 Poplar, willow 3 8 
10 Shrubbery 3 8 
11 Shrub 2 9 
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VI) Slope’s cost surface 
In mountainous area like Southern Kyrgyzstan slope is the most important theme for 

railway route selection. The slope image was categorized into eleven classes according to 
standards for railway construction. Kyrgyz railway experts consider the following slope 
values as accepted standards 10%- for single, 20%- for double and 30%- for triple 
locomotives.  Following these standard rules the cost values for slope were assigned and are 
shown in Table 11. The highest cost value of 1000 was given a scale value of 1 instead of 
restricted to avoid laying railway for slopes above 35%. The high cost value of 10 at 30%-
35% slope for triple and for double locomotive at 20%-25% slope of 8 cost value receive a 
scale of not suitable. The moderate cost value of 5 at 10%-15% slope indicates that the slope 
is moderate suitable and is even more suitable at 0%-5% with cost values of 1 and 2.      

      
Table 11. Slope’s friction cost surface for laying railway  

 
Slope 

ID Percentage of Slope Cost value Scale value 

1 0 % - 3 % 1 10 
2 3 % - 5 % 2 9 
3 5 % - 8 % 3 8 
4 8 % - 10 % 4 7 
5 10 % - 15 % 5 6 
6 15 % - 18 % 6 5 
7 18 % - 20 % 7 4 
8 20 % - 25 % 8 3 
9 25 % - 30 % 9 2 
10 30 % - 35 % 10 1 
11 35 % - 594 % 1000 1 

 
 

VII) Geology cost surface 
Engineering-geological surveying and planning of railways is a difficult process of 

complex surveying and analytical evidences. Known, that engineering geological works for 
laying railway should be considered on main geological categories like regional, zonal, 
structural, tectonically and seismically geology and soil erosion. Unfortunately including all 
of them is time consuming as they are difficult to get. Currently a national geological survey 
map at scale of 1:200 000 compiled by the Kyrgyz geologic agency is not yet available, but a 
geology map of 1:200 000 from the Soviet period that was digitized and classified into 13 
categories in cooperation with geology expert has been used.           

According to the geology experts cost values have been assigned for geology map 
where high cost values 10 and 9 indicate very low suitability for marble, dolomite, basalt and 
quartz. The moderate suitable are lime stone and gypsum with moderate middle cost of 5.  
Other geology types are considered more suitable as is shown in Table 12.  
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Table 12. Geology’s cost surface for laying railway  
 

Geol 
ID Type of geology Cost value Scale value 

1 Pebbles 3 8 
2 Sand stone 2 9 
3 Sandy shale 3 8 
4 Clay 2 9 
5 Marl 2 9 
6 Shale 2 9 
7 Lime stone 5 6 
8 Marble 10 1 
9 Gypsum 5 6 
10 Dolomite 10 1 
11 Basalt 9 2 
12 Red bed 2 9 
13 Quartz 9 2 

 
4.5.2 Creating a suitability cost surface and modeling for rail route selection. 

After creating cost surfaces we need to calculate how suitable each area, or cell, is to 
travel through, or how much it will cost to travel through each cell. In this study a GIS 
analysis was performed using ArcGIS Model Builder (Figure 10). Models are represented as 
sets of spatial processes, such as reclassification to determine the categories for each input 
factor, and then assigned cost values for deriving cost surfaces which are combined with 
overlay techniques to derive a suitability cost surface. In weighted overlay technique each of 
the input factors were assigned a weight influence based on its importance which are derived 
in section 4.3.2.2 and then multiplied by each of the cost surfaces. Then the GIS weighting 
overlay process combined the cost surfaces such that the result is summed up producing a 
suitability cost surface as shown by the formula: 

 
Suitability cost surface = ∑ [cost surface (cn) * weight (wn)]       (Eq-2) 
where,      
         cn – characterize raster cell,  
         wn – weight derived from AHP pairwise, comparison 
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Figure 10. Model builder process for selection rail routes    

 
Once the suitability cost surface has been created in model builder, cost distance and 

cost path process were used to determine the least-cost routes. These processes took the 
suitability cost surface and calculated separately from each station the accumulated cost of 
traveling from any location back to the starting point. The last process calculated paths 
through the landscape from the destination stations along the least costly path back to the 
starting stations.  

 
4.5.3 Cost distance and path analyses    

The suitability cost surface as a cost raster and Arpa and Uzgen stations as a source 
dataset have been used to calculate the cost distance analysis.   

