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Abstract 

Highways are one of the main structures of cities in the field of economic, social, and environmental facilities that connect cities, 

regions, and people each other. Determining the suitable highway routes includes difficult and complex processes due to the 

construction costs. Additionally, priorities, expectations, and constraints for economic, social, and environmental parameters must be 

considered together to provide efficient solutions to requirements. Multi Criteria Decision Analysis (MCDA) techniques such as 

Analytical Hierarchy Process (AHP), Ideal Solution Similarity Selection Ranking Technique (TOPSIS), and Vise Kriterijumska 

Optimizacija I Kompromisno Resenje (VIKOR) and Least Cost Path Algorithm (LCPA) with Geographical Information Systems 

(GIS) combination are the most suitable way to overcome these complexities. In this study, slope, aspect, geology, elevation, 

distances to roads, settlements, water bodies, fault lines, buildings, natural disasters, protected sites, population, and land use were 

selected to determine most suitable highway construction areas and route. The AHP, TOPSIS, and VIKOR methods were applied to 

calculate cost surfaces for least cost paths generation with LCPA, and the generated three routes were compared. As a result of the 

comparisons VIKOR route was the most suitable route considering the topographical statistics and all the three methods consistent 

with each other and current road. 

Keywords: Multi-Criteria Decision Analysis, Analytical Hierarchy Process, Least Cost Path Algorithm, Geographical Information 

Systems 

Introduction 

The transportation systems have an importance that can 

accelerate the development of a country with its 

economic contributes. There is a very close relation 

between the transportation system of a city and its 

economic and social status (Vaghela et al., 2018; 

Mohammadı and Hosseınalı, 2019Tanga and Waters, 

2005). Thus, the analysis and planning of highways in 

developing cities are very important in the field of 

economic, social, and environmental parameters (Black, 

2003). The highway planning has some conflicts 

between economic and environmental perspective. 

Considering the cost parameter can have negative effects 

on the environment and habitat due to the demonstrated 

forests, changed water resources directions, construction 

wastes, air pollution, and noise. On the other hand, 

environmental oriented highway projects can increase 

the cost due to the higher slope, elevation values, and 

additional constructions like tunnels, bridges, and 

culverts. There are large amounts of study, which 

initialize the effects of highways to the environments. 

The issue of road planning has received considerable 

critical attention. The effects of highways on the habitat 

have been studied by Jung et al. (2013) and Morelli et al. 

(2014). The contributors of highways to deforestation 

have been studied by Freitas et al. (2010), Holderegger 

and Giulio(2010), Lewis et al. (2011), Abbott et al. 

(2012), Barber et al. (2014), and Newman et al. (2014). 

Environmental effects of the roads have been examined 

by Coffin (2007) and Schweikert et al. (2014). The 

effects of the highways on the agricultural lands have 

been studied by Saunders et al. (2002), Funderburg et al. 

(2010), Datta (2012), Wu et al. (2014), and Zhang et al. 

(2015). Some of the studies about traffic related 

pollutants and air quality have been conducted by 

Pattinson et al. (2014),  Patton et al. (2014), Batterman et 

al.(2015), Yazdi et al., (2015) , and Castaneda et al. 

(2016). Due to the negative effects of highway projects 

on the environment, considerably, the cost of the projects 

is getting increased. The environmental and cost 

priorities of the highway projects must be considered 

when examining the most suitable highway routes.  

A considerable amount of literature has been published 

on road planning (Burak et al., 2004; Çepni and Arslan, 

2017). One of main obstacles in road planning is that 

multi-factor must be considered. However, the synthesis 

of these factors remains a major challenge. The 

environmental or cost oriented highway projects can be 

defined with AHP which is the most applied method in 

MCDA and is based on an application used to determine 

the best solutions to the real problems. AHP has a high 

rate of application in a wide variety of disciplines with 
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spatial and non-spatial data compared to others such as 

the TOPSIS, and VIKOR (Hwang and Yoon, 1981; 

Arentze and Timmermans, 2000). TOPSIS is based on a 

distance calculation which assigns the shortest distances 

from positive ideal solution as the best alternative 

(Hwang and Yoon, 1981).  The VIKOR method is based 

on a ranking measurement which is determined by 

calculating the closeness of the alternatives (Opricovic, 

1998). 

LCPA algorithm is used to determine the route 

alternatives of highways with MCDA integration. LCPA 

provides users to find the cheapest route that connects 

two locations using a cost surface determined by 

considering multiple criteria (Hassan and Effat, 2013). 

