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Abstract. Logistics activities are becoming more important with the increase in global 

competition.  For this reason logistics centers are being established in order to facilitate 

logistics activities and to provide a more effective realization. The interest in the logistics 

center is increasing all over the world. Our country is also aimed to establish logistics 

centers in different regions for development plans.  In this study, which provinces would be 

appropriate for the establishment of logistics centers in the Black Sea region is determined 

with MOORA Method using by 10 different criteria. While Samsun takes the first place in 

the results of analysis to establish the logistics center, Trabzon and Zonguldak are 

considered available cities to build logistics center. 
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1. Introduction 
s decreasing costs, firm acquire priorities including to enhance their market 

shares, firm continuity and providing competitive edge in the sector in 

today’s market conditions where global competition has been increasing 

over time. Logistics costs, which create an important item in product costs, are also 

regarded in this concept and they are tried to be decreased. One of the ways to 

decrease the logistics costs is to preferred logistics centers, which decrease 

transportation and storage costs as utilizing condensation effects (Hamzaçebi & 

Ġmamoğlu, 2014). As a word meaning, logistics is defined in Merrian-Webster 

dictionary as “maintaining a complicated movement or event which requires 

planning and organizing processes as covering many people” (URL 1). 

Attention to logistics centers has been increased in developing and developed 

countries, throughout the world. Logistics centers firstly were established in United 

States of America. The first examples in Europe were seen in France and then Italy 

and Germany (Aydın & Öğüt, 2008). Establishing logistics centers in our country 

were planned in coverage of development studies in several regions. Although 

logistics centers have different definitions in different sources, they generally 

represent an area in a safety environment, in which all kinds of logistics activities, 

including transportation, storage and distribution, can be carried out with multiple 

transportation facilities and covering public institutions like customs (Kayıkçı, 

2010). Another qualification of logistics centers is to eliminate traffic load resulting 

from freight transportation in cities. For this purpose, logistics centers are generally 
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established in points out of cities where the transportation is convenient (Aydın & 

Öğüt, 2008). 

Providing benefits in the purpose of logistics center establishment could only be 

possible with strategic location selection. There are many studies in the available 

literature which use different techniques for logistics center location selection. 

Kayıkçı (2010) provided two different decision making models for logistics center 

location selection with Fuzzy Analytic Hierarchical Process and Artificial Neural 

Network techiques. In another study in the literature, a model is suggested for 

logistics center location selection with a mix technique including axiomatic fuzzy 

set and TOPSIS techniques (Li et al., 2011). Kampf et al. (2011), as determining 

important criteria for public logistics centers, offered supportive software using 

weighted sums approach. Georgijevic et al. (2012) developed a mathematical 

model which was based on enhanced capacity limits, fixed cost and location 

selection-assigning model in order to determine the amount, locations and sizes of 

public logistics centers so that they applied the model for a numerical case study in 

Serbia to show the efficiency of the model. Ka (2011) offered a mix method which 

was consisted of fuzzy AHP and ELECTRE methods for dry product storage 

centers which was planned to be established in China. 

Regmi and Hanaoka (2013) created two different model for logistics centers 

location selection in Laos with AHP and goal programming techniques and they 

showed that obtained results were consistent with each other. Yang et al. (2006) 

suggested a model in which they combined tabu search algorithm, genetic 

algorithm and fuzzy simulation for logistics distribution center and they showed 

the application of this model in a numerical case study. Ji et al. (2013) established 

an optimization method for a regional express distribution center location selection 

and solved the model with fuzzy C-means clustering algorithm. Markovic et al. 

(2013) suggested MODIPROM technique depending on PROMETHEE method for 

logistics center location selection. Hamzaçebi and Ġmamoğlu (2014) presented a 

goal programming model for logistics center location selection which was planned 

for East Black Sea Region of Turkey. 

