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Abstract: This study presents a novel approach to assess countries’ relative logistics performance
differentials and identifies the underlying drivers using a data envelopment analysis (DEA) approach.
The findings offer strategic insights and provide nations with valuable guidance in navigating the
dynamic landscape of global logistics competitiveness. Recognizing the pivotal role of logistics in
fostering economic activity and contributing to sustainability, we utilize the Logistics Performance
Index (LPI) within the DEA model to gauge efficiencies at the country level and scrutinize influencing
factors. Our findings indicate that international shipment practices in the last decade, as well as
tracking and tracing recently, no longer contribute to the competitiveness of the countries, despite their
potential for improvement. The overall change in logistics efficiency during the last decade remained
relatively marginal, primarily driven by the frontier-shift effect. However, notable disparities among
the country performance groups, particularly in adopting technological advancements, are manifested
in the frontier-shift effect. Countries with lower logistics performance should prioritize addressing
structural challenges related to customs, infrastructure, quality of logistics services, and timeliness.
Medium-performance countries, while benefiting from a focus on customs, tracking and tracing, and
timeliness in the early 2010s, are advised to align their efforts with high-performance countries by
emphasizing managerial aspects in recent times.

Keywords: data envelopment analysis (DEA); malmquist index; benchmarking; logistics performance
index (LPI); global logistics performance; efficiency

1. Introduction

Globalization is naturally forcing countries to think beyond their regional competitive-
ness. International trade has become the key to economic welfare in today’s unprecedent-
edly well-connected global economy. As countries increasingly face global competition,
they seek ways to operate more efficiently globally. More efficient logistics operations posi-
tively and significantly affect a country’s competitiveness and sustainability by ensuring
resilient, convenient, and low-priced mobility of goods and services. Furthermore, the
logistics sector not only substantially contributes to a country’s economic performance and
advancement, but also plays a crucial role in the environment and society [1]. Hence, the
performance of logistics has a significant impact on both economic prosperity and sustain-
ability [2]. On the other side, logistics operations involve the management of the efficient
flow of goods, services, and information from the source to the final consumer [3]. These
operations have become more critical in ensuring customer satisfaction and improving
profitability and sustainability. Organizations have been increasingly paying attention to
their logistics operations to enhance their delivery speed and timeliness, optimize their

Sustainability 2024, 16, 2683. https://doi.org/10.3390/su16072683 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su16072683
https://doi.org/10.3390/su16072683
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-3655-465X
https://orcid.org/0000-0002-5918-0558
https://orcid.org/0000-0002-1889-3965
https://orcid.org/0000-0002-7388-8720
https://orcid.org/0000-0003-3540-2264
https://doi.org/10.3390/su16072683
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su16072683?type=check_update&version=1


Sustainability 2024, 16, 2683 2 of 20

inventory controls, improve their procurement practices and carbon footprints, and boost
the information flow within their supply chains.

Market conditions shift the competition among supply chains rather than organiza-
tions [4]. Therefore, today, organizations look beyond improving their infrastructures and
seeking ways to integrate themselves into important supply chains. Today’s supply chains
span multiple countries. Logistics operations efficiency, as a result, has now become an
issue at the supply chain level rather than at the organizational level. Increasing logistics ef-
ficiency depends on several factors, such as using the latest technologies (image recognition,
IoT, sensors, RFIDs, etc.), improving transportation infrastructure, increasing the adaptive
capability to laws and regulations, and enlarging road and port capacities. While some of
these factors can be managed by organizations participating in the supply chains, the others
can only be improved at the country level. Physical infrastructure, laws, regulations, and
the capacity of roads and ports determine the quality of logistics operations administered
by governments. Therefore, logistics investments impact not only a specific firm, a supply
chain, but also the entire country. Public resources finance many logistics infrastructure
projects, and customs are regulated for public well-being. In return, the countries expect to
increase their gross domestic product, public welfare, and competitiveness. Thus, logistics
efficiency is critical at the country level to set the priority areas to invest in improving
logistics performance.

The World Bank has developed the Logistics Performance Index (LPI), which provides
a metric to assess countries’ logistics performance quantitatively and makes it possible to
compare their customs regulations, logistics costs, and transportation infrastructure. LPI
uses a questionnaire-based survey method to evaluate six dimensions of logistics related
to a specific country. The dimensions reported in the index are as follows: (i) customs,
(ii) infrastructure, (iii) international shipments, (iv) logistics competence, (v) tracking and tracing,
and (vi) timeliness. The customs dimension refers to the efficiency of customs regulations
clearance. The infrastructure dimension measures the transportation infrastructure, such as
road capacity and railroad networks. International shipments measure the convenience of
planning competitively priced shipments. Logistics competence touches upon the competence
and quality of logistics services. The tracking and tracing dimension is related to the ability
to control the time and place of transportation. Finally, timeliness refers to the compatibility
of scheduled and expected delivery [5].

LPI is a powerful guideline for comparing the logistics performances of individual
countries on any of the six dimensions. These dimensions are not independent of each
other. For example, infrastructure and customs efficiency may significantly affect timeliness.
Therefore, some of these dimensions may be precursors to the others [6,7]. In this study, we
first qualitatively review each LPI dimension individually as antecedents and consequents.
Therefore, LPI is used to compare the logistics efficiencies of individual countries.

This study investigates the factors driving the countries’ logistics performances rely-
ing on the LPI indicators of the World Bank. To figure out the factors making countries
logistically perform well, we clustered them into three groups based on their logistics
performances in 2010. The efficiency change along the observed time frame was found
by calculating the Malmquist index from the same dataset, and its relation to the logistics
drivers was discussed. Using the DEA approach, each country was first benchmarked with
its peers in the same group, and the improvement dimensions of logistics performance
indicators were identified. After these performance discrepancies were compensated
in each group, all the countries were pooled into the same DEA model. These discrep-
ancies among the logistics performance groups were considered the drivers of logistics
performance efficiency.

This study is unique from several perspectives. Based on the best of our knowledge, it
is one of the first studies using DEA to this extent to explore the drivers of logistics efficiency
from the LPI dataset. The approach of extracting the logistics drivers from a DEA model and
evaluating them at operational and structural levels separately according to three logistics
performance levels of countries is quite novel in logistics. In terms of findings, this study
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also points out the difference between performance and efficiency. While performance
may be defined as the degree of achievement of a country’s goal, efficiency refers to
utilizing resources to achieve its goals [8]. From this perspective, the study is also one of
the few research projects discussing both issues in the literature. Finally, many studies in
the literature consider single-year LPI scores for logistics efficiency. However, this study
captures the dynamically changing impact of logistics dimensions on performance using a
Malmquist index (MI).

We organize the rest of the paper as follows. Section 2 provides the background and an
extensive literature review on studies addressing countries’ logistics performance using LPI.
Section 3 focuses on the methodology used, and the data collected, background information,
and application of the proposed framework. The solution methodology and results are
discussed in Section 4. Finally, Section 5 provides concluding remarks, managerial insights,
and future research directions.

2. Background and Literature Review

The logistics networks are a crucial part of domestic and international trade with
various operations, such as warehousing, brokerage, delivery, and terminal operations [6].
Martí et al. [7] analyzed the impact of LPI on developing countries’ trade performance.
Their findings indicated that the components of LPI were critical for international trade
in countries located in Africa, South America, and Eastern Europe. Uca et al. [9] showed
that there were statistically significant relationships between countries’ economic perfor-
mance and both “customs” and “logistics infrastructure”. Gungor et al. [10] examined the
relationship between LPI data and the economies of Mediterranean countries and argued
that countries can have higher levels of economic performance if they attach importance
to “infrastructure” and “customs” dimensions. Widiyanto et al. [11] also indicated the
importance of “logistics infrastructure” for foreign trade. Moreover, the extant papers
showed that international shipments, logistics competence, and timeliness had a positive
effect on the transportation sector [12,13]. In addition, the importance and positive effects
of tracking and tracing for logistics operations are discussed in various research in the
literature [14,15].

