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ABSTRACT

This study examines the interaction between logistics performance and sustainable
development in G20 countries from a holistic perspective, based on the 2022 Logistics
Performance Index (LPI) and selected Sustainable Development Goals (SDGs) indicators.
Correlation analysis aims to reveal the extent and direction of the relationship between
the LPI overall score and its sub-dimensions, as well as the SDGs indicators. This is followed
by a comprehensive ranking of countries’ performance using multi-criteria decision-
making (MCDM) and Borda methods. Correlation analyses demonstrate significant positive
relationships, particularly between customs clearance efficiency, logistics service quality,
and on-time delivery sub-dimensions, as well as import disproportionality; between
customs clearance efficiency and access to basic drinking water services; and between SDGs
indicators, such as on-time delivery and access to basic sanitation services. Conversely, a
negative but insignificant relationship was found between the malnutrition rate and the LPI
and its sub-indicators, and no significant correlation was found between access to electricity
and the LPI indicators. The FANMA, SWEI, and TODIFFA methods were used to assess country
performance, taking into account the criteria weights calculated using the SITDE method, and
the resulting data were then combined using the Borda method. The integrated assessment
revealed that Germany, France, and China had the highest integrated logistics and sustainable
development performance, while South Africa, Indonesia, and Mexico had the lowest
performance. The results demonstrate that advanced logistics infrastructure supports both
economic competitiveness and contributes to sustainable development, offering important
insights for policymakers regarding the integration of logistics and sustainability strategies.

Keywords: borda method, correlation analysis, logistics performance index, multi-criteria
decision making, sustainable development goals

LOJISTiK VERIMLILIKTEN SURDURULEBILIR
KALKINMAYA: G20 ULKELERI iCiN LPI VE SDGS
ENDEKSLERINiIN ENTEGRATIF ANALIZi

oz

Bu ¢alisma, G20 Uilkelerinde lojistik performans ile strdirlebilir kalkinma arasindaki etkilegimi,
2022 yih Lojistik Performans Endeksi (LPI) ve secilmis Stirdiiriilebilir Kalkinma Hedefleri (SKH)
gostergeleri temelinde, bitlincil bir perspektifle incelemistir. Korelasyon analizi ile LPI genel
skoru ve alt boyutlari ile SKH gostergeleri arasindaki iliskinin boyutunu ve yéniind; sonrasinda
cok kriterli karar verme (CKKV) ve Borda yontemleri ile ilkelerin bitlnlesik performans
siralamasini aciga ¢ikarmayi hedeflemektedir. Korelasyon analizleri, 6zellikle glimriik islemleri
verimliligi, lojistik hizmetlerin kalitesi ve zamaninda teslimat alt boyutlari ile ithal oransizlasma
arasinda; gumrik islemleri verimliligi ile temel icme suyu hizmetlerine erisim arasinda,
zamaninda teslimat ile temel sanitasyon hizmetlerine erisim gibi SKH gdstergeleri arasinda
anlamli pozitif iliskiler oldugunu gostermistir. Diger taraftan, yetersiz beslenme orant ile LPI ve
alt gostergeleri arasinda negatif fakat anlamsiz bir iliskinin oldugu, ayrica elektrige erisimile LPI
gostergeleri arasinda da anlamli bir korelasyon bulunmadigi tespit edilmistir. SITDE yontemi ile
hesaplanan kriter agirliklari hesaba katilarak tilkelerin performanslarinin degerlendirilmesinde
FANMA, SWEI ve TODIFFA yonteminden faydalanilmis ve ortaya ¢ikan sonuglarin birlesimi
ise Borda yontemi ile gerceklestirilmistir. Yapilan butiinlesik degerlendirme sonucunda
Almanya, Fransa ve Cin'in en ylksek entegre lojistik ve strdirilebilir kalkinma performansina
sahip oldugu; Giiney Afrika, Endonezya ve Meksika'nin ise en diisiik performans sergiledigi
ortaya ¢ikmistir. Sonuglar, gelismis lojistik altyapinin hem ekonomik rekabet gliciinii hem
de sirdirilebilir kalkinmaya katkiyr destekledigini ortaya koymakta ve politika yapicilar i¢in
lojistik ve strdrtlebilirlik stratejilerinin entegrasyonuna yonelik dnemli ipuglart sunmaktadir.

Anahtar Kelimeler: borda metodu, ¢ok kriterli karar verme, korelasyon analizi, lojistik
performans indeksi, strdirulebilir kalkinma hedefleri

[An extended English abstract is available at the end of the article.]
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1. Introduction

The quality of logistics systems stands out as a key factor directly
shaping countries’ international trade performance and competitiveness.
This quality is largely shaped by government investments in advanced
infrastructure, planned policies, and services provided. Macro-level
parameters include separating transportation infrastructure, optimizing
customs procedures, and establishing standard regulations to expand
government logistics activities. This process directly contributes
to countries’ economic growth and international competitiveness.
Therefore, a strong relationship exists between logistics performance
and economic competitiveness (Kabak et al., 2020, p. 238).

Logistics performance is considered a leading indicator of a
country’s overall productivity and plays a critical role in assessing the
effectiveness of supply chains. Logistics encompasses the planning,
coordination, and management of the flow of materials, products, and
resources, from raw material procurement to the delivery of the final
product to the consumer. Effective logistics activities directly shape
economic development by ensuring the safe and efficient transportation
of products at the right time (Cheng, 2024, p. 1).

Logistics performance on a global scale is closely linked to
the sustainability and efficiency of international trade. Logistics
encompasses a range of multidimensional processes, including
freight transportation, warehousing, customs procedures, brokerage,
and payment systems. High logistics performance not only supports
economic growth but also has a significant impact on poverty reduction
and achieving the Sustainable Development Goals (Mariano et al.,
2017, p. 166). In this context, the Logistics Performance Index (LPI),
developed by the World Bank, stands out as an international indicator
measuring countries’ logistics capacity. The LPI consists of six key
components: customs procedures, transportation infrastructure,
regularity of international shipments, quality of logistics services,
shipment traceability, and on-time delivery (Liu et al., 2018, p. 283;
Mesi¢ et al., 2022, p. 13). The LPI is an interactive tool that helps
countries identify the challenges and opportunities they face in trade
logistics, improve their performance, and develop strategic plans.
Effective logistics services not only increase product mobility, security,
and speed but also contribute to reducing costs in cross-border trade.
Under conditions of globalization and increasing competition, logistics
efficiency contributes to increased trade volume by reducing costs and
ensuring product safety (Stevic¢ et al., 2024, pp. 1-2; Suki et al., 2021,
pp. 595-596).

However, the high levels of fossil fuel consumption and CO:
emissions generated by logistics activities have negative impacts
on environmental sustainability. This situation highlights the dual
role of logistics, which provides economic and social benefits while
also posing environmental risks (Shamout, 2024, pp. 6629-6630). In
this context, the Sustainable Development Goals (SDGs) provide a
global framework that aims to balance economic development, social
welfare, and environmental protection (Asadikia et al., 2023, p. 255).
In recent years, the importance of the relationship between logistics and
sustainability has increased. While logistics activities provide socio-
economic benefits such as infrastructure development, accessibility,
employment creation, and poverty reduction, they have also begun to
put pressure on the ecosystem due to fossil fuel use and environmental
externalities. This necessitates the development of a sustainable
logistics approach and the adoption of policies that balance economic,
social, and environmental dimensions (Loucanova et al., 2024, p. 317).

Logistics performance (LP) plays a critical role in achieving the
United Nations” SDGs. Effective logistics systems have a direct
impact on economic growth, industrial sustainability, access to
healthcare, and resource efficiency by ensuring the rapid and efficient
movement of goods, resources, and services. Strong logistics networks
facilitate trade, reduce costs, create jobs, and contribute to sustainable
industrialization by supporting resilient infrastructure and industrial
innovation. In the healthcare sector, logistics has played a critical
role in the distribution of vaccines and medical supplies, contributing
to the reduction of inequalities in access to healthcare. Furthermore,
through optimizing resource use, reducing waste, disseminating green
technologies, and implementing a circular economy, logistics supports
responsible production and consumption processes. Furthermore, the
strategic importance of the logistics sector in deploying renewable
energy technologies and accelerating the transition to clean energy
is increasingly evident. Therefore, logistics performance not only

provides economic benefits, but it also directly shapes the achievement
of sustainable development goals in the areas of health, environment,
energy, and social welfare (Agrawal et al., 2022, pp. 3669-3670;
Rehman & Hasan, 2025, pp. 2-5).

