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Abstract

This study investigates the structural relationships between Most Favoured Nation Weighted
Average (MFNWA) tariffs and the Logistics Performance Index (LPI) using graph theoretical analysis.
While these metrics are fundamental to global trade, they are rarely analysed as intertwined networks.
Utilizing World Bank data from 2007 to 2022, we construct independent association networks to
measure how nations align with global tariff and logistics trends. Through measures of node degree and
betweenness centrality, the research identifies nations that serve as pivotal hubs or outliers in the global
trade ecosystem. Findings reveal a strong negative correlation between average MFNWA rates and LPI
scores, yet a lack of correlation between their respective network degrees, suggesting that the factors
driving logistics excellence and tariff alignment are governed by distinct economic drivers. The study
provides a novel framework for policymakers to assess a nation’s connectivity and strategic positioning
within global trade networks.

Keywords: Logistics Performance Index (LPI), MFN tariffs, graph theory, network analysis, global trade,
betweenness centrality.

JEL Classification: F12; F14; L91; C45; O19.

Introduction

A nation sets their Most Favoured Nation (MFN) tariff rate through a combination of
domestic economic prioritizations, international trade negotiations, and strategic policy
decisions. Under World Trade Organization (WTO) regulations, WTO member-nations must
apply MFN tariffs uniformly to all other WTO members (WTO 2019).
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Factors such as sectoral competitiveness in international markets, level of
industrialization, and political considerations impact MFN policy decisions (Helpman G et al.
2025). MFN weighted average (MFNWA) tariffs adjust MFN rate by import volume, providing
an economically relevant measure that accounts for both tariff policy and trade flow patterns.
Correlations between nations weighted average MFN tariffs can signal deeper economic
integration. Specifically, shared tariff patterns between nations can reflect similar external
pressures, including terms of trade incentives (Bagwell & Staiger, 2011) or result from trading
bloc membership or common external tariffs set by customs unions (Ben-David, 1996).
Furthermore, similar tariff trends can stem from comparable import composition shifts, such as
simultaneous rising demand for lower-duty goods (Kuenzel & Sharma, 2021). In this work, we
investigate a nation’s MFNWA tariff trend similarity, observing how aligned it is with other
nations’ MFNWA trends to determine how much regional and global patterns influence its tariff
burden.

MFN tariffs directly shape a nation’s trade environment; lower tariffs tend to promote
openness and increase the flow of goods across borders (Wacziarg & Welch, 2008). However,
even with favourable tariff policies, trade can be severely limited if logistical systems are
inefficient. Logistics Performance Index (LPI) reflects the quality of infrastructure, customs
efficiency, and the overall ability to move goods reliably and on time (Arvis et al., 2018; World
Bank 2024). A nation with low MFN tariffs but poor logistics may still struggle to attract trade,
while strong logistics can amplify the benefits of tariff liberalization. Correlations across nations
between LPI trends can reflect shared levels of trade facilitation capacity, infrastructure quality,
and integration in global supply chains. High correlation may also arise from geographic and
economic interdependence. Such relationships indicate that logistics performance is not purely
a domestic matter but often a networked phenomenon influenced by regional cooperation,
shared institutional frameworks, and participation in cross-border value chains (Arvis et al.,
2018; Hausman et al., 2013). Here, we investigate a nation’s LPI trend similarity to determine
its level of alignment with other nations’ logistics trends.

Finally, we investigate MFNWA and LPI jointly because they influence trade outcomes
(Hausman et al., 2005; Bhukiya & Patel, 2023; UNCTAD, 2025). Together, efficient logistics
and open ftariff policies are associated with a favourable environment for both imports and
exports, boosting overall trade competitiveness (Wacziarg & Welch, 2008; Jayathilaka et al.,
2022). In this work, we use graph network analysis to investigate how logistic performance and
tariff patterns across nations influence national wealth and trade involvement as well as
relationships between MFNWA and LPI, two vital metrics in global trade.

