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Abstract  

Being a managerial decision with long-term effect, choice of a location is one of a company‟s most important 

decisions concerning the logistics domain. Especially in case of bad economic conditions it is a challenge to 

evaluate locations in order to initiate measures of rationalization and reorganization. Evaluation of different 

locations is a complex and mathematical assignment. Before opting for a logistics location, it is necessary to 

verify every alternative. Furthermore, a variety of qualitative and quantitative criteria need to be considered and 

analysed as done in this article with AHP. From a real-life business context the spare parts distribution of a 

German automotive OEM is analysed in order to identify optimization potentials, especially a possible reduction 

of the number of locations. Today five logistics locations as distribution centres are used. As shown in the article 

a detailed AHP analysis results in the concept of using all five existing locations further on. This is due to 

problems in facility selling and reduction of the number of employees in a theoretical case of shutting down one 

or two locations. Therefore further business optimization will look out towards further increasing the load factor 

for these existing locations for example by distributing also in neighbouring countries. Methodically this article 

shows how AHP can be used not only for the selection of one (new) location but the selection of an ideal 

combination of locations in order to identify possible improvements in existing logistics location structures. 
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1.  Introduction 

The rapid change of products and market requirements are forming new challenges towards 

logistics to the net of company locations as well as to process-related clearings and, for this 

reason, especially to the available locations [6]. That results in the fact that company 

management has to take multiple decisions, which may have long-ranging or short-term 

effects on the company. On the one hand, long-ranging decisions are decisions of general 

principles e.g. founding or closing of a location, which may have consequences on the entire 

development of the company. On the other hand, there are short-term decisions, which have to 

be made in the daily routine of business [3, 8]. The challenge of these decisions is to create 

the best basic information for extensive and uncertain situations, in which decisions have to 

be made [6].  This would influence a decision with a huge impact on the state of economy in 

the future; for example flows of costs and revenues of a company, can be calculated.  

In practice this is complicated because methods which support decisions and consider all 

quantitative and qualitative decision criteria do not exist so far. For the decision support of 

decisions concerning location problems, a mixture of qualitative and quantitative methods is 

used [7]. For this reason, Analytic Hierarchy Process (AHP) is a method for decisions 

concerning the location of companies. In general, two important aspects argue for this method. 

On the one hand, this method is an evaluation method which differs from conventional 

qualitative and quantitative methods like AHP, where the judgements of preferences are tested 

on their consistency. On the other hand, this method allows considering qualitative criteria 

with the help of a 9 point chart and the quantitative criteria by a metric scale [25]. 
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2.  Analytical Hierarchy Process  

Being developed by SAATY, AHP is a technique to solve decision problems of several 

criteria which is utilized in different sectors. [17, 18, 26]. The method of AHP is a kind of 

benefit analysis, coordinating a variety of alternatives by means of a linear index of 

preferences. Special about this method is the way of defining the weightings and functions 

which is done with the aid of a hierarchic and additive method of weightings. In this method, 

attributes can be coordinated in multi levels [23]. AHP is based on four principles which 

should be fulfilled. In the following, the four principles are listed up and described in a short 

introduction [1, 5, 11, 17, 18, 19]. 

Principle 1: The decision maker can choose between two alternatives (or criteria) i.e. “i” and 

“j” from the finite amount of elements “A” and evaluate them by a variety of criteria. This is 

done using a paired comparison “aij” which is based on a ratio scale. The ratio scale is 

reciprocal and therefore the following formula applies:  

 

                                     aij                               for every i, j  A 

 

Therefore it is demanded that every matrix of pairwise comparisons is reciprocal. Hence, the 

decision maker should act in a reciprocal way. This leads to the following thesis: If someone 

agrees in a weighting of pairwise comparisons, that criterion i is twice more important than 

criterion j, then he has to approve the reciprocal statement that criterion j is only half 

important compared to i. 

Principle 2: If the decision maker compares two optional alternatives i, j  A in terms of one 

criterion out of an amount of criteria, one alternative could never be endless better than 

another one. For this reason, the second principle forbids an endless huge preference. So the 

following formula applies: 

 

                                for every i, j  A 

 

Principle 3: It is possible that the problem of making a decision can be demonstrated in a 

hierarchical way. This is possible if the criteria, sub-criteria and alternatives are separated. 