The cost surface can be produced via GIS and the cost 

criteria can be evaluated and weighted with AHP. Some 

of the studies on LCPA involve selecting the fastest path 

with the least slope (Stefanakis and Kavouras, 1995), 

selecting three alternatives between destination and 

origin points (Hassan and Effat, 2013), and determining 

arctic all weather road (Atkinson et al., 2005), optimal 

route from multiple destination and origin points (Lee 

and Stucky, 1998) and multi-criteria based cost surfaces 

(Douglas, 1994; Collischonn and Pilar, 2000). 

Although there is a growing body of literature that 

recognizes multi-perspective approach in road planning, 

to date, there are few studies that have assessed multi 

factor for road design. This study shows the suitable 

highway locations and routes that determined by GIS 

based AHP and LCPA integration for operational 

solutions. While AHP determines the most suitable 

locations, LCPA decides the route considering the 

weights of parameters that calculated with AHP. GIS 

and AHP integration provides a cost surface to the 

LCPA such as environmental, economic, and social 

factors thus, the routes could be determined according to 

the desired parameter oriented approach. In this study, it 

was aimed to determine the most suitable highway 

locations by the TOPSIS, AHP, and VIKOR methods. 

Moreover, three alternative routes were generated by 

AHP, TOPSIS and VIKOR cost surfaces were compared 

with current routes to define the methods consistency. 

Materials and Methods 

Study Area 

Konya city is located in the middle of Turkey and has 31 

districts. It has the largest area in Turkey and the area of 

the entire Konya is 40814 km2 (Figure 1). The 

population of the city is 2.108.808 according to the 2014 

Census (Turkish Statistical Institute, 2019). A large 

amount of the population is settled in the city center, and 

the city has a rapidly increasing population trend with 

6%. 

Fig. 1. Study Area (Konya City) 

Konya has the largest highway network with the 3.045 

kilometer length in Turkey. Due to the geographical 

position, it is a crossroad for transportation between 

south and north. A large number of logistic vehicles use 

Konya highways on a daily basis to transport domestic 

and international livestock, agricultural and industrial 

products. 

Decision and Evaluation of Criteria 

Decision problems are depend on a set of criteria, 

include attributes and objectives, and should have 

features to adequately represent multiple criteria 

(Malczewski and Rinner, 2015) 

The set of evaluation criteria can be defined by the 

interested literature, analytical study, and opinions 

(Malczevski, 1999). As a result of the literature reviews 

and expert opinions, 14 criteria were considered within 

geological, environmental, economic, social, and 

topographic aspects. The defined criteria and their 

explanations were given below;  

Slope (SL): Slope is the basic elements of the highway 

constructions with its cost increasing effect. Steep slopes 

lead to higher excavation costs. Slope map was 

generated using 30 meter spatial resolution ASTER 

GDEM data. 

Aspect (AS): Aspect is land surface direction, also 

known as slope direction wherein values indicate the 

compass direction of surface faces at that location. 

Aspect criterion is considered to be able to determine 

directions and their effects on roads. Aspect data were 

derived from ASTER GDEM elevation model at 30x30 

meter resolution.  
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Elevation (EL): The importance of the elevation must 

be considered together with climate conditions of the 

region. The elevation varies from 770 to 3419 in Konya 

and has hard climatic conditions above 1500 meters. 

Especially at the elevation above 1800 meters, the region 

has really hard winter conditions with snow, very low 

temperature, and fog. Elevation maps retrieved from 

ASTER GDEM database.  

Geology (GL): Lithological features of the area have a 

very close relationship with the cost factor of highway 

constructions. While solid surfaces like rocky lands 

increase the excavation cost, the stability of the highway 

is provided mostly by rocks. The swamp areas are not 

suitable for constructions because these areas tend to 

corruption and distortion. Geological data were retrieved 

from General Directorate of Mineral Research and 

Exploration Institute.  

Distance to Faults (DtF): Fault lines usually cause 

collapse and segmentation on the land surface. These 

have negative effects on road suitability and 

construction. Fault lines were retrieved from General 

Directorate of Mineral Research and Exploration 

Institute.  

Distance to Water Resources (DtW): Rivers, dams, 

and lakes are considered to avoid construction costs of 

vents and bridges. Water resources data were retrieved 

from Open Street Map database.  

Distance to Water Wells (DtWe): Konya has over 

100.000 water wells due to the intensive agricultural 

activities. Water wells are one of the main factors of 

collapse on the road surfaces. The data were retrieved 

from General Directorate of State Hydraulic Works 

Institute.  