Efficient logistics operations also increase the competitiveness of countries. D’Aleo
and Sergi [16] investigated the mediator role of LPI on the relationship between the Global
Competitiveness Index (GCI) and gross domestic product (GDP). Their results showed that
GCI pillars have an essential role in the economic growth of European countries through
the mediation of logistics performance. Entrepreneurship and environmental awareness
are furthermore important extents to competitiveness. Using LPI, Mesjasz-Lech [17] identi-
fied the difficulties faced by entrepreneurs in the transport and storage sector within the
European Union. They performed a correlation analysis between entrepreneurship rate and
logistics performance and found a significant link between LPI and entrepreneurial activity
within the sector. Liu et al. [18] investigated the link between the logistics performance
of Asian countries and environmental degradation. Their results showed that LPI indica-
tors significantly impacted CO2 emissions. Successful logistics operations help countries
enhance trade and attract more foreign direct investment (FDI). Coto-Millán et al. [19]
inspected the impact of countries’ logistics performance on global economic growth. They
estimated that a 1% increase in LPI might enhance the world economic growth between
0.011% and 0.034%. Luttermann et al. [20] studied the relationship between logistics perfor-
mance, trade, and FDI. Performing a panel data analysis on 20 Asian countries, they found
a significant association between logistics performance and FDI.

On the contrary, poor logistics performance negatively influences the country’s com-
petitiveness. Inadequate infrastructures, weak custom regulations, poor quality of logistics
services, and faulty interconnections make the logistics service networks vulnerable to
uncertainties, leading to unpredictable transaction delays. The COVID-19 pandemic, the
accidents in the bottleneck waterways, such as in the Suez Canal, and recent conflicts in
different regions of the world have had a prominent impact on the overall coordination,
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organization, and planning of the logistics networks. Therefore, evaluating and under-
standing insights behind countries’ logistics performance is highly important. A country’s
logistics performance may be evaluated based on several indicators of its transportation
system, such as the railway usage rate, the length of the railways, and the use of waterways
quantitatively. The World Bank reports LPI that provides detailed information on the
logistics performance of over 160 countries based on the logistics experts’ opinions on
a five-point scale. LPI survey data provide quantitative evidence about the easiness of
custom procedures, available infrastructure, the quality of logistics services, timeliness
of logistics transactions, barriers in front of international shipments, and availability of
tracking and tracing tools for countries. Arvis et al. [6] evaluate the dimensions of LPI in
two categories: the policy arrangements pointing out the main inputs for the supply chains
(customs, infrastructure, and logistics services) and the supply chain performance indicators
(timeliness, international shipments, and tracking and tracing).

Although most of the literature comprises micro-level studies, relatively fewer works
focus on the logistics performance at the macro-level [1,21,22]. Many of these macro-level
studies use the World Bank’s LPI dataset, an important source to assess and compare the
logistics performance of the countries [6]. Table 1 summarizes the current literature on
logistics performance assessed by LPI. The table lists the studies concerning their scope,
data, the method used, and major outcomes.

Table 1. A summarized review of LPI literature.

Study Scope Used Data Methodology Outcomes

Min and Kim (2011) [23] All countries LPI + EPI DEA Develop a new composite
logistics and sustainability index

Millán et al. (2013) [19] All countries LPI Production function Global economic growth impacts
LPI

Martí et al. (2014) [7] Developing countries LPI + UN ComTrade Gravity model
LPI is critical for international
trade in African, South
American, and Eastern European
countries

Yu and Hsiao (2016) [24] All countries LPI Meta-DEA–AR Suggestions to improve the
countries’ logistics performances

Önsel Ekici et al. (2016) [25] Turkey LPI + GCI ANN + CBDs

The fixed broadband internet
infrastructure is the most crucial
factor in Turkey’s logistics
performance

Martí et al. (2017) [21] All countries LPI + income and
geographical area DEA The EU countries perform

the best

D’Aleo and Sergi (2017) [16] European countries LPI + GCI Linear regressions +
panel analysis

LPI mediates the relationship
between GCI and GDP

Liu et al. (2018) [18] Asian countries
LPI + World
Development
Indicators

GMM LPI impacts CO2 emissions

Lu et al. (2019) [26] All countries LPI Panel analysis Develop a new environmental
LPI (ELPI)

Önsel Ekici et al. (2019) [22] All countries LPI + GCI BN-TAN + PLS + IPMA Digitalization and supply chain
analytics improve LPI

Rashidi and Cullinane (2019) [1] OECD countries LPI DEA A new SOLP approach for a
country’s logistics performance

Mesjasz-Lech (2019) [17] European Union LPI + entrepreneurship
rate Correlation analysis

The link between LPI and
entrepreneurial activities
is significant

Kabak et al. (2020) [27] All countries LPI + GCI BN +PLS + IPMA GCI components improve a
country’s logistics performance

Stojanović and Ivetić (2020) [28] Serbia LPI + GCI + IS Correlation +
Gravity model LPI impacts the national IS

Göçer et al. (2022) [29] Turkey LPI + various sources Linear programming +
regression analysis

Optimal logistics
strategy selection

ANN: artificial neural networks, BN-TAN: tree-augmented naive Bayesian network, CBDs: cumulative belief
degrees, DEA: data envelopment analysis, ELPI: environmental logistics performance index, EPI: environmental
performance index, GDP: gross domestic product, GMM: generalized method of moment, IPMA: importance-
performance map analysis, IS: Incoterms score, Meta-DEA–AR: meta-frontier data envelopment analysis with
assurance regions, PLS: partial least square, SOLP: sustainable operational logistics performance.

Among the studies employing LPI in national or global contexts, it is common to
investigate the factors affecting logistics performance. Önsel Ekici et al. [25] addressed how
national resources could improve the logistics competitiveness of countries. They evaluated
the relationship between logistics performance and competitiveness at the national level
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using Artificial Neural Network (ANN) and Cumulative Belief Degrees (CBDs). They
found that the fixed broadband internet infrastructure was the most crucial factor in
Turkey’s logistics performance. Using a similar approach, Kabak et al. [27] investigated the
relationship between LPI and the competitiveness of a country. They found that the GCI
pillars of the World Economic Forum (namely, “Business Sophistication”, “Financial Market
Development”, “Infrastructure”, “Good Market Efficiency”, and “Higher Education and Training”)
had a significant impact on improving a country’s logistics performance. Using GCI and LPI,
Önsel Ekici et al. [22] proposed a framework for policymakers to improve countries’ logistics
performance. Integrating tree-augmented naive Bayesian network (BN-TAN), partial least
square (PLS), and importance-performance map analysis (IPMA) techniques, they found
that countries should focus on digitalization and supply chain analytics to improve their
logistics performances. Stojanović and Ivetić [28] investigated the relationship between
the Incoterms score (IS) and LPI. Their results showed that LPI significantly impacted
the national IS. In one of the recent studies, Göçer et al. [29] proposed a methodological
framework using LPI and secondary data that include various online sources, news, and
academic reports. They implemented it in Turkey to determine the optimum combination
of strategies for improving the country’s overall logistics performance to enhance its
competitiveness in world trade.

Efficiency evaluation has been one of the prominent topics in logistics literature. There
is an abundance of studies focusing on the measurement of efficiency in different modes
of transportation, such as air [30–33], freight [34–37], rail [38,39], and intermodal [40–42].
DEA has been frequently used to measure the logistics efficiency in the literature [13,14].
Although there are various studies on LPI in the literature, many of them have investigated
logistics efficiencies for a specific country and period. In cross-country efficiency assessment
using LPI, researchers applied different DEA models to measure the relative efficiency of
each decision-making unit representing an individual country, as it allowed multiple inputs
and outputs. Depleting this approach, the authors of [23] developed a hybrid logistics and
environmental sustainability index.

Yu and Hsiao [24] proposed a meta-frontier DEA model with assurance regions (Meta-
DEA–AR) to evaluate the LPI scores. They suggested possible directions for countries
to adjust their resources to improve logistics efficiencies. To evaluate and compare the
overall performance of green transportation and logistics practices in 112 selected countries,
Lu et al. [26] developed an environmental logistics performance index (ELPI) using the
DEA approach. Their findings depicted that ELPI and LPI were strongly correlated. Martí
et al. [21] proposed a DEA-based approach to benchmark the countries’ logistics perfor-
mance using LPI and some additional variables, such as income and geographical area.
Their findings showed that high-income countries, mainly from the EU, performed the
best. Rashidi and Cullinane [1] evaluated the sustainability of OECD nations’ operational
logistics performance (SOLP). Their analysis revealed that the relationship between LPI
and SOLP is statistically insignificant.

