DYNA

- UNIVERSIDAD ] 3
NACIONAL Py
DE COLOMBIA R - .
s SEDE MEDELLiN " ] http://dyna.medellin.unal.edu.co/
FACULTAD DE MINAS

Application of DEA in international market selection for the export
of goods

José Alejandro Cano, Emiro Antonio Campo & José Jaime Baena

Facultad de Ciencias Estratégicas y Administrativas, Universidad de Medellin, Medellin, Colombia. jacano@udem.edu.co, ecampo@udem.edu.co,
jjbaena@udem.edu.co

Received: October 15", 2015. Received in revised form: September 16", 2016. Accepted. Febvruary 20", 2017

Abstract

This article proposes a methodology to support decision-making to select an international market. To do so, an output-oriented data
envelopment analysis (DEA) model is used. This methodology takes into account multiple variables such as import tariffs, logistics costs,
the ease of doing business, cultural gaps, the value of imports, GDP per capita, and logistics performance, among others, which are validated
with a correlation analysis. The methodology is applied to frozen beef exported from Colombia, and it assesses the efficiency of possible
destination countries. Finally, this study concludes that DEA provides easy to apply robust models identifying countries and regions that
generate higher benefits to access international markets.
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Aplicacion de DEA en la seleccion del mercado internacional para
la exportacion de bienes

Resumen

Este articulo propone una metodologia para apoyar la toma de decisiones en la seleccidn de mercados internacionales. Para esto, se utiliza
un modelo de analisis envolvente de datos (DEA) orientado a salidas. La metodologia utilizada tiene en cuenta multiples variables como
el arancel de importacion, costos logisticos, facilidad de hacer negocios, diferencias culturales, valor de importaciones, PIB per capita,
desempefio logistico, entre otros, a los cuales se les aplica un analisis de correlacion para su validacién. Se aplica la metodologia para la
carne de res congelada exportada desde Colombia, y se evalla la eficiencia de los posibles paises destinos en los cuales podria
comercializarse el producto. Se concluye que DEA ofrece modelos robustos y faciles a aplicar para identificar los paises y regiones que
generan mayores beneficios en el acceso a mercados internacionales.

Palabras clave: analisis envolvente de datos (DEA); seleccién de mercados internacionales (IMS); exportaciones; carne congelada.

1. Introduction

DEA is a non-parametric linear programming-based
technique to measure the relative performance of decision
making units (DMUs) based on the values of chosen input
and output variables, avoiding the assignment of weights and
the standardization of values of variables in a homogeneous
scale [1]. Therefore, these issues include model orientation,
input and output selection/definition, the use of mixed and
raw data, and the number of inputs and outputs to use versus
the number of DMUs. DEA can be viewed as a tool for

multiple-criteria evaluation problems in which DMUs are
alternatives, and each DMU is represented by its performance
in multiple criteria also classified in DEA models as inputs
and outputs [2].

Currently, there are interesting contributions that show
the relevance of DEA in international markets selection
(IMS) approaches. In fact, some models consider this
procedure has to be implemented with considerable attention
and deliberation, especially, when some criteria can play
simultaneous roles of input (cost) and output (profit) [3].

In addition, some studies show that some factors can be
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strategic in an IMS, like institutional government support to
protect companies, geographic proximity, and cultural
similarity, among others [4]. Different studies have applied
DEA for IMS generically utilizing measures such as a
company’s customer image, average tariff rates for
destination markets, sales volumes and number of
competitors [5], or specifically, in the bicycle and motorcycle
manufacturing industry implementing measures such as the
number of foreign competitors, the number of local
manufacturers, marketing costs, average tariff rates, sales
prices, and estimation of sales volumes [3].

So, governments and companies make great efforts to
develop special programs based on DEA techniques to
recognize opportunities in international markets to develop
alternatives for economic growth [6]. Thus, every company
seeking to internationalize exporting goods must identify
the most optimal alternative, considering that there are
many important barriers, criteria and institutional
mechanisms that can influence an export process [7]. DEA
models allow companies to consider many factors to
identify the most efficient countries in international trade
like measuring and evaluating the efficiency of
international shipping line flows and their efficacy in
containerized freight [8]. In this sense, in a real application
of DEA for IMS, decision makers must identify appropriate
inputs and outputs according to decision makers’ product
specifications and preferences [5].