1. Methods
1.1 Study Design, Data Collection and Processing

The MFNWA tariff time series data was collected from the World Bank WITS database
(WITS 2022) and was confined to the years 2007, 2010, 2012, 2014, 2016, 2018, and 2022 to
match the LPI dataset. A nation’s MFNWA tariff for a given year is trade-weighted and is
calculated by using each product’s share of total imports as a weight for the product’'s MFN
tariff rate, where all of the products’ weighted rates are then summed up. This formula can be
seen below (WTO 2006):
MFN weighted average tariffs (%) = Z%}L(—M(l;r)ll),

i=1\"1

M; = MFN Tariff rate of product (i);
I; = Value of Imports of product (i).
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LPI time series data from the World Bank database (World Bank) was also collected for
2007, 2010, 2012, 2014, 2016, 2018, and 2022. The LPI data comprises 6 dimensions,
namely, customs, infrastructure, international shipments, logistics services, tracking and
tracing, and timeliness. These 6 indicators are averaged to find the total LPI score, which can
range from 1 (very low) to 5 (very high). For nations to be eligible in this study, they needed
sufficient data coverage (at least six years) for both indicators. In total, 86 economic entities
were included in this study (85 nations and the European Union).

Following this, we collected time series data of population (World Bank Group, 2025),
total exports (World Bank Group, 2019), and total imports (World Bank Group, 2024 ) from the
World Bank Group databases for the years 2007, 2010, 2012, 2014, 2016, 2018, and 2022.
We create a trade volume per capita metric to measure a nation’s level of trade involvement.
The following formula was used to calculate the trade volume per capita (TVPC):

Merchandise Exports (USD)+Merchandise Imports (USD)
population

=TVPC.

We also collected time series data of GDP per capita (GDPPC) from the World Bank
database (World Bank Group 2024) for the same years as a measurement of a nation’s level
of wealth.

1.2 Network Construction

In this study, an MFNWA tariff graph network and an LPI score graph network were
constructed. In each network, nodes represent eligible economic entities and edges represent
Spearman correlations between nations” MFNWA or LPI trends. Spearman correlations were
used in this study because rank-based correlations can better measure non-linear
relationships and are robust against outliers (van den Heuvel & Zhan, 2022; de Winter et al.,
2016). Spearman correlations among nations’ MFNWA or LPI time series data that were
greater than or equal to 0.5 were retained as edges on the graph network since a correlation
at or above 0.5 represents moderate or strong monotonic trend similarity. The nodes and
edges on the graph networks were organized in a spring layout to display proper repulsive
forces created by the nodes. The spring layout was created using a total of 500 iterations to
maximize reproducibility and reliability of the network and its corresponding data. Graph
networks with 40 or fewer nodes generally use 50 to 100 iterations (Kobourov, n.d.), so the
larger value of 500 fits our larger graph network of 86 nodes.

We used two main metrics to analyse the networks: node degree and betweenness
centrality. Node degree represents the number of valid connections a certain node has within
the graph network. A higher node degree indicates more involvement within the network.
Betweenness centrality measures the frequency of a node being the shortest path between
other nodes. This metric is weighted by the node degree of the nodes connected to it.
Betweenness centrality shows the importance of a node in connecting different parts of the
network, indicating a node’s role in allowing for trend diffusion within the network. The node
degree and betweenness centrality for each country is available in the supplementary tables.

All data processing and network construction was completed in Python using Visual
Studio Code. Libraries that were utilized were Pandas for data manipulation, NetworkX for
network construction, Matplotlib and Colorama for graph visualization, and Numpy for
numerical computation for the data frames.
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1.3 Statistical Analysis

Upon the completion of the two networks, we performed graph theoretical analysis using
data from both networks. To accomplish this, we utilized Pearson correlations to measure
linear relationships and logarithmic regressions to measure non-linear relationships. We also
constructed violin plots to analyse relationships between MFNWA and LPI node degree and
GDPPC and TVPC.

2. Results

21. Global Analysis of Most Favoured Nation Weighted Average (MFNWA) Tariff Rates

The average weighted MFN rates of 86 nations investigated in this study range from
0.23% to 15.62%, with Singapore having the lowest rate and Rwanda the highest (Figure 1A).
The median average MFNWA rate in this study is at 4.36% (between Qatar and Denmark).
Nations below this value have a relatively liberal MFNWA rate, encouraging imports, increasing
competition, and potentially lowering prices.

Figure 1: Network Analysis of MFN Weighted Average Tariff Rates (MFNWA)
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Note. Higher node degree and betweenness centrality indicate greater structural importance within the
MFNWA network and stronger influence on tariff dynamics. Panel A shows the MFNWA
correlation network, where nodes represent countries and edges denote Spearman correlations
above 0.5; darker nodes indicate higher connectivity. Panel B presents the relationship between
node degree and average MFNWA rates (2007-2022). Panel C illustrates the association
between MFNWA betweenness centrality and node degree with a linear fit.