3. Research Methodology

In this study, a DEA model is developed to compare countries’ logistics efficiency and
to investigate the factors affecting it. DEA is a prominent mathematical programming-
based method initially proposed by Charnes et al. [43] to evaluate the relative efficiency
of organizational units. The units, the countries in our case, are usually denoted as the
decision-making units (DMUs) in the DEA terminology [44]. DEA has wide-ranging
applications due to its advantages over traditional methods. First, DEA enables a peer
group comparison among the many similar units by producing a comparable score for each
unit and determining efficient and inefficient units. It reveals the sources and the levels of
inefficiency for each of its inputs and outputs [45]. It can also handle multiple incomparable
inputs and outputs expressed in different units of measurement. Another advantage of
DEA over other traditional methods is that there is no need for any assumption about the
form of the production function.
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3.1. The BCC Model

Different DEA models serve diverse needs under different scenarios. CCR [43] and
BCC [46] are commonly referenced models. In this study, we employ the CCR model to
calculate the overall technical efficiency for MI and the BCC model to consider the pure
technical efficiency assuming variable returns to scale.

The input-oriented DEA models aim to determine how much input is needed to
achieve a designated output level for an inefficient organization to become DEA-efficient.
In contrast, an output-oriented model seeks to determine the potential output for the
given inputs of an inefficient firm to become DEA-efficient. In this study, we employ the
output-oriented DEA model to determine how to increase countries’ logistics performance
with their current inputs. The study explores which output variables need to be improved
for the given inputs to increase logistics performance. An output-oriented DEA model,
referred to as BCC in the literature, can be expressed as below for m outputs, n inputs, and
k number of countries:

Max φ + ε

(
m

∑
i=1

s−i +
m

∑
j=1

s+j

)
(1)

subject to

k

∑
r=1

xirλr + s−i = xio f or i = 1, 2, . . . , n (2)

k

∑
r=1

yjrλr − s+j = φyjo for j = 1, 2, . . . , m (3)

k

∑
r=1

λr = 1 (4)

λr, sj
+, si

− ≥ 0 for all i, j, r (5)

where φ is efficiency score for country o under investigation; xio and yjo are observed values
of input i consumed and output j yielded by firm o, respectively; s+j and s−i are the amounts
of excess input i and deficit output j for country o; ε > 0 is a predefined non-Archimedean
element; λr’ s are the dual variables utilized to construct an ideal composite country to
dominate country r.

Equation (1) is the objective function that assesses the organization’s efficiency score
(φ) being evaluated. Equation (2) indicates that the input level for i is a linear combination
of the inputs consumed by benchmarked countries and the excess input of i. Equation (3)
ensures that the optimal output of j is a linear combination of the outputs generated by
benchmarked countries minus its slacks. The organization o is called efficient if φ =1 and
s+j = s−i = 0 for all i and j in the optimal solution of the model given in (1)–(5). The efficient
country forms the efficiency frontier, a reference set, for country o.

3.2. Malmquist Index

Classical DEA methods measure the efficiency of DMUs for only a single time unit.
However, in this research, we utilize the DEA-based Malmquist productivity index pro-
posed by Färe et al. [47] to evaluate the efficiency change in a DMU between two time
periods. The Malmquist index is calculated as the product of “Catch-up” and “Frontier-shift”
terms. The catch-up term is the ratio of observed DMU efficiency score in period p2 to the
one on period p1, regarding period p2 and p1 frontiers, respectively. It measures the change
in efficiency between periods p1 and p2. On the other side, the frontier-shift term represents
the change in the efficient frontiers for the DMU evaluated between periods p1 and p2
and calculated as the geometric mean of frontier-shift effects for periods p1 and p2. The
frontier-shift effect in each period is computed by the ratio of observed DMU efficiency
score with respect to period p1 and p2 frontiers, respectively. The resulting output-oriented
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Malmquist index is given by Färe et al. [47] between periods p1 and p2 as follows for
DMU k:

MI =
dp2(xp2

k ,yp2
k )

dp1(x
p1
k ,y

p1
k )

×
dp1

(
xp2

k , yp2
k

)
dp1

(
xp1

k , yp1
k

) ×
dp2
(

xp2
k , yp2

k

)
dp2

(
xp1

k , yp1
k

)


1
2

(6)

where dp1
(

xp1
k , yp1

k

)
and dp2

(
xp1

k , yp1
k

)
represent the distance functions of the inputs and

outputs in period p1 to the frontier p1 andp2, respectively. The first component of
Equation (6) represents the catch-up index and evaluates the technical efficiency change over
two time periods. The second component of Equation (6) represents the frontier-shift index
that evaluates the technology change over two time periods. The catch-up index specifies
whether a DMU is getting closer to its frontier, and the frontier-shift index shows the frontier
change between the two periods. MI > 1 indicates the increase in total product productivity
of observed DMU from the period t to t + 1. Similarly, MI = 1 and MI < 1 represent no
change and decrease in total product productivity, respectively. Further discussion for the
calculation of MI is given in [48].

There are several ways to calculate MI. Färe et al. [47] propose an input and output-
oriented DEA model to calculate MI. In order to overcome some inadequacies of radial
DEA models, non-radial and slack-based DEA models are proposed [49–51]. We utilize the
output-oriented DEA model to calculate MI, as Tone (2004) [48] suggested. For each DMU,
two LP models are solved to compute the efficiency scores in p1 and p2, while two others
calculate the inter-temporal efficiencies between periods p1 and p2.

3.3. Measurement of the Input and Output Variables

The Logistics Performance Index (LPI), created by the World Bank, measures the trade
logistics performance of countries, pointing out the challenges and opportunities. It also
gives insight to governments on how they can improve logistics performance. LPI relies
on six indicators to assess the logistics performance, namely, “customs”, “infrastructure”,
“logistics competence”, “international shipments”, “tracking and tracing”, and “timeliness”. The
World Bank LPI report categorizes international shipments, tracking/tracing, and timeliness as
logistics performance outcomes, and customs, infrastructure, and logistics competence as supply
chain inputs [6]. Similar to Martí et al. [21], we also consider “customs”, “infrastructure”, and
“logistics competence” as input variables and “international shipments”, “tracking/tracing”, and
“timeliness” as output variables in DEA analysis. The first indicator in LPI, customs, evaluates
the efficiency and simplicity of customs procedures. Efficient customs procedures enhance
the trade through reduced delays and costs, as well as streamlined processes. The second
indicator, infrastructure, assesses not only the quality of transport and trade infrastructure,
but also IT and telecommunications. Robust infrastructure reduces transit times and lowers
logistics costs. Logistics competence refers to the quality of logistics services provided by the
local providers, such as freight forwarders. International shipments indicator reflects the ease
of arranging competitively priced international shipments, indicating the competitiveness
and connectivity of the shipping market. Tracking and tracing indicator measures the
capability to monitor goods in transit. Higher scores signal advanced tracking technologies
that can contribute to supply chain performance and risk mitigation. Lastly, timeliness
scores indicate the competence of the domestic logistics industry in terms of reaching a
destination without delay [6]. The index provides a single score for each indicator.

3.4. Data and Sample

LPI benchmarks the logistics activities of 160 countries based on a survey with interna-
tional logistics experts and operators on the ground (freight forwarders and carriers). The
index includes qualitative and quantitative questions to analyze the logistics performance
of a country [52]. The theoretical background of the index is available from LPI report of
the World Bank (Arvis et al. [53]). The inputs and outputs in our models represent the
critical elements in achieving a successful logistics operation. LPI assesses these inputs and
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output in a five-scale metric. The higher score represents a favorable condition for better
logistics performance.

While the World Bank published LPI ratings six times between 2007 and 2018, only
those published after 2010 use a consistent evaluation methodology that examines all six
logistics performance dimensions. Therefore, this study selected 2010 and 2018 to evaluate
the drivers for better logistics performance in 148 countries reported in both years.

3.5. Research Framework

The research framework of the study is displayed in Figure 1. Using LPI dataset from
2010 and 2018, the study initially identifies the inputs and outputs from the list of LPI
indicators to assess the logistics performance. In fact, LPI input indicators are the variables
to augment for higher logistics performance. Therefore, to use LPI input indicators in our
DEA models, a monotone decreasing transformation (subtracting the original values from
the maximum score of five) is applied to each of the inputs, as suggested by Marti et al. [21].
Under this setting, DEA models aim to minimize the potential improvement possibilities
of each modified input variable (equivalently, maximize original input variables). Hence,
modified inputs in the DEA model represent the potential improvements, and their slacks
point out possible shortcoming areas for enhancement.

Sustainability 2024, 16, x FOR PEER REVIEW 9 of 22 
 

 
Figure 1. The research framework. 

The first step of the analysis is the calculation of the output-oriented MI using each 
DMU’s LPI indicators and investigates its efficiency progress from 2010 to 2018. Along 
with MI, catch-up and frontier-shift effects are assessed to evaluate the technical efficiency 
change and technology change, respectively. 