Land Use (LU): For the reason that highway 

constructions have a close relationship with land 

formation, land use/cover must be considered. The area 

is divided into six groups as urban area, water resources, 

forest, mountains, agriculture, and bare lands. Although 

highway construction is substantially important for 

developing industry and urbanization, protecting 

environmental facilities must be considered when 

planning highway routes.  Land use map was generated 

from CORINE 2018 Map. 

Natural Disasters (ND): Similar to fault lines, natural 

disaster areas such as landslide, flood basins, and 

sinkholes have vital importance on road stability. 

Disaster data were retrieved from Disaster and 

Emergency Management Presidency of Turkey.  

Protected Sites (PS): Protected site data includes 

habitat, endemic, and archaeological sites which must be 

protected from human made objects and their negative 

effects. The data were retrieved from Disaster and 

Emergency Management Presidency of Turkey. 

Distance to Settlements (DtS): Settlements were 

considered to provide the use of rest areas, fill stations, 

and other facilities. Distances to settlements were 

classified from 1000 to 9000 meters. The settlements 

data were retrieved from Open Street Map database.  

Fig. 2. a) Aspect, b) Buildings, c) Elevation, d) Fault lines, e) Geology, f) Land use, g) Natural Disasters, h) Population, 

i) Protected Sites, j) Roads, k) Settlements, l) Slope, m) Water Wells,  n) Water Resources.
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Population (PO): Populations of the settlements were 

considered to locate new highways according to the 

population density. Population values were retrieved 

from Turkish Statistical Institute web site (Turkish 

Statistical Institute, 2019) for last census 2016 for 584 

settlements.  

Buildings (BU): Buildings criterion was considered to 

prevent road route and building intersection. The 

buildings data were retrieved from Open Street Map 

database and 

Distance to Roads (DtR): Distances from the highways 

were considered to determine which locations needed 

new highway. Distances from the highways were 

classified from 1000 to 9000 meters, and ones higher 

than 9000 meters should have a higher weight to 

determine the regions far from existing highways. 

Highway map was retrieved from Open Street Map 

database.   

Each criterion map was generated considering the 

defined classes in GIS environment, and all the maps are 

given in Figure 2. 

Analytical Hierarchy Process (AHP) 

The AHP method proposed by Saaty (1977; 1980) 

calculates the importance of each criterion, from 1 to 9 

relatively (1=Equal, 3=Moderately, 5=Strongly, 7=Very, 

9=Extremely). The pairwise comparison matrix includes 

the scales (ann) which is used to determine the 

importance of each criterion. 

A normalized matrix is generated by a division of each 

element to the sum of its own column sum with Formula 

2. 

𝑎𝑖𝑗
1 =

𝑎𝑖𝑗

∑ 𝑎𝑖𝑗
𝑛
𝑖=1

(2) 

The average of the sum refers to the weights of each 

criterion (Formula 3). 

𝑤𝑖 = (
1

𝑛
) ∑ 𝑎𝑖𝑗

′𝑛
𝑖=1 , (𝑖, 𝑗 = 1,2,3, … . , 𝑛)  (3)

Saaty (1994) has proposed a Consistency Index (CI) 

calculation to decide whether the comparisons are 

consistent or not. CI is an indicator of the consistency of 

pairwise comparison matrix (Formula 4). 

𝐶𝐼 =
𝜆𝑚𝑎𝑥−𝑛

𝑛−1
(4) 

CI calculation requires to determine λmax (eigen value) 

value with Formula 5 and Random Index (RI) value 

according to the matrix order (1,57, in this study). 

𝜆𝑚𝑎𝑥 =
1

𝑛
∑ [

∑ 𝑎𝑖𝑗𝑤𝑗
𝑛
𝑗=1

𝑤𝑖
]𝑛

𝑖=1  (5) 

Consistency Ratio (CR) refers to the total consistency of 

AHP calculation (Formula 6). If CR is greater than 0.1, 

importance of each criterion must be reconsidered 

(Saaty, 1980). 

𝐶𝑅 =
𝐶𝐼

𝑅𝐼
(6) 

TOPSIS 

In evaluation matrix Ai, 𝐴 = (1,2, … , 𝑛) represents the 

alternatives and Ci,  𝐶 = (1,2, . . , 𝑚) a set of criteria 

where Xi (X11 to Xnm) defines the ratings. 

R and V matrices represent normalized weighted 

decision matrices considering the ratings with Formula 8 

and 9 (Hwang and Yoon, 1981). 