To investigate relationships between nations’ average MFNWA rate and MFNWA trend
similarity with other nations, we analysed the average MFNWA rate vs MFNWA degree graph
(Figure 1B). The nations with relatively low average MFNWA rates (<4.35%) had a large node
degree range of 2 to 31. For example, while the United States and Germany have similar
average MFNWA values of 2.77% and 3.03% respectively, their degrees of 10 and 27 notably
differ. The United States’ relatively low degree is consistent with the fact that while the global
MFN weighted average tariff levels fluctuated from 2007-2022, the United States MFNWA
trend was relatively flat, suggesting independence from global tariff burden patterns.
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Germany’s high degree of 27 can suggest similarity with other EU nations. Nations in this
customs union set the same MFN rate since the European Commission required a Common
External Tariff (CET) for all members. MFNWA tariffs are also heavily influenced by import
composition patterns, suggesting EU nations with high MFNWA node degrees exhibit similar
import shifts, a pattern that is consistent with the strong regional connections and similarities
of many EU nations (Bratu & Margarita, 2024). Overall, many EU nations exhibit above
average MFNWA node degrees in the network. Elevated degrees from EU nations align with
the EU’s CET and similar import composition shifts among EU nations that may occur through
their economic ties and interdependence.

The nations with high average MFNWA rates (>4.35%) also have variable degrees.
Guyana, with an average MFNWA level of 10.38%, has one of the lowest node degrees out of
all nations at 4. While Paraguay (7.53%), Ecuador (8.12%), Uruguay (8.74%), Brazil (9.85%),
and Argentina (11.88%) all had conservative MFNWA values like Guyana, their node degrees
of 19, 31, 22, 19, and 22 are notably higher. All these nations are either members or associates
of the Mercosur trading bloc, which, like the European Union, sets a CET on imports from non-
member nations. Changes in the CET directly affect MFN rates for member states (Brazil,
Paraguay, Uruguay, and Argentina) and can plausibly affect MFN rates for associate members
such as Ecuador, a nation with strong regional connections and agreements with Mercosur
members. The above-average degree of Mercosur members and associates may suggest that
these nations could be similarly impacted by global trade patterns affecting import composition.

To investigate the nations that play important roles in trade synchronization, we utilized
betweenness centrality, which measures the frequency of nodes falling on the shortest path.
As seen in Figure 1C, MFNWA betweenness centrality and MFNWA node degree are
positively correlated (r = 0.495), suggesting that nations with more trend-based connections
also tend to serve as bridges in global policy alignment. Canada has the highest betweenness
centrality (0.052), likely because it belongs to major trade blocs such as USMCA and CPTPP,
along with having an ongoing trade partnership with the EU. Thus, while Canada does not
have the highest node degree, it influences connections between major economic entities.
Conversely, Norway has the smallest betweenness centrality value of 0, indicating that it does
not have major roles as a bridge in policy synchronization, and is a periphery in the network.
This is consistent with Norway’s heavily concentrated oil exports (Machado, 2025), which often
take place under long term contracts or preferential terms, causing it to bypass MFN enforced
trade.

2.2 Global Analysis of Logistics Performance Index (LPI)

The same 86 nations were included to investigate average LPI scores, which ranged
from 2.28 (Angola) to 4.13 (Germany). The median average LPI score was 3.046 (between
Kuwait and Romania). Nations above the median average LPI score excel in a combination of
the 6 dimensions of LPI described in the methods (Figure 2A).

Figure 2B shows a large variation in LPI degree. Austria and Belgium have high average
LPI scores of 4 (Belgium) and 3.93 (Austria), yet their LPI degrees of 33 (Belgium) and 4
(Austria) differ. Large fluctuations in investment towards the dimensions of LP| can cause a
nation to shift away from general LPI trends.
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This may factor into Austria’s lower node degree, as Austrian investment in infrastructure
dipped from 2012-2014 since it was not prioritized as highly as social spending (Bakker et al.,
2014). Austria’s infrastructure score decreased from 4.05 in 2012 to 3.65 in 2014, causing
overall LPI score to drop from 3.89 to 3.65 in the same time period. Large LPI fluctuations were
common for Austria from 2007 to 2022, which contrasts Belgium’s steady increase and plateau
in its LPI score.

