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Abstract

This paper proposes a model to support the decision-making process of 
selecting the location of a distribution center for the retail sector. The model 
was structured in two stages to consider objective and subjective criteria 
(multicriteria) for the decision-making process. In the first stage, a nonlinear 
programming model was used to establish a reference site in the region under 
analysis and identify five cities near that location. The second stage consisted 
of building a hierarchic structure for making decisions based on criteria and 
sub-criteria relevant to the process of deciding the location of a distribution 
center, and applying the Analytic Hierarchy Process (AHP)  multicriteria 
method for all five previously selected candidate cities. The model was used 
to define the location of a distribution center for a furniture and appliance 
retailer in the state of Paraná, Brazil. The results show that the criteria 
transportation and market have the most influence in the decision-making 
process, and that the best alternative for the distribution center was the city 
of Arapongas (PR). The methodology proved to be efficient in the decision 
analysis presented herein.

----------Keywords: Decision making, location problem, distribution 
center, Analytic Hierarchy Process, nonlinear programming

Resumen

El presente estudio tuvo como objetivo proponer un modelo de apoyo a la toma 
de decisiones para el problema de localización de centros de distribución para 
el sector minorista. El modelo fue construido en dos etapas con el propósito 
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de considerar tanto los factores objetivos como los subjetivos (multicriterio) 
en el proceso de toma de decisiones. En la primera etapa se utilizó un modelo 
de programación no lineal para definir un sitio de referencia en la región bajo 
análisis y identificar cinco ciudades cercanas a esta ubicación. La segunda 
etapa consistió en la construcción de una estructura jerárquica de decisiones 
basada en criterios y subcriterios pertinentes para el proceso de toma de 
decisiones de localización de centros de distribución, y la aplicación del 
método multicriterio Proceso de Análisis Jerárquico (AHP) para las cinco 
ciudades candidatas previamente seleccionadas. El modelo se utilizó para 
definir la ubicación de un centro de distribución de una empresa del sector de 
muebles y electrodomésticos en el estado de Paraná, Brasil. Los resultados 
muestran que los criterios Transporte y Mercado son los más influyentes en 
el proceso de toma de decisiones, y la mejor alternativa para la instalación del 
centro de distribución fue la ciudad de Arapongas (PR). La metodología ha 
demostrado ser eficaz para la solución del problema de análisis de decisión 
presentado en este estudio.

----------Palabras clave: Toma de decisiones, problema de localización, 
centros de distribución, proceso de análisis jerárquico, programación 
no lineal

Introduction
The retail sector represents a large share of the 
Brazilian economy. Nevertheless, high costs of 
the distribution system impact the performance 
of that segment. The country’s vast territory 
and the need to service several different retail 
locations in various regions, combined with 
high transportation costs, represent a challenge 
for organizations in that sector. The location 
of distribution centers (DCs) stands out among 
possible solutions for distribution problems. 

The location of DCs must come from strategic 
decisions. The financial resources associated 
with this type of decision, as well as land and 
construction costs, make this an investment with 
long-term returns [1-3]. DCs must be located 
to meet the demands of the regions served by 
them and be near suppliers, with the possibility 
of increasing the level of service obtained by 
expanding the number of facilities or by placing 
them closer to clients [4-6]. 

In complex scenarios such as selecting the 
location of facilities, it becomes necessary to 

use tools structured to support decision making. 
Several methodologies can be used to select the 
location of facilities, according to the complexity 
of the problem at hand. The main ones include 
continuous models and multicriteria decision-
making methods.

Continuous location models consist of allocating 
facilities within a continuous solution space 
– that is, at any point within the region under 
consideration (analytical plan). The objective of 
continuous location models is to minimize the 
sum of Euclidean distance between facilities and 
points of service [7].

Multicriteria methods stand out by considering 
the subjectivity inherent to decision processes. 
Their formulation contemplates all important 
variables and parameters, including qualitative 
characteristics of a subjective nature, thereby 
resulting in more dynamic decision making. By 
applying these methods, it becomes possible 
to analyze the context of decision making as a 
whole – identifying factors that influence the 
decision process and viable alternatives, to 
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achieve coherence between initial object and 
final results [8, 9].

One of the main  multicriteria decision-making 
method is AHP (Analytic Hierarchy Process). 
The AHP method undertakes a hierarchic 
representation of the elements involved in the 
process, to better visualize the decision-making 
context. Its approach consists of defining the 
problem or objective, determining which criteria 
and sub-criteria influence decision making, 
identifying which alternatives make it possible 
to achieve the goal, comparing pairs among the 
criteria to define priorities, and calculating the 
consistency index for all criteria [10, 11].