The cost values assigned to each cell are per-unit distance measures for the cell. The 
cell size is expressed in meters, the cost assigned to the cell is the cost necessary to travel one 
meter within the cell. The data resolution is 25m for this study, the total cost to travel either 
horizontally or vertically through the cell would be the cost assigned to the cell multiplied by 
the resolution [total cost = cost * 25]. To travel diagonally through the cell, the total cost 
would be 1.414214 multiplied with the cost of the cell and multiplied by resolution                   
[total diagonal cost = 1.414214 (cost * 25)]. 

To determine the cost for a path to pass through cells to reach a source, the cost is 
based on the node/link cell representation. In the node/link cell representation, each centre of 
a cell is considered a node and each node is connected by multiple links. Every link has 
impedance associated with it. The impedance is derived from the costs associated with the 
cells at each end of the link and the direction of movement through the cells. If the movement 
is from a cell to one of the four directly connected neighbours, the cost to move across these 
links to the neighbouring node is 1 times the cost of cell 1 plus the cost of cell 2 divided by 2. 

A1 = (cost1 + cost2) / 2 
Where cost1 is the cost of cell 1, cost2 is the cost cell 2, and a1 is the cost to move 

from cell 1 to cell 2. (ESRI, 2004). 
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4.5.4 Creating a profile 
 
The plan and longitudinal profile characterizes the route of the railway. 
The plan of the route is it’s projection on the horizontal plane that consists of straight 

lines connected with curvilinear paths. The longitudinal profile represents the analysis of the 
route on a vertical plane with intersections in different places. The profile is usually created 
for different purposes: 

a) analysis of fluency and regularity moving of trains in proposed railway; 
b) analysis of construction works in a scheduled period of the proposed railway; 
c) analysis of passing through elevation for tunnels;  
d) analysis of slopes in landscape; 
e) flood prevention of proposed railway at intersection with water bodies; 
f) analyse costs for construction of proposed railway; 
g) analyse of the prevention of landslides, snowslides, seismic activities and 

geological structure of proposed railway etc.     
 

GIS is applied to create a profile with the purpose of getting the optimal profile of a 
railway in order to select a best route which satisfies the request. A profile is helpful for 
analysis and the subsequent comparison of several variants of the railway and for successive 
improvements of railway project decisions. We apply GIS to create profiles that can represent 
the proposed route. The profiles can be divided by vertical row lines. By assigning values the 
intersection of these row lines we can identify the location of the proposed route.   

 
  The ArcGIS 3D Analyst has been used to create profiles for this study. Successfully 
created profiles for elevation and slope show the change of the route along a line on a surface. 
These profiles are shown below to help asses the difficulty of a trail and evaluate the 
feasibility of placing a rail line along a selected route.   
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CHAPTER 5:  RESULTS AND DISCUSSION 
5.1 Analysis of the proposed Arpa - Uzgen rail route   

 
Figure 11. The proposed Arpa-Uzgen rail route 

 
The analysis of the proposed Arpa-Uzgen rail route in Figure 11 shows that the Arpa 

station is located approximately 2900m above sea level inside a triangle between Tyan-Shan 
mountains in the south and the Fergana ridge in the north.  Here the relief covers a hilly desert 
area between 2700-3600m. The highest elevation on the Fergana ridge is 4385m which is 
covered by glacial areas. The proposed Arpa-Uzgen rail route with a total length of 137400m 
passes through medium and high mountain areas. First it passes in the opposite direction of 
Arpa river and reaches the Fergana ridge. This part is covered by a glacier with steep slopes 
we should considered the construction of a tunnel with high entry and low exit. The 
approximate altitude of the entry and the exit of the tunnel is within 2750-2850m, with a 
length of 10-12km. It is represented with red dashed lines in the profile image of proposed 
route. Then this route goes downward inside the gorge in direction of the Yassy river and 
reaches Uzgen station. Before linking to Uzgen station this proposed route crosses through 
Yassy is shallow water, where we should consider the construction of a big bridge. The main 
construction work on this route is a long tunnel on the steep slopes of the glacier areas, which 
should be protected of natural phenomena’s like landslides, snow slides and falling stones.  
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5.2 Analysis of the proposed Uzgen - Karasuu rail route  

 
Figure 12. The proposed Uzgen-Karasuu rail route 

 
The continuation of Arpa-Uzgen is the Uzgen-Karasuu rail route, which is shown in 