In this context, one of the areas where the interaction between logistics
performance and sustainable development can be most concretely
observed is among the G20 countries. Representing approximately
85% of the world economy and 75% of trade, these countries directly
impact not only their own economic growth but also the stability of
global value chains through their logistics activities due to their weight
in global production and trade (Gelmez et al., 2024, p. 340; Ozar1, 2025,
p. 1294). With their high production capacities and large trade volumes,
G20 countries play a leading role in improving logistics performance;
they also bear significant responsibilities in terms of sustainability
in areas such as resource consumption, carbon emissions, and waste
management (Campoli et al., 2025, p. 4; Pehlivan et al., 2024, p. 6).
Therefore, an integrated evaluation of the Logistics Performance Index
(LPI) and Sustainable Development Indicators (SDGs) data is of critical
importance in revealing both the competitiveness of G20 countries in
global trade and their contribution to sustainable development.

Accordingly, this study examines the relationship between logistics
performance (LPI) and sustainable development indicators (SDGs) in
G20 countries using an integrated approach. Due to data limitations, the
Russian Federation, Saudi Arabia, and Argentina have been excluded
from the analysis, and the study is limited to the remaining 16 members
of the G20. The research aims to answer the following questions:

* Is there a relationship between the Logistics Performance Index
(LPI) and related sub-indicators and selected SDGs sub-indicators
within the context of G20 countries? If so, to what extent and direction?

* How does an integrated assessment conducted using logistics and
sustainability indicators in G20 countries using the MCDM and Borda
methods reveal the performance rankings of countries?

For the analysis, LPI and SDGs data were selected for 2022, but due
to the lack of SDGs data for the Russian Federation, Saudi Arabia, and
Argentina, these countries were excluded. Therefore, the integrative
analysis was conducted on 16 G20 countries. Two main methods were
used in the study: Bivariate correlation analysis revealed the linear
relationships between the LPI and SDGs indicators, while the multi-
criteria decision-making (MCDM) method allowed for the assessment of
integrated sustainability performance on a country basis by considering
the weighting and priority relationships between indicators. The
Skewness Impact Through Distributional Evaluation (SITDE) method
was used for weighting the indicators because it takes into account
skewness and outliers to obtain more objective and robust results
(Gopisetty & Sama, 2025). The FANMA (a novel hybrid technique
named after its developers), Sum Weighted Exponential Information
(SWEI), and the Total Differential of Alternative (TODIFFA) methods
were used to assess and rank countries’ sustainability levels based on
integrated indicators. The FANMA method (Mandal et al., 2025) was
chosen because it provides a reliable and consistent ranking among
alternatives based on the distance-to-ideal-point principle. The SWEI
method (Dwivedi & Sarma, 2025a) was chosen because it incorporates
entropy-based weighting and exponential information measures that
increase decision accuracy. The TODIFFA method (Gligori¢ et al.,
2024) was chosen because it evaluates cost and benefit variables
together and clearly reveals relative differences. Finally, the Borda
counting method was used to combine the rankings obtained by different
methods. Thus, the results from the methods were integrated to produce
the final country ranking. This combination of LPI and SDGs data
allows for a comprehensive performance assessment that encompasses
not only countries’ logistics efficiency or individual SDGs indicators,
but also their competitiveness in global trade and their contribution to
sustainable development.

The remaining sections of the study are structured as follows. The
second section provides a detailed overview of studies conducted on
the Logistics Performance Index (LPI) and Sustainable Development
Indicators (SDGs), as well as research examining the LPI and SDGs
together, and literature on evaluating country performance within the
context of the LPI and SDGs through multi-criteria decision-making
(MCDM) methods. The third section presents the dataset and methods.
The fourth section addresses the findings resulting from the application
of the methods. The final section discusses the results and offers
recommendations.
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2. Literature review

The literature review of previous studies focused on logistics
performance (LPI), sustainable development goals (SDGs), and studies
that address these two areas together. Furthermore, studies evaluating
country performance using Multi-Criteria Decision Making (MCDM)
methods, considering SDGs and LPI indicators, were reviewed.
Furthermore, existing studies on the SITDE, SWEI, FANMA, and
TODIFFA methods discussed within the scope of the research were
reviewed. The findings of these studies are summarized under
subheadings. Studies on country performance evaluations conducted
specifically using MCDM methods and LPI and SDGs indicators are
presented in Table 1, while the relevant literature review on the methods
(SITDE, SWEI, FANMA, and TODIFFA) is presented in Table 2.

As shown in Table 1, the studies demonstrate the comprehensive
application of various MCDM methods to evaluate countries’ logistics
performance, sustainability levels and progress towards the SDGs.
Indices of environmental logistics have been developed in the literature
(Lu et al., 2019). Performance based on the LPI has been examined
using the CRITIC-MARCOS approach (Mesi¢ et al., 2022), the SD-
COPRAS-SAW approach (Gelmez et al., 2024), and entropy-based
hybrid approaches (Stevi¢ et al., 2024). The PSI and PIV methods have
been used to compare logistics competitiveness (Biswas & Anand,
2020). Additionally, the following methods are included among the
sustainability and SDGs indicators: SWI (Dwivedi & Sharma, 2025b);
MPSI-RAPS (Ersoy et al., 2026); CODAS, EDAS, TOPSIS, VIKOR
and WASPAS (Brodny & Tutak, 2023a); CoCoSo-Shannon Entropy
(Stanujkic et al., 2020); FF-SWARA (Ayyildiz, 2022); Fuzzy SMART
and ARAS (Candan & Toklu, 2024); and AHP (Martin & Carnero,
2019).

2.1. Literature on the relationship between
Logistics Performance Index (LPI) and

sustainability

Khan et al. (2025) used the dynamic Autoregressive Distributed
Lag (ARDL) method to examine the impact of economically,
environmentally, and socially sustainable logistics in Saudi Arabia
between 1990 and 2022, and compared the pre- and post-Vision 2030
period. The evaluations revealed that Vision 2030 plays a critical
role in promoting sustainable activities, economic diversification,
and increasing social welfare, as well as its impact on performance
indicators in industrial and manufacturing sectors. Aboul-Dahab and
Ibrahim (2020) examined the logistics performance of Arab countries
according to the 2018 LPI report and the relationship between these
countries’ economic performance and logistics performance. Using
linear regression, correlation, and K-means cluster analysis, the study
found a generally weak to moderate relationship between nominal
GDP and logistics performance (LPI), while sub-indicators and
political and infrastructural factors played a critical role in determining
LPI scores. Larson (2021) tested the relationships between national
logistics performance and sustainability dimensions within the scope
of the Sustainable Society Index (SSI) and the World Bank Logistics
Performance Index (LPI) using regression analysis. The results revealed
that logistics performance is positively affected by social sustainability.

Suki et al. (2021) examined the effects of logistics performance on
economic growth and carbon emissions in leading Asian countries
using advanced panel data analysis based on IPAT and STIRPAT
models and determined that logistics performance supports economic
development while reducing environmental impacts. Shamout (2024)
examined the impact of logistics performance on environmental
performance in 47 countries in Europe and Central Asia during the
period 2007-2018 using the Poisson Pseudo Maximum Likelihood
(PPMLHDFE) method, controlling for macroeconomic variables. The
results indicated that logistics performance has a positive contribution
to environmental health and ecosystem vitality, while economic growth
and industrialization have a negative impact on environmental quality.
Rashidi and Cullinane (2019) calculated sustainable operational logistics
performance (SOLP) efficiency scores for each country by applying
Data Envelopment Analysis (DEA) to evaluate sustainable logistics
performance in OECD countries and compared their results with the
Logistics Performance Index (LPI). The results show that the SOLP
better reveals countries’ productivity sources than the LPI and provides

complementary and more useful information for policy development.
Kabak et al. (2020) examined the bidirectional relationship between
countries’ competitiveness levels and logistics performance using
methods such as Bayesian Network, Partial Least Squares (PLS)
and Importance-Performance Map Analysis (IPMA) using LPI and
GCI data for the years 2010-2012-2014-2016. The results reveal that
competitiveness elements such as infrastructure, business maturity,
financial market development, and higher education play a critical role
in increasing logistics performance, and that logistics performance, in
particular, has a positive effect on market size. Starostka-Patyk et al.
(2024) developed a new index called the Green Logistics Performance
Index (GLPI) by combining the logistics performance index (LPI) and
environmental performance index (EPI) data for the European Union
countries and evaluated the green logistics performance of the countries
by comparing the data for the years 2010 and 2018.