𝑟𝑖𝑗(𝑥) =
𝑥𝑖𝑗

√∑ 𝑥𝑖𝑗
2𝑛

𝑖=1

,      𝑖 = 1, … , 𝑛  ,   𝑗 = 1, … , 𝑚 (8) 

𝑣𝑖𝑗(𝑥) = 𝑤𝑖𝑥𝑟𝑖𝑗(𝑥), 𝑖 = 1, … , 𝑛  ,   𝑗 = 1, . . . , 𝑚 (9) 

While positive ideal solution consists of the largest 

element of the weighted normalized decision matrix V, 

negative ideal solution consists of the smallest element 

(Formula 10).  

A+ = {V1
+(x), V2

+(x), . , Vm
+(x)}

= {(max
𝑖

𝑣𝑖𝑗(𝑥) | 𝑗 ∈ 𝑗1) min
𝑖

𝑣𝑖𝑗(𝑥) |𝑗

∈ 𝑗2|𝑖 = 1, 𝑛}

A− = {V1
−(x), V2

−(x), . , Vm
−(x)}

= {(min
𝑖

𝑣𝑖𝑗(𝑥) | 𝑗 ∈ 𝑗1) max
𝑖

𝑣𝑖𝑗(𝑥) |𝑗

∈ 𝑗2|𝑖 = 1, 𝑛}

Di
* 

and Di 
– 

calculations include an Euclidean distance

determination that separates the alternatives from the 

positive and negative ideal solutions. The number of 

Di
*
and Di 

-
 should be equal to the number of alternatives

(Peters and Zelewski, 2007; Triantaphyllou, 2000). 

𝐷𝑖
∗ = √∑ ⌊𝑉𝑖𝑗(𝑋) − 𝑉𝑗

+(𝑋)⌋
2

,𝑚
𝑗=1 𝐷𝑖

− =

√∑ ⌊𝑉𝑖𝑗(𝑋) − 𝑉𝑗
−(𝑋)⌋

2
,𝑚

𝑗=1 𝑖 = 1, . . , 𝑛   (11) 

As a result, relative closeness to the ideal solution Ci
*
 (1

> Ci
* 

> 0) decides better solution with closeness to 1

(Formula 12).  

𝐶𝑖
∗ =

𝐷𝑘
−

𝐷𝑘
∗+𝐷𝑘

− ,  𝐶𝑖
∗ ∈ [0,1], ∀𝑖 = 1, … , 𝑛  (12) 

VIKOR 

The VIKOR method starts with the following Formula 

13, 

Lp,j = {∑ [
𝑤

𝑖(𝑓𝑖
∗−𝑓𝑖𝑗)

𝑓𝑖
∗−𝑓𝑖

− ]
𝑃

𝑛
𝑖=1 }

1/𝑃

1 ≤ 𝑃 ≤ ∞,  𝑗 =

1,2, … . 𝐽     (13) 

A Criteria 1 Criteria 2 Criteria 3 … Criteria n 

Criteria 1 𝑎11 𝑎12 𝑎13 … 𝑎1𝑛

Criteria 2 𝑎21 𝑎22 𝑎23 … 𝑎2𝑛

… … … … … … 

Criteria n 𝑎𝑛1 𝑎𝑛2 𝑎𝑛3 … 𝑎𝑛𝑛

C1 C2 C3 Cm

A1 𝑋11 𝑋12 𝑋13 … 𝑋1𝑚

A2 𝑋21 𝑋22 𝑋23 … 𝑋2𝑚

… … … … … … 

An 𝑋𝑛1 𝑋𝑛2 𝑋𝑛3 … 𝑋𝑛𝑚

Sarı and Şen / IJEGEO 9(2):027-038 (2022) 
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Within the VIKOR method, a ranking measure is 

established with L1,j=Sj and L∞j= Rj. The minimum Sj 

solution represents the maximum group utility, and the 

minimum solution Rj represents the individual regret of 

the opponent (Yu, 1973; Zeleny, 1982; Opricovic, 1998). 

Best 𝑓𝑖
∗and the worst 𝑓𝑖

−values, (i = 1,2,..,n),

𝑓𝑖
∗ = max𝑗 𝑓𝑖𝑗 , 𝑓𝑖

− =  min𝑗 𝑓𝑖𝑗,    represents a benefit

𝑓𝑖
∗ = min𝑗 𝑓𝑖𝑗 , 𝑓𝑖

− =  max𝑗 𝑓𝑖𝑗     represents a cost

will be used to calculate the values Sj and Rj with 

Formula 15, 

𝑆𝑗 =
∑ 𝑤𝑖(𝑓𝑖

∗− 𝑓𝑖𝑗)𝑛
𝑖=1

(𝑓𝑖
∗− 𝑓𝑖𝑗)

, 𝑅𝑗 =  𝑚𝑎𝑥𝑖 [
𝑊𝑖(𝑓𝑖

∗−𝑓𝑖𝑗)

(𝑓𝑖
∗−𝑓𝑖𝑗)

] , j =

 1, 2, … , J, (15) 

where wi are the weights of criteria. 