Figure 12. This proposed rail route with a total length of 42,3km passes through low 
mountainous areas and cross small rivers several times. The analysis of this rail route shows 
that it crosses the shallow waters of Kara-Darya and Kurshab two times why we should 
consider the construction of a big bridge. Both shallow waters are linking to Andijan basin 
which is located north of the proposal route. The places construction of the big bridges are 
shown in profile with black rectangles. This route then reaches a hill area where a tunnel 
should be constructed on approximate elevations of 880-920m with 6-8km length. It is shown 
with red dashed lines on the profile. Finally, the proposed rail route links to the existing 
Karasuu rail station located on the border between of Kyrgyzstan and Uzbekistan.  
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5.3 Analysis of the proposed Uzgen-Djalalabad rail route 

 
Figure 13. The proposed Uzgen - Djalalabad rail route   

 
The second continuation of Arpa-Uzgen is the Uzgen-Djalalabad rail route shown in 

Figure 13. This proposed rail route with a total length of 35,7km also passes through low 
mountainous areas that cross several small rivers and requiring the construction of small 
bridges. In the profile of this rail route is marked with a black rectangle where is crosses the 
shallow water of the Yassy and where we should consider the construction of very large 
bridge. The Yassy is connected to the Andijan basin which is located in the south of the 
proposed rail route. This route then reaches the hill area where the tunnel should be 
constructed on approximate elevations of 1050-1100m with 5-7km length. It is shown with 
red dashed lines in the profile. Finally, the proposed rail route links to the existing Djalalabad 
rail station.  
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5.4 Analysis of the proposed Uzgen – Kokjangak rail route  

 
Figure 14. The proposed Uzgen-Kokjangak rail route 

 
 

Yet another possible rail route from Uzgen station to existing stations in northerly 
direction is the Uzgen-Kokjangak rail route which is shown in Figure 14. This proposed rail 
route with a total length of 34,8km, passes through low and medium high mountain areas that 
crossing several small rivers requiring the construction of small bridges. This proposed rail 
route also crosses the shallow water of the Yassy leading to the need of constructing a very 
large bridge, the location of which is marked with a black rectangle in the profile of this rail 
route. Such as this rail route passes through medium high mountain areas that proposed the 
construction of two tunnels. The first proposed tunnel is on approximate elevation of 1020-
1070m with 6-8km length and the second is on approximate elevation of 1400-1460m with 6-
8km length. They are shown with red dashed lines in the profile. Finally, the proposed rail 
route links to the existing Kokjangak rail station.  

 
The above resultant routes need to be reconsidered manually by experts to identify 

potential improvements. This is especially so in places where the route crosses a river 
multiple times and it may be possible to reduce this to only one crossing with just a very small 
adjustment to the path.  
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5.5 Analysis of slopes of routes 
The proposed Arpa – Uzgen rail route 

 

Figure 15. Profile of slope Arpa-Uzgen rail route 
 
The profile of the slope Arpa-Uzgen (Figure 15) shows the result of the given criteria 

for slope which should not be steeply than 30%. Where the slope is steeper than 30% we are  
considering the construction of tunnels that reduce slope below 30%. We are previously 
mentioned the requirements on the trains depending on slope. From this information the slope 
profile we can find that this part of the rail route is requiring a triple-locomotive train.   

 
The proposed Uzgen – Karasuu rail route 

 

Figure 16. Profile of slope Uzgen-Karasuu rail route 
 

The slope profile Uzgen-Karasuu in Figure 16 shows that most of the rail route has 
slopes below 10%. Where the slope is above 20% we are considering the construction of a 
tunnel which will reduce the slope to 10% and can be traveled by a single-locomotive train.   
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Proposal rail route of Arpa-Uzgen
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5.6 Analysis of cost values of routes 
The cost analysis is an important part of any construction. The Table 13 that represents 

Arpa-Uzgen and Uzgen - Karasuu rail routes for acquiring cost values (%) and necessary  
areas (m2) to cross each geographic feature. The details intersection with geographic factors 
of the Arpa-Uzgen rail route is shown in Appendix B (Table 15) and Uzgen-Karasuu in 
Appendix B (Table 16).   
 