Sheikh et al. (2023) developed a comprehensive model comprising 19
indicators under four main factors, utilizing exploratory factor analysis
(EFA) to measure maritime logistics performance, thereby overcoming
the inadequacies of existing indices. Cheng et al. (2024) used panel
data covering 43 countries for the period 2010-2016 to demonstrate
the positive effect of logistics performance (LPI) on the ecological
footprint (EFP) by controlling for economic indicators (import, export,
GDP, adjusted national income) using a pooled regression model. They
emphasized that logistics performance plays a critical role in sustainable
and environmentally friendly supply chains. Mariano et al. (2017), in
their study covering 104 countries, evaluated logistics performance
through CO2 emissions using the SBM-DEA method and developed the
Low-Carbon Logistics Performance Index (LCLPI). Changes over time
were analyzed using the Malmquist index and window analysis, with
the highest performance observed in Japan, Germany, Togo, Benin, and
the United States. The BRICS countries, particularly China, were also
examined in detail. Zaman and Shamsuddin (2017) examined the impact
of logistics performance indices on national-scale economic indicators
such as energy use, environmental degradation, and economic health
using panel data from 2007 to 2014 for 27 European countries. The
findings reveal that different dimensions of logistics performance have
various environmental and economic impacts, including increasing
renewable energy use, reducing carbon emissions, and promoting
economic growth, which offer important implications for regional green
supply chain management.

Jonasikova et al. (2025) examined the Logistics Performance Index
(LPI) in selected countries between 2007 and 2022, using time series and
cluster analysis. The results revealed that Western European countries
have stable and high logistics performance, while Eastern European
countries lag behind due to infrastructure deficiencies and regulatory
barriers. Varma and Shah (2021) examined the relationship between the
Logistics Performance Index (LPI) and the Human Development Index
(HDI) using 2018 data from 154 countries. A significant and positive
relationship was found between the two variables in linear regression
analysis conducted with SPSS. Harsono and Wahyuningsih (2023)
analyzed the effects of the Logistics Performance Index (LPI) and
other factors on sustainability performance in G20 countries, focusing
on Indonesia, using panel data analysis. They found that logistics has
positive effects on environmental and economic sustainability, but no
significant effect on social sustainability.

Hamidova et al. (2024), in their study with data from 60 countries
that are members of the International Transport Forum (ITF),
demonstrated that CO2 emissions from transportation affect countries’
logistics efficiency (LPI) and transportation infrastructure investments
and transportation volume through Granger causality and panel
regression analyses. Wan et al. (2022), in their study with a panel
data set covering 22 developing countries for the period 2007-2018,
revealed the negative effects of logistics performance on environmental
sustainability, while using the Moment Quantile Regression (MM-QR)
method, they revealed that green innovation, renewable energy use, and
economic globalization play important roles in reducing CO: emissions.
Dimitrievska et al. (2020), in their study with Logistics Performance
Indicator (LPI) data from 160 countries for the period 2007-2018, used
the artificial neural network method to evaluate logistics performance
and identify areas for improvement. The study also utilized Pearson
correlation analysis to examine the relationships among the six key
variables that comprise the LPI (customs, infrastructure, ease of
international transportation, logistics service quality, track and trace,
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and on-time delivery). The analysis revealed that all these variables
have a significant and strong positive relationship with the LPI.
Jayalakshmi and Praveen (2024) examined the relationship between
Gross Domestic Product (GDP), foreign trade balance (GSR), and
the Logistics Performance Index (LPI) using multiple regression and
correlation analyses. Consequently, significant correlations existed
between the LPI and both GDP and GSR, and both variables together
explained 45% of the variance in the LPL.

2.2. Literature review on Sustainable
Development Goals (SDGs)

Akhtar et al. (2025) examined the impact of the ecological footprint
(EA) on blue economy sustainability using panel datasets for the period
2000-2021 in G20 countries using Bayesian neural network (BNN),
OLS, fixed effects, and two-step generalized moments methods. The
study revealed that the ecological footprint has a negative impact on the
blue economy, while greenhouse gas emissions, population growth, and
economic growth have positive effects. Li et al. (2025) examined the
impact of landscape structures and ecosystem services on the Sustainable
Development Goals (in the categories of basic needs, governance, and
targets) in the Dangala and Bukhara regions of Central Asia. The study
identified priority action areas for regional sustainable development
using landscape indices, ecosystem service assessment models,
regression analyses, factor analysis, and structural equation modeling.
Medina-Hernandez et al. (2023), using the HJ-Biplot multivariate
analysis method to examine the 2021 Sustainable Development
Indicators for 125 countries, found that countries in the global North
have strong sustainability characteristics in terms of economic growth
and access to basic services, but need development in environmental

protection and responsible production and consumption, while
countries in the global South need to develop more policies, particularly
in areas such as poverty, health, education, and infrastructure. Using a
panel data model, Liu et al. (2023) found that the landscape patterns
and ecosystem services of nature reserves in the Qinghai-Tibet Plateau
positively contribute to achieving the Sustainable Development Goals,
while carbon sequestration has positive effects and habitat quality has
negative effects on certain indicators. Gong et al. (2024) examined
the relationships between mangrove restoration and the Sustainable
Development Goals (SDGs) using network analysis, demonstrating
that mangrove loss demonstrates strong complementarity with SDG 12
(responsible production and consumption) and SDG 13 (climate action),
particularly in the Indonesian context. Asadikia et al. (2023) developed
a holistic prioritization method using benchmarking, bivariate, and
network analysis to identify indicators to be used in assessing SDGs
performance in Australia. The analysis revealed that one-third of
the indicators required high priority and had complex interactions.
Thanyawatpornkul (2024) demonstrated through a systematic literature
review that artificial intelligence makes significant contributions to
solving global problems, such as climate change, health, access to clean
water, and renewable energy, in line with the Sustainable Development
Goals (SDGs). However, the review also highlights the potential of
these technologies to exacerbate economic inequalities. Raman et al.
(2024) systematically analyzed both direct and transferable connections
between SDG 12 and other sustainable development goals, emphasizing
that SDG 12 and SDG 7, 11, 13, and 15 are interrelated and that they
inform policy recommendations, such as e-waste management, carbon
emissions reduction, life improvement support, and the development of
green products.

TABLE 1 | Previous studies conducted using MCDM Methods, taking into account SDGs and LPI indicators

Author(s) Indicator Method Country Problem/Objective
(Year)
To develop an environmental logistics
Luetal. Environmental Logistics - performance index (ELPI) to evaluate the overall
(2019) Performance Index (ELPI) RAM-DEA 112 Countries performance of green transportation and
logistics practices
Western Balkan countries
Mesic et al. Logistics Performance (Bosnia and Herzegovina, . T
(2022) Index (LP) CRITIC-MARCOS North Macedonia, Albania, Evaluation of countries’ logistics performance
Serbia, Montenegro)
Gelmez et al. Logistics Performance SD-COPRAS-SAW G20 Countries Evaluation of countries’ logistics performance
(2024) Index (LPI) g p
Stevic etal. Logistics Performance ENTROPY, MCRAT, SAW, TOPSIS, 118 Countries Evaluation of countries’ logistics performance
(2024) Index (LPI) FUCA gistics p
Biswas and LPI, ICT, CO, intensity PSI and PIV G7 and BRICS countries Comparative assessment of countries in terms

Anand (2020)

of logistics competitiveness

Dwivedi Economic, social, and Evaluation of countries’ sustainabilit
and Sharma environmental SDGs SWI (Sum-Weighted Information) Indian states Y
oo performance

(2025b) indicators

Ersoy et al. — . . .

(2026) SDGs indicators MPSI-RAPS 27 EU countries Evaluation of countries’ SDGs performance
Entropy, CRITIC, standard deviation, .,

Brodny and SDG 9 TOPSIS, WASPAS, EDAS, Spearman 27 EU countries /?lssessment of couptrles progress towarg SDG9

Tutak (2023b) i (“Industry, Innovation and Infrastructure”)
and Kendall's Tau

Brodny and CODAS, EDAS, TOPSIS, VIKOR, . Evaluation of countries’ energy and climate

Tutak (2023a) D€ 72andSDG13 WASPAS 27EU countries sustainability

Stanujkic et al.