This case is not always given. Hence, SAATY enlarged the method of AHP by the so called 

“Supermatrix-Technique” in order to solve this problem. There are further requests to the 

hierarchy: On the one hand first of all, no irrelevant elements should be contained in it and on 

the other hand the paired comparison of two elements on the same level must be independent 

from evaluations on lower or higher levels. 

Principle 4: This principle askes for the completeness of data. It means that every relevant 

criteria or alternative which could have, in any way, influence on the given problem, should 

be considered in the hierarchy. The main reason for this principle is that the priority of 

alternatives can change, if a relevant criterion or alternative is left out or added.  

 

3.  Applying the AHP Method  

3.1.  Business Problem and AHP Process  

In the past, genesis and enlargement of the European market and the integration of further 

brands led to increasing demand for OEM logistics capacities. With increasing sales volumes 

of vehicles the demand of spare part shipments escalated. Furthermore, the complexity 

increased by several new models. In the course of this development, in 1995 one new 

distribution centre was founded in Cologne. The current negative business climate and the 

disposal of some group brands caused a slowdown in sales. Because of excess capacities and 

therefore high costs, the existing logistics locations will be analysed regarding their further 

relevance in this article. The aim of this appraisal is to filter the optimal choice as well as the 
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number of locations which is most efficient for the company. Closings of locations are listed 

as a possible operation. The company exhibits six locations for spare parts distribution in 

Germany at this stage. Besides a central warehouse five further logistics distribution centres 

are operating. The company realises its operative logistical clearing in a three-step distribution 

model (central stock, regional stock and retail industry). The five logistics distribution centres 

are supplied by a central warehouse and provide the OEM sales locations and resellers in with 

necessary material flows in the logistics supply chain. Their business is the complete 

provision of parts inside the distribution channel. Figure 1 demonstrates the procedure model 

for the accomplishment of the AHP is demonstrated. This is subdivided into five phases [25]: 

1. construction of the decision problem 

2. definition of the criteria 

3. selection of alternatives 

4. assessment of the alternatives  

5. selection of the cheapest alternative 

In the following every step will be explained with the help of the example optimal location. 

 

 

Figure 1: Process Model [9]. 

First of all the companies logistics structure is illustrated and the different concepts of 

warehousing and distribution in regard of defined criteria are listed. It is necessary to define 

which data per location is evaluated and analysed. Therefore, quantitative as well as 

qualitative data are considered. In order to reduce the effort of the AHP analysis, several K.O. 

criteria are chosen. This means that only a selection of possible location combinations are 

taken into account: 

 As there are several sales locations having opening hours up to 10 p.m., logistics 

services have to be available, at least, until this time of day. 

 Several of the existing locations cannot be closed due to extra duties in distribution 

spare parts outside Germany (e.g. Belgium and Netherlands from location C). 

 The availability of party should be carried out up to 96 % out of the inventory. 

1 

2 

3 

4 

5 
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 Special demands i.e. parts for vehicles used for commercial purposes should be 

delivered within two hours. 

 

Regarding these K.o. criteria, the following feasible location combinations come into 

consideration: 

A. keeping the present structure (with five locations in C, H, M, N, R) 

B. closing location M and distributing the clients to the locations C, N, R (four locations 

in C, H, N, R) 

C. closing location R and distributing the clients to the locations C, M and N (four 

locations in C, H, M, N) 
 

3.2. Hierarchy Development 

As a second step, the problem of making a decision is demonstrated in a hierarchy. As shown 

in figure 2 the problem of making a decision is separated in top-down criteria and subcriteria. 

The alternatives are listed in the lower part. Alternatives, which do not fulfil the K.O. criteria, 

are excluded. The criteria shown in figure 2 are a selected sample of the most important 

criteria evaluated by the business experts from the OEM. 

 

 
 

Figure 2: Basic Structure of AHP Criteria and Alternatives for Optimal Number of Logistics 

Locations. 