Decomposition into hierarchic levels facilitates 
analysis and priority-setting, and ordering 
the different criteria allows decision makers 
to understand the problem at hand [1]. The 
objective of this decomposition is to visualize the 
importance of the elements within themselves 
and in relation to other levels. In this analysis, the 
proper data must be identified to allow decision 
makers to correctly establish their preferences 
among the alternatives [12].

When building the hierarchy, priorities are 
established by comparing each element, pair by 
pair, within its hierarchic level, using a square 
decision matrix to define overall priorities and 
then rank the different alternatives to the problem 
[13]. A paired comparison of the choices is 
carried out based on a numerical scale (usually 
nine points) known as fundamental scale or Saaty 
scale [12].

AHP has been used in several decision-making 
studies to determine the location of facilities. 
[14] applied the AHP method for the location of 
convenience stores in China. The author [15] used 
AHP to identify the best location to open a food 
industry facility in Russia.  In [16] implemented 
the method for the location of warehouses 
belonging to a Chinese computer manufacturer. 
The authors [17] applied the AHP method to 
define the location of a bank branch in Turkey. In 
addition to location studies using only the AHP 
method, several approaches combining other 

methods are used as well. Table 1 features some 
applications of the AHP method in combination 
with other methods in location studies.

Table 1 Applications of the AHP method in 
combination with other methods in location studies

Authors Study
[16] Used the AHP method combined with goal 

programming to optimize the problem of the 
location of facilities in a supply chain.

[18] Used AHP method combined with artificial 
neural networks to select locations for 

convenience stores in Taiwan.
[19] Used the AHP method combined with an 

integer linear programming model for the 
location of supermarkets.

[20] Used the AHP method combined with the 
Steiner tree problem to find locations for 
distribution centers for an e-commerce 

company.
[21] Applied the AHP method combined with 

goal programming to select the best set of 
warehouses for a distribution chain.

[22] Applied the AHP method combined with the 
DEA method for the location of recycling 

centers.
[23] Developed a conceptual model for the location 

of facilities by using the AHP method and 
artificial neural networks.

[24] Applied the AHP method combined with the 
entropy method for the location of retail stores.

[25] Used the AHP method combined with fuzzy 
logic during the process of environmental 

evaluation in the state of Mato Grosso do Sul.
[26] Applied the AHP methodology combined with 

the TOPSIS method for the location of logistics 
centers.

[27] Applied the AHP method combined with the 
entropy method for the location of an urban 

residential development.

In that context, the objective of the present study 
is to propose a methodology to support decision 
making based on the AHP method combined with 
a nonlinear programming model for the problem 
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of selecting the location of a distribution center 
for the retail sector.

Materials and methods
The proposed model consists of two main stages 
and their respective components: 

(i)	 Selection of location alternative (cities): (1) 
map the study area and determine the sales 
volume for the organization in the region 
under consideration; (2) implement the 
nonlinear programming model. 

(ii)	 Application of the AHP method to identify 
the best choice for the location of the DC: 
(1) define criteria and sub-criteria and build 
the hierarchic structure, (2) determine the 

weights of the different criteria/sub-criteria 
and decision making.

A detailed discussion of the model is given below.

Implementation of the nonlinear programming 
model determines an optimal location point; from 
that point, location choices are determined around 
it. These alternatives comprise the last level of the 
hierarchic structure of the AHP method, which was 
previously established by identifying the decision 
criteria and sub-criteria through bibliographic 
analysis and identification of retail aspects. The 
weights of the different criteria and sub-criteria 
are determined by collecting data from decision 
makers in the field, in order to select the best 
choice for the location of the distribution center. 

The methodology structure is shown in figure 1.

Figure 1 Methodology structure

Selection of location choices 

The objective of this stage is to select which 
cities can be used as alternatives in the AHP 

method. First, the coordinate (X*,Y*) was given 
to the spatial location of a reference point by 
minimizing the sum (minisum) of the weighted 
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Euclidean distances between the cities and the 
reference location, according to the objective 
function shown in equation (1):

	 (1)

where

Dt	 = total distance 

wj	 = weight of city j (j =1,..., n);

Xj	 = x-axis of city j;

Yj	 = y-axis of city j;

X*	 = x-axis of the reference point;

Y*	 = y-axis of the reference point;

The values of (Xj,Yj) were obtained by mapping 
the region under analysis, and the values of wj 
were determined by the percentage of sales in 
each city j over a given time period. The model 
was implemented in Lingo 13.0.2.14 software, 
arriving at a global optimal solution for the 
location problem. 