In the second step, to split the countries into similar performance groups, the agglom-
erative clustering method is applied to the LPI dataset. As a linkage to measure distances 
across clusters, the complete-link criterion is selected to form similarly-sized clusters [54]. 
The criterion computes cluster proximities based on the distance between the farthest 
neighbors of each cluster, but it is susceptible to noise and outliers [55]. Therefore, the 
outliers should be screened using Tukey’s [56] outlier detection method. As a result, the 
countries are split up into three groups (high-, medium-, and low-performing) for the 
analysis. To avoid any discrimination problem involving DEA models, the number of 
countries in each group is selected at least as many as the maximum of m × n and 3(m + 
n) [57]. This study employs DEA models with three inputs (n) and three outputs (m); 

Figure 1. The research framework.



Sustainability 2024, 16, 2683 9 of 20

The first step of the analysis is the calculation of the output-oriented MI using each
DMU’s LPI indicators and investigates its efficiency progress from 2010 to 2018. Along
with MI, catch-up and frontier-shift effects are assessed to evaluate the technical efficiency
change and technology change, respectively.

In the second step, to split the countries into similar performance groups, the agglom-
erative clustering method is applied to the LPI dataset. As a linkage to measure distances
across clusters, the complete-link criterion is selected to form similarly-sized clusters [54].
The criterion computes cluster proximities based on the distance between the farthest neigh-
bors of each cluster, but it is susceptible to noise and outliers [55]. Therefore, the outliers
should be screened using Tukey’s [56] outlier detection method. As a result, the countries
are split up into three groups (high-, medium-, and low-performing) for the analysis. To
avoid any discrimination problem involving DEA models, the number of countries in each
group is selected at least as many as the maximum of m × n and 3(m + n) [57]. This study
employs DEA models with three inputs (n) and three outputs (m); hence, the number of
countries selected for each group satisfies the recommendation above in each subcategory.

The third step allows us to perform group specific analysis to identify the key improve-
ment areas among the countries having similar logistics performance. For each logistics
performance group, an output-oriented BCC-DEA model is developed and run to assess
the country’s logistics efficiencies. These efficiency scores are the pure technical efficiencies
indicating the conversion performance of inputs into outputs relative to best practices. Lack
of knowledge and skill sets, mismanagement and other operational problems may lead to
pure technical inefficiencies. The slacks in each logistics performance group indicate the
deficiencies of the countries to reach their peer counterparts.

A fair benchmarking of the countries is only possible among those with similar
logistics structures as assumed by DEA methodology. Country-level inefficiencies generally
originate from managerial shortcomings or structural deficiencies. For each logistics
performance group, common managerial shortcomings are analyzed and discussed in the
third step. The fourth step investigates the logistics performances of the countries, verifying
their structural differences according to group-based characteristics. For DEA, Brockett and
Golany [58] and later Sueyoshi and Aoki [59] suggested two slightly different approaches
to test efficiency differences for two and many groups of categories, respectively. Both
approaches suggest eliminating the managerial/administrative shortcomings from the
logistics performance groups. This is only possible by projecting the inefficient countries
in each group into their efficiency frontier as if they are fully efficient. After updating
the input and output values of each country, a new output-oriented BCC-DEA model
is constructed and populated by the participation of all the countries belonging to all
performance groups. This newly constructed DEA model consists only of the structural
differences among the countries representing the frontiers of their performance groups.
After solving the latest model, group-based average efficiency scores of the countries are
calculated. These scores are tested using the Kruskal–Wallis rank test to verify whether there
is any significant difference among the group efficiency scores [59]. If the test results indicate
a significant difference among the performance groups, it is believed that statistically
significant differences in the slacks between the logistics performance groups are the
drivers of the logistics performance.

4. Analysis and Results
4.1. Country Clusters

Using 2010 LPI scores and logistics indicators for 148 countries assessed in both 2010
and 2018, the countries were split up into three performance groups (high-, medium-, and
low-performing) through the agglomerative clustering method. The outliers were screened
with Tukey’s rule, and two countries (Eritrea and Somalia) were identified as outliers. They
were removed from the analysis. Therefore, only 146 countries are left for the remain-
ing analysis. The high-performing logistics performance group includes 25 countries, all
in the high-income category according to the World Bank classification. In addition to
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15 European countries, five Asia-Pacific countries, two North American countries, Hong
Kong, Taiwan, and UAE from the Middle East are included in this group. Other than
Switzerland, Luxembourg, and Austria, the rest are coastal countries. Marti et al. [21] found
the importance of income and geographical location on logistics performance. The charac-
teristics of the countries in the high-performing group are also in line with their findings.
The medium-performing group is the largest, with 77 countries dispersed worldwide. Fifty-
one of them are classified under high and upper-middle income. Only nine low-income
countries are listed in this group. They are overwhelmingly maritime African countries.
The low-performing group consists of 44 countries from all over the world with low and
middle income. Only one-third of them belong to the upper-middle income category.

4.2. Descriptive Analysis

Table 2 presents the descriptive statistics of LPI scores for the total and three sub-
classifications: high-, medium-, and low-performing countries. Furthermore, the F-test
results comparing the mean differences among the logistics performances of country groups
in 2010 and 2018 are given in Table 2. In both years, out of 146 countries, 25, 77, and 44
are categorized under high-, medium-, and low-performing countries, respectively. As
the descriptive statistics showed, the high LPI-scored countries performed better than
the medium and low ones in both 2010 and 2018. As expected, their inputs and outputs
differed significantly from those of medium- and low-performing countries. Moreover,
highly significant F-test values for the groupwise differences of the total, input, and output
scores also justify forming country logistics performance groups identified by the clustering
approach above. Among outputs, timeliness is the best performance indicator achieved in all
performance groups, even though it slightly decreased in 2018. Additionally, average input
scores within each performance group merely differ. Although the best input indicator
achieved for high-performing countries is infrastructure, the quality of logistics services is
the highest for medium- and low-performing countries. This indicates that high-performing
countries already have developed excellent infrastructure.

Table 2. Descriptive statistics for LPI scores along with inputs and outputs.

2010 2018

All High
Performing

Medium
Performing

Low
Performing F-

Test *
All High

Performing
Medium

Performing
Low

Performing F-
Test *

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Logistics
performance index 2.87 0.57 3.87 0.15 2.91 0.27 2.31 0.22 380.47 2.87 0.57 3.87 0.17 2.88 0.37 2.43 0.24 174.28

Inputs

Customs 2.59 0.61 3.70 0.21 2.59 0.35 2.07 0.17 279.07 2.67 0.58 3.71 0.20 2.66 0.36 2.25 0.29 171.30

Infrastructure 2.64 0.73 3.95 0.23 2.65 0.40 2.00 0.23 287.09 2.72 0.67 3.95 0.23 2.71 0.42 2.23 0.28 190.00

Quality of
logistics services 2.76 0.63 3.88 0.22 2.78 0.35 2.20 0.21 273.35 2.82 0.61 3.90 0.19 2.81 0.41 2.36 0.27 165.59

Outputs

International
shipments 2.85 0.47 3.51 0.22 2.92 0.30 2.44 0.24 133.84 2.83 0.51 3.60 0.20 2.86 0.41 2.48 0.34 76.70

Tracking and
tracing 2.92 0.65 4.01 0.17 2.95 0.38 2.37 0.28 214.13 2.90 0.61 3.96 0.18 2.92 0.40 2.43 0.33 152.83

Timeliness 3.41 0.57 4.24 0.18 3.49 0.35 2.92 0.34 139.82 3.24 0.57 4.15 0.20 3.28 0.42 2.83 0.28 112.09

Total number
of countries 146 25 77 44 146 25 77 44

Note: * all the F-test values are significant at p < 0.01, SD: standard deviation.

4.3. Malmquist Index

To evaluate the logistics performance efficiency progress between 2010 and 2018, the
Malmquist productivity index was calculated. The results are summarized in Table 3,
revealing a low catch-up (0.923 < 1.0) and relatively high frontier-shift (1.092 > 1.0) effects
between 2010 and 2018. Altogether, the MI indicates a slight improvement in overall
efficiency with a 1.008 (>1.0) index score. The catch-up effect represents an improvement
in technical efficiency due to improved operations, and the frontier-shift effect denotes
an efficiency improvement due to technological changes [57]. Thus, the overall efficiency
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of logistics operations (1.008) in the world between 2010 and 2018 mainly remained the
same. However, logistics activities’ managerial and operational efficiency deteriorated, but
technological advancements compensated for this decline.