Compute the values Qj;  j = 1,2,...,m, by the Formula 16  

𝑄𝑗 =
𝑣(𝑆𝑗−𝑆∗)

(𝑆−−𝑆∗)
+

(1−𝑣)(𝑅𝑗−𝑅∗)

(𝑅−−𝑅∗)
                                        (16)

where   𝑆∗ = 𝑚𝑖𝑛𝑗 𝑆𝑗 ,   𝑆− = 𝑚𝑎𝑥𝑗𝑆𝑗 , 𝑅∗ =

𝑚𝑖𝑛𝑗 𝑅𝑗,   𝑅− = 𝑚𝑎𝑥𝑗𝑅𝑗

The best ranked Q (minimum) measure is proposed as 

the best solution. 

Generating Routes - Least Cost Path Algorithm 

Most of the routing methods involve least-cost 

algorithms and Dijkstra's and the Bellman-Ford 

algorithms are the most widely used algorithms (Nader, 

2006). Dijkstra's algorithm is based on a distance 

calculation from origin to destination that aims 

generating least cost path. Dijkstra's algorithm is as 

follows: (Rees, 2004), 

1. Zero value is assigned to the target cell.

2. All the neighboring cells are included in an active cell

list. In this step, costs to the target cell are calculated. 

3. The pixel which has the lowest cost is named as C,

and its cost is named as k; 

4. All the neighboring cells of C are named as S. A cost l

calculation for each cell is determined when moving to 

C. 

4.1. If C is not involved in the list, C is added with a k + 

l cost value, 

4.2. If C is included in the list, a comparison is realized 

for the pixel value and cost value. If cost value is less 

than pixel value, assign k + l value for C.  

5. The smallest distance is selected and the processes are

repeated from the 3rd order until all the values are 

calculated (Rees, 2004), (Dijkstra, 1959). 

Results 

Each criterion classes were specified considering the 

suitability values and assigned preference values from 1 

to 9. A Pairwise comparison matrix includes all criteria 

and their related preference values to be able to calculate 

the weights. The consistency ratio of the AHP 

calculation was 0.045 which means preference values 

were consistent. Pairwise matrix and calculated weights 

are given in Table 1.   

Table 1. AHP Pairwise comparison matrix and preference values 

Criteria SL GL DtW DtF LU ND DtWe PS AS EL DtS PO BU DtR Weight 

SL 1 0,4 3,5 3,1 0,4 2,5 5 2 3 0,4 5 3 2,5 5 0,093 

GL 1 4 4 0,5 3 6 2,2 4 0,5 6 4 3 6 0,125 

DtW 1 1 0,1 1,6 3,5 0,7 1,1 0,1 3,5 1,8 1,1 1,7 0,041 

DtF 1 0,1 0,9 1,3 0,7 1 0,1 1,2 1 0,8 1,2 0,029 

LU 1 6 9 4,5 7,8 0,9 9 7,8 6,5 9 0,228 

ND 1 0,5 0,5 0,7 0,9 2 1 0,7 1 0,040 

DtWe 1 0,25 0,3 0,35 1 0,5 0,3 0,6 0,025 

PS 1 1,4 0,2 2,5 1,5 1,1 2,5 0,052 

AS 1 0,1 1,5 1 0,9 1,5 0,035 

EL 1 9 8,5 7,2 9 0,218 

DtS 1 0,7 0,5 1 0,020 

PO 1 0,9 1,5 0,031 

BU 1 2 0,041 

DtR 1 0,023 

Table 2. Evaluation matrix for TOPSIS and VIKOR 

Criteria SL GL DtW DtF LU ND DtWe PS AS EL DtS PO BU DtR 

Weights 0,09 0,12 0,04 0,03 0,24 0,04 0,03 0,05 0,03 0,23 0,02 0,03 0,04 0,02 

LU1 8 9 9 9 6 9 9 9 3 5 5 4 9 4 

LU2 7 9 9 9 6 9 9 9 9 5 7 4 9 3 

LU3 6 9 9 9 6 9 9 9 3 5 4 2 9 9 

… … … … … … … … … 

LU1498 5 5 9 9 6 9 9 9 9 5 1 2 9 1 

LU1499 8 1 9 9 2 9 9 9 9 4 5 2 9 2 

LU1500 8 9 8 9 6 9 9 9 7 5 8 3 9 7 

For the purpose of constituting an evaluation matrix, 

there are 1500 test points specified in the study area 

(Figure 3). The test points were specified by identifying 

a homogeneous distribution to the study area and they 

are related ranking values for 14 criteria. Each value for 

test points were assigned by extracting raster values to 

points. The ranking values for each criterion are assigned 

to each test point between 1-9 considering the highway 

requirements (Table 2). 
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Figure 3. The distribution of the test points in the study area. 