In this study, by considering 10 different criteria, which are determined through 

literature research, for MOORA multiple criteria decision making technique; the 

city on which the logistics center should be established for Black Sea Region is 

determined. In the second section of this study, Black Sea Region is introduced; in 

the third section, a brief knowledge about the MOORA technique is given; in the 

fourth section, the case study is presented and the last section is the conclusion 

part. 

 

2. Black Sea Region  
As one of seven geographic regions of Turkey, Black Sea is located in 109802,9 

km
2
 area and consist of almost 14% of total country land; so that it is the third 

biggest region of Turkey (URL 2). Another specification of the region is to have 

the longest area in the direction of east to west. It could be said that the region is 

not clustered in as other regions are, and it spreads in the edge of Black Sea as a 

line. This shows that the edge cities are far away from each other. 18 cities in the 

region could be listed as in alphabetic order as follows;  Amasya, Artvin, Bartın, 

Bayburt, Bolu, Çorum, Düzce, Giresun, Gümüşhane, Karabük, Kastamonu,Ordu, 

Rize, Samsun, Sinop, Tokat, Trabzon, Zonguldak 

7.547.841 population of the region consists of almost 10% of total country 

population. Population distribution of the region is provided in Table 1 in terms of 

cities (URL 3). As could be observed in Table 1, the cities with the highest 

population are as Samsun, Trabzon and Ordu. 
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Table 1. City Population in Black Sea Region 

Cities Population Cities Population 

Amasya 322.283 Karabük 225.145 

Artvin 167.082 Kastamonu 359.808 

Bartın 188.436 Ordu 741.371 

Bayburt 75.797 Rize 324.152 

Bolu 281.080 Samsun 1.251.722 

Çorum 529.975 Sinop 201.311 

Düzce 346.493 Tokat 613.990 

Giresun 419.555 Trabzon 757.898 

Gümüşhane 135.216 Zonguldak 606.527 

 

Export volume belong to the region for 2012 was 3.513.990.000 USD and its 

contribution to country as 2,3% while import volume for the same year was 

3.648.408.000 USD and its contribution as 1,9%. Export and import volumes for 

cities are provided in Table 2. It is important that the foreign trade scarcity of the 

region in comparison with the geographic size within country is striking. 

 
Table 2. City Import and Export Volume in Black Sea Region 

Cities 
Export (1000 

USD) 

Import (1000 

USD) 
Cities 

Export (1000 

USD) 

Import (1000 

USD) 

Amasya 65.015 84.972 Karabük 167.424 482.827 
Artvin 77.594 72.806 Kastamonu 30.383 29.571 

Bartın 14.116 15.211 Ordu 334.142 104.245 

Bayburt 348 5.145 Rize 389.437 25.941 
Bolu 99.505 179.394 Samsun 422.749 1.006.611 

Çorum 166.369 98.436 Sinop 27.292 9.331 

Düzce 86.272 85.588 Tokat 37.346 20.454 
Giresun 175.028 9.851 Trabzon 1.099.596 157.722 

Gümüşhane 216 4.007 Zonguldak 321.158 1.256.296 

 

Only Amasya, Karabük, Samsun, Tokat and Zonguldak cities have railway 

transportation opportunity in Black Sea Region. Therefore, as a general evaluation, 

it could be claimed that Black Sea Region experiences railway transportation 

scarcity in region-wide. Railway map for the region is provided in Image 1 (URL 

4). Additionally, it could be stated that there are missing parts in terms of airline 

transportation in region-wide. There are only usable 6 airports in the whole region. 

These airports are located in Amasya, Samsun, Sinop, Tokat, Trabzon and 

Zonguldak cities. 

 

 
Image 1. Railway Map for Black Sea Region 
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3. MOORA Method 
MOORA (Multi-Objective Optimization by Ratio Analysis) method is one of 

the multiple criteria decision making techniques. Although MOORA is very new 

method, it has been used for different application areas. Since it is an easy to use 

method and it enables for researcher to reach conclusion fast, MOORA is regarded 

as a method which will be used more frequently in the future.  