Figure 2. LPI Network Analysis
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Note: Panel A: LPI correlation network, nodes represent countries, edges show Spearman correlations
>0.5 in LPI trends. Darker nodes indicate higher node degrees. Panel B: Relationship between
LPI node degree and average LPI rates (2007-2022). Panel C: Association between LPI
betweenness centrality and node degree, with a linear fit.

To investigate whether a nation’s logistics improvements or policy shifts resemble those
of multiple nations over time, betweenness centrality was analysed. There is a positive
correlation between node degree and betweenness centrality (Figure 2C), but this trend is
relatively weak (r = 0.378). Large differences in betweenness centrality are attributed to
differences in economic and political partners, consistency in infrastructure and tracking, and
sector focuses. For example, Estonia, with an LPI node degree of 32 and the highest
betweenness centrality of 0.048, has trade structures that span over multiple economic unions
(Dept IMFE, 2023). With a similar LPlI node degree of 27, Egypt has a much lower
betweenness of 0.00084, greatly deviating from the best fit line, indicating that it does not
connect diverse nodes within the network.

2.3 Integrative Analysis of LPl and MFNWA graphs

To investigate relationships between nations' logistics systems and MFNWA tariff
patterns, we compared LPI and MFNWA networks. Moreover, we investigated relationships
between MFNWA tariffs and LPI with trade volume per capita as well as GDPPC. There is a
strong negative correlation between average MFNWA tariff rate and average LPI score (Figure
3A, r=-0.666).
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Figure 3. Integrated MFN—LPI Analysis
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Note: Panel A: Relationship between average MFN tariff rates and average LPI scores (2007-2022),
aggregated across all product categories, with a fitted linear trend. Panel B: Association between
LPI node degree and MFN node degree, illustrating structural linkages between trade connectivity
and logistics performance.

Thus, the nations with lower MFNWA tariffs often exhibit higher LPI scores. For example,
Singapore has the lowest MFNWA value of 0.23% and the second highest LPI rate of 4.12
while Angola has a very high MFNWA tariff rate of 8.84%, and the lowest LPI score of 2.28.
MFNWA degree and LPI degree are not correlated (Figure 3B, r=0.085), indicating that nations
responding to or involved in global tariff burden trends are not necessarily the ones aligned
with global logistics trends. For example, Spain and Greece, two EU members, both have
relatively high MFNWA degrees of 29 and 27. Yet, Spain has a much higher LPI degree of 31
compared to Greece’s 11. Furthermore, Rwanda and Niger, both of which are members of the
African Continental Free Trade Area (AfCFTA 2023), have similar MFNWA degrees of 12 and
13 respectively. This similarity in MFNWA degree is not seen in LPI degree with Rwanda
having a much higher LPI degree of 26 compared to Niger's 14. Rwanda and Niger's low
degrees may be attributed to the insufficient number of qualified African Continental Free
Trade Area nations in our study.

Figure 4A shows a strong logarithmic relationship between average MFNWA tariff rate
and GDPPC (r=-0.574) and LPI score and GDPPC (r = 0.825). Furthermore, Figure 4B shows
a strong logarithmic relationship between average MFNWA tariff rate and TVPC (r = -0.6) and
LPI score and TVPC (r = 0.78). This suggests that nations with a combination of low average
MFNWA tariff rates and high average LPI scores are wealthier and more involved in trade.

The MFNWA and LPI graph networks show complex interactions underlying global trade.
In plots from Figure 4C and Figure 4D, we find that there is a large variation in MFNWA and
LPI node degree for nations with low and medium GDPPC and TVPC. Assuming that node
degree indicates a nation’s level of collaboration in global trade, these nations with high node
degrees in either the MFNWA or LPI networks might be involved in strategic alignment to
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support global trade, even if their levels of wealth and trade involvement may be lower.
Compared to nations with lower and moderate GDPPC and TVPC, there are substantially
fewer nations in the highest GDPPC and TVPC, so analysis of these baskets is less revealing.