Table 3. Kruskal–Wallis Rank test results for differences between performance groups.

Logistic
Performance

Catch-Up Effect
(2010–2018) Frontier-Shift Effect (2010–2018) Malmquist Index

(2010–2018)

Mean SD KW Mean SD KW Mean SD KW

High 0.904 0.165

5.347 *

1.114 0.029

30.176 **

1.009 0.193

4.450Medium 0.896 0.187 1.091 0.021 0.979 0.207

Low 0.979 0.190 1.080 0.013 1.057 0.208

Overall 0.923 0.187 1.092 0.024 1.008 0.207

* p < 0.10; ** p < 0.001.

The Kruskal–Wallis rank test results confirm weak statistically significant differences
among the country groups for the catch-up effect (p-value < 0.10) but strong ones for the
frontier-shift effect (p-value < 0.001). The biggest MI change occurs among low-performing
countries, with a mean value of 1.057, followed by high (1.009) and medium (0.979) ones.
However, the differences among the country groups for the MI are insignificant. For
medium-performing countries, their overall MI score (0.979) indicates declining logistics
performance in 2018 because of a lower catch-up effect (<1.0) without the presence of a
strong enough frontier-shift effect.

Rank sum test results for statistically significant pairwise comparisons of the groups
are indicated in Table 4. The only statistically significant difference in the catch-up effect is
between low- and medium-performance countries at a 0.05 significance level. While all
country performance groups have similar statistical catch-up effects, only the countries
with low logistics performance have slightly better operational and managerial efficiency
than the medium ones.

Table 4. Rank sum test results for pairwise comparisons between performance groups.

Pairwise
Comparison

Catch-Up Effect
(2010–2018) Frontier-Shift Effect (2010–2018)

Mean Rank Difference KW Mean Rank Difference KW

Low-Medium 18.370 2.299 * 23.933 2.995 **

Low-High 14.031 1.325 58.017 5.478 **

Medium-High 4.339 0.446 34.083 3.501 **
Note: * p < 0.05; ** p < 0.001.

In terms of the frontier-shift effect, country performance groups have very similar
mean efficiency scores, exhibiting their adoption of technological changes. However,
they are statistically distinct from each other. As expected, frontier-shift scores improve
along with the countries’ logistics performance. Specifically, new technologies, meth-
ods, and applications facilitate faster custom operations, communication, tracking, and
tracing activities.

Information technology infrastructure is highly used for trade processing [53]. There-
fore, logistics applications of the countries will benefit from this infrastructure.

High-performing countries are good at adopting these technological advances to
improve performance; even low-income countries are not bad at implementing technology.
Regardless of their income levels, the technology infrastructure gap among the countries
is reduced noticeably faster [53]. Increased demand for E-business applications may also
support technological advances. These differences in the frontier-shift effects among the
country performance groups also deserve a further analysis of efficiency focusing on the
country groups.
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4.4. Efficiency Scores of Logistics Performance Groups and Group-Specific Issues

An output-oriented BCC-DEA model assessed the logistics performance efficiency in
each group. Not only efficiency scores, but also the average deficiencies for the countries
keeping them away from their group leaders, were identified and revealed in Table 5. The
sources of inefficiencies for a country also shed light on the areas for peer performance
leaders within the same logistics performance group. These signs of missing competencies,
misconduct, and operational issues lead to pure technical inefficiencies. In comparing peer
group-based efficiencies, the high-performing countries achieved the highest efficiency scores
in 2010 and 2018. Low-performing countries achieve the second highest efficiency in both
years. As a group, the efficiency of medium-performing countries was the lowest in both
2010 and 2018. From a technical viewpoint, this tendency may be related to the homogeneity
of the groups. Compared to high- and low-performing countries, the medium-performing
countries in our sample are the largest group of countries with diverse characteristics regarding
income categories and geographic locations. Thus, their performances and resources vary.
The medium-performing group in Table 5 has the highest number of inefficient countries
in both 2010 and 2018. In addition, Table 5 provides a good direction for each group of
countries to improve their performances based on their fellow group members. For logistically
high-performing countries, the most important improvement suggestion was to enhance
the quality of logistics services in their inputs to obtain better performance on international
shipments in their outputs in 2010. However, this situation changed in 2018, and infrastructure
and tracking/tracing became the most critical input and output factors to develop, while the
average efficiency in this group went down from 0.970 to 0.953. For logistically medium-
performing countries, the customs in their inputs were the most important factor in improving
the timeliness performance in 2010. Nevertheless, this situation changed in 2018. The quality of
logistics services and international shipments were the most critical factors to improve among
inputs and outputs. Countries in this performance group are impacted by the quality and
availability of physical infrastructure [53]. In this group, average efficiencies went down from
0.888 to 0.818, and the number of inefficient countries slightly increased. Furthermore, for
logistically low-performing countries, the most important improvement area to practice in
their inputs was the quality of logistics services to boost their tracking and tracing performance in
2010. However, international shipments for outputs in 2018 also became one of the most critical
performance factors to improve. While average efficiency went down from 0.936 to 0.867, the
number of inefficient countries dramatically increased.

Table 5. The source of inefficiencies within the performance groups.

2010 2018

High
Performing

Medium
Performing

Low
Performing

High
Performing

Medium
Performing

Low
Performing

Input deficits

Customs 0.201 * 0.698 ** 0.034 ** 0.343 ** 0.530 ** 0.526 **

Infrastructure 0.143 ** 0.597 ** 0.104 ** 0.370 ** 0.555 ** 0.647 **

Quality of logistics services 0.307 ** 0.485 ** 0.121 ** 0.360 ** 0.875 ** 0.852 **

Output deficits

International shipments 0.370 ** 0.777 ** 0.398 ** 0.410 ** 1.420 ** 1.051 **

Tracking and tracing 0.304 ** 0.920 ** 0.562 ** 0.442 ** 1.280 ** 0.994 **

Timeliness 0.238 ** 1.004 ** 0.242 ** 0.421 ** 1.390 ** 0.756 **

Group Efficiencies
(Mean, SD)

0.970
(0.030)

0.888
(0.072)

0.936
(0.065)

0.953
(0.042)

0.818
(0.100)

0.867
(0.083)

No. of Efficient Countries 6 9 13 5 5 2

No. of Inefficient Countries 19 68 31 20 72 42

Return to Scale (RTS)

Increasing (IRTS) 21 76 40 24 72 37

Constant (CRTS) 4 1 2 1 1 2

Decreasing (DRTS) 0 0 2 0 4 5

Note: * p < 0.05; ** p < 0.01; SD: Standard deviation.
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Return to scale (RTS) measures the level of change in the outputs with respect to
changes in the inputs. Increasing RTS (IRTS) is greater than one, and decreasing RTS (DRTS)
is less than one. If RTS equals one, it is constant (CRTS). Table 5 reveals that most countries
in each performance group are categorized as IRTS, implying that any improvement in the
input factors will be highly appreciated in the output performance factors.

4.5. Logistics Performance versus Efficiency

The differences in rankings between clusters based on LPI scores and efficiency metrics
stem from variations in how these scores are calculated. While the LPI score considers a
weighted average of six dimensions, efficiency scores focus on the effectiveness of utilizing
input variables to yield higher outputs. This comparison is shown in Table 6. The countries
listed under the best for LPI and the most efficient at the same time each year denote
the best performance and efficiency for the respective country. Germany, Singapore, the
Czech Republic, and China fit into this definition in both 2010 and 2018. However, if the
country is listed as the best for logistics performance but not listed as efficient, it probably
has high logistics performance at the expense of poor resource utilization. Austria, Japan,
Poland, Qatar, Montenegro, and Maldives in 2018 are some examples of such countries.
On the contrary, Finland, Denmark, Hungary, and Slovenia, in 2018, were not among the
top 5 logistics performance countries, but they managed their resources vigorously to
achieve full efficiency. In essence, their ability to leverage input variables such as customs,
infrastructure, and logistics quality and competence led them to commendable output outcomes
like international shipments, tracking and tracing, and timeliness.

Table 6. List of the countries according to LPI and efficiency scores.