(2020) SDGs indicators

CoCoSo and Shannon Entropy

EU countries Assessment of countries’ SDGs performance

Determining the importance ranking of

Ayyildiz (2022)  SDG-7 indicators FF-SWARA Turkey indicators for SDG-7 (Affordable and Clean
Energy)

Candan and SDGs security indicators Fuzzy SMART. ARAS EU countries Evaluation of countries’ security performance in

Toklu (2024) 4 Y ! the context of sustainable development

Brodny and CODAS, CoCoSo, Shannon Entropy, Assessment of SDG 9 implementation (“Build

Y SDG 9-related indicators CRITIC, Kendall Ranking, Spearman  Poland resilient infrastructure, promote sustainable

Tutak (2023¢) . . i ) L,
Ranking industrialization and foster innovation”)

Martin and SDGs indicators AHP EU countries Evaluation of countries su.stalnz.able )

Carnero (2019) development across multiple dimensions
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TABLE 2 | Previous applications of MCDM methods (SITDE, SWEI, FANMA, TODIFFA) in related research areas

Author(s) (Year) Method

Problem/Objective

Gopisetty and Sama (2025) SITDE, CRITIC, ENTROPY, MEREC, SD

Selection of electric vehicles

Mandal et al. (2025) FANMA, WASPAS

Evaluation of renewable energy sources

Petrovic et al. (2024) RAWEC, FANMA, SD

Evaluation of sustainability of transport modes

Krsti¢ et al. (2015) FANMA, VIKOR

Assessment of the economic sustainability of leading spas in Serbia

Dwivedi and Sarma (2025a) ENTROPY, SWEI, TOPSIS

Evaluation of photovoltaic thermal collectors to increase energy efficiency in power systems

Dwivedi (2024) SWI, SWEI

Material selection

Gligori¢ et al. (2024) MAXC, TODIFFA

Evaluation of deep learning software tools for large-scale enterprises

2.3. Literature on the relationship between
Logistics Performance Index (LPI) and

Sustainable Development Goals (SDGs)

Vilalta-Perdomo et al. (2023) examined the impact of international
logistics performance (LPI) on the United Nations’ Sustainable
Development Goal 2 (Zero Hunger) using mixed-effect regression
models using data from 156 countries over the period 2016-2018. The
study revealed that the LPI significantly and strongly impacted SDG2
achievement, particularly through the “customs” component. Qazi et
al. (2024) developed a hybrid method that combines Bayesian Belief
Networks (BBN) and Structural Equation Modeling (PLS) using
Sustainable Development Goals (SDG) and Logistics Performance
Index (LPI) data from 157 countries. The study determined that the
goals of “industry, innovation, and infrastructure,” “climate action,”
“partnerships for the goals,” and “gender equality” had a significant
impact on logistics performance. Rehman and Hassan (2025)
empirically analyzed the impact of logistics performance on the
Sustainable Development Goals (SDGs) using data from 2015-2024
for 126 countries. In the study, the Logistics Performance Index (LPI)
was tested separately with each SDGs score using regression analysis,
and it was observed that it had significant effects, particularly on SDG
7 (Clean and Affordable Energy), SDG 8 (Decent Work and Economic
Growth), and SDG 9 (Industry, Innovation, and Infrastructure).
Furthermore, it was revealed that this relationship varies according
to the level of globalization and the development level of countries,
and that globalization moderates the relationship between the LPI and
the SDGs. Loucanova et al. (2024) examined the relationship between
logistics performance and sustainability levels in 27 countries of the
European Union, using correlation, clustering, and geographic analysis
methods. They found a statistically significant and strong relationship
between logistics performance and sustainability and identified clusters
of countries with similarities based on geographical proximity. Khan et
al. (2022) analyzed the effects of disruptions in the food supply chain
on malnutrition in 15 Asian countries during the COVID-19 period
using the panel data method, revealing the indirect effect of logistics
performance on SDG2 (Zero Hunger). Kumar Singh et al. (2022)
showed through mathematical modeling and fixed-point iteration that
collection, separation, and recycling of electronic products through
reverse logistics plays a critical role in reducing environmental impacts
through logistics performance. Maheswari et al. (2020) showed that
informal e-waste businesses in Indonesia play a critical role in reducing
their environmental impact through reverse logistics and measuring
their sustainable performance.

2.4, Research gaps and contributions to the

literature

The existing literature largely focuses on either logistics performance
(LPI) or sustainable development indicators (SDGs). Although several
studies have examined the relationship between these two dimensions
using different analytical approaches (Qazi et al., 2024; Loucanova
et al., 2024; Rehman & Hassan, 2025; Vilalta-Perdomo et al., 2023),
research that integrates LPI and SDG indicators within a unified
and comprehensive methodological framework remains limited. In
particular, no MCDM-based study has jointly evaluated both data sets
at the country level, nor has any research simultaneously addressed
logistics performance and sustainable development specifically for
G20 countries. Existing studies generally adopt regional or global
perspectives, leaving country-specific and comparative assessments
for the G20 largely underexplored (Gelmez et al., 2024; Harsono &

Wahyuningsih, 2023; Pehlivan et al., 2024). Moreover, the literature
lacks integrated applications that combine SITDE, FANMA, SWEI, and
TODIFFA methods, indicating a clear methodological and empirical
gap.

Within this context, the methodological framework adopted in the
present study makes a significant contribution to filling these gaps.
The binary correlation analysis used to examine the linear relationships
between LPI and SDG indicators provides an initial understanding of
how the two indices interact. Subsequently, the objective determination
of indicator weights through SITDE, the construction of integrated
country rankings using FANMA, SWEI, and TODIFFA, and the
aggregation of final results via the Borda count enable a balanced and
simultaneous evaluation of logistics and sustainability performance.
This study not only analyzes logistics efficiency and individual
sustainability indicators but also provides a holistic perspective on the
competitiveness of G20 countries in global trade and their contributions
to sustainable development. The proposed framework provides
policymakers and decision-makers with a reliable and comprehensive
evidence base for infrastructure development, carbon reduction
strategies, and sustainable development planning.

3. Dataset and method

This study examines the relationship between logistics efficiency
and sustainable development by examining G20 countries. The
analysis was conducted using the Logistics Performance Index (LPI)
and Sustainable Development Indicators (SDGs). LPI data is for 2022,
and SDG indicators were selected to be consistent with the LPI data,
all for 2022. However, 2022 data for some sustainable development
indicators for the Russian Federation, Saudi Arabia, and Argentina were
not available. These countries were excluded from the analysis. As the
missing SDG indicators for these countries were not fully available in the
2022 data sets, the application of data imputation techniques was deemed
inappropriate. The use of estimated or artificially generated values could
distort indicator weights, introduce bias into MCDM calculations, and
undermine the reliability of country rankings. Therefore, to ensure
methodological robustness and preserve cross-country comparability,
the analysis was conducted only with G20 members whose datasets
were complete and consistent. Therefore, an integrative analysis was
conducted across 16 G20 countries; the relationships between SDG
and LPI indicators were examined using binary correlation analysis,
and countries’ sustainability performance was assessed using multi-
criteria decision-making approaches based on the integrated structure of
these indicators. To ensure the integrity of the research, the Logistics
Performance Index (LPI) indicators were analyzed in two different
ways. First, both the LPI overall score and its sub-dimensions (LPI1—
LPI6) were included in the correlation analysis. This approach enabled
testing the relationships between logistics performance and sustainable
development indicators (SDGs) at both holistic and dimensional levels.
In the multi-criteria decision-making (MCDM) analysis conducted in
the second stage, only the LPI sub-dimensions (LPI1-LPI6) were used
to maintain a balance of weights among the indicators and to measure
logistics performance in more detail. The LPI total score is derived from
the LPI1-LPI6 sub-dimensions. Therefore, including both the overall
score and the sub-dimensions in the analysis would create a double-
counting effect, resulting in disproportionate weighting of the logistic
variables. To prevent this and maintain a balanced weighting of the
indicators, only the LPI sub-dimensions were used in the MCDM stage.
Information on the indicators used in the analysis is presented in Tables 3
and 4, respectively. Table 5 presents the coefficient matrix for the relevant
indicators for the G20 countries included in the analysis. Analyses were
conducted using Microsoft Excel and SPSS Statistics software.
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TABLE 3 | SDGs criteria included in the research

Criterion Code Criteria

SDG 2.1 Prevalence of undernourishment (%)

SDG2.7 Cereal yield (tonnes per hectare of harvested land)

SDG2.10 Exports of hazardous pesticides (tonnes per million population)
SDG6.1 Population using at least basic drinking water services (%)
SDG6.2 Population using at least basic sanitation services (%)

SDG7.1 Population with access to electricity (%)

SDG12.1 Electronic waste that is not recollected (kg/capita)

SDG15.5 Imported deforestation (m2/capita)

TABLE 4 | LPI criteria included in the research

Criterion Code Criteria

LPI1 Logistics performance index: Ability to track and trace consignments

LPI2 Logistics performance index: Competence and quality of logistics services

LPI3 Logistics performance index: Ease of arranging competitively priced shipments

LPI4 Logistics performance index: Efficiency of customs clearance process

LPI5 Logistics performance index: Frequency with which shipments reach consignee within scheduled or expected time
LPl6 Logistics performance index: Quality of trade and transport-related infrastructure