As being the first study on which MOORA method is implemented, in the 

transition economy, general information about MOORA method is presented. It is 

stated that it is an alternative technique among other methods in multiple criteria 

decision making problems and it is a superior technique especially in terms of 

reference point technique (Brauers & Zavadskas, 2006). MOORA method was 

used to make a selection among alternatives for the best road design and to apply a 

methodology to evaluate multiple criteria for multiple purpose optimization study 

of road design alternatives, as being another study, which was conducted in subject 

matter (Brauers et al., 2008). 

Gadakh (2011) reported that the MOORA method could be used for its 

applicability and flexibility features for solving several complex decision making 

problems in production environment for the study of parameter optimization in 

grinding process. The author applied MOORA to find the best alternative among 

all alternatives depending on multiple criteria in different decision making 

processes (Gadakh, 2011). Chakraborty (2011) has used MOORA technique for 

production systems. The author reported that determination of best alternative for 

industrial robot, flexible production system and computer aided numerical control 

machines, fast prototype acquiring process and automatic evaluation process can be 

considered as multiple criteria decision makin problem (Chakraborty, 2011). 

Önay and Çetin (2012) ranked touristic destinations in Istanbul in terms of their 

awareness levels with TOPSIS and MOORA methods from multiple criteria 

decision making methods. Karande and Chakraborty (2012) used MOORA method 

for product design and material selection for production process. 

MOORA (Multi-Objective Optimization on the basis of Ratio Analysis) is 

defined as a analyzing process in optimum fashion for two or more specifications 

or purposes which is conflicted under some limits (Brauers & Zavadskas, 2009; 

Chakraborty, 2011). 

It could be seen that various MOORA techniques are present in literature. These 

techniques could be listed as MOORA-Ratio method, MOORA-Reference Point 

approach, MOORA-Full Multiplicative Form and MULTI-MOORA. Although the 

method selection is depending on the researcher initiative, the most frequently used 

methods are found as ratio method and reference point approach methods of 

MOORA in the related studies. In basis of MOORA method, there is data matrix in 

which criteria and alternatives are located. The general form of this matrix is 

provided below; 

 

X =  

𝑋11 𝑋12    … 𝑋1𝑛

𝑋21 𝑋22    … 𝑋2𝑛

… …… …
𝑋𝑚1     𝑋𝑚2   …𝑋𝑚𝑛

  

 

Data matrix is the basic of each MOORA method. Although different 

mathematical equations are applied to data in different methods, the data in this 

matrix is primarily normalized in each method. 
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3.1. MOORA-Ratio Method 
Data should be normalized as the first step of the method. 

 

𝑥𝑖𝑗
∗ =

𝑋𝑖𝑗

  (𝑋𝑖𝑗 )^2𝑛
𝑖=1

  ,    ∀𝑗 𝑤ℎ𝑒𝑟𝑒      (1) 

 

i= 1,2…m: the amount of alternatives 

j= 1,2…n: the amount of criteria 

Xij: performance value measured for jth criterion of ith alternative  

Xij
*
: normalized value of performance value measured for jth criterion of ith 

alternative  

In ranking process with MOORA Ratio method, the sum of value of criteria 

whose purpose is to minimize for each alternative is subtracted from the sum of 

normalized value of criteria whose purpose is to maximize for each alternative. 

Therefore, single value for each alternative is obtained and alternatives are ranked 

depending on these values. 

 

𝑌𝑖
∗ =   (𝑋𝑖𝑗

∗ )𝑐
𝑗=1 −  (𝑋𝑖𝑗

∗ )𝑛
𝑗=𝑐+1       (2) 

 

Yi
*
: order of ith alternative 

j=1,2…c: the amount of criteria to be maximized 

j= c+1, c+2…n: the amount of criteria to be minimized 

In the ranking process, which will be conducted using this method, bigness of 

Yi
*
 values are considered. 