 

3.3.  Pair wise Comparisons 

The third step is about discovering the meaning of every element of a hierarchy level in 

regard of each related element of the next higher level. AHP evaluates decisions by paired 

comparisons. This happens in connection to the particular criteria level as well as in 

connection to the estimation of alternatives, which is compressed to a whole estimation, top-

down along the hierarchy. The execution of the evaluation happens with a nine point scale, 

developed by SAATY in 1980 [18]. This process simplifies the decision in which the 

qualitative estimation can be transformed into a quantitative form. The scale value aij have to 

be regarded as ratios whereas 1 represents the natural point of origin, so that a real interval 

scale is existent. The relation of the scale value, i.e. the importance of i element in contrast to 

the j element is constructed as follows [9]. 
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In order to simplify the comprehensibility, verbal descriptions are assigned in table 1. A 

detailed description, as well as amenities of the scale, can be found in SAATY [18]. 

 

Numerical value Verbal scale  Explanation 

1 

Equal importance of both elements  Two elements contribute 

equally 

3 

Moderate importance of one element 

over another  

Experience and judgment 

slightly favor one elements 

over another 

5 

Strong importance of one element over 

another 

An elements is strongly 

favored  

7 

Very strong importance of one element 

over another  

An elements is very strongly 

dominant  

9 
Extreme importance of one element 

over another  

An element is favored by at 

least an order of magnitude  

2, 4, 6, 8 
Intermediate values between the two 

adjacent judgment 

Used to compromise between 

two judgment 

Reciprocals of above 

If activity i has one of the above 

nonzero numbers assigned to it when 

compared with activity j, then j has the 

reciprocal value when compared with i. 

A logical assumption 

Table 1: Pair wise Comparison Scale [24] 

 

The pair wise comparisons of the first criteria level – qualitative criteria (Q), costs (K) and 

risk (R) – are arranged as follows: 

 meaning of Q in comparison to K for optional amount of locations 

 meaning of Q in comparison to R for optional amount of locations 

 meaning of K in comparison to R for optional amount of locations 

The results of all paired comparisons in regard to one particular element which is aligned to a 

higher element can be written in a single paired comparison matrix [4]. As to the example, 

described above, the paired comparison (p) of the first criteria level can be depicted as 

follows: 

  Q K R 

Q 1  1/8  1/2 

 K 8 1 4 

 R 2  1/4 1 

Table 2: Pair wise Comparison Matrix of the first Criteria Level, using the Example of 

Optimal Number of Locations 

Table 2 shows that, at the choice of the optimal number of locations 

 K has got a much more important meaning than Q (8), 
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 R has got a little more important meaning that Q (2) and 

 R has got an extensive lower meaning than K (1/4). 

Adequate matrixes are made for every hierarchy level in view of every element of the superior 

level. Because of the fact that the example “optimal number of locations” is a complex 

hierarchy, the number of paired comparisons is immense. For each matrix
-

 

comparisons have to be arranged. 

 

3.4.  AHP Weightings 

In the fourth step, the priorities of the weights will be eliminated with the results of the paired 

comparisons on the basis of the matrix. This can be made either by an approximation 

procedure or by the exact calculation. The calculation of the priority vector w can be seen as a 

theoretical basis for the AHP, called characteristic vector [9]. For the first criteria level of the 

example the following tables are calculated. 

 

optimum location  number 

evaluation matrix 

P 

normalized matrix 

Pnormalized 

∑  row 

  

weight 

  

Q C R Q C R 

qualitative criteria (Q) 1  1/8  1/2 0,091 0,091 0,091 0,273 0,091 

costs (C) 8 1 4 0,727 0,727 0,727 2,182 0,727 

risk (R) 2  1/4 1 0,182 0,182 0,182 0,545 0,182 

∑ column 11 1,375 5,5 1 1 1 3 1 

Table 3: Matrix of pair wise Comparison of the first Criteria Level    

To calculate Pnormalized the sums of the ripping will be accumulated out of P. Afterwards this 

sum will be normed on 1 by dividing every paired comparison through the sum of ripping. For 

example, the account of the field is calculated [16]: Q / Q ∑column  1/11 = 0,09. After that 

the sum of lines of Pnormalized and divided through the number of elements. With the help of 

that the weight for each element is given. For example for Q a weight of 0.26/3 = 0,09 [16] is 

produced.  