Figure 4. Network—econometric integration of trade policy, logistics, and economic scale
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Note: Panel A: Logarithmic relationship between average MFN tariff rates, LPI scores, and GDP per
capita (GDPPC), capturing nonlinear scaling effects in trade policy and logistics performance.
Panel B: Logarithmic relationship between average MFN tariff rates, LPI scores, and trade volume
per capita (TVPC), reflecting network-mediated trade intensity. Panel C: Violin plots of MENWA
and LPI network node degrees across GDPPC groups, illustrating differences in structural
centrality by income level. Panel D: Violin plots of MFNWA and LPI network node degrees across
TVPC groups, highlighting how trade intensity relates to network embeddedness.

MFNWA node degree is higher than LPI node degree for medium GDPPC and TVPC
nations. This could be because MFNWA is partially determined by nations, which is directly
influenced by their trading needs and partners. While LPI trends might be influenced by
partnerships with other nations, improving LPI scores requires large financial investments, a
process that is more difficult for nations than tariff regulation or liberalization.

The heterogeneity in MFNWA and LPI node degree points to diverse strategic
positioning; some intermediate economies are integrating into global value chains and aligning
institutional and infrastructural systems, while others remain more insular or regionally
focused, thereby reducing their visibility in global-scale correlational networks (Sposi et al.,
2021; Cigna et al., 2022). Noticeably, the world’s largest economy, the United States, shows
an intermediate degree not only in the MFNWA correlation network but also in the LPI
correlation network, indicating substantial logistical capability without close co-movement with
many peers. Shifting focus, median MFNWA and LPI degrees are not correlated with GDPPC
and TVPC in plots 4C and 4D. This suggests that synchronization of tariff or logistics trends
does not have direct macroeconomic benefits.
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Discussion and Conclusions

Graph theoretical network analysis is a powerful tool to investigate complex non-linear
relationships between economies, trade partners, and the effect of globalization (Aller et al.,
2015; Shepherd, 2016). The network analysis facilitates investigation of all the nations at the
same time, taking into account direct and indirect relationships driving global trade.

Our results show that regional trade agreements and economic unions can strongly
influence node degree in the MFNWA correlation network by promoting tariff and import
composition harmonization among member states. Nations who increased preferential trade
agreements (PTAs) with each other may also have retained high node degrees in the network
as joint increases in PTAs tend to lead to simultaneous decreases in MFN rates (Kuenzel &
Sharma, 2021). Furthermore, nations exhibiting similar trade structures and depending on
similar industries as many other nations could have high node degrees in the network
(Gonciarz & Verbeet, 2025), especially since this would result in similar import trends or
pressures. Furthermore, we found that similar tariff burden patterns within regional trade blocs,
such as the European Union, likely does not directly increase GDP or trade volume. However,
it can enhance efficiency and policy stability. By aligning external tariffs, member nations
reduce trade distortions and administrative complexity, prevent trade deflection, and
strengthen collective bargaining power in global markets (Felbermayr et al., 2019).

Unlike node degree, betweenness centrality identifies nations that connect diverse
economies. The United States maintains a low MFNWA degree and betweenness since it sets
tariffs independently rather than via regional alignment, yet it remains a central player in the
global economy through its massive market size, innovation capacity, and global production
linkages [33,34]. Canada’s high betweenness centrality and node degree indicate its important
role in acting as a hub in the network, aligning itself with economic entities and creating
otherwise non-existent pathways for international connections.

Nations in this study with a high MFNWA betweenness centrality, including Canada,
share similar and compatible MFNWA tariff patterns to a wide range of trading partners. In an
applied economics sense, this characteristic could be advantageous in international markets,
facilitating increased access to diverse suppliers and allowing nations to import a broader
variety of differentiated goods. Furthermore, a high MFNWA betweenness centrality may
contribute to decreased policy-shock vulnerability. If one nation or economic union
unpredictably changes their MFNWA tariff structure, high MFNWA betweenness centrality
nations still have access to alternative trading partners. This leads to more resilient and
consistent export baskets and import supply chains, where a nation is not dependent on
selective markets and prone to trading disruptions.

