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ABSTRACT 

        Objective: The primary purpose of this study is to find a solution to the warehouse location selection 

problem of a pharmaceutical warehouse serving in the pharmaceutical industry by using the Analytical 

Hierarchy Process (AHP) method. 

        Material and Method: Within the scope of this study, a possible new warehouse location problem that 

can be established in the Eastern and Southeastern Anatolia Region of Turkey for a pharmaceutical 

warehouse, which has a significant market share among the drug distribution channels in Turkey, will be 

solved with the AHP method. Firstly, the algorithm for the AHP is determined. Then, pair-wise comparison 

matrices for determined criteria and alternatives were prepared by decision-makers, and matrices were 

transferred to the Super Decision package program for the solution. 

        Result and Discussion: As a result, the most important criterion in the selection of the pharmaceutical 

warehouse location was determined as the infrastructure and physical conditions (35%) and transportation 

conditions (29%) followed by it. According to these criteria, the first alternative was found as the optimum. 

        Keywords: analytical hierarchy process, pharmaceutical warehouse, location selection 

 

ÖZ 

        Amaç: Bu çalışmanın temel amacı, eczacılık sektöründe hizmet sunmakta olan bir ecza deposunun ecza 

deposu yeri seçim problemine Analitik Hiyerarşi Süreci (AHS) yöntemi ile çözüm bulmaktır. 

        Gereç ve Yöntem: Bu çalışma kapsamında, Türkiye’de ilaç dağıtım kanalları arasında önemli bir Pazar 

payına sahip olan bir ecza deposunun Türkiye’de Doğu ve Güneydoğu Anadolu Bölgesinde kurulabilecek 

olası bir yeni deposu yer seçimi problemi AHS yöntemi ile çözülmüştür. İlk olarak, AHS algoritması 

belirlenmiştir Ardından belirlenen kriterler ve alternatifler için karar vericiler tarafından ikili karşılaştırma 

matrisleri oluşturulmuş ve çözüm için matrisler Super Decision programına aktarılmıştır. 

        Sonuç ve Tartışma: Sonuç olarak, ecza deposu yer seçiminde en önemli kriter altyapı ve fiziksel 

koşullar (%35) kriteri olmuştur, bunu ulaşım koşulları (%29)  takip etmiştir. Bu kriterler doğrultusunda en iyi 

depo yeri birinci alternatif olarak bulunmuştur. 

        Anahtar Kelimeler: analitik hiyerarşi süreci, ecza deposu, yer seçimi 
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INTRODUCTION 

Today, according to the increase in the importance of globalization, supply chain management 

must be done correctly in order to ensure the continuity of the businesses. Logistics processes play a 

crucial role in continuing the supply chain without interruption, and warehouse management is among 

the critical activities of logistics [1]. Warehouse location selection, as one of the main functions of 

warehouse management, is a strategic decision-making process that has long term effects such as 

improving service quality, making economic progress, preventing material losses and, environmental 

problems. In this context, the choice of warehouse location, which is one of the critical decisions 

affecting the speed, profitability, and efficiency of the enterprises, is significant in terms of both cost 

and time [2,3]. 

In Turkey, pharmaceutical warehouses are one of the crucial members of the pharmaceutical 

supply chain by providing purchasing, selling, and distribution of pharmaceutical products in frame of 

current legal conditions [4]. Services offered by pharmaceutical warehouses directly affect the services 

provided both in pharmaceutical companies as suppliers and in pharmacies where distribution is 

provided to consumers. Warehouse activities should be carried out correctly in order to avoid 

problems such as delays in the process of taking a drug from the pharmaceutical company and 

delivering it to the patient through community pharmacies. The location of the warehouse is critical in 

the distribution process, which is one of these activities. In this study, an application was made for the 

selection of a pharmaceutical warehouse location at the pharmaceutical warehouse that has a 

significant market share. 

The choice of warehouse location should be made with an integrated approach that should be 

handled together by many factors such as infrastructure, accessibility, legal status, market size, and 

access to the human resources [2,5]. In other words, the selection of warehouse location is a 

multivariate decision-making problem that deals with qualitative and quantitative criteria [6]. 