Table 3.TOPSIS and VIKOR ranking values 

TOPSIS VIKOR 

LU Di
* Di

- Ci
* S R Q 

LU1 0,0029 0,0093 0,7596 0,1542 0,080 0,2201 

LU2 0,0029 0,0093 0,7610 0,1435 0,080 0,2128 

LU3 0,0033 0,0092 0,7368 0,1828 0,080 0,2396 

… … … … … … … 

LU1498 0,0038 0,0086 0,6903 0,2621 0,08 0,2936 

LU1499 0,0073 0,0050 0,4185 0,4907 0,184 0,6857 

LU1500 0,0029 0,0094 0,7635 0,1330 0,080 0,2057 

After the weights and evaluation matrix calculation, 

TOPSIS technique is used to determine the test point 

rankings. The TOPSIS technique is based on a 

calculation that the best alternative should have the 

shortest distance from positive ideal solution. The 

ranking values are used to determine R and V matrices 

via W criterion weights that calculated with AHP. The 

positive ideal solution A
+
 and the negative ideal solution 

A
-
, which are the maximum and minimum values of the 

V matrix, are calculated. Based on the A
+
 and A

-
 values, 

distance to positive ideal solutions Di
* 

and distance to 

negative ideal solution Di
- 
values are calculated for each

test point. Finally, relative closeness to ideal solution Ci
* 

values is calculated (Table 3) to determine the highway 

suitability ranking definition.  

In addition to the TOPSIS method, VIKOR method 

requires to specify the best fi
+
 and fi

-
 values. 

Determining the suitability of each test point depends on 

ranking alternatives by sorting Q values from low to 

high which refers to a suitability order. The minimum Q 

value demonstrates the highest suitability and the 

maximum Q value demonstrates lowest suitability. 

However, stability of the decision must be evaluated. 

Proposing Q value as a compromise solution, condition 1 

and condition 2 are evaluated. For acceptable advantage 

(C1), 𝑄(𝑎′′) − 𝑄(𝑎′) ≥ 1/(1 − 1500) equation is not

satisfied for this calculation. Thus, the condition 2 is 

satisfied for v=0.5 value by consensus. Suitability 

calculations for TOPSIS and VIKOR according to the 

Ci* and Q values are given in Table 3.  

LCPA calculation requires a cost attribute to assign a 

value when moving from origin to destination cell. The 

cost parameter can be a single criterion (such as 

elevation, slope) or a combination of multiple criteria. In 

this study, generated AHP, TOPSIS, and VIKOR 

suitability maps were used as cost surfaces in LCPA. 

The weights determined with AHP (Table 1) were used 

to generate the AHP cost surfaces and calculated with 

the following equation; 

AHP Cost Surface =∑ = 𝑤𝑖. 𝑟𝑖 = 𝑊𝐴𝑆.
𝑛
𝑖=1 AS + 

𝑊𝐺𝐿.𝐺𝐿 + 𝑊𝐷𝑡𝑊. 𝐷𝑡𝑊 +  𝑊𝐷𝑡𝑆.𝐷𝑡𝑆 +
𝑊𝐷𝑡𝐹.𝐷𝑡𝐹+𝑊𝐸𝐿.𝐸𝐿 +  𝑊𝐿𝑈. 𝐿𝑈 +  𝑊𝑁𝐷.𝑁𝐷 +
 𝑊𝐷𝑡𝑊𝑒.𝐷𝑡𝑆𝑊𝑒 + 𝑊𝑃𝑆.𝑃𝑆 + 𝑊𝐴𝑆.𝐴𝑆 +  𝑊𝑃𝑂.𝑃𝑂 +
 𝑊𝐵𝑈.𝐵𝑈 + 𝑊𝐷𝑡𝑅.𝐷𝑡𝑅

TOPSIS and VIKOR cost surfaces are generated via 

Inverse Distance Weighted (IDW) method considering 

Ci
* 

and Q values. The cost surface values tend to be

between minimum 1 and maximum 9 Saaty, (1977). 