LPI Logistics performance index: Overall

TABLE 5 | Decision matrix of countries’ LPl and SDGs indicators

s 5 5 g 5 5 s 5

Country o o o o o o 5 2 2 Q 2 2 g Q Q

- ~ ” ® 7 e = S 3 2 ¢ = R &
Australia 4.100 3.900 3.100 3.700 3.600 4.100 3.700 2.500 2.900 43.100 100.000 100.000 100.000 11.200 11.200
Brazil 3.200 3.300 2.900 2.900 3.500 3.200 3.200 3.900 4.900 0.400 99.600 90.900 100.000 11.000 1.800
Canada 4.100 4.200 3.600 4.000 4.100 4.300 4.000 2.500 4.100 2.300 99.200 98.600 100.000 17.600 19.800
China 3.800 3.800 3.600 3.300 3.700 4.000 3.700 2.500 6.400 0.700 97.600 95.900 100.000 7.100 6.300
France 4.000 3.800 3.700 3.700 4.100 3.800 3.900 2.500 6.700 4.100 100.000 98.600 100.000 9.100 14.400
Germany 4.200 4.200 3.700 3.900 4.100 4.300 4.100 2.500 7.100 0.900 100.000 99.200 100.000 9.700 19.600
India 3.400 3.500 3.500 3.000 3.600 3.200 3.400 13.700 3.600 0.900 93.300 78.400 99.200 2.900 0.900
Indonesia 3.000 2.900 3.000 2.800 3.300 2.900 3.000 7.200 5.400 12.400 94.100 88.200 100.000 6.900 1.000
Italy 3.900 3.800 3.400 3.400 3.900 3.800 3.700 2.500 4.800 3.300 99.900 99.900 100.000 11.200 12.200
Japan 4.000 4.100 3.300 3.900 4.000 4.200 3.900 3.400 6.300 22.700 99.100 99.900 100.000 16.300 19.900
Korea, Rep. 3.800 3.800 3.400 3.900 3.800 4.100 3.800 2.500 6.600 1.300 100.000 99.800 100.000 9.400 17.100
Mexico 3.100 3.000 2.800 2.500 3.500 2.800 2.900 3.100 4.000 3.400 99.700 92.500 100.000 11.400 4.900
South Africa 3.800 3.800 3.600 3.300 3.800 3.600 3.700 8.100 5.000 86.800 94.500 77.600 86.500 8.400 2.800
Turkiye 3.500 3.500 3.400 3.000 3.600 3.400 3.400 2.500 3.500 1.500 97.000 99.200 100.000 10.500 7.000
United Kingdom 4.000 3.700 3.500 3.500 3.700 3.700 3.700 2.500 7.700 21.800 100.000 99.100 100.000 17.100 16.100
United States 4.200 3.900 3.400 3.700 3.800 3.900 3.800 2.500 8.100 12.300 100.000 99.600 100.000 9.300 18.600

Source: World Bank (2022); Sachs et al. (2025)

3.1. SITDE method

This method, designed by Gopisetty and Sama in 2024, addresses
the limitations of traditional MCDM approaches by incorporating
skewness as a critical factor in evaluating and weighting the criteria.
The steps of this approach are detailed below (Gopisetty & Sama, 2025;
Lava Kumar et al., 2025, pp. 5-6).

Step 1: Creating the decision matrix

Xyp oo Xyt Xy,
X=|x, o )
Xt X 7 Xy

mxn

At this stage, an X matrix representing the values of each alternative
according to each criterion is created as in Equation (1). In this matrix,
X;>0 must be true. If there are negative values, they must be converted
to positive values using an appropriate method.

Step 2: Normalisation of the decision matrix

At this stage, the values in the decision matrix are reduced to an
equal scale using the basic linear normalisation method. The elements
of the normalised matrix are denoted by Z.". The normalisation process
is performed using Equation (2).

min X,
—,jeJ
X Xij
Z;= X. (2)
—r —jeH
max X,

Here, J represents the set of benefit-oriented criteria, and H
represents the set of cost-oriented criteria. On the other hand, X;
represents the values in the decision matrix, while minX;; and maxX,,
correspond to the minimum and maximum values of the relevant
criterion.
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Step 3: Calculating the skewness of the criteria

At this stage,

M :Total number of alternatives

Z;*Normalised value of alternative i for criterion ;

Z,: Arithmetic mean of normalised values for criterion j
o;:Standard deviation of normalised values for criterion j

Accordingly, the skewness value K; for criterion j is calculated using
Equation (3).

— \3
M M Z;-Z;
K"*(M—l)(M—z); [ o, ] &)

J

Step 4: Normalisation of skewness values

The normalisation of skewness values obtained from distributions
belonging to different criteria is performed using the transformation
expressed in Equation (4).

LK, = log (K, + D+ (min(K )| +D)| @)

K;: Skewness value of criterion j

min(K; ): Smallest skewness value among all criteria
LK;: Normalised skewness value for criterion j

Step 5: Calculating the criterion weights

The weight values for each criterion are obtained using Equation
(%)
LK.

_ J
YLK, ®
Jj=1 J
Here, LK denotes the normalised skewness value of the jth criterion,
and n denotes the total number of criteria. 2., %X, denotes the sum of
the normalised skewness values for all criteria.

3.2. FANMA method

In this study, the FANMA method was used not in the criterion
weighting process but in the ranking of alternatives. The method
measures the performance of alternatives based on the principle
of distance from the ideal point and calculates each alternative’s
proximity to the ideal solution. In the first stage, the data in
the decision matrix were normalised to the 0—1 range to ensure
comparability. Subsequently, the deviation level of each alternative
from the ideal solution was calculated based on the weighted
normalised values, and the countries were ranked using the deviation
values obtained. The FANMA method was preferred in this study
because it ranks alternatives based on their distance from the weighted
ideal solution, works with normalised data, and can be applied with
criterion weights obtained using different weighting methods. The
basic steps of the method are summarised below (Mandal et al., 2025,
pp. 116-117):

Step 1: Creating the decision matrix
The decision matrix is created as shown in Equation (1).
Step 2: Normalising the elements in the decision matrix

The values in the matrix are normalised using Equation (6), taking
into account the direction of the criteria.

min

X=X .
“max _ omin*/ eJ
f— J J DI p— 7 —
a; = max ;i=1L2,....om j=12,...,n (6)
X/- x H
max min * /E
J J
max min __ .
Here, X, = max{x”,xz/., ,xm].} and X, = mln{xlj,xzj, ,xmj}.

Step 3: Determining the ideal point

The ideal point a,” for each criterion is determined according to
Equation (7).

m}/eJ

* max{alj,azj,
a; = e )

J min{alj,azj,...,

Step 4: Calculating and evaluating the deviation of each alternative
from the ideal point

The deviation of each alternative from the ideal point is calculated
using Equation (8).

S wi(a)—a,), i=1.2,...,m @®)
=

W,: Weight coefficient calculated using the SITDE method,
representing the relative importance of each criterion.

The alternative with the smallest g, value is identified as the best
alternative.

3.3. SWEI method

The SWEI method was selected because it provides a quantitative
framework for decision-making based on information theory,
evaluating the desirability of alternatives through the probability—
information content relationship. It enables the simultaneous analysis
of different criteria by incorporating uncertainty directly into the
decision-making process, and adapts a theoretical approach that is
widely used in communication, statistics and decision theory for
multi-criteria decision-making problems. These features give SWEI a
general and flexible structure that can be applied to different MCDM
problems, providing an alternative evaluation perspective to existing
methods. The SWEI method process includes the following steps
(Dwivedi & Sarma, 2025a, pp. 5-7).

Step 1: Creating the decision matrix
The decision matrix is created as in Equation (1).
Step 2: Normalising the decision matrix

Each element in the decision matrix is normalised according to the
direction of the criteria using Equation (9), and a normalised decision
matrix is created.

Xy = X ©)

Step 3: Calculating the weighted exponential information

In this step, the total amount of information for each alternative is
calculated separately using exponential weighting, according to the
previously specified criteria.

) AN

Here, W, denotes the weight of criterion j obtained using the
SITDE method X, 1 represents the normalised criterion value, and X
represents the total information quantity of the ith alternative.

(10)

Step 4: Ranking the alternatives

Rank the alternatives using the calculated X, values. The alternative
with the smallest X, value is the best, as it is closest to the ideal
solution.

3.4. TODIFFA method

The TODIFFA method is an evaluation method that calculates
the distance of each alternative from the optimal option using the
hypotenuse function created from cost and benefit variables. The
smaller this distance, the better the alternative is considered. The steps
of the method are described below (Gligori¢ et al., 2024, pp. 3-9).

Step 1: Create the decision matrix.

The decision matrix is created using Equation (1).

Step 2: Normalising the decision matrix

The values in the matrix are normalized using the linear method, as
expressed in equation (11).