Therefore, the aim of this article is to propose a
methodology for international market selection based on
DEA models to support multi-criteria decision-making. For
this purpose, the paper outlines DEA background and
applications. Then, it presents a proposed methodology and
models, and it is applied to select frozen beef international
markets. This paper presents results and a discussion and
provides a conclusion concerning the main implications of
using DEA for decision makers.

2. DEA background and applications

DEA is a linear programming-based technique to
evaluate the performance of administrative units such as
banks, mutual funds, police stations, hospitals, tax offices,
defense bases, insurance companies, schools, libraries, and
university departments, among others, including countries
and governments [9]. In addition, it was proposed by
Charnes, Cooper and Rhodes in 1978 [10]. DEA is also
called frontier analysis because the performance of a unit is
evaluated comparing its performance with the best
performing units of a sample that forms an efficiency
frontier. Moreover, if the unit is not on the efficiency
frontier, it is considered to be inefficient. Therefore, this
multiple-criteria method can be applied successfully to
profit-making and non-profit organizations because it can
handle multiple inputs and outputs as opposed to other
quantitative techniques as ratio analysis or regression.
Currently, there are several articles in databases like ISI
Web of Knowledge, Web of Science (WOS) and Scopus
about the application of DEA in administrative units, as
shown in Table 1.

Table 1.
DEA application in administrative units

Administrative units M:rstticclletsd Total articles
Mutual Fund [11,12] WOS: 9, Scopus: 14
Police Station [13,14]  wOsS: 10, Scopus: 12
Hospital [15—17] WOS: 232, Scopus: 491
Tax Offices [18,19] WOS: 4, Scopus: 6
Defense bases [20,21] WOS: 10, Scopus: 3
Insurance companies [22,23] WOS: 65, Scopus: 67
Schools [24,25] WOS: 114, Scopus: 189
Libraries [26,27] WOS: 33, Scopus: 45
University departments [28,29]  WOS: 196, Scopus: 476
Market selection [30,31] WOS: 50, Scopus: 66

Source: Authors

DEA models may be input-oriented and output-oriented.
Input-oriented models state that efficient DMUs will be those
that consume the least amount of inputs to achieve a given
level of output, and output-oriented models provide that
efficient DMUs will be those that achieve the highest number
of outputs with a given level of inputs. Similarly, DEA
models can be classified as CCR models [9] and BCC models
[32]. CCR models assume the existence of constant returns
to scale. That is to say, all units are compared as if they were
subject to constant returns and not to the possibility of the
existence of inefficiencies because of differences between the
scales of operation envisaged in each DMU. BBC models are
based on the principles of convexity, free input and output
availability and variable returns to scale. BCC models are
used to compare the size of similar organizations while CCR
models are used to compare an organization with others,
substantially larger or smaller [33].

DEA can also be combined with structured techniques
like an analytic hierarchy process (AHP) to process complex
data supported on mathematics and psychology [34], chance
constrained programming (CCP) and multi-objective
programming (MOP) in risk evaluation models [35]. In this
sense, in a short time, DEA has grown into a powerful
quantitative, analytical tool to measure and evaluate
performance. It has also been successfully applied to a host
of different types of entities engaged in a wide variety of
activities in many contexts worldwide [36].

2.1. DEA and international market selection

DEA is used for market selection because it is a
complicated decision making task which takes time, and
needs tools and models to deal with multiple criteria, weight
restrictions and inaccurate data simultaneously [5].
Moreover, DEA is applied to select international suppliers
and their performance evaluation, even using complementary
mathematical tools as stochastic efficiency analysis to deal
with uncertainties related to supplier performance, political,
legal, economic, socio-cultural and technological market
features [37]. Governments use DEA to promote export
programs, especially, for companies who try to find new
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international markets [6], and DEA can be used to show
export enterprises their main threats, to increase the
companies’ possibilities for [38].

DEA can be useful to identify when a company is able to
compete in international markets and to recognize market
export opportunities [39]. As a quantitative tool, DEA allows
efficient multiple-criteria evaluation through inputs and
outputs [2]. However, in IMS, many qualitative techniques
evaluate the conditions to internationalize a company [40].

3. Methodology and DEA models

To create a DEA methodology for international market
selection, DMUs represent countries with potential to import
frozen bovine meat from Colombia, and DEA will be used to
classify them to facilitate an IMS decision-making process.
Therefore, the DEA model uses the notation presented in
Table 2, where N DMU which will be evaluated consumes M
inputs to generate S outputs.