LPI Scores Efficiency Scores

2010 2018 2010 2018

Best 5 Worst 5 Best 5 Worst 5 Efficient Worst 5 Efficient Worst 5

H
ig

h
Pe

rf
or

m
in

g Germany Spain Germany Ireland Germany Spain Germany Ireland
Singapore UAE Sweden Taiwan Singapore UAE Sweden Luxembourg
Sweden Korea Belgium Korea Sweden Korea Belgium Taiwan

Netherlands Italy Austria Luxembourg Netherlands Italy Finland Korea/Rep
Luxembourg New Zealand Japan Norway Luxembourg New Zealand Denmark Canada

Switzerland

M
ed

iu
m

Pe
rf

or
m

in
g Czech

Republic Moldova Czech R. Haiti Czech R. Iran Czech R. Yemen

China Iran Portugal Guinea China Congo D. R. China Haiti
South Africa Ukraine China Venezuela South Africa Egypt Portugal Senegal

Malaysia Yemen Poland Senegal Malaysia Yemen Hungary Venezuela
Poland Nigeria Qatar Yemen Poland Guatemala Slovenia Syrian Arab R.

Israel
Lebanon
Portugal

Oman

Lo
w

Pe
rf

or
m

in
g

Cameroon Sierra Leone Côte d’Ivoire Afghanistan Cameroon Iraq Côte d’Ivoire Afghanistan
Niger Rwanda Rwanda Angola Niger Cuba Rwanda Niger

Jamaica Cuba Montenegro Niger Jamaica Sierra Leone Sierra Leone
Côte d’Ivoire Guinea-Bissau Lao PDR Sierra Leone Côte d’Ivoire Nepal Cuba

Pakistan Iraq Maldives Libya Pakistan Sudan Papua New
Guinea

Armenia
Bolivia
Gambia

Turkmenistan
Chad

Congo R.
Ghana

Montenegro

Note: the countries in bold designate the differences between LPI and efficiency ranking.

Korea, Yemen, and Sierra Leone are listed as the worst 5 countries in Table 6 in both
2010 and 2018 regarding their performance and logistics efficiency scores. This is probably
the worst situation where there is no performance or efficiency at all. Table 6 also pinpoints
a very interesting case of an African country, Rwanda. Even though Rwanda found its
place among the worst low-performing countries in 2010, the country’s efforts worked and
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moved it to one of the peers of low-performing countries in terms of performance and
efficiency in 2018.

4.6. Structural Differences between Logistics Groups: Drivers of Logistics Performance

A series of steps in Section 3.5 were conducted on the LPI dataset to investigate the
structural differences. LPI indicators used in calculating country efficiencies for specific
logistics performance groups were modified to project the countries to their efficiency
frontiers. These new input and output variables eliminated the impact of managerial
shortcomings within the logistics performance groups. Then, output-oriented BCC-DEA
efficiency scores were calculated with the participation of all the countries representing
the logistics performance groups. The results of the analysis are depicted in Table 7. The
average efficiency scores of the high-, medium-, and low-performing countries were found
as 0.95, 0.85, and 0.63, respectively, in 2010 and 0.88, 0.80, and 0.63 in 2018. The results
also show that logistically high- and medium-performing countries’ efficiencies decreased
from 2010 to 2018. However, logistically, low-performing countries’ efficiency levels stayed
stable between 2010 and 2018.

Table 7. Kruskal–Wallis rank test results for differences among logistics performance groups.

Logistics Performance Groups

2010 2018

Pure Technical Efficiency (BCC) Pure Technical Efficiency (BCC)

Mean SD Mean SD

High 0.949 0.050 0.879 0.070

Medium 0.845 0.089 0.801 0.097

Low 0.629 0.080 0.629 0.068

Kruskal–Wallis Test 94.539 * 79.174 *
* p < 0.001; SD: standard deviation.

The Kruskal–Wallis rank test was run to verify how significantly these scores were
different from each other. These test results denote that efficiency scores for logistics
performance groups were statistically different in 2010 and 2018 (p < 0.001), implying
the presence of structural differences among the groups. All pairwise comparisons are
also found to be statistically significant, as shown in Table 8. Therefore, we may infer
that each logistics performance group has a unique characteristic that should be handled
differently. Hereafter, these unique characteristics will be named as structural differences
and considered as the drivers of logistics performance.

Table 8. Kruskal–Wallis rank sum test results for pairwise comparisons of BCC efficiency scores
among logistics performance groups.

Pairwise
Comparison

2010 2018

Mean Rank
Difference KW Mean Rank

Difference KW

Low-Medium 59.544 7.451 ** 57.974 7.254 **

Low-High 95.930 9.057 ** 84.771 8.003 **

Medium-High 36.386 3.738 ** 26.797 2.753 *
* p < 0.05; ** p < 0.001.

The LPI model measures the country’s logistics performances with six indicators
and explains the performance differences by input and output utilization level. The DEA
model assesses the efficiency of transforming the inputs into the outputs and identifies
the sources of inefficiencies as the basis of the structural differences. These sources of
structural differences were calculated and shown in Table 9 as the average shortages for
the input and output variables for each group of countries. Their significance levels in
2010 and 2018 were checked through a t-test and displayed in Table 9. Logistically, high-
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performing countries have no statistically significant slacks in their inputs and outputs at
p < 0.01. This also explains why they logistically perform well and use their inputs to yield
the expected outputs in harmony. In contrast, low-performing countries have significant
slacks in all dimensions of logistics performance indicators, and they need to improve
both inputs and outputs for better logistics efficiency. Medium-performing countries came
across significant output shortages in all dimensions in 2010 and 2018 and suffered to
perform better efficiencies. Customs was the only major input indicator that should be
improved in 2010 at a one-percent significance level for medium-performing countries.
The slack analysis performed at a statistically one-percent significance level helps us to
identify the characteristics of the logistics performance groups. High-performing countries
are characterized by no slack in both input and output indicators. Medium-performing
countries are identified by proper input utilization but output shortages. Low-performing
countries are described by both poor input utilization and output yields. This is true
for both 2010 and 2018, except for customs for medium-performing countries in 2010.
These structural characteristics also point out areas for improvement for the countries
to enhance their performance. Benchmarking with the high-performing countries, both
low- and medium-performing countries, may find better means of converting inputs
into better performance in international shipments, tracking and tracing, and timeliness in
logistics operations.

Table 9. The source of inefficiencies between performance groups.

2010 2018

All High
Performing

Medium
Performing

Low
Performing F-Test All High

Performing
Medium

Performing
Low

Performing F-Test

Input shortages

Customs 0.378 *** 0.000 0.032 *** 1.199 *** 2537 *** 0.124 *** 0.006 0.006 0.398 *** 2398 ***

Infrastructure 0.352 *** 0.000 0.018 * 1.138 *** 1942 *** 0.117 *** 0.015 * 0.007 0.367 *** 1446 ***

Quality of
logistics services 0.298 *** 0.000 0.022 0.950 *** 1196 *** 0.173 *** 0.029 * 0.035 ** 0.498 *** 288 ***

Output shortages

International
shipments 0.084 *** 0.015 0.084 *** 0.123 *** 2.44 * 0.097 *** 0.084 ** 0.119 *** 0.067 *** 2.54 *

Tracking
and tracing 0.114 *** 0.005 0.083 *** 0.232 *** 7.47 *** 0.064 *** 0.031 0.057 *** 0.094 *** 1.99

Timeliness 0.347 *** 0.001 0.241 *** 0.727 *** 81.24 *** 0.173 *** 0.027 0.069 *** 0.437 *** 178 ***

Note: * p < 0.1; ** p < 0.05; *** p < 0.01.

An F-test is applied to each slack to compare the groupwise differences in Table 9.
Surprisingly, the slacks of international shipments in 2010 and 2018 and tracking and tracing in
2018 are found to be indifferent among the performance groups at a one-percent significance
level. Even though all other differences are statistically significant, international shipments in
2010 and 2018 and tracking and tracing in 2018 no longer create a competitive advantage for
the performance groups. Therefore, categorically evaluating these two indicators according
to performance groups makes no difference.

Multiple pairwise comparisons are conducted among the significantly different logis-
tics dimensions to identify the distinguishing characteristics of the performance groups.
The results of these post hoc tests are shown in Table 10. While high-performing coun-
tries differentiated themselves from medium-performing ones in terms of custom practices,
tracking and tracing systems, and timely delivery performance in 2010, all these differences
disappeared in 2018. No distinguishing characteristic regarding efficiencies exists any more
between high- and medium-performing categories. In terms of all input slacks, in addition
to timeliness shortages, the medium-performing group was significantly differentiated from
the low-performing group in 2010 and 2018. The only gap for tracking and tracing systems
in 2010 was eliminated in favor of low-performing countries in 2018. This is the result
of the fast developments in information and communication infrastructure expressed by
Arvis et al. [53].
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Table 10. Pairwise comparison of structural differences.