X..
— Ve [ln]

7;./. = m
Z i=1 Xij

(11
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Step 3: Weighting the normalised decision matrix

Each element of the normalized decision matrix is multiplied by
the corresponding criterion weight obtained from the SITDE method
(Equation 5). This is done using equation (12).

q; =W,r; Vie[l,2,..,m],Vj€[l,2,...,n] (12)
Step 4: Determining the optimal alternative

The optimal alternative consists of the following elements.
F7=[ 7 e [0, € 1,2,...,1] (13)

The ];“’” element is defined in relation to the desired target of the jth
criterion. It is calculated using Equation (14).
fapt :{ mi“i,vl'e{l,z ..... m) (g;:7€H) (14)

J max; vicna, . m (45:/€J)

Step 5: Separate the cost and benefit components of the alternatives.

Let /4 and J represent the total number of cost and benefit criteria,
respectively. Accordingly, the optimal alternative can be presented as
the union of subsets of cost and benefit criteria.

FoPt = P UFP R+ =] (15)

Fapt — [flapt, zapt‘ m’fhopt] U [flopt’ Zopt‘ ...,f-jOpt],h +].. :j (16)
Similarly, the cost and benefit components of each alternative are
shown in Equations (17)-(18).

Fi=F UF,vie{12,..n} h+j=]j (17)

Fi=[qiq5 . i)V [ai. b - qfl vie (12, ..n} h+) =] (18)

Step 6: Calculating the cost and benefit components for the
alternatives.

Equations (19-22) calculate the magnitude of cost- and benefit-
oriented components for the optimum alternative and other alternatives
as the sum of their respective values under the relevant criteria.

For the optimal alternative

MOPE = FOPE L FOPE 4 P e | (19)
MOPE = fOPC 4 £ g P e ] (20)
Similarly, for each alternative

Mi=q¢ +qi+-+q., Vie[12, ..,mlLheH (21)
Mi=qi+qi+-+q, Vie[L2,..,mlj€E] 22)

Step 7: Ranking of alternatives

The ranking of alternatives is determined by the total differential of
the alternative function, f(Mx, M;) For all i in the set [1,2....,m], the total
differential of the alternative function at the point (M;lu M-,-l) provides an
approximate value for the change in the function at this point, given the
changes in the variables M, and M;. Consequently, the total differential
for each alternative is calculated using Equation (23).

M (M — M) + 5 (M7 — )

dz; vi€e([12,..,m]

(23)

The alternatives are arranged in ascending order of dz; values, with
the alternative with the lowest total differential value being considered
the best.

3.5. Board counting method

The ranking results of different methods may vary in MCDM
problems. Therefore, combining the results is beneficial in order to
obtain a common ranking. The Borda Count method achieves this by
combining different rankings to create a single final ranking. In this
method, each alternative receives points according to its rank: the best
alternative receives m-1 points, the second-best alternative receives m-2
points, and the worst alternative receives 0 points. The final ranking
is determined by summing the scores obtained from all methods. The
relevant method’s mathematical formulation is given below (Unal,
2021, pp. 15-16; Wu, 2011, p. 12976).

Step 1: The board score for each alternative is calculated using
Equation (24).

b :Z(M*Rfj)
J=

24

Here, M corresponds to the number of alternatives, and R;; corresponds
to the rank of the ith alternative according to the jth criterion.

3.6. Pearson correlation analysis

The Pearson correlation coefficient (7 ) is used to evaluate the strength
of'a linear relationship between two variables. It can take values between
-1 and +1. A positive value indicates a positive linear correlation, while
a negative value indicates a negative linear correlation. The closer the
value is to +1 or -1, the stronger the linear correlation. The Pearson
correlation coefficient is defined as follows (Fu et al., 2020, p. 2):

,— Z;[(xi —¥)(, *7)]
\/E;(xi - )_6)2 \/Zj:l(yi - J_’)Z

Here, the variables x,; and y, denote the means of the two variables,
and n is the sample size. Generally, it is accepted that » <0.39 represents
weak correlations, r between 0.40 and 0.69 represents moderate
correlations,  between 0.70 and 1 represents strong or high correlations,
and 7> 0.9 represents very high correlations.

(25)

4. Findings

This study adopted a two-stage analysis approach to enable a
multidimensional assessment of the relationships between logistics
performance and sustainable development. In the first stage, a Pearson
correlation analysis was conducted to reveal the relationships between
the Logistics Performance Index (LPI) sub-dimensions and the
Sustainable Development Goals (SDGs) sub-indicators. The results are
presented in Table 6.

According to the results of Pearson correlation analysis conducted
to examine the bivariate relationships between the LPI and SDGs
indicators, a positive and statistically significant relationship was found
between the overall LPI score and SDG15.5 (imported deforestation)
(r=10.804; p <0.01). Similarly, highly significant positive correlations
were found between LPI sub-dimensions LPI1 (customs clearance
efficiency), LPI4 (quality of logistics services), and LPI6 (on-time
delivery) and SDG15.5 (r=0.829, r = 0.880, and r = 0.820, respectively
(p < 0.01). Significant positive relationships were found between LPI1
and SDG6.1 (access to basic drinking water services) at r = 0.512 (p
< 0.05), and between LPI6 and SDG6.2 (access to basic sanitation
services) atr=0.583 (p < 0.05). Additionally, the correlation coefficient
between SDG6.1 and SDG6.2 was r = .836 and this relationship was
statistically significant (p < 0.01). SDG2.1 (undernutrition rate)
was negatively correlated with all LPI indicators. Although these
relationships were not statistically significant, the correlation between
SDG2.1 and LPI6 was particularly high at r = -0.483 (p = 0.058). The
relationships between SDG2.1 and SDG6.1 and SDG6.2 were 1 = -.865
and r = -.899 (p < 0.01), respectively. However, significant positive
relationships were observed between SDG12.1 (hazardous chemicals
and waste management) and SDG6.1 and SDG6.2 at r = .602 and
= .576, respectively (p < 0.05). No significant correlation was found
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between SDG7.1 (access to electricity) and the LPI indicators. Finally,
quite high and significant correlations were found between the LPI sub-
dimensions, for example, a relationship of r =.939 was found between
LPI1 and LPI2 and r = .958 was found between LPI2 and LPI6 (p <
0.01).

In the second stage, the logistics and sustainability performances of
the countries were evaluated holistically using the MCDM (SITDE,
FANMA, SWEI, TODIFFA) methods. In this context, the overall LPI

score in the decision matrix in Table 5 was removed, and a new decision
matrix based solely on the sub-dimensions and SDGs indicators was
used. The criteria weights were determined using the SITDE method
(Equations 1-5) applied to the decision matrix, with the resulting
values summarized in Table 7. Based on these weights, the logistics and
sustainability performances of the alternative countries were assessed
using the FANMA, SWEI, and TODIFFA methods, and the outcomes
are reported in Table 8.