The location model provides the coordinate 
(X*,Y*) without considering the physical 
and accessibility conditions of the location 
given. Therefore, the five cities with the largest 
populations around the reference site were selected. 
The population criterion has been used by authors 
[14, 17] in their location studies, given that in 
stable economies the sales volume of retail sector 
products tends be proportional to population. The 
number of cities selected (five) as alternatives for 
the AHP method was determined considering that 
analysis consistency in the AHP method can be 
compromised by the number of criteria and sub-
criteria to be evaluated by the decision-makers: 
the larger the number of choices, the higher the 
probability of inconsistent weightings.

AHP method

During this stage, the composition of the AHP 
method was defined for the location of the 
distribution center for the retail sector.

(1)	 Definition of criteria and sub-criteria

The criteria and sub-criteria used to build the 
decision making hierarchy structure were found 
in the literature and interviews with retail sector 
planning decision makers. Initially, the most 
relevant information on similar location studies 
was selected. Subsequently, this information was 
grouped in criteria and sub-criteria thus allowing 
the AHP hierarchical structure composition, as 
shown in table 2.

Table 2 Decision Criteria and Sub-criteria used for 
the location of retail DC

Criteria Sub-criteria
Transportation [26, 28, 29] Transportation cost [22, 23]

Road system [19]
Market [16] Population [14, 17, 19]

Economic development [14, 
15, 17, 26]

Competitors [14, 28]
Organizational strategies (*) Expansion [28]

Suppliers [16, 28]
Taxes [14, 28, 29] ISS (*)

IPTU (*)
Land [14] -

(*) Interviews with decision makers in the field of retail sector 
planning.

(A) Transportation Criterion: It is highly relevant 
in retail distribution systems. Its conditions 
must be analyzed during the process of selecting 
facility locations. The following sub-criteria 
should be considered in this analysis:

(i) Transportation cost: Transportation cost is 
among the most influential factors in overall 
logistical costs. The costs of tolls, fuel, 
commissions, traveled distances and number of 
trips should be analyzed. The transportation cost 
is defined by equation (2):

	 	 (2)

where

CT 	= transportation cost ($);
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pij 	 = cost of tolls between alternative i and city 
j ($);

nij 	 = number of trips between alternative i and 
city j;

dij 	 = distance between alternative i and city j 
(km);

C 	 = fuel at alternative i ($ / km); 

A 	 = commission paid to drivers per km traveled 
($ / km); 

(ii) Road system: analysis of road type (single or 
double lane), structural conditions of roadways, 
conservation and number of tolls, accessibility, 
restrictions upon the circulation of large vehicles 
within city limits, restrictions on the driving 
hours when it is permitted to reach the site chosen 
as the location of the distribution center.

(B) Market criterion: represented by the city’s 
consumer spending potential, it impacts the 
decision on the DC’s location, as the volume 
of sales tends to be higher in these cities. This 
criterion is subdivided into three subcriteria:

(i) Population: having the DC located near places 
with larger populations, where consumer spending 
tends to be higher, is usually advantageous, 
particularly with regard to cost, time reduction 
and lower client delivery times.

(ii) Economic development: assessment of 
local industrialization, prospective industrial 
and commercial growth rates, and GDP (Gross 
Domestic Product). This analysis is important 
to determine the feasibility of the installation 
project and the lifecycle of the facility.

(iii) Competitors: identify the number of 
competitors in the city and the competitive 
potential with regard to prices and delivery times. 

(C) Organizational Strategies Criterion: the 
location of a DC is influenced by organizational 
issues, which must also be taken into account for 
the project to be feasible and fully functional. 
Two sub-criteria are considered in this process:

(i) Expansion: any increase in the number of 
stores, new cities and markets to be reached must 
be considered to keep the facility useful for the 
long term.

(ii) Suppliers: renewal or increase of the mix of 
products and new commercial partnerships must 
be considered, by assessing the distance between 
the distribution center and suppliers.