 

In the example the optimal number of location could be set up for the second criteria level as 

the following table shows: 

 

costs 
evaluation matrix normalized matrix ∑  row 

 

weight 

 
 S  P D  T  E  S  P  D  T  E 

stock value 

 (S) 1 4 

 

8 2 3 0,453 0,471 0,444 0,471 0,409 2,248 0,45 

personnel costs 

(P) 1/4 1 

 

2 1/ 2 1 0,113 0,118 

 

0,111 0,118 0,136 0,596 0,119 

headcount  

(D) 1/8 1/2 

 

1 1/4 1/3 0,057 0,059 

 

0,056 0,059 0,045 0,275 0,055 

transport costs 

(T) 1/2 2 

 

4 1 2 0,226 0,235 

 

0,222 0,235 0,278 1,192 0,238 

building costs 

(E) 1/3 1 

 

3 1/2 1 0,151 0,118 

 

0,167 0,118 0,136 0,689 0,138 

∑ column 
2,208 8,5 18 4,25 7,333 1 1 1 1 1 5 1 

Table 4: Pair wise Comparison Matrix of the second Criteria Level of Costs   
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The criteria „stock value‟ is of a major importance, as it causes high costs and there is much 

room for improvements caused by the reduction of locations. The criteria „transport cost‟ are 

of secondary importance, because the costs are caused by the logistic industry. The criteria 

„personal costs‟, as well as the „building costs‟, are of a medium importance, as the costs are 

not as high as the costs of „stock value‟ and „transport‟. The reduction of the number of 

employees caused by the economisation of one location is rare. Therefore, this criterion is less 

important. 

 

qualitative criteria 
evaluation matrix normalized matrix ∑  row weight 

T N O T N O 

transport connection  

(T) 1 1/8 1/2 0,091 0,091 0,091 0,273 0,091 

nearness to business partner 

(N) 8 1 4 0,727 0,727 0,727 2,182 0,727 

object characteritics  

(O) 2 1/4 1 0,182 0,182 0,182 0,545 0,182 

∑ column 
11 1,375 5,5  1  1 1   3 1  

Table 5: Pairwise Comparison Matrix of the second Criteria Level of qualitative criteria   

 

The „nearness to business partner‟ is more important than criteria like „transport connection‟ 

or „object characteristics‟, because the closeness to customers and sub-supplier is of 

paramount importance for the company. The criteria „object characteristics‟ is more important 

than the criteria „transport connection‟, because the locations offer different object qualities. 

Compared to the „nearness to business partners‟ and „object characteristics‟, the meaning of 

„transport connection‟ is less important, because the „transport connection‟ is nearly identical 

in every location. 

 

risk 
evaluation matrix normalized matrix ∑  row 

 

weight 

 
S E S E 

selling the location 

 (S) 
1 9 0,90 0,90 1,80 0,90 

employee discontent 

 (E) 
1/9 1 0,10 0,10 0,2 0,10 

∑ column 1,111  10  1   1  2 1  

Table 6: Pairwise Comparison Matrix of the second Criteria Level of risk 

 

The risk which occurs by „selling the location‟ is of major importance in comparison to the 

„employee discontent‟. In the eyes of the management, the „selling of the locations‟ is very 

risky, because of current facts, such as the market crisis. The criteria „employee discontent‟ is 

less important. The management estimates an employee discontent caused by the 

economisation, because the number of employees, being affected by the economisation, is low. 

 

In case of quantitative data, the AHP-scale is not used, but a ratio is formed out of an element 

as well as the total sum of the element data. If data doesn‟t exist the criteria have been 

visualised with the help of an ordinal scale, e. g. dissatisfaction of labours (1 unsatisfied to 10 

satisfied). The local priority per alternative wi  for an element and it‟s bearer of criteria 

 ai (i = 1, …, n) can be expressed by means of a ratio. The way a ratio is calculated depends 

on the fact whether a higher earning is related to a higher meaning. In case of a positive 

context between criteria earning and meaning, wi  is calculated as follows [9, 16]: 
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In case of a negative context is valid [9, 13]: 

 

 

 