Multivariate decision-making techniques are frequently used in solving these types of selection 

problems. The analytical hierarchy process (AHP) is one of these techniques which is commonly 

preferred in the literature on warehouse location selection [3, 7-10]. Also, many studies apply AHP in 

the different areas of the pharmaceutical industry [11-14]. For example, Oey and Nitihardjo 

investigated the problem of location for a pharmaceutical company’s regional postponement center via 

AHP [15]. Enyinda used the AHP model for the selection of suppliers in the pharmaceutical sector 

[16].  

The motivation of this study comes from the lack of studies done with the AHP method related 

to pharmaceutical warehouses. To the best of author’s knowledge, this is the first study that used AHP 

for solving the pharmaceutical warehouse location selection problem in Turkey. In this context, the 
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primary purpose of this study is to find a solution to the warehouse location selection problem of a 

pharmaceutical warehouse serving in the pharmaceutical industry by using the AHP method. The sub-

objectives of the study are (i) establishing a hierarchical structure regarding the warehouse location 

selection problem, (ii) determining the importance (priority) values of the criteria in the hierarchical 

structure established and, (iii) comparing the warehouse location alternatives in terms of the 

determined criteria. 

MATERIAL AND METHOD 

Within the scope of this study, a possible new warehouse location problem that can be 

established in the Eastern and Southeastern Anatolia Region of Turkey for a pharmaceutical 

warehouse, which has a significant market share among the drug distribution channels in Turkey, will 

be solved with the AHP method. In this section, firstly, general information about the AHP method 

will be given, then the application process will be discussed in detail. 

Analytical hierarchy process  

The decision-making process has a complex structure that includes external factors such as 

natural phenomena as well as measurable factors. The decision-making process, which involves 

providing maximum benefits from the alternatives at minimum cost by considering all factors to reach 

a specific goal, is of great importance for the health sector, as in many different sectors [17]. 

AHP is one of the multi-criteria decision-making (MCDP) techniques based on pair-wise 

comparisons, developed by Thomas L. Saaty in the 1970s. This method has a more straightforward 

structure compared to other MCDP techniques. A multi-dimensional problem is reduced to one 

dimension by determining the importance (priority) levels of the criteria for the selection of the best 

alternative in AHP [18]. 

In the literature, the implementation steps of AHP are summarized as follows [19-22]: The 

first step of the AHP is to identify the problem. Following the determination of the problem, the 

hierarchical structure known as modeling, which allows the problem to be divided into various levels, 

is determined. There are criteria in the lower step of the hierarchy, where the ultimate goal of the 

problem is at the top and alternatives in the last step. After that, the relative importance matrices of 

each criterion are calculated. For this purpose, binary comparisons are made. In order to make binary 

comparisons, the comparison scales accepted in the literature are used. The most preferred one is the 

importance (priority) scale of Saaty, developed by Thomas Saaty (Table 1). 

 

 



Arslan   J. Fac. Pharm. Ankara, 44(2): 253-264, 2020 

 

256 

Table 1. The importance scale of Saaty [19] 

Importance level Definition 

1 Equal importance 

3 Moderately more important than one another 

5 Strong importance 

7 Very strong importance 

9 Extreme importance 

2,4,6,8 Intermediate / average values 

 

After calculating the relative significance, the consistency (CR) of the comparison matrices is 

calculated to determine whether decision-makers are consistent when making binary comparisons. 

This value is expected to be below 0.1, and matrix consistency increases as it approaches zero. At the 

last stage, the decision alternatives are listed by creating a composite relative importance matrix. (For 

detailed information on the manual resolution of AHP, please see 19, 23). Modeling and solution of 

AHP can be done either manually or with the help of MS Excel or package programs such as "Expert 

Choice" and "Super Decision" [18].  In this study, AHS was modeled and solved via the “Super 

Decision” package program. 

Application 

The flow diagram followed in the application phase of this study is presented in Figure 1. 

 

Figure 1. The flow diagram of the application 

In line with the flow diagram presented in Figure 1, the decision problem of the study has been 

defined as; selecting a possible new warehouse location to be established in the Eastern Anatolia 
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Region for the XYZ pharmaceutical warehouse (the business name was not given due to 

confidentiality). Optimizing the level of service quality and minimizing costs are aimed at the solution 

of the problem. 