Table 13. Cost analyses of rail route Arpa – Uzgen - Karasuu 
Arpa - Uzgen Uzgen - Karasuu N Factors Values Pixels Aream2 Cost Values Pixels Aream2 Cost 

1 Landuse/ 
Landcover 20 6847 171175 27607 17 2035 50875 11030

2 Slope 1055 6847 171175 23064 28 2035 50875 3690 
3 Forest 9 554 13850 3075 0 0 0 0 
4 Settlement 0 0 0 0 0 0 0 0 
5 Road 8 55 1375 207 18 33 825 213 
6 Hydrology 10 276 6900 654 6 46 1150 170 
7 Geology 15 6847 171175 19125 3 2035 50875 6105 
Total 1117 21426 535650 73732 72 6184 154600 21208

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. Cost analysis for Arpa-Uzgen-Karasuu rail route
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Comparison of cost values
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Uzgen-Djalalabad Uzgen-Kokjangak

5.7 Comparison of Uzgen-Djalalabad and Uzgen-Kokjangak railways 

Figure 18. Comparison of slopes    

 Table 14. Cost analyses of rail route Arpa – Uzgen - Karasuu 
Uzgen - Djalalabad Uzgen - Kokjangak N Factors Values Pixels Aream2 Cost Values Pixels Aream2 Cost 

1 Landuse/ 
Landcover 17 1934 48350 9509 17 1800 45000 8485 

2 Slope 1055 1934 48350 14185 1055 1800 45000 27933 

3 Forest 0 0 0 0 0 0 0 0 

4 Settlement 3 54 1350 162 3 50 1250 150 

5 Road 18 23 575 118 8 15 375 59 

6 Hydrology 6 48 1200 172 6 28 700 92 

7 Geology 11 1934 48350 5511 5 1800 45000 4624 
Total 1110 5927 148175 29657 1094 5493 137325 41343

 
 
 
 
 
 

 

Figure 19. Comparison of cost values. 
The comparisons of slope profiles and cost values have been done in order to select 

the better rail route, from Uzgen-Djalalabad or Uzgen-Kokjangak. From the comparison we 
see that the Uzgen-Djalalabad route is better suited for construction and operational service 
with lower slopes than Uzgen-Kokjangak.    
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Figure 20. Proposed rail routes 
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Figure 20 shows the resultant rail routes from the study and also the route preferred by 
the Kyrgyz government’s State directorate on design and construction of the railroad in 
Kyrgyzstan. The route proposed by the government passes south of the study’s route through an 
area of very steep relief and will require the construction of four tunnels (including one very long 
tunnel), whereas the route proposed by this study only requires one tunnel. Also the 
government’s proposed route is only from Arpa to Karasuu via Uzgen and does not connect to 
Djalalabad and Kokjangak.  
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CHAPTER 6: CONCLUSIONS 
 

In this work we have explored the capabilities of GIS for locating a rail station and 
planning new railway routes in Kyrgyzstan. The study attempts to resolve some of the problems 
in the current railway system in the country and describes in detail the implementation and 
capabilities of GIS for the choice of better route alignment and station location.  

 
A spatial multicriteria decision making (SMCDM) process based on GIS techniques and 

capabilities was main task of this thesis work. This SMCDM process is useful as it allows 
multicriteria analysis and evaluation. Railway planners can design alternative routes and evaluate 
the ecological, social and economical impact of each route.   

 
The development of suitable location for the railway station and the laying of the railroad 

was based on the physical terrain factors. For the rail station these factors were analyzed for 
suitability with the multicriteria evaluation (MCE) method. Here they were standardized as 
factors for overlaying. For the railroad these factors were converted into cost values which were 
based on the basic cost parameters of existing constructions, bridges, tunnels and on the 
purchasing land; which resulted as cost factors. The factors and cost factors were then each 
assigned a relative importance that reflected where they lay in the overall scope of the study. 

 
  The analytic hierarchy process (AHP) has been successfully applied in this study for defining 
the relative importance of different parameters to the cases of locating a rail station and planning 
rail routes in the south of Kyrgyzstan.  The AHP has been integrated into a decision making 
process with geographic information system (GIS) technology for station location and route 
selection. 
 

The route from Arpa to Karasuu through Uzgen, while different from that proposed by 
the government, is a “least cost” path free from human bias, therefore if the assumptions made 
about the factor cost values are correct then we can be confident that the route proposed by the 
study, with some minor adjustments, is an optimum solution. 

 
From the new station Uzgen is possible to branch of railroads to Djalalabad or 

Kokjangak. This enlarges the state rail network and solves existing interior rail communications 
problems.   