(D) Taxes Criterion: the charges and taxes paid 
by taxpayers to the federation, states and cities. 
They should be analyzed at the time the location 
decision is made, among cities in the same state, 
by comparing current tax rates and fiscal benefits 
given out by different cities. Among local taxes 
analyzed in the context of the decision, two 
taxes charged by municipalities in Brazil are 
represented as sub-criteria:

(i) ISS (Service tax).

(ii) IPTU (Urban property tax).

(E) Land Criterion: it is necessary to verify 
the existence of industrial districts, possible 
donations of land by government organizations, 
city legal issues regarding the relocation of 
companies, and the cost of land.

(2)	 Definition of the hierarchical structure

After the criteria and sub-criteria were identified, 
the hierarchic structure of the decision-making 
process was defined, in which the objective, 
criteria, sub-criteria and alternatives are 
presented, so that the results can be analyzed and 
compiled. The hierarchic structure proposed for 
the location of the DC can be seen in figure 2.
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(3)	 Weights determination and decision making

This stage is crucial in the decision-making 
process, in which the experience and technical 
knowledge of the decision makers are presented 
through questionnaires, interviews or direct 
participation, giving greater consistency to the 
proposed method. Inconsistencies may arise 
during this analysis, and are tolerable up to a 
limit of 0.10 [13].

Following the establishment of the hierarchic 
structure, a questionnaire based on the proposed 
structure was devised and given to the decision 
makers. The main objective of the questionnaire 
is to allow the comparison between element pairs 
(criteria and sub-criteria) at each level of the 
structure. 

Results
In order to demonstrate a practical application 
of the proposed methodology, a problem was 
presented for the location of a DC for a furniture 
and appliance retailer named Beta Company. 

Beta Company has market share in the states of 
Paraná and Santa Catarina in southern Brazil. The 
company has 159 stores, 127 of which are located 
in the state of Paraná and 32 in Santa Catarina. 
To supply its stores and service its clients, the 
company has three distribution centers: one in 
the metropolitan area of Curitiba – PR, one in 
Joinville – SC, and the main center located in the 
city of Ponta Grossa – PR. 

The retail chain has a few constraints in its 
distribution system, particularly with regard to 
territorial expanse, location of suppliers and 
number of cities serviced in the state of Paraná. 
In that regard, the objective is to find the location 
for a DC in that state, in order to improve the 
distribution system of Beta Company.

In the first stage, the northern region of Paraná 
state was identified as the study area in which 
to apply the nonlinear programming model. The 
geographical map of Paraná state was used to 
map the area and identify the coordinates of the 
cities in which Beta Company is present. Next, the 

Figure 2 Hierarchic structure for city selection
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population of all serviced cities was assessed in 
order to apply the nonlinear programming model.

The continuous nonlinear programming model 
represented by equation 1 used the coordinates 
of 31 cities as parameters. Implementation of the 
model had a processing time of eight seconds and 
featured 71,752 iterations. The coordinates for 
the location of the optimal point were identified 
as X(9.18) and Y(4.05). Next, the cities around 
the optimal point were identified, according to 
the following parameters: five cities at most, and 
cities with larger populations. 

The cities and their respective populations are 
shown in table 3.

Table 3 Cities identified for the application of AHP

City Population
Apucarana 120,199
Arapongas 104,150
Londrina 506,701
Maringá 357,077
Rolândia 57,862

After identifying the candidate cities for hosting 
the DC, the hierarchic structure in figure 2 
was used to analyze the decision process. Two 
decision makers weighed and decided on the 
organization under analysis.  

Table 4 shows the evaluation of the criteria and 
sub-criteria, and their respective weights. 

Table 4 Weights of the criteria and sub-criteria 

Criteria Sub-criteria
Transportation (0.489) Transportation cost (0.776)

Road system (0.224)
Market (0.231) Population (0.133)

Economic development (0.657)
Competitors (0.209)

Organizational 
Strategies (0.134)

Expansion (0.458)
Suppliers (0.542)

Taxes (0.082) ISS (0.551)
IPTU (0.449)

Land (0.064) -

The evaluation identified that the most 
important criterion for the location of the DC 
is transportation, with 48.9%. This affirms the 
influence of this criterion for the distribution 
system. 

The second most represented criterion was market, 
with 23.1%, demonstrating the importance of 
economic activity in future business prospecting. 
Organizational strategies were the third most 
relevant criterion, with 13.4%, highlighting 
that the location of a DC is influenced by the 
organization’s future growth perspectives. 