Three authorities from the firm, related to supply chain management, are selected as the 

decision-makers of the problem. Following this, appropriate criteria and alternatives warehouse 

locations are determined according to relevant literature and opinions of the decision-makers. The 

criteria are determined as; (i) competitors, (ii) costs (rental, labor costs, etc.), (iii) the number of 

pharmacies and hospitals in the region, (iv) transportation conditions and, (v) infrastructure and 

physical conditions. Three provinces in the Eastern and Southeastern Anatolia Region of Turkey were 

identified as alternative locations by the relevant warehouse authorities and coded as; (i) Warehouse1, 

(ii) Warehouse2 and, (iii) Warehouse3. In this context, the hierarchical structure for the decision 

problem is presented in Figure 2. 

 

Figure 2. The hierarchical structure of the decision problem 

After the hierarchical structure was created, pair-wise comparison matrices for criteria and 

alternatives were prepared by decision-makers, and matrices were transferred to the Super Decision 

package program for the solution. 

RESULT AND DISCUSSION 

In this section, firstly, geometric averages of pair-wise comparison matrices created by 

decision-makers are taken. Table 2 presents the findings obtained from the pair-wise comparison 

matrices for the criteria. 
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Table 2. Pair-wise comparison table for criteria 

Criteria Decision-

maker 1 

Decision-

maker 2 

Decision-

maker 3 

Geometric  

averages 

Criteria 

Competitors  5 3 3 3.557 Costs 

Competitors 1/5 1/3 1/5 0.237 The number of 

pharmacies and 

hospitals 

Competitors 1/7 1/5 1/3 0.212 Transportation 

conditions 

Competitors 1/5 1/5 1/7 0.179 Infrastructure and 

physical conditions 

Costs 1/5 1/3 1/3 0.281 The number of 

pharmacies and 

hospitals 

Costs 1/3 1/3 1/3 0.281 Transportation 

conditions 

Costs 1/5 1/3 1/3 0.333 Infrastructure and 

physical conditions 

The number of 

pharmacies and 

hospitals 

1/3 1 1/3 0.480 Transportation 

conditions 

The number of 

pharmacies and 

hospitals 

1 1/3 1/3 0.480 Infrastructure and 

physical conditions 

Transportation 

conditions 

1 1/3 1 0.693 Infrastructure and 

physical conditions 

After entering the data in Table 2 into the Super Decision program, the consistency rates were 

evaluated. As stated in the pair-wise comparison of the criteria was calculated as 0.969, and the 

consistency report obtained as a result of the pair-wise comparison of the criteria is given in Figure 3. 

 

 

Figure 3. Screenshot of the consistency report of the pair-wise comparison matrix of criteria 

According to Figure 3, no inconsistency was observed in the pair-wise comparisons made by 

the decision-makers, and priority values for each criterion were calculated. In Figure 4, the priority 

rankings of the criteria are presented. 



J. Fac. Pharm. Ankara, 44(2): 253-264, 2020                                           Arslan 259 

 

Figure 4. Priority values of warehouse location selection criteria 

By Figure 4, the most important criterion in the selection of the warehouse location was 

determined as the infrastructure and physical conditions (35%) covering many subjects from the 

availability of areas suitable for the acceptance and shipment of goods to the storage to the suitability 

of cleaning, sewerage conditions and information technologies. These criteria are also highlighted in 

the legislation for pharmaceutical warehouses in Turkey. According to the “Good Distribution and 

Storage Practices Guideline for pharmaceuticals and products in warehouses,” published by Turkish 

Medicines and Medical Devices Agency (TMMDA), pharmaceutical warehouses must have adequate 

and appropriate buildings, areas, equipment and physical structuring. These requirements are 

fundamental to ensure that products are stored and distributed under appropriate conditions [24]. 

Parallel to this, Kolinska and Fechner stated similar constraints and emphasized the importance of 

infrastructure for selection of warehouse location [2,25]. In addition to the infrastructure, the 

importance of transportation conditions was also demonstrated in these studies. If it is needed to 

address the issue in pharmaceutical warehouses, the warehouse must be located in an easily accessible 

location to both suppliers and pharmacies in order to ensure efficient product flow in pharmaceutical 

warehouses. When the locations of drug distribution channels operating in Turkey are evaluated, it is 

seen that both central warehouses and auxiliary warehouses are located in places where transportation 

facilities are comfortable, and land conditions are convenient for transportation. Accordingly, it is not 

surprising that transportation conditions (29%) were found to be one of the two most essential 

warehouse location selection criteria in this study. 