2010 2018

Low-Medium ξ Low-High ξ Medium-High ξ Low-Medium ξ Low-High ξ Medium-High ξ

Input shortages

Customs 1.167 *** 1.199 *** 0.032 *** 0.391 *** 0.391 *** 0.000

Infrastructure 1.121 *** 1.138 *** 0.018 * 0.360 *** 0.352 *** −0.008

Quality of logistics services 0.929 *** 0.950 *** 0.022 0.463 *** 0.468 *** 0.005

Output shortages

Tracking and tracing 0.149 ** 0.231 *** 0.082 ***

Timeliness 0.487 *** 0.723 *** 0.236 *** 0.368 *** 0.410 *** 0.042 *

ξ: the not-equal variance assumption; * p < 0.1; ** p < 0.05; *** p < 0.01.

5. Conclusions

International trade and efficient logistics operations are important to be competitive in
the global markets. Logistics operations have a significant impact on economic welfare and
growth, as well. However, necessary logistics infrastructure in terms of main highways,
railroads, airways, and ports requires costly investment plans. Therefore, the logistics effi-
ciency of a country is an important issue. This study introduces a new systematic approach
to analyzing countries’ relative logistics performance. Relying on the LPI panel data, an
output-oriented DEA model is developed to assess the logistics efficiency of the countries.
Firstly, the countries are clustered according to their logistics performance and grouped into
low-, medium-, and high-performing countries. Then, each country is benchmarked with
the countries within the group to understand its strengths and weaknesses. Recognizing
the structural differences among the groups, a new DEA model with the participation of
all countries is constructed, removing the operational and managerial weaknesses of each
one. The results of this new model are used to analyze what drives the logistics efficiency
in each group of countries. In this vein, the study is unique in the logistics literature in
analyzing the countries to explore their logistics drivers and performance, and assess their
efficiency in converting logistics factors into performance. It is also one of the few studies
capturing the dynamic nature of logistics using panel data.

The descriptive analysis of LPI reveals that timeliness is the highest performance
indicator for all performance groups in both 2010 and 2018. It is noteworthy that the best
input indicator for high-performing countries is infrastructure, and the quality of logistics
services is the highest for medium- and low-performing countries. However, the quality of
logistics services score for high-performing countries is much higher than the rest.

The DEA-based Malmquist productivity index evaluating the efficiency change be-
tween 2010 and 2018 confirms a slight increase in logistics efficiencies. Notably, the only
exception is the medium-performing country group with a low MI score (0.979), indicat-
ing a decrease in its efficiency. However, the MI differences among the country groups
are not statistically different. During the same period, the most notable finding is that
overall productivity is motivated mainly by the global frontier-shift effect. The catch-up
effect indicates lower operational and managerial efficiency, with no difference among
the country groups. Only significant differences were observed on the frontier-shift effect,
where high-, medium-, and low-performing countries were distinguished according to
their adoption of technological changes. Therefore, the technological advancements in the
sector drove logistics efficiency between 2010 and 2018, while operational and managerial
practices deteriorated. Many recent advancements made newer technologies affordable
and accessible for all countries, but each group benefited differently according to their
capabilities. On the other side, high-performing countries found that the technological and
structural improvements in logistics operations enhance their competitiveness, increase
their share of global trade, and reach better economic welfare and growth.

In terms of logistics efficiencies indicating the utilization of the resources to yield a
logistics performance, the high-performing country group still has the highest average
score. Interestingly, the low-performing country group has a better efficiency score than
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the medium one. Based on recent developments, the easiness of accessing the newer
technologies, the advantage of using the already tested approaches in the market, and
taking into consideration the late-mover advantage may result in this conclusion for low-
performing countries. On the other side, medium-performing countries seem to face
stuck-in-the-middle syndrome. Some of them may invest in newer technologies as high-
performing countries but need to be able to yield enough performance out of them in the
presence of the other binding factors. The others may not undergo new investments, but
their technologies and practices may be old and outdated. Groupwise inefficiencies point
out that the most critical improvement suggestion for logistically high-performing countries
was to enhance the quality of logistics services in their inputs to obtain better performance
on international shipments in their outputs in 2010 and improve their infrastructure and
tracking/tracing as the most critical input and output factors in 2018. For logistically medium-
performing countries, the customs in their inputs were the most crucial factor in improving
the timeliness performance in 2010 and the quality of logistics services and international
shipments in 2018. Furthermore, for logistically low-performing countries, the essential
improvement area to practice in their inputs was the quality of logistics services to boost their
tracking and tracing performance in 2010 and international shipments for outputs in 2018.

Our analysis indicates significant structural differences among the logistics performance-
based country groups, even eliminating operational and managerial inefficiencies belonging
to each group. As expected, these differences are the leading drivers of logistics efficiencies.
For example, high-performing countries have no statistically significant inefficiencies in
their inputs and outputs. Thus, they are the leading logistics countries. In contrast, low-
performing countries have significant slacks in all dimensions of logistics performance
indicators. A groupwise comparison of the differences for each slack is considered to create
a difference leading to competitiveness in the global arena. Since there is no statistically
significant difference among the country groups, International shipment practices in both
2010 and 2018 and tracking and tracing in 2018 no longer contribute to the competitiveness
of the countries, even though they have a potential for improvement. Low-performing
countries should improve their structural problems related to customs, infrastructure, quality
of logistics services, and timeliness in 2010 and 2018. However, these dimensions are the main
drivers for logistics performance in medium- and high-performing countries. Even though
the countries in the medium-performing group had some issues in 2010, they recovered
them in 2018 and became compatible with the high-performing ones.

Managerial Implications:

LPI published by the World Bank is a valuable dataset for countries’ self-evaluation.
It allows the countries to benchmark their logistics performances and efficiencies with
their peers. A descriptive analysis of the LPI scores clearly states that timeliness is the most
critical performance indicator for all countries, regardless of their logistics performance
groups. The decision-makers of each country should do something to improve timeliness
continuously. The other two distinctive characteristics of high-performing countries are
their infrastructure and the quality of logistics services. Though other countries are doing their
best on these factors, they still need to catch up with the countries in the high-performing
group. The administrators of these countries should find effective means to enhance their
capabilities in these two dimensions. Low-performing group countries have good efficiency
scores in their own group. However, their overall logistics performance could be better. As
an opportunity, the decision-makers of these countries may follow the tested pathways
of high-performing countries to boost their performance. On the other side, there is little
difference among the countries in handling international shipment practices. Therefore,
any effort to enhance this logistics dimension may be considered an opportunity to create
an advantage for any country.

Limitations and future studies:

While our study has substantial implications, it also has certain limitations. First,
LPI assessed by the World Bank is only available until 2018. In fact, there are many
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recent global issues, such as the COVID-19 pandemic, regional catastrophes, and concerns
about climate change. When the newer LPI index scores are available, evaluating their
impact on the logistics performance of country groups may be interesting to explore in
a further study. Second, input and output variables admitted to the DEA analysis may
be extended with additional technical and social data to enhance the scope of the DEA.
This may help clarify the differences among the logistics performance groups in terms
of dynamics, competitiveness, or geographical properties of countries and explore the
information behind the country’s logistics development direction. DEA models associated
with the regression analysis may be developed as a further research direction to incorporate
these interactions. Third, other than logistics performance, the countries may be classified
according to their income categories and geographical locations to identify the factors
impacting the logistics performance. Fourth, logistics performance may be investigated
according to the logistics-specific tools and techniques focusing on the country’s economic
and continental characteristics. This will provide a guideline for countries to improve their
logistics performance.
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28. Stojanović, Ð.; Ivetić, J. Possibilities of using Incoterms clauses in a country logistics performance assessment and benchmarking.

Transp. Policy 2020, 98, 217–228. [CrossRef]
29. Göçer, A.; Özpeynirci, Ö.; Semiz, M. Logistics performance index-driven policy development: An application to Turkey. Transp.

Policy 2022, 124, 20–32. [CrossRef]
30. Cho, H.; Lee, J. Does transportation size matter for competitiveness in the logistics industry? The cases of maritime and air

transportation. Asian J. Shipp. Logist. 2020, 36, 214–223. [CrossRef]
31. Cui, Q.; Li, Y. Airline efficiency measures under CNG2020 strategy: An application of a Dynamic by-production model. Transp.

Res. Part A Policy Pract. 2017, 106, 130–143. [CrossRef]
32. Kotegawa, T.; Fry, D.; DeLaurentis, D.; Puchaty, E. Impact of service network topology on air transportation efficiency. Transp.