 

3.2. MOORA-Reference Point Method 
As in Ratio Method, in Reference Point Method, the normalized data values are 

utilized. Additionally, reference points are established for each criterion. Reference 

points are assigned as the best value of criteria ordering process and the distance of 

each value to these points. 

 

dij= |rj-Xij
*
|         (3) 

 

rj: reference point value of jth criterion 

dij: The absolute value of each normalized value to reference point 

After calculating the distance of each value to reference point; 

 

Yi
*
= Min(i){maks(j) dij}       (4) 

 

The alternative whose Yi
* 

value is the greatest is considered as the best 

alternative. 

 

4. Findings and Discussion  
4.1. Data Set 
In this study, 10 criteria from demographic, economic and social areas, which 

are effective on logistics activities, were determined with literature review. The 

cities appropriateness for logistics centers is determined using these criteria. The 

data belong to 2012 for the 10 criteria were used. Criteria, criteria explanations, 

data sources and criteria references are presented in Table 3 and the value of each 

city in respect to the criteria were provided in Table 4. 
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Table 3. Criteria Explanation 

Criteria Name Criteria Explanation Data Source Data Reference 

Population 
The amount of people 

registered in cities 
Turkey Institute of 
Statistics (TUĠK) 

Hamzaçebi  and 
Ġmamoğlu (2014) 

Export Export volume in cities TUĠK Kayıkçı (2010) 

Import Import volume in cities TUĠK Kayıkçı (2010) 

Industry and 
Electricity Power 

Electricity energy consumption 

amount which cities use for 

industrial purposes 

TUĠK Es  et al.(2014) 

Airline Transport 

Material volume which cities 

transport through airline 

transportation method  

TUĠK Es et al. (2014) 

Railway 
Airline road length within city 

borders 
TUĠK 

Regmi (2013)  

Kampf (2011) 

Material Handling 

Material volume which cities 
transport through maritime 

transportation method 

Maritime Commerce 

General Directorate  
Kayıkçı (2010) 

Vehicle-km 
Vehicle volume amount in one 

km distance in cities  
Highways General 
Directorate(KGM) 

Es et al.(2014) 

Tonne-km 
The amount of material per km 

which cities transport  
KGM Ka (2011) 

Total Distance 
Total distances of cities to other 

cities in Black Sea Region 
KGM 

Hamzaçebi and 

Ġmamoğlu (2014) 

 

 
Table 4. Value of each City in Each Criterion (Decision Matrix) 

  

Population 

(Person) 

Export 

(1000 

dollar) 

Import 

(1000 

dollar) 

Airline 

Transport 

(tonne) 

Industry 

and 

Electricity 

Power 

(MWh) 

Railway 

(km) 

Material 

Handling 

(tonne) 

Vehicle 

-km 

(amount/ 

km) 

Tonne-

km 

(amount/ 

km) 

Total 

Distance 

(km) 