As mentioned by Fechner, economic and demographic criteria are both critical for determining 

warehouse location [25]. Kua and Kao found competition factors, including competitor’s store 
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numbers, store area, and competition, as the most critical factor for the selection of convenience stores 

located in the retail sector. They also evaluated the distance for consumer and economic values for 

competition [26]. Following, they put forth that all of these factors should take into consideration 

together for the best selection. In the present study, contrary to this, competitors (9%) and costs (6%) 

are found as the least influencing criteria. This situation is thought to arise from the sector difference 

in which the studies are carried out. Besides, in this study, rental and labor costs are discussed under 

the cost criterion. Decision-makers stated that the unemployment problem is similar for all three 

alternatives, so labor costs will not make a difference. Similarly, the idea that the rental prices would 

be similar caused the costs factor to be the least influential factor in the selection of the pharmaceutical 

warehouse location. 

Following the weighting of the criteria, the pair-wise comparison matrices for alternative 

warehouse locations were created by the decision-makers for each criterion, and the geometric 

averages of them were transferred to the Super Decision program. The program output regarding the 

evaluation of alternative warehouse locations according to the "competitors" criterion is presented in 

Figure 5. 

 

 

Figure 5. Program output based on the “Competitors” criterion 

According to Figure 1, considering the “competitors” criterion, the best alternative is the 

Warehouse1, with a weight of 0.648. The consistency rate for this assessment was calculated as 

0.0035. The program output obtained as a result of the evaluation of alternative warehouse locations 

according to the "Costs" criterion is given in Figure 6. 
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Figure 6. Program output based on the “Costs” criterion 

Results in Figure 6 shows that considering the costs, it is determined that the best alternative is 

Warehouse3, with a weight of 0.730. The consistency rate for this assessment was calculated as 

0.0623. In Figure 7, the program output obtained as a result of the evaluation of alternative warehouse 

locations under the criterion of "the number of pharmacies and hospitals in the region" is shown. 

 

 

Figure 7. Program output based on the “The number of pharmacies and hospitals in the region” 

criterion 

According to Figure 7, it is seen that the best alternative in terms of the number of pharmacies 

and hospitals in the region is Warehouse3, with a weight of 0.714. The consistency rate for this 

assessment was calculated as 0.00. The program output obtained as a result of the evaluation of 

alternative storage locations under the “Transportation conditions” criterion is given in Figure 8. 

 

 

Figure 8. Program output based on the “Transportation conditions” criterion 
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When the transportation conditions are taken into consideration in light of the information 

given in Figure 8, it is seen that the best alternative is Warehouse1 with a weight of 0.443. The 

consistency rate for this assessment was calculated as 0.0175. The program output obtained as a result 

of the evaluation of alternative storage locations according to the last criterion, "Infrastructure and 

physical conditions," is presented in Figure 9. 

  

 

Figure 9. Program output obtained according to the "Infrastructure and physical conditions" criterion 

Depending on the “Infrastructure and Physical Conditions” criterion, considering Figure 9, it 

is seen that Warehouse1 and Warehouse2 have an equal weight of 0.429. The consistency rate for this 

assessment was calculated as 0.00. 

Finally, all the criteria are handled together, and the findings obtained are presented in Figure 

10 by prioritizing the alternate warehouse locations through eigenvectors calculated through the 

program. 

 

 

Figure 10. Priority values of alternative warehouse locations 

Results presented in Figure 10 indicate that the most suitable place alternative for the 

pharmaceutical warehouse is Warehouse1 alternative, with a 0.372 weight. Besides, it has been 

demonstrated that the weight degrees of Warehouse2 and Warehouse3 are quite close to each other. 

Considering the alternatives, especially by taking the infrastructure and transportation conditions and 

the number of hospitals and pharmacies in the region into account, the result is not surprising. 
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The results of this study can be a guideline for the managerial policy of pharmaceutical 

distribution channels. To the best of author’s knowledge, this study is unique because it is the first of 

its kind in Turkey. The study provides a different lens on how to select the optimal location for a 

pharmaceutical warehouse. As future studies, it is planned to improve the hierarchical model for the 

pharmaceutical warehouse location selection model by increasing the number of criteria or creating 

sub-criteria and using more advanced multivariate decision-making techniques.  
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