By attach of data into the above mentioned formula the local alternative weights can be 

calculated (see table 7). For example the weight of the criteria earning labour costs concerning 

the alternative 1 is calculated by using the following formula [9, 16]: 

 

 

 

    weights w  

 A B C WA WB WC ∑ 

personnel costs 60,5 mill. € p.a 59,5 mill. € p.a 59,3 mill. € p.a 0,337 0,332 0,331 1 

transport costs 43 mill. € p.a 44,4 mill. € p.a 45,3 mill. € p.a 0,324 0,335 0,341 1 

building costs 31,5 mill. € p.a 27,0 mill. € p.a 27,1 mill. € p.a 0,368 0,315 0,317 1 

stock value 319 mill. € p.a 294 mill. € p.a 300 mill. € p.a 0,349 0,322 0,329 1 

headcount 1392 1382 1380 0,335 0,333 0,332 1 

nearness to business 

partner 7 6 5 0,389 0,333 0,278 1 

object characteristics 6 7 5 0,333 0,389 0,278 1 

transport connection 8 7 6 0,381 0,333 0,286 1 

selling the location 10 7 6 0,435 0,304 0,261 1 

employee discontent 10 7 6 0,435 0,304 0,261 1 

Table 7: Calculation of weight by quantitative data 

 

After calculation of the criteria weights of the single hierarchy levels, global priorities are 

calculated. The global priorities represent the meaning of the weight of the particular 

hierarchy elements in the context of the overall hierarchy.  

 

For that purpose every inferior criteria level is multiplied with the weight of the superior 

criteria level. The formula for the calculation of global priorities of a hierarchy element of the 

nth hierarchy levels is defined as [9, 16]: 

 

wrel (i) = wn * wn-1 
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w1 level  w2 level  wrel 

costs  0,727     

stock value   0,45 0,327 

personnel costs   0,119 0,087 

building costs   0,055 0,040 

headcount   0,238 0,173 

transport costs   0,138 0,100 

qualitative criteria 0,091   

nearness to business 

partner 
 0,727 0,066 

object characteristics  0,182 0,017 

transport connection  0,091 0,008 

risk 0,182   

selling the location  0,9 0,164 

employee discontent  0,1 0,018 

c1   1 

Table 8: Global Priorities 

After the above mentioned calculation local alternative weights per object are multiplied with 

the global priorities of the superior criteria, so that the global alternative weights of each 

alternative is calculated. The results of the global alternative weights per alternative are 

accumulated. Thus, the preference index is calculated (w), which shows the importance of 

each alternative [10]. For this example, the preference order A (0,3497) > B ( 0,3345) > C  

( 0,3198) occurres. 

  wi wrel 

 wrel WA WB WC A B C 

personnel costs 0,087 0,337 0,332 0,331 0,029 0,029 0,029 

transport costs 0,100 0,324 0,335 0,341 0,032 0,034 0,034 

building costs 0,040 0,368 0,315 0,317 0,015 0,013 0,013 

stock value 0,327 0,349 0,322 0,329 0,114 0,105 0,108 

headcount 0,173 0,335 0,332 0,333 0,058 0,057 0,058 

nearness to  business 

partner 0,066 0,389 0,333 0,278 0,026 0,022 0,018 

object characteristics 0,017 0,333 0,389 0,278 0,006 0,007 0,005 

transport connection 0,008 0,381 0,333 0,286 0,003 0,003 0,002 

selling the location 0,164 0,435 0,304 0,261 0,071 0,050 0,043 

employee discontent 0,018 0,435 0,304 0,261 0,008 0,005 0,005 

walternative     0,362 0,324 0,314 

Table 9: Alternative Weighting 

 

3.5.  Consistency Evaluation 

Due to the difficult decision and the limited human discernment, several contradictions or 

meanderings may occur in connection to the listed demands. In order to detect such 

inconsistencies, SAATY developed:  

 a consistency ratio (C.R.) and 

 a consistency index (C.I.) [20, 21, 22]. 



 10 

If a decision is consistent, which means that transitivity of the paired comparison judgement is 

given in the evaluation matrix, the consistency value matches with the value “Zero” [20]. 