Creating Suitability Maps 

In the study, AHP, TOPSIS, and VIKOR methods were 

performed for determining suitable route for road 

planning. As a result of the study, 42% of the study areas 

had very high suitability for highway construction 
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according to the TOPSIS and VIKOR calculations. 

Considering the weights of all criteria, elevation 22%, 

land use 23% and slope have 9% importance in total 

weight calculation. Approximately 54% of the suitability 

composed of these criteria. Generated suitability maps 

(also cost surfaces) indicate that there is a good 

similarity and correlation between the AHP, TOPSIS, 

and VIKOR methods (Figure 4 and Table 4).   

Fig. 4. a) AHP, b) TOPSIS, c) VIKOR Cost surfaces 

According to the suitability results (Table 4), TOPSIS 

and VIKOR suitability rates are quite close to each other 

with 42,02% and 41,96%. Although AHP suitability rate 

is less than others, sum of the high and moderate 

suitability rates are very close with 78,35%, 64,54%, and 

67,51% respectively. Thus, the AHP method calculated 

highest suitability rates.  

Table 4. Suitability rates and statistics values 
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Generating LCPA Routes 

After generation of suitability maps, the least cost paths 

were determined for AHP, TOPSIS and VIKOR cost 

surfaces separately (Figure 5). The origin and destination 

points were defined considering the existing highways 

and intersections of highways connecting the districts. 

The region between origin and destination includes 

agriculture, forest, high mountains and related slope 

values, water resources, and both suitable and unsuitable 

geologic formations. Thus, the mentioned land 

characteristic features represent a good test surface for 

the generated routes and their reliability and 

applicability. LCPA routes are given in Figure 5.  

Fig. 5. Generated AHP, TOPSIS, and VIKOR routes 

Fig. 6. AHP, VIKOR, and TOPSIS value of cost surface 

on current road 
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Comparing the Generated Routes and Current Roads 
Current roads and AHP, VIKOR, and TOPSIS cost 

surfaces were compared with overlay analysis. Current 

roads were located on the cost surface on each method 

and the values of the each surface on current roads were 

extracted. The extracted values of these methods 

presented in Figure 6. According to the Figure 6, 

VIKOR and TOPSIS have almost similar trends. There 

are more fluctuations on AHP results. The locations of 

low values and high values are in the same regions for 

all methods. Moreover the average values of the cost 

surfaces are AHP 0.68, VIKOR 0.65, and TOPSIS 0.68. 

These results show that all the three methods consistent 

with each other and current road. 

Assessments on Topographical Surfaces 
3d view of the routes can give some idea about the 

routes behavior and priorities, before examining the 

detailed results. Therefore, the generated routes were 

overlapped with the DEM surface of the study area to 

understand the routes location and their characteristic 

features (Figure 7). 
Fig. 7. 3D view of the AHP, TOPSIS and VIKOR routes 

Fig. 8. Elevation comparison of generated routes. 

Deciding the most suitable routes requires a comparison 

of the routes according to the elevation values. The 

routes tend to be close each other considering the 

homogeneous geographical distributions of the criteria. 

The comparisons of the routes are given below. First of 

all, elevations of the routes are the main decisive 

parameter of the costs. Comparison of the route profiles 

are given in Figure 8. AHP and TOPSIS routes tend to 

be located in higher elevation as it is seen in Figure 8. 

Thus, the excavation costs of the AHP and TOPSIS 

routes were increased. VIKOR route tends to be slighter 

than the others and it has less excavation costs. 

In Figure 9, VIKOR route follows the contour lines 

better than other routes. Slope and elevation criterion 

have an increasing effect on construction costs. Beside 

the excavation cost, higher slope values require 

additional constructions such as retaining walls, splays, 

and culverts. Additionally, the average elevation of the 

routes is important in the field of climate conditions, 

temperature, and precipitation. The lengths of routes 

slope and elevation statistics of the routes are given in 

Table 5.  

Table 5. Elevation and slope statistics of routes 
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While AHP and TOPSIS routes were located at higher 

elevation, VIKOR route was located at lower elevation 

than the others. The critical elevation of study region is 

1500 meters above sea level which defines the start level 

of very hard winter conditions. When evaluating average 

slope values of routes, it seems that all routes had the 

same average slope (approximately 5,5%) which can 

reduce the costs considerably. However, the lengths of 

the routes have also an important effect on costs and 

calculation of average slope value. The lengths were 

very close to each other, but TOPSIS route was shorter 

than the others generally. VIKOR route was the longest 

route because it tends to follow land surface and contour 

lines better than other routes.  