Amasya 322283 65015 84972 703 158002 69 0 714458 2032898 6168 

Artvin 167082 77594 72806 0 117653 0 858186 293020 613385 11302 

Bartın 188436 14116 15211 0 117731 0 1464169 203726 259724 8693 

Bayburt 75797 348 5145 0 12436 0 0 97422 252161 8933 

Bolu 281080 99505 179394 0 502756 0 0 1365722 4617875 8647 

Çorum 529975 166369 98436 0 313223 0 0 944663 2694665 6344 

Düzce 346493 86272 85588 0 435294 0 0 963171 2693749 9261 

Giresun 419555 175028 9851 0 63830 0 764380 717811 1609580 6512 

Gümüşhane 135216 216 4007 0 61022 0 0 258607 640907 7646 

Karabük 225145 167424 482827 0 662933 120 0 334027 684226 7745 

Kastamonu 359808 30383 29571 0 281969 0 453688 596439 1283439 6370 

Ordu 741371 334142 104245 0 321679 0 2048626 873595 1747937 6248 

Rize 324152 389437 25941 0 212336 0 1139663 577401 1041987 8798 

Samsun  1251722 422749 1006611 12635 1074480 148 8910426 1971773 3962832 5806 

Sinop 201311 27292 9331 688 105494 0 0 234689 551234 6726 

Tokat 613990 37346 20454 219 171930 137 0 568794 1226854 6724 

Trabzon 757898 1099596 157722 24719 234198 0 3448843 1269220 1919001 7748 

Zonguldak 606527 321158 1256296 635 2008496 69 15585821 583450 953104 9031 

 

4.2. MOORA Implementation 
Establishing decision matrix is the first step for the application of MOORA 

method. After this step, rankings were conducted with MOORA-Ratio and 

MOORA-Reference methods as following the steps mentioned in the section 3. 

Additionally, criteria were weighted with the weights, which were obtained in the 

related literature and rankings were obtained both of the methods. Values relate to 

criteria weights are presented in Table 5. 

 
Table 5. Criteria Weights 
Population 

 

Export Import 

 

Airline 

Transport 

Industry 

Electricity 

Power  

Railway Material 

Handling 

Vehicle 

(km) 

Tonne Total 

Distance 

0.11 0.08 0.08 0.13 0.03 0.15 0.16 0.03 0.09 0.14 

 

While total distance is cost type criterion all the others are benefit type criteria. 
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Through the given information, the results of 4 different analyses which are 

conducted with MOORA methods are showed in Table 6. 

 

 
Table 6. Ranking of Cities 

 

Equal Weight Weighted 

 

MOORA Ratio MOORA Reference MOORA Ratio MOORA Reference 

Amasya 9 3 7 10 

Artvin 15 7 16 7 

Bartın 16 8 15 5 

Bayburt 18 9 18 11 

Bolu 5 10 8 12 

Çorum 8 11 9 13 

Düzce 10 12 12 14 

Giresun 12 13 10 8 

Gümüşhane 17 14 17 15 

Karabük 4 15 5 16 

Kastamonu 13 16 13 9 

Ordu 6 17 6 4 

Rize 11 18 11 6 

Samsun 1 1 1 1 

Sinop 14 4 14 17 

Tokat 7 6 4 18 

Trabzon 3 2 3 2 

Zonguldak 2 5 2 3 

 

4.3. Discussion 
In this study, it is aimed to determine the most suitable city of Black Sea Region 

for logistics center location. The MOORA method was implemented for logistics 

center location selection in two ways as according to the equal weighted and 

different weigted criteria evaluation. It is clear in Table 6 that Samsun is the most 

suitable city in the region for logistics center location.  

Samsun takes the first place since it has both airline transportation and maritime 

transportation opportunities, it is the most crowded city in the region, and the total 

distance to other cities is minimal so that it is a center city. Additionally, export 

and import values are higher comparison to many cities in the region. 

For the increase demand for logistics centers in the region, the second and third 

ranks are obtained by Trabzon and Zonguldak, respectively. As could be observed 

in Table 4, export volume of Trabzon and import volume of Zonguldak are higher 

than all other cities in the region. 

 

5. Conclusion  
Since there are more than one criteria and more than one alternative in logistics 

center location selection problem which is planned to be established in Black Sea 

region, it requires to use multiple criteria decision making methods as a solution 

tool. Problem analysis is conducted with MOORA method which is often used for 

multicriteria decision problems recently. As a result of analyzing this problem, the 

conclusion of the necessity to establish the logistics center firstly in Samsun in 

Black Sea region. Trabzon and Zonguldak cities follow Samsun city. Since the 

observed problem is closely related to Ministries of Transportation, Economy and 

Development and associates; the obtained results will be guidance. 
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