Whether paired comparison judgements are consistent or inconsistent in the evaluation matrix 

is verified by means of consistency conditions and applies for all paired comparison 

judgements i, j, k as shown below [14, 20, 21, 24]: 

 

                   with          

 

As to the example of chart 3, the approximate determination of the consistency value C.R. is 

explicated consecutively. This consistency value conduces to support the decision process, 

whether paired comparison adjudgements need to be adapted in an evaluation matrix. The 

adaption is advised, if the consistency value in a dimension of n = 3 of the evaluation matrix 

was higher than 0.05, for n = 4 higher than 0.09 and for n > 4 higher than 0.1. Initially, a C.I., 

consisting of a maximal eigen-value  of the evaluation matrix, needs to be calculated [14, 

24, 15]. 

 

 

 

The maximal intrinsic value can be calculated approximately by determining the products of 

the column sum of the evaluation matrix with the particular judgement of impact and adding 

up these products [25, 14]: 

 
 

 

By inserting the values, it is possible to determine the consistency index (C.I.) [20, 24, 14]:  

 

 

 

 

The consistency value can be determined by dividing the consistency index by the so called 

Random Index (R.I.) [20, 24, 13]. The outcome for the consistency value, having a R.I. of 

0.52 for n = 3 is: (see chart 4) 

 
                                                                    
 

n 1 2 3 4 5 6 7 8 9 10 

R.I: 0,0 0,0 0,52 0,89 1,11 1,25 1,35 1,40 1,45 1,49 

Table 10: R.I.- data [17,18,19] 

 

 

 

Because of the fact that a C.R. of 0.06 is smaller than 0.52, the evaluation matrix of chart 3 

does not need to be adapted. 
. 

3.6. Sensitivity Analysis 
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By means of the sensitivity analysis, the stability of the results is checked. The aim is to 

determine borders which change the chronology of alternatives. This is done with the aid of 

systematic displacement of the criteria weightiness. If even the change of weightiness leads to 

another chronology of alternatives, the result must be instable. In this case, the process of 

evaluation must be accomplished again, from the beginning. Thereby, the sensitivity analysis 

serves to assure quality of the decision, so does the consistency analysis [9, 24]. 

In the below mentioned chart for the criterion „selling the location“ the quantitative measures 

of alternative B of 7 to 9 and alternative C of 6 to 8 were added and alternative measures also 

new calculated. The calculation shows that the priority of alternative A decreases. Alternative 

B dominates before A now. It clarifies that the actual situation of the location represents the 

best alternative if the quantitative measures of the criterion „selling the location“ of the 

alternatives B and C are among 9 points. In all other cases alternative A is the better option. 

 

  wi wrel 

 wrel WA WB WC A B C 

Selling the location 0,164 0,435 0,304 0,261 0,071 0,050 0,043 

walternative  0,3376 0,3386 0,3225 

Table 11: Variation Selling the Location 

 

4.  Conclusions 

The research paper deals with possibilities of evaluating location decisions of a company by 

use of AHP. The special advantage of AHP in the face of location decisions is that both, 

qualitative and quantitative criteria, are considered. As an integrated part of AHP, evaluation 

should be artificially measured, on the one hand with regard to qualitative criteria and on the 

other hand, quantitative criteria should be transformed into quasi metric parameters. Thus, 

values of financial criteria, as considered by economic analysis, can be added up to a uniform 

technique of evaluation as well as aggregated to an overall assessment [25]. The amenities of 

AHP also imply that the appliance is associated with an extensive effort. That can be resolved 

by the application of special software like expert choice [25, 9, 12]. A further problem is the 

restriction to a chart with nine points because this determines inconsistencies in a large system 

[26]. For the presented automotive business example the following results can be concluded: 

If only economic aspects are regarded, a closing of the locations M and R would be beneficial 

for the company. The results of the AHP assessment, which consider also quality- and risk 

criteria, show the opposed figure. The disadvantages in quality and risk criteria outbalance the 

advantages in economy criteria. Therefore, closing any location would be in total a 

disadvantage for the company. Because of that the company should preserve the locations. 

This exemplifies that AHP can be used not only for location selection but also for reduction 

decisions testing existing locations and location numbers for optimization potential. 
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