 
Finally it needs to be said that while not all data that could have been used was available 

we can remain confident in the result so long as its limitations are understood. Also, as the 
methodology is sound, if this missing data was to become available in the future our model could 
be easily modified to make use of it. 
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Appendix A 
Standardized Factor and Constraint Maps 
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Appendix B 
 
Table 15 . Intersection of proposal rail route of Arpa – Uzgen in each layer 

A proposal rail route of Arpa - Uzgen 
  Values Pixels Area m2 Cost 

2 581 14525 1162 
3 235 5875 705 
4 4749 118725 18996 
5 948 23700 4740 

Landuse/ 
Landcover 

6 334 8350 2004 

1 

Sum 20 6847 171175 27607 
1 2703 67575 2703 
2 1615 40375 3230 
3 951 23775 2853 
4 381 9525 1524 
5 546 13650 2730 
6 194 4850 1164 
7 85 2125 595 
8 148 3700 1184 
9 109 2725 981 
10 110 2750 1100 

Slope 

1000 5 125 5000 

2 

Sum 1055 6847 171175 23064 
3 83 2075 249 Forest 6 471 11775 2826 3 

Sum 9 554 13850 3075 
Settlement 0 0 0 0 4 Sum 0 0 0 0 

3 34 850 102 Road 5 21 525 105 5 
Sum 8 55 1375 207 

1 178 4450 178 
4 14 350 56 Hydrology 
5 84 2100 420 6 

Sum 10 276 6900 654 
2 3530 88250 7060 
3 3015 75375 9045 Geology 
10 302 7550 3020 7 

Sum 15 6847 171175 19125 
Total Sum 1117 21426 535650 73732 
Total Length    142, 217 m 
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 Table 16 . Intersection of proposal rail routes in each layer 
 Uzgen - Karasuu Uzgen - Djalalabad Uzgen - Kokjangak 

 
N 

 Values Pixels Area m2 Cost Values Pixels Area m2 Cost Values Pixels Area m2 Cost 
2 60 1500 120 2 38 950 76 2 35 875 70 
4 187 4675 748 4 653 16325 2612 4 932 23300 3728 
5 566 14150 2830 5 637 15925 3185 5 311 7775 1555 

Landuse/ 
Landcover 

6 1222 30550 7332 6 606 15150 3636 6 522 13050 3132 
1 

Sum 17 2035 50875 11030 17 1934 48350 9509 17 1800 45000 8485 
1 1173 29325 1173 1 1007 25175 1007 1 654 16350 654 
2 247 6175 494 2 219 5475 438 2 37 925 74 
3 505 12625 1515 3 340 8500 1020 3 337 8425 1011 
4 77 1925 308 4 147 3675 588 4 89 2225 356 
5 9 225 45 5 171 4275 855 5 126 3150 630 
6 13 325 78 6 25 625 150 6 72 1800 432 
7 11 275 77 7 3 75 21 7 56 1400 392 
    8 6 150 48 8 318 7950 2544 
    9 2 50 18 9 60 1500 540 
    10 4 100 40 10 30 750 300 

 
Slope 

    1000 10 250 10000 1000 21 525 21000 

2 

Sum 28 2035 50875 3690 1055 1934 48350 14185 1055 1800 45000 27933 
Settlement 0 0 0 0 0 0 0 0 0 0 0 0 3 

Sum 0 0 0 0 0 0 0 0 0 0 0 0 
Forest 0 0 0 0 3 54 1350 162 3 50 1250 150 4 

Sum 0 0 0  3 54 1350 162 3 50 1250 150 
3 11 275 33 3 6 150 18 3 8 200 24 
5 8 200 40 5 14 350 70 5 7 175 35 Road 

10 14 350 140 10 3 75 30   0 0 
5 

Sum 18 33 825 213 18 23 575 118 8 15 375 59 
1 15 375 15 1 17 425 17 1 12 300 12 Hydrology 
5 31 775 155 5 31 775 155 5 16 400 80 6 

Sum 6 46 1150 170 6 48 1200 172 6 28 700 92 
3 2035 50875 6105 2 306 7650 612 2 776 19400 1552 
    3 1623 40575 4869 3 1024 25600 3072 Geology 
    6 5 125 30     

7 

Sum 3 2035 50875 6105 11 1934 48350 5511 5 1800 45000 4624 
Total 72 6184 154800 21208 1110 5927 148175 29657 1094 5493 137325 41343 

Total Length 42, 743 m 33, 190 m 35, 450 m 
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