Table 2.
Index and parameters for DEA models.
Indexes and parameters

In this article BCC models are used to select international
markets to export frozen bovine meat based on the nature of the
inputs and outputs described in Table 3 and Table 4. Criteria set
by [41], [42] and the authors were taken into account to
determine the inputs and outputs, which include country-level
and consumer-level variables related to economic and market
development, product acceptance, cultural and geographic
distances, logistics, policies that facilitate the generation of
business and a flow of goods, among others.

The inputs taken into account can be interpreted as the
costs and efforts required to access an international market.
Inputs taking smaller values will be convenient for business
performance. Hence, the outputs taken into account can be
interpreted as benefits that a destination country offers, and
outputs taking higher values will be more convenient for
business performance.

In this case, an output-oriented model is used because the
decision maker is interested in finding a country where the
benefits of exporting frozen beef are maximized considering
certain costs and efforts. Thus, the mathematical approach of
the BCC output-oriented model is described in eq. (1)-(5).

j=1..N DMU index Max ¢ (1)

i=1..M Inputs index

r=1..S Outputs index . .

Xij) Amount of input i required by DMU j SUbJeCt to:

Vi) Amount of output r used by DMU j

i) Weighting of DMU j to build a virtual DMU N 2. N> for r=

Efficiency or performance of the evaluated DMU 21_1 DY = ¢y(r'0) 2
Source: Authors 1..,S$
Table 3.
Inputs for proposed DEA models.
Inputs Description Scale Source
Import tariff (IT) Tariff to nationalize frozen bovine meat in the country of destination. % World Trade Organization

Cost of sea freight to the port of destination and costs of imports

Logistic costs (LC) (documentation, customs, handling and transportation to the final USD, World Freight Rates, World
: A Thousand Bank
consignee) for a 20-foot container in 2014.
Ease of doing business (EDB) Cou_ntry ranking to foster a regulatory environment for business (Doing 110189 World Bank
Business Index).
Cultural difference, calculated as the average absolute distance between
Cultural gap (CG) Colombia and a country regarding to power distance, individualism, 1to 100 Hofstede Centre
masculinity, uncertainty, long term orientation and indulgence.
Documents required to import in a country in 2014, including documents Number of
Import documents (ID) required by government agencies, customs authorities, port and container World Bank
] ; . documents
terminals, technical and health agencies, and banks.
Source: Authors
Table 4.
Outputs for proposed DEA models.
Inputs Description Scale Source
. . . usD, International Trade
Import value (1V) Sum of money equal to imports of frozen bovine meat in 2014. Million Centre
Import value variation (IVV) Average variation in the value of imports of frozen bovine meat in the last 5 years. % Imemfggﬂ: Trade
GDP per capita (GDPC) Gross domestic product per capita in each country. ThltJJﬁsDa’nd World Bank
EBGDDPPC\p/e)r capita - variation Average variation in the gross domestic product per capita in the last 5 years. % World Bank
Represents the efficiency of customs clearance process, quality of trade and
Logistic performance index transport infrastructure, ease of agreeing competitively priced shipments, quality 1105 World Bank

(LPI)
which the deliveries are made on time.

of logistics services, ability to track and trace shipments, and frequency with

Source: Authors
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Z?]=1 )L(])X(l_]) < X(i'o) fori = 1,....M (3)
N —
=14 =1 @)
A(j) = 0,f0rj= 1,..,N (5)

For a BCC output-oriented model, ¢ represents the radial
expansion of outputs given a maximum level of inputs,
therefore, if ¢ > 1, it means that the combination of outputs
from other DMUs are greater than the outputs of the
evaluated DMU, and it is classified as an inefficient DMU.

With the information of inputs and outputs, DEA models
are loaded and solved in a program developed in MS Excel,
supported with Visual Basic Applications programming and
the use of solver application. Using this, the efficiencies of
each country are obtained with the output-oriented model.
The most efficient countries are prioritized according to the
number of times that each country is used to create the
efficiency reference set for other countries.

4, Results and discussion

To load the proposed model, countries that imported more
than US$ 50 million of frozen beef in 2014 were selected.
Such information was found in the International Trade
Centre’s databases [43], and the result was 39 countries, and
of these, 7 countries lacked information on the input and
output values (established in Table 3 and Table 4) were
dismissed. Table 5 was built with results showing the values
for each of the proposed models’ input and output variable.
Moreover, the 32 remaining countries’ names have been
abbreviated according to the World Bank [44].