Next, the tax criterion was identified, with 8.2%. 
Such a low index regarding taxes is because the 
different choices were locations within the same 
state, differing only in municipal taxes. 

The least representative criterion in this analysis 
was land, with an importance of 6.4%, showing 
that it is not an influencing factor for the center’s 
location. The inconsistency index generated in 
the analysis was 0.08.

When evaluating the different sub-criteria, it is 
observed that within the transportation criterion, 
the transportation cost sub-criterion showed 
the greatest importance in the decision-making 
process, with 77.6%. It has a great impact on the 
distribution system. Within the market criterion, 
the economic development sub-criterion showed 
a predominance of 65.7%, evidencing its 
importance in the decision.

With respect to the organization strategies 
criterion, the suppliers’ sub-criterion had a 
52.4% predominance of importance. Within the 
tax criterion, the ISS sub-criterion features the 
greatest importance, with 55.1%. 

The inconsistency index generated in the market 
criterion was 0.06, within the inconsistency 
limit of 0.10. The remaining criteria showed no 
inconsistency, as their sub-criteria are paired.

Table 5 showed the combination of weights of the 
alternatives in relation to the criteria. 
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The Arapongas choice achieved the highest 
importance with respect to the transportation 
criterion, with 36.3%, noteworthy because it 
featured the lowest transportation cost among the 
alternatives. In the market criterion, the Maringá 
alternative has the highest relative importance, 
with 40.1%, featuring the second largest 
population and highest GDP among the analyzed 
choices. 

In the organizational strategies criterion, 
Arapongas once again showed the most 
importance, with 33.9%, possibly motivated by 
the proximity to suppliers. With respect to the 
tax criterion, Maringá was the most relevant 
alternative with 30.5% by having the lowest rates 
among the analyzed taxes (ISS and IPTU). In the 
land criterion, Arapongas had the highest relative 
importance with 53.9%, influenced by the lowest 
purchase cost of land plots.

The final weight of all decisions defined 
Arapongas as the alternative with the greatest 
priority for the location of the DC, with 31.8% of 
final importance. Apucarana ranked as the second 
alternative with 19.9%, followed by Londrina 
(17.3%), Rolândia (15.6%) and Maringá (15.4%). 
The results showed little variation between the 
four alternatives. The overall inconsistency stood 
at 0.06, within tolerable limits.

Conclusion
The present study developed a methodology 
to support decision making for the location of 
a distribution center. The methodology was 
developed in two stages. First, location alternatives 
were generated by applying the nonlinear 
programming model. Next, the hierarchic 

structure was defined, comprising the specificities 
of each city through the different criteria and sub-
criteria. Lastly, the AHP method made possible 
to transform all qualitative and quantitative data 
into numbers, making an objective decision on the 
location of the chosen city.

The contribution of this work is that it fills the 
gaps that exist in nonlinear programming models 
applied to location situations, most of which 
become unfeasible due to their restrictions. The 
solution presented herein was to combine the data 
generated by this nonlinear programming model 
with a  multicriteria decision method – AHP.

Applying the methodology for the location of 
a DC for a furniture and appliance retailers, 
the following decision alternative cities were 
identified: Apucarana, Arapongas, Londrina, 
Maringá and Rolândia. In the second stage, the 
study identified by weighing the answers of the 
decision makers that the most relevant criterion 
to define the best alternative among the cities is 
transportation, which follows a nationwide trend 
in which it accounts for the largest share of the 
logistical costs of several sectors. The city of 
Arapongas was defined as the best alternative 
for the location of a DC. In the analysis, the city 
featured the lowest transportation cost and one of 
the highest GDPs among the alternatives. Other 
factors that influenced the decision to locate the 
city were the lower cost of buying land, and the 
fact that the city hosted several manufacturers and 
suppliers of furniture, upholstery and mattresses.

The model developed and proposed herein 
aimed to contribute widely to any retail 
organization, and can be adapted to several 
different organizational contexts.

Table 5 Weights of the alternatives in relation to the criteria

Alternative Transportation Market Organizational strategies Taxes Land Final weight
Apucarana 0.226 0.060 0.095 0.150 0.226 0.199
Arapongas 0.363 0.193 0.339 0.173 0.539 0.318
Londrina 0.169 0.180 0.261 0.238 0.061 0.173
Maringá 0.056 0.401 0.220 0.305 0.032 0.154
Rolândia 0.186 0.166 0.086 0.133 0.112 0.156
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