Res. Part C Emerg. Technol. 2014, 40, 231–250. [CrossRef]
33. Oum, T.H.; Fu, X.; Yu, C. New evidences on airline efficiency and yields: A comparative analysis of major North American air

carriers and its implications. Transp. Policy 2005, 12, 153–164. [CrossRef]
34. Kumar, A.; Anbanandam, R. Assessment of environmental and social sustainability performance of the freight transportation

industry: An index-based approach. Transp. Policy 2022, 124, 43–60. [CrossRef]
35. Cedillo-Campos, M.G.; Pérez-González, C.M.; Piña-Barcena, J.; Moreno-Quintero, E. Measurement of travel time reliability of

road transportation using GPS data: A freight fluidity approach. Transp. Res. Part A Policy Pract. 2019, 130, 240–288. [CrossRef]
36. Qu, W.; Rezaei, J.; Maknoon, Y.; Tavasszy, L. Hinterland freight transportation replanning model under the framework of

synchromodality. Transp. Res. Part E Logist. Transp. Rev. 2019, 131, 308–328. [CrossRef]
37. Rødseth, K.L. Productivity growth in urban freight transport: An index number approach. Transp. Policy 2017, 56, 86–95.

[CrossRef]
38. Smith, A.S.J.; Nash, C. Rail Efficiency: Cost Research and Its Implications for Policy; International Transport Forum Discussion Paper;

International Transport Forum: Paris, France, 2014.
39. Mandic, D.; Jovanovic, P.; Bugarinovic, M. Two-phase model for multi-criteria project ranking: Serbian Railways case study.

Transp. Policy 2014, 36, 88–104. [CrossRef]
40. Yan, B.; Zhu, X.; Lee, D.-H.; Jin, J.G.; Wang, L. Transshipment operations optimization of sea-rail intermodal container in seaport

rail terminals. Comput. Ind. Eng. 2020, 141, 106296. [CrossRef]
41. Heinold, A.; Meisel, F. Emission rates of intermodal rail/road and road-only transportation in Europe: A comprehensive

simulation study. Transp. Res. Part D Transp. Environ. 2018, 65, 421–437. [CrossRef]
42. Lai, Y.-C.; Barkan, C.P.; Önal, H. Optimizing the aerodynamic efficiency of intermodal freight trains. Transp. Res. Part E Logist.

Transp. Rev. 2008, 44, 820–834. [CrossRef]

https://doi.org/10.1504/IJSTL.2013.050587
https://doi.org/10.1108/MD-10-2016-0670
https://doi.org/10.22034/gjesm.2019.05.SI.14
https://doi.org/10.1016/j.jclepro.2018.08.310
https://doi.org/10.1504/WRITR.2013.059857
https://doi.org/10.1504/WRITR.2020.106444
https://doi.org/10.1016/S1514-0326(17)30008-9
https://doi.org/10.1016/j.tranpol.2019.06.014
https://doi.org/10.1080/03088839.2015.1037372
https://doi.org/10.1016/j.tranpol.2016.01.015
https://doi.org/10.3390/su11102976
https://doi.org/10.1016/j.tranpol.2019.10.007
https://doi.org/10.1016/j.tranpol.2020.03.012
https://doi.org/10.1016/j.tranpol.2021.03.007
https://doi.org/10.1016/j.ajsl.2020.04.002
https://doi.org/10.1016/j.tra.2017.09.006
https://doi.org/10.1016/j.trc.2013.11.016
https://doi.org/10.1016/j.tranpol.2005.01.002
https://doi.org/10.1016/j.tranpol.2020.01.006
https://doi.org/10.1016/j.tra.2019.09.018
https://doi.org/10.1016/j.tre.2019.09.014
https://doi.org/10.1016/j.tranpol.2017.02.009
https://doi.org/10.1016/j.tranpol.2014.08.002
https://doi.org/10.1016/j.cie.2020.106296
https://doi.org/10.1016/j.trd.2018.09.003
https://doi.org/10.1016/j.tre.2007.05.011


Sustainability 2024, 16, 2683 20 of 20

43. Charnes, A.; Cooper, W.W.; Rhodes, E. Measuring the efficiency of decision making units. Eur. J. Oper. Res. 1978, 2, 429–444.
[CrossRef]

44. Apaydin, M.; Bayraktar, E.; Hossary, M. Achieving economic and social sustainability through hyperconnectivity: A cross-country
comparison. Benchmarking Int. J. 2018, 25, 3607–3627. [CrossRef]

45. Bayraktar, E.; Tatoglu, E.; Aydiner, A.S.; Delen, D. Business Analytics Adoption and Technological Intensity: An Efficiency
Analysis. Inf. Syst. Front. 2023. [CrossRef]

46. Banker, R.D.; Charnes, A.; Cooper, W.W. Some models for estimating technical and scale inefficiencies in data envelopment
analysis. Manag. Sci. 1984, 30, 1078–1092. [CrossRef]

47. Färe, R.; Grosskopf, S.; Norris, M.; Zhang, Z. Productivity growth, technical progress, and efficiency change in industrialized
countries. Am. Econ. Rev. 1994, 84, 66–83.

48. Tone, K. Malmquist productivity index. In Handbook on Data Envelopment Analysis; Springer: Berlin/Heidelberg, Germany, 2004;
pp. 203–227.

49. Tone, K. A slacks-based measure of super-efficiency in data envelopment analysis. Eur. J. Oper. Res. 2002, 143, 32–41. [CrossRef]
50. Zhu, J. Data Envelopment Analysis with Preference Structure. J. Oper. Res. Soc. 1996, 47, 136–150. [CrossRef]
51. Chen, Y. A non-radial Malmquist productivity index with an illustrative application to Chinese major industries. Int. J. Prod.

Econ. 2003, 83, 27–35. [CrossRef]
52. Beysenbaev, R.; Dus, Y. Proposals for improving the Logistics Performance Index. Asian J. Shipp. Logist. 2019, 36, 34–42. [CrossRef]
53. Arvis, J.F.; Ojala, L.; Wiederer, C.; Shepherd, B.; Raj, A.; Dairabayeva, K.; Kiiski, T. Connecting to Compete 2018: Trade Logistics in the

Global Economy; World Bank: Washington, DC, USA, 2018.
54. Everitt, B.S.; Landau, S.; Leese, M. Cluster Analysis, 4th ed.; Hodder Arnold (A member of the Hodder Headline Group):

London, UK, 2001; pp. 429–438.
55. Tan, P.N.; Steinbach, M.; Kumar, V. Introduction to Data Mining; Pearson Education India: Noida, Uttar Pradesh, 2016;

ISBN 9332586055.
56. Tukey, J.W. Exploratory Data Analysis, 1st ed.; Pearson: Reading, MA, USA, 1977.
57. Cooper, W.W.; Seiford, L.M.; Tone, K. Data Envelopment Analysis—A Comprehensive Text with Models, Applications, References and

DEA-SoiverSofhuare; Springer: New York, NY, USA, 2000.
58. Brockett, P.L.; Golany, B. Using rank statistics for determining programmatic efficiency differences in data envelopment analysis.

Manag. Sci. 1996, 42, 466–472. [CrossRef]
59. Sueyoshi, T.; Aoki, S. A use of a nonparametric statistic for DEA frontier shift: The Kruskal and Wallis rank test. Omega 2001,

29, 1–18. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/0377-2217(78)90138-8
https://doi.org/10.1108/BIJ-07-2017-0205
https://doi.org/10.1007/s10796-023-10424-3
https://doi.org/10.1287/mnsc.30.9.1078
https://doi.org/10.1016/S0377-2217(01)00324-1
https://doi.org/10.1057/jors.1996.12
https://doi.org/10.1016/S0925-5273(02)00267-0
https://doi.org/10.1016/j.ajsl.2019.10.001
https://doi.org/10.1287/mnsc.42.3.466
https://doi.org/10.1016/S0305-0483(00)00024-4

	Introduction 
	Background and Literature Review 
	Research Methodology 
	The BCC Model 
	Malmquist Index 
	Measurement of the Input and Output Variables 
	Data and Sample 
	Research Framework 

	Analysis and Results 
	Country Clusters 
	Descriptive Analysis 
	Malmquist Index 
	Efficiency Scores of Logistics Performance Groups and Group-Specific Issues 
	Logistics Performance versus Efficiency 
	Structural Differences between Logistics Groups: Drivers of Logistics Performance 

	Conclusions 
	References