TABLE 6 | Correlation analysis results for LPl and SDGs indicators

~ 2 = ~ = ~ a
Correlations g g g g £ =z 5 g g g g g % g g
LPI1 Pearson Correlation 1 ,939%* ,681%% ,908** ,804%% 915%% J946** -448 431 ,186 S512% 541* -015 ,389 ,829%*
Sig. (2-tailed) ,000 ,004 ,000 ,000 ,000 ,000 ,082 ,095 489 043 ,030 ,955 137 ,000
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
LPI2 Pearson Correlation ,939** 1 716** ,920** ,866** ,958** 973** -343 ,306 142 ,406 440 -,062 375 ,782**
Sig. (2-tailed) ,000 ,002 ,000 ,000 ,000 ,000 194 ,249 ,599 119 ,088 ,819 152 ,000
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
LPI13 Pearson Correlation ,681%% 716%* 1 ,615% J135%% 624*% ,796* -,002 387 ,064 -,039 ,086 -,228 -,034 A43
Sig. (2-tailed) ,004 ,002 ,0n ,001 ,010 ,000 ,994 139 813 ,885 151 395 ,901 ,086
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
LP14 Pearson Correlation ,908** ,920%* ,615% 1 817** ,953** J947** -412 433 077 486 ,553* 076 A16 ,880**
Sig. (2-tailed) ,000 ,000 011 ,000 ,000 ,000 13 ,094 776 ,056 ,026 ,780 ,109 ,000
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
LPI5 Pearson Correlation ,804** ,866** ,7135%* 817** 1 [ 794%* ,894%* -353 375 -,026 A44 A4 -,039 376 ,780**
Sig. (2-tailed) ,000 ,000 ,001 ,000 ,000 ,000 179 152 925 ,085 N ,887 151 ,000
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
LPI6 Pearson Correlation 915%* ,958%* 624%% ,953%*% T4 1 948%* -483 356 ,063 496 ,583% 075 ,396 ,820%*
Sig. (2-tailed) ,000 ,000 ,010 ,000 ,000 ,000 ,058 176 ,818 051 018 181 129 ,000
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
LPI Pearson Correlation ,946** 973%* ,796%* 947** ,894** ,948** 1 -351 442 N 401 A54 -,053 319 ,804%*
Sig. (2-tailed) ,000 ,000 ,000 ,000 ,000 ,000 183 ,086 ,682 123 077 ,847 228 ,000
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG2.1 Pearson Correlation -,448 -343 -,002 -412 -353 -483 -,351 1 -327 231 -,865**  -,899** -,400 -,609* -,622*
Sig. (2-tailed) ,082 194 994 113 79 ,058 183 217 389 ,000 ,000 125 ,012 ,010
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG2.7 Pearson Correlation A31 ,306 387 A33 375 ,356 A42 -327 1 -,099 347 331 ,093 118 ,528%
Sig. (2-tailed) ,095 ,249 /139 ,094 152 176 ,086 217 716 ,188 211 132 ,663 ,036
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG2.10 Pearson Correlation ,186 142 ,064 077 -,026 ,063 A 231 -099 1 -,287 -A12 -,850** 041 -152
Sig. (2-tailed) 489 ,599 813 176 925 818 ,682 1389 716 ,280 112 ,000 ,880 575
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG6.1 Pearson Correlation S512% ,406 -,039 ,486 444 ,496 401 -,865** 347 -,287 1 ,836%* AT ,602* ,702%%
Sig. (2-tailed) ,043 119 ,885 ,056 ,085 ,051 123 ,000 188 ,280 ,000 ,065 014 ,002
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG6.2 Pearson Correlation 541% 440 ,086 ,553* A4 ,583* 454 -,899** 331 -412 ,836** 1 ,649** 576% 765%*
Sig. (2-tailed) ,030 ,088 751 ,026 A1 018 077 ,000 211 12 ,000 ,007 ,020 ,001
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG7.1 Pearson Correlation -,015 -,062 -228 076 -,039 075 -,053 -,400 ,093 -,850%* 471 ,649** 1 182 317
Sig. (2-tailed) 955 819 395 ,780 ,887 781 847 125 132 ,000 ,065 ,007 499 231
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG12.1 Pearson Correlation ,389 375 -,034 A16 376 ,396 319 -,609% 18 041 ,602% ,576% ,182 1 614%
Sig. (2-tailed) 137 152 ,901 ,109 151 129 ,228 012 ,663 ,880 014 ,020 499 ,0n
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
SDG15.5 Pearson Correlation ,829%* 182%* 443 ,880** ,780** ,820%* ,804%* -,622% ,528*% -152 ,702%* ,765%* 317 ,614% 1
Sig. (2-tailed) ,000 ,000 ,086 ,000 ,000 ,000 ,000 ,010 ,036 575 ,002 ,001 231 01
N 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Erciyes Universitesi Iktisadi ve idari Bilimler Fakiiltesi Dergisi
Erciyes University Journal of Faculty of Economics and Administrative Sciences
https://dergipark.org.tr/tr/pub/erciyesiibd

Sayi: 73 | Number: 73



68 Sahin Macit, N.

TABLE 7 | Weight values obtained as a result of the SITDE method

Criteria LPI LPI2 LPI3 LPI4 LPI5 LPl6  SDG21 SDG27 SDG210 SDG6.1 SDG62 SDG7.1 SDGI21 SDGI5.5
1 00683 00725 00691 00657 00515 00668 00908 00640 00925 00747 00813 01079 00535 00414

Ranking 9 6 7 10 13 8 3 1 2 5 4 1 12 14

According to Table 7, the three most important criteria are SDG7.1
(Population with access to electricity, w = 0.1079), SDG2.10 (Exports
of hazardous pesticides, w = 0.0925), and SDG2.1 (Prevalence of
undernourishment, w = 0.0908). Criteria with medium weight values
include SDG6.1 (Population using at least basic drinking water services,
w = 0.0747), SDG6.2 (Population using at least basic sanitation
services, w=0.0813), LPI2 (Logistics Performance Index: Competence
and quality of logistics services, w = 0.0725), LPI1 (Ability to track
consignments, w = 0.0683), LPI3 (Ease of arranging competitively
priced shipments, w = 0.0691), LPI4 (Efficiency of customs clearance
process, w = 0.0657), LPI6 (Quality of trade and transport-related
infrastructure, w = 0.0668), and SDG2.7 (Cereal yield, w = 0.0640).
The criteria with lower weights are SDG12.1 (Electronic waste not
recollected, w = 0.0535), LPIS (Frequency of shipments reaching the
consignee within the scheduled or expected time, w = 0.0515), and
SDG15.5 (Imported deforestation, w = 0.0414)

TABLE 8 | Ranking made with SITDE based FANMA, SWEI and TODIFFA

methods

FANMA SWEI TODIFFA
Countries g Rank X/ Rank dz; Rank
Australia 0.0192 7 15.5623 15 0.01751 15
Brazil 0.0354 13 15.4069 2 0.01003 10
Canada 0.0191 6 15.4836 0.00612 6
China 0.0233 10 15.4058 1 0.00457 4
France 0.0188 5 15.4824 7 0.00426 2
Germany 0.0177 4 154191 3 0.00243 1
India 0.0371 14 15.4449 4 0.01592 14
Indonesia 0.0417 15 15.5453 13 0.01483 13
Italy 0.0214 9 15.4925 9 0.00654 7
Japan 0.0135 1 15.5497 14 0.01108 12
Korea, Rep. 0.0199 8 15.4464 5 0.00440 3
Mexico 0.0437 16 15.5325 1 0.01242 1
South Africa 0.0314 12 15.5965 16 0.04080 16
Turkiye 0.0306 11 15.4779 6 0.00898 8
United Kingdom 0.0162 2 15.5395 12 0.01000 9
United States 0.0172 3 15.5099 10 0.00529 5

According to the FANMA method, Japan, the United Kingdom,
and the United States perform best, while Mexico, Indonesia, and
India perform less well. The SWEI method ranks China, Brazil and
Germany higher, while South Africa, Australia and Japan are lower.
The TODIFFA method, on the other hand, ranks Germany, France and
Korea higher, while South Africa, India, and Australia remain lower. In
a comparative analysis, the ranking results of the SWEI and TODIFFA
methods show closer trends. At the bottom, South Africa (16th), Mexico
(11th), Indonesia (13th), and Australia (15th) are similarly positioned in
both methods, while Germany and China are higher. On the other hand,
the FANMA method differs from the SWEI and TODIFFA methods by
exhibiting significant differences in rankings for countries such as Japan,
the United Kingdom, and the United States. These findings reveal the
impact of the methods’ weighting and performance calculation logic on
the ranking results and allow for a comparative assessment of countries’
logistics and sustainability performance.

The Borda Counting Method was used to provide a comparable and
holistic assessment of rankings obtained by different methods. This
method combined the rankings obtained from the FANMA, SWEI,
and TODIFFA analyses to reveal the overall performance of countries.
Table 9 presents the rankings and corresponding Borda scores for each

method separately. The final Borda scores and the resulting overall
ranking were then calculated based on the sum of these scores. This
allows for a more consistent and meaningful assessment of the relative
positions among countries by aggregating the results from the different
methods.

TABLE 9 | Combining the rankings of countries obtained from FANMA, SWEI
and TODIFFA methods with the Borda Count method

FANMA SWEI TODIFFA BORDA

Countries Rank Borda Rank Borda Rank Borda Rank Borda

Score Score Score Score
Australia 7 9 15 1 15 1 13 1"
Brazil 13 3 2 14 10 6 89,10 23
Canada 6 10 8 8 6 10 6 28
China 10 6 1 15 4 12 3 33
France 5 11 7 9 2 14 2 34
Germany 4 12 3 13 1 15 1 40
India 14 2 4 12 14 2 12 16
Indonesia 15 1 13 3 13 3 15 7
Italy 9 7 9 7 7 9 8,9,10 23
Japan 1 15 14 2 12 4 11 21
Korea, Rep. 8 8 5 11 3 13 4 32
Mexico 16 0 i 5 " 5 14 10
South Africa 12 4 16 0 16 0 16 4
Turkiye 1 5 6 10 8 8 8,9,10 23
United Kingdom 2 14 12 4 9 7 7 25
United States 3 13 10 6 5 1 5 30

Upon examination of the results, Germany ranks first with a total of
40 points, demonstrating the highest performance. France (34 points,
2nd place) and China (33 points, 3rd place) follow Germany. South
Korea is fourth with 32 points, the United States is fifth with 30 points,
and Canada is sixth with 28 points. The United Kingdom is in seventh
place with 25 points, while Brazil, Italy, and Turkey share the eighth,
ninth, and tenth places with 23 points each. Japan is eleventh with 21
points, India is twelfth with 16 points, Australia is thirteenth with 11
points, and Mexico is fourteenth with 10 points. Indonesia is fifteenth
with 7 points, and South Africa is in last place (sixteenth) with only
4 points. These results show that the relative performance levels of
countries are more clearly revealed by integrating the rankings obtained
from different methods with the Borda approach. In particular, Germany,
France, and China stand out with their high Borda scores; South Africa,
Indonesia, and Mexico appear to be at the bottom of the rankings.