As shown in Table 6, a correlation analysis between input
and output variables was conducted to ensure each variable
provides different information from other variables in the
model, increasing differentiation among the evaluated
countries. This analysis facilitates the identification of the
variables which are convenient to keep or not.

Table 5.
Inputs and outputs values.
Inputs Outputs
Country IT LC EDB CcG ID v vV GDPC GDPCV LPI
USA 0 31 7 282 5 2933 25 54.6 22 39
VNM 20 9.0 78 293 8 2416 1167 21 5.9 3.2
RUS 0 78 62 37.7 10 2245 3 129 2.8 2.7
HKG 0 49 3 308 3 2059 51 402 38 38
PN 0 53 29 342 5 1296 7 36.2 15 3.9
KOR 40 47 5 305 3 1272 14 28.0 37 37
CHN 0 48 90 342 5 1269 148 76 8.6 35
EGY 0 6.7 112 19.8 10 1196 17 3.2 2.7 3.0
VEN 20 51 182 8.0 9 1073 62 166 11 28
MYS 0 9.2 18 263 4 493 14 109 5.8 36
ISR 0 6.3 40 36.8 4 397 4 370 38 33
SAU 5 74 49 16.3 8 373 7 24.2 5.2 3.1
PHL 10 6.0 95 2238 7 334 16 2.9 6.3 3.0
CAN 0 41 16 295 3 320 20 50.3 26 3.9
FRA 0 6.0 31 285 2 320 6 427 1.0 38
IDN 5 8.6 114 260 8 318 13 35 5.8 3.1
DEU 0 54 14 36.0 4 313 13 4756 20 41
GBR 0 55 8 345 4 294 1 456 17 40
ITA 0 6.0 56 320 3 290 3 35.0 05 3.7
NLD 0 53 27 403 4 264 7 51.6 0.3 40
AGO 10 125 181 145 9 212 2 54 46 25
ARE 5 6.7 2 242 5 209 13 442 40 35
SWE 0 5.7 1 415 3 171 4 58.9 24 40
BRA 10 5.7 120 16.8 8 147 26 11.4 3.2 2.9
ESP 0 6.2 33 25.0 4 131 1 303 05 37
sGP 0 77 1 330 3 115 1 56.3 6.4 40
PRT 0 6.4 25 225 4 67 -10 221 0.9 36
THA 50 8.5 26 188 5 66 83 55 36 34
JOR 0 7.2 117 162 7 66 2 5.4 2.7 2.9
BEL 0 5.9 42 305 4 65 3 475 11 40
DNK 0 5.1 4 417 3 61 -2 60.6 0.6 38
CHL 0 3.2 4 148 5 56 1 145 46 3.3

Source: Authors

379



Cano etal / DYNA 84 (200), pp. 376-382, Marzo, 2017.
Table 6.
Input and output correlation analysis.
Inputs Outputs
IT LC EDB CG ID v [\VAY GDPC GDPCV LPI

IT 1.00 0.21 0.14 -0.33 0.15 v 1.00 0.44* -0.10 0.17 -0.09
LC 1.00 0.41* -0.24 0.44* vv 1.00 -0.29 0.29 -0.15
EDB 1.00 -0.63 0.79 GDPC 1.00 -0.47** 0.82**
CG 1.00 -0.55 GDPCV 1.00 -0.35*
1D 1.00 LPI 1.00

*Significant correlations at a 0.05 level (bilateral)
** Significant correlations at a 0.01 level (bilateral)
Source: Authors.

Table 6 shows a significant correlation between the
logistics cost (LC) and ease of doing business (EDB), and
between the logistics cost (LC) and the number of import
documents required by the destination country (ID). Thus,
the variable 1D was eliminated because it was considered in
the LC variable. Regarding output variables, there is a highly
significant correlation between GDPC and GDPCV as well
as between GDPC and LPI. Therefore, it has been decided to
discard the GDPC. Although the GDPC has been removed, it
has a representation in the model through the GDPCV
variable, which takes into consideration its variation over
time. This way the DEA models are left with 4 input and 4
output variables.