Aspect criterion is related to meteorological conditions 

especially in winter seasons. The north faces of the roads 

tend to be icy and snowy considering the other 

directions. Thus, the direction rates of the routes are 

calculated and given in Table 6. VIKOR and AHP route 

has an advantage according to the aspect because they 

have low rate in North slopes and high rate in South 

slopes. 

Fig. 9. Contour lines and routes. 

Table 6. Aspect rates of the routes 

North South East West 

AHP 8,9% 20,5% 7,6% 7,6% 

TOPSIS 14,2% 15,0% 8,4% 11,5% 

VIKOR 11,9% 21,3% 12,3% 11,1% 

The routes were overlapped with land use and their 

statistical results are given in Table 7.  

Table 7. Land use overlay of the routes 

AHP TOPSIS VIKOR 

Mountain 2,71% 8,40% 8,20% 

Forest 2,23% 0,44% 3,28% 

Bare Lands 0,00% 0,00% 1,63% 

Agriculture 95,06% 91,16% 86,89% 

According to the Table 7, the AHP and TOPSIS routes 

are overlapped with agricultural lands mostly while the 

VIKOR route is overlapped with the mountains. 

However, VIKOR route is overlapped with agricultural 

lands mostly, and it tends to be overlapped with bare 

lands if exist.  

Conclusion 

GIS have emerged as powerful platforms for road 

planning. MCDA is an important component in GIS 

platform, and plays the key role in decision support. 

MCDA is increasingly important area in road planning. 

Because one of the greatest challenges in road planning 

issue is considering the environmental, socio-economic, 

geologic, topologic, and etc. factors together. GIS based 

MCDA can important role in addressing this issue. This 

paper describes the design and implementation of GIS 

based MCDA methods for road design. Moreover, the 

specific objective of this study was to compare three GIS 

based method performance for road design.  

In this context, the most important factors are the criteria 

selection and data preparation for the study area. First, 

decision-makers should decide whether the project will 

be environmental or cost-driven according to the 

priorities of highway constructions. Then the weights of 

the criteria can be easily modified with AHP according 

to the priorities. Although 14 criteria were used in this 

study, more criteria can be added to protect the habitat 

such as migration routes of birds, the endemic plants, 
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endangered animal live area, grasslands and organic 

agricultural lands. Thus, the realistic highway routes can 

be determined with enlarging the scope of the land 

facilities. Another important issue in this scope is the 

data collection and data accuracy. The spatial resolutions 

of the Aster Gdem data are 30 meters, so spatial 

resolution of the elevation, slope, and aspect were 30 

meters. Thus, the accuracy of the project was maximum 

30 meters. While this value is enough to determine 

suitability areas, higher resolutions will be getting better 

results. 

Considering the suitability values and cost surfaces, they 

were quite close to each other. Nevertheless, the 

generated routes had different characteristic features and 

represented the expectations in different locations. These 

differences can enrich the decision process to be able to 

involve all possibilities and limitations together. It is 

very important to emphasize that the weight calculation 

stage has a critical process due to the usage of weights in 

each MCDA method. Modifying or updating weights 

will change the cost surfaces and also routes. Thus, the 

weights should be calculated accurately. Moreover, the 

classification of the criteria and related preference values 

should be determined carefully. Especially, threshold 

values and critical limit values (such as 10% max limit 

of the maximum slope of highways) should be reflected 

to the classification of the criteria if exist.  

The results show that VIKOR route was the most 

suitable route considering the slope, elevation, land use, 

and aspect statistics. However, VIKOR route was longer 

than other routes, some excavation costs are equal to 

several kilometer road construction costs. Thus, experts 

should consider the cost of the routes when deciding. On 

the other hand, the routes should be investigated and 

minor modifying can be processed on highway routes. 

Especially, VIKOR route wasa determined within less 

slope and elevation. Thus, the routes can be intersected 

with the water collect and flow lines of the mountains 

and hills. This will increase the cost due to the new 

construction requirement such as culverts and drainage 

structures. According to the settlements, the crossroads 

and intersection points can be easily decided by an 

investigation process on the determined highway routes.  

Consequently, this study uses a qualitative case study 

approach to assess multi criteria for road planning and it 

was observed that integration of MCDA, LCPA, and GIS 

functions provide an effective platform to determine the 

suitability. Therefore this study makes a major 

contribution to research on road planning by considering 

multi criteria. It is expected that this GIS-based MCDA 

approach on road planning implemented elsewhere in the 

world.  
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