5. Conclusion

This study examines the relationships between logistics performance
(LPI) and sustainable development indicators (SDGs) in G20 countries
using an integrated approach. Due to data gaps, Russia, Saudi Arabia,
and Argentina were excluded from the analysis, and the study was
limited to the remaining 16 members of the G20. Bivariate correlation
analysis reveals that logistics capacity is significantly related to
various dimensions of sustainable development. A highly positive
relationship was found between the overall LPI score and SDG 15.5
(imported deforestation). The strong positive relationships between
the LPI sub-dimensions of customs clearance efficiency, logistics
service quality, and on-time delivery, and SDG 15.5 can be explained
by the fact that advanced logistics infrastructure streamlines the
global supply chain, thereby creating indirect environmental impacts
on agricultural and forest product production in other countries. This
finding supports the close relationship between logistics performance
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and environmental sustainability indicators, as demonstrated in Lu et al.
(2019). Additionally, significant positive relationships were observed
between SDG 6.1 (access to basic drinking water services) and SDG 6.2
(access to basic sanitation services) and the LPI subscales. This result
suggests that advanced logistics systems can increase the accessibility
of water and sanitation services by ensuring the efficient distribution of
materials and equipment necessary for these services. Similarly, a study
by Brodny and Tutak (2023c) reveals that sustainable development
indicators are closely related to logistics and infrastructure elements,
supporting the notion that logistics capacity indirectly contributes to the
social sustainability dimension.

Another noteworthy result is the negative correlation observed
between SDG 2.1 (undernourishment rate) and the LPI indicators. This
suggests that increasing logistics efficiency can reduce malnutrition by
reducing disruptions in the food supply chain. Similarly, the very high
negative correlations found between SDG 2.1 and SDG 6.1 and SDG
6.2 suggest that improving basic infrastructure services plays a critical
role in combating hunger. The findings are consistent with existing
literature. In particular, studies on the relationship between logistics
performance (LPI) and the Sustainable Development Goals (SDGs)
highlight the importance of these relationships. Vilalta-Perdomo et
al. (2023) demonstrated that international logistics performance plays
a critical role in achiving SDG2 (Hunger Elimination). The study
examined the effects of logistics coordination at the regional level and
the impact of the LPI on SDG2. Similarly, Khan et al. (2022) revealed
that disruptions in the food supply chain can increase malnutrition
rates, reinforcing the view that improving logistics efficiency helps
mitigate these disruptions and thereby reduce malnutrition. In contrast,
no significant relationship was observed between SDG 7.1 (access
to electricity) and the LPI indicators. This suggests that the impact
of energy infrastructure on logistics performance may be indirect
and shaped by other factors. Limited positive relationships were
found between SDG 12.1 (electronic waste and hazardous chemicals
management) and the LPI, indicating the potential impact of sustainable
logistics practices on environmental management. Indeed, studies
on e-waste management and reverse logistics (Kumar Singh, 2022;
Maheswari et al., 2020) emphasize that logistics plays a critical role
in reducing environmental impacts, with logistics networks being
particularly decisive in collection, recycling, and disposal processes.
Furthermore, the positive relationships observed between SDG 12.1 and
SDG 6.1 (basic drinking water services) and SDG 6.2 (basic sanitation
services) confirm the mutually reinforcing nature of environmental and
social sustainability indicators, as noted in Raman et al.’s (2024) study.
This finding demonstrates that sustainable logistics can have positive
impacts not only on environmental but also on social well-being.

Within the scope of the MCDM analysis, criteria were weighted using
the SITDE method, and the priority levels of the LPI sub-dimensions
and SDGs indicators were determined. The analysis determined that
SDG 7.1 (access to energy) was the most important criterion, followed
by SDG 2.10 (hazardous pesticide exports) and SDG 2.1 (malnutrition
rate). Criteria with medium weights include water and sanitation
services and logistics sub-dimensions. Criteria with lower weights
consist of environmental sustainability indicators and some logistics
measures. This weight distribution demonstrates that both social and
environmental dimensions are considered in the performance evaluation
of countries.

Ranking analyses conducted using the FANMA, SWEIL, and
TODIFFA methods reveal a heterogeneous picture of countries’ logistics
and sustainability performance. The FANMA method ranked Japan, the
United Kingdom, and the United States highest, while Germany and
France showed mid-to-upper results. In contrast, the SWEI method
placed China and Brazil in the top two, highlighting differences when
inter-criterion dependencies are considered. The TODIFFA method
gave higher positions to Germany, France, and South Korea, whereas
India, Indonesia, Australia, and South Africa performed lower. These
differences indicate that the choice of weighting and calculation
approaches significantly affects country rankings. To overcome such
divergences, integrative approaches like the Borda Count method
provide a more comprehensive assessment. Using this method, Germany
ranked first with a total score of 40, followed by France and China in

second and third place. South Korea, the United States, and Canada also
performed strongly, while Brazil, Italy, and Turkey occupied middle
positions. Japan, India, Australia, and Mexico were at the bottom, with
South Africa showing the weakest performance. These findings suggest
that integrated assessments such as the Borda Count are effective for
identifying countries’ strengths and weaknesses. The combined use of
the FANMA, SWEI, and TODIFFA methods brings together the unique
advantages offered by each method, enabling a more comprehensive
and reliable assessment of countries’ performance. This integration
is methodologically robust compared to commonly used methods in
the literature and enhances the interpretability of results, while also
supporting the reliability of assessments conducted using the Borda
Count.

Evaluating correlation analyses and MCDM ranking results together
provides insight into the differences in the integrated performance of
countries. Germany’s high ranking aligns with its high World Bank
Logistics Performance Index (LPI) scores (World Bank, 2022) and its
strong performance on sustainable development indicators (Sachs et
al., 2025). These high scores are supported by positive and significant
correlations between Germany’s LPI sub-dimensions (namely, the
efficiency of customs procedures and on-time delivery) and SDG
6.1 and SDG 6.2 (p < 0.05). Positive but statistically insignificant
correlations were observed between SDG12.1 and LPI sub-dimensions.
This indicates that strong logistics performance is consistent with
certain sustainable development indicators and enhances integrated
performance. Conversely, in South Africa, which ranks lower, low
scores on LPI sub-dimensions and SDGs indicators (World Bank,
2022; Sachs et al., 2025), combined with negative correlations between
SDG 2.1 (undernourishment) and SDG 6.1 and SDG 6.2, explain
the country’s low integrated performance. These findings reveal
that considering logistics performance and sustainable development
indicators in an integrated manner plays a critical role in interpreting
countries’ rankings and understanding performance differences.

The results demonstrate that combining logistics performance (LPI)
with the Sustainable Development Goals (SDGs) has significant policy
implications. Based on the study’s specific findings, recommendations
include improving food supply chain security, using logistics effectively
for water and sanitation services, promoting renewable energy for
logistics centres, and expanding recycling logistics. Additionally,
potential avenues for future research include comparing different
MCDM methods, conducting in-depth country analyses and testing the
robustness of results through time-series or regional comparisons.

However, the study has several limitations. First, its focus on G20
countries restricts generalizability to low- and middle-income nations.
Second, reliance on data from a specific period limits the ability to
capture long-term patterns or sudden shocks. Third, only the LPI and
selected SDGs indicators were analyzed, excluding other relevant
measures such as green logistics, carbon footprints, and e-logistics.
Finally, while FANMA, SWEI, TODIFFA, and the Borda Count were
applied, other MCDM methods were not considered.

Future studies should consider expanding the country scope
and incorporating additional environmental and social indicators.
Furthermore, the application of structural equation modelling (SEM)
or panel causality tests, the examination of regional differences, and the
use of simulations or alternative weighting scenarios could enhance the
reliability of the results and policy recommendations. The correlation
analyses conducted in this study only demonstrate relationships between
variables and do not allow for direct inferences about causality to be
made. Therefore, future studies would benefit from conducting Granger
causality or panel regression analyses to test whether the observed
relationships are causal, as this would strengthen the robustness of the
findings. Additionally, although the criterion weights were objectively
determined using the SITDE method, a sensitivity analysis was not
conducted to evaluate how changes to these weights might affect
the final ranking. Conducting a sensitivity analysis to evaluate the
robustness of the results under various weighting scenarios would
enhance the reliability of the findings in future studies.
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