Once the input and output variables are refined, according
to [45] and [46], the number of DMU is at least equal to
(M+S) x 3. In this case, it is (4 + 4) x 3 = 24 countries, and
complies having 32 countries in the data set. In this sense, the
condition established by [47] would also be fulfilled as the
number of DMU in DEA models should be at least equal to
2MxS, which in this case is 2 (4) x 4 = 32 countries. The
DMU number used for international market selection allows
a higher segregation level and gives the model more degrees
of freedom.

After verifying the correlations between the variables and the
minimum number of countries to be considered, the proposed
model is executed, obtaining each country’s efficiency and
frequency as a reference set as shown in Table 7. Adjustments to
the efficiency value results of the output-oriented model are done
to convert those values using a 1/¢> scale.

In Table 7 in the output-oriented model, it is observed that
47.6 % of the countries are efficient and the average
efficiency is approximately 96%, showing that there is a set
of countries to which frozen beef can be exported from
Colombia obtaining adequate benefits according to costs and
efforts required to access those countries. It is noted that
countries like the United States of America (USA), Chile
(CHL), Singapore (SGP), Germany (DEU) and Belgium
(BEL) are efficient and are most often used in the reference
set to determine the efficiency of other countries. This means
that these countries are leaders and benchmarks to determine
the efficiency of inputs and outputs for other countries
considered in the analysis. Therefore, it is recommended to
select one of these countries as an international market to
export frozen beef, prioritizing the countries according to the
order suggested in Table 7, and thus, it ensures selecting a
country where profits are maximized and costs are
appropriate for the benefits obtained.

Table 7.
Efficiency and frequency as a reference set for every country
Frequency as a

Country Efficiency reference set
USA 1.00 16
CHL 1.00 9
SGP 1.00 8
DEU 1.00 8
BEL 1.00 7
CHN 1.00 4
VNM 1.00 2
HKG 1.00 2
SAU 1.00 2
THA 1.00 2
KOR 1.00 1
EGY 1.00 1
VEN 1.00 1
MYS 1.00 1
AGO 1.00 1
GBR 1.00 0
ESP 0.99 0
NLD 0.98 0
PRT 0.98 0
PHL 0.98 0
FRA 0.98 0
CAN 0.97 0
SWE 0.97 0
JPN 0.97 0
DNK 0.96 0
ARE 0.96 0
ITA 0.90 0
IDN 0.87 0
BRA 0.86 0
JOR 0.84 0
RUS 0.84 0
ISR 0.77 0
Source: Authors
Table 8.
Efficiency analysis by region.
Region Countri % Effic!ent Average
es countries efficiency
Europe 11 18% 96.3%
Asia 10 70% 98.2%
America 5 60% 96.8%
Africa and Middle 6 50% 93.0%
East

Source: Authors

To complement the IMS analysis, Table 8 presents a
study by region to which those evaluated countries belong,
and it allows us to identify opportunities to perform the best
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market expansion strategies and export products to several
countries with geographic proximity.

Therefore, the regions with the highest proportion of
efficient countries under the output approach are Asia and
America, which in turn are the regions with higher average
efficiency. However, despite the fact that only 18% of the
countries in Europe are efficient, the average efficiency in
that region is similar to Asia and America.

Finally, accordingly to Table 7 and Table 8, it is
recommended to select the United States of America (USA),
Chile (CHL) and Singapore (SGP) as international markets
for frozen bovine meat, because these countries’ efficiency
maximizes outputs and is used in the reference set to
determine other countries’ efficiency. Furthermore, they are
located in regions with high efficiency levels, and this
facilitates the opening of new markets.

6. Conclusions

DEA is a robust quantitative methodology that offers
understanding and application for international market
selection for different products and economic sectors. The
BBC output-oriented model was applied to evaluate the
efficiency of international markets to export frozen beef from
Colombia.

The application of DEA models allows us to identify
countries that provide greater cost/benefit, taking into
account multiple criteria and measures such as import tariffs,
logistic costs, ease of doing business, cultural gaps, import
value, import value variations, GDP per capita variation and
the logistic performance index. This indicated that the best
countries to export frozen bovine meat to are the United
States of America (USA), Chile (CHL) and Singapore (SGP),
which are located in regions with the highest average
efficiency and highest proportion of efficient countries under
input and output approaches.

As shown in this article, the proposed model and its
measures are not limited to products such as frozen beef or
frozen food. This allows them to be applied in multiple
contexts and to any product which can be exported to an
international market. According to the preferences of the
decision-maker, DMU selection criteria may change, and
some inputs and outputs can be customized.
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