Nations with high MFNWA node degrees tended to be involved in economic unions, while
nations with high LPI trend similarity were consistent with their investment towards LPI
dimensions, with this investment behaviour being more of a country-level decision than a result
of regional agreements. LPI degrees can be impacted by their level of similarity to other
nation’s logistical structures (Kamrul et al., 2025), and their level of synchronization with other
nations’ macroeconomic indicators, including inflation and GDP growth trends (Jayalakshmi &
Praveen, 2024; Ohakwe & Wu, 2025). Nations often collaborate by developing common best
practices and by regional co-operation. It is also likely that the nations collaborate to improve
their trade jointly. This implies that while degree captures how many peers a nation is similar
to, betweenness highlights those economies that may link disparate trajectories, making them
key players in the collaboration. One such nation that was highlighted in the LPI betweenness
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analysis is Estonia, which has an unique role in the global economy with its export driven
economy, digital trade leadership, and integration with the EU (United States Department of
State, 2023). Estonia’s investment in logistics may be explained by its openness to foreign
investment. Estonia’s Customs Act permits the government to establish free trade zones
(Arora & Brintrup, 2021, Aller et al., 2015).

When integrating the MFNWA and LPI correlation networks, we observed little
correlation between MFNWA and LPI node degrees, suggesting that synchronization of tariff
burdens and logistics improvement are influenced by different factors. So, while average
MFNWA tariff rate and average LPI score are negatively correlated, trade liberalization
decisions alone (i.e., actively lowering MFN rate or importing lower-duty goods) likely do not
lead to consistent increases in logistics performance. Instead, direct fiscal policy decisions to
increase investment towards logistics systems, especially infrastructure, would likely be
effective in boosting overall logistics efficiency (Bentar et al., 2025; Azwardi et al., 2024). We
find that wealthy and trade-involved nations are commonly trade-open and logistically efficient.
This demonstrates that global trade powers can afford a more trade-liberal and logistically
efficient economy because it benefits their economic structure.

The analysis of MFNWA and LPI degrees with GDPPC and TVPC also reveals that
intermediate wealth and trade involvement nations have lower LPI degrees than MFNWA
degrees. Although intermediate GDPPC and TVPC nations likely play an influential role in
global trade with their ability to invest in logistics and supply chains, they seem to primarily
involve themselves in global trade by aligning tariff burden and trade liberalization patterns.

Finally, it is important to acknowledge the limitations of this analysis. MFNWA tariffs are
aggregated across products, masking sectoral differences that may drive unique patterns of
correlation. Furthermore, MFNWA tariffs may not fully represent a nation’s tariff policy as some
imports face preferential rates under free-trade agreements instead. LPI combines both
objective performance indicators and survey-based perceptions, which may introduce
reporting biases. Future research could address these gaps by employing sector-specific
MFNWA data, longitudinal analysis of LPI trends, and network-based approaches to quantify
centrality and interdependence in trade—logistics structures.

Credit Authorship Contribution Statement

Kelkar, A contributed to the conceptualisation of the study, data collection and preparation,
network modelling design, and the empirical analysis of the relationships between logistics performance
indicators and tariff structures. He also drafted the initial version of the manuscript and conducted the
visualisation of the network analysis results. Sienkowski, D. contributed to the methodological
refinement, statistical validation of the analytical framework, and the interpretation of the findings within
the broader context of international trade and logistics performance research. He further provided critical
revisions of the manuscript for important intellectual content and participated in the final review and
approval of the submitted version.

Acknowledgements
We would like to thank Professor Juilee Thakar from the University of Rochester for her
useful insight and mentorship in this study.

Conflict of Interest Statement
The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

422



Volume XXI, Spring, Issue 2(92), March, 2026

Data Availability Statement

The data that support the findings of this study were obtained from the World Bank Group and
are available at https://wits.worldbank.org/CountryProfile/en/country/by-country/startyear/LTST/end
year/LTST/tradeFlow/Import/indicator/MFN-WGHTD-AVRG/partner/WLD/product/Total#;
https://data.worldbank.org/indicator/TM.VAL.MRCH.CD.WT;
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD;
https://data.worldbank.org/indicator/SP.POP.TOTL,;
https://data.worldbank.org/indicator/LP.LPI.OVRL.XQ.

Ethical Approval Statement
This study utilized secondary data from the World Bank, which is publicly available, aggregated,
and anonymized. Therefore, ethical approval was not required.

References
AfCFTA. (2023). The AfCFTA | Africa Trade. Africa Trade. https://www.africatradefoundation.org/the-
afcfta

Aller, C., Ductor, L., & Herrerias, M. J. (2015). The World Trade Network and the Environment. Energy
Economics, 52(8), 55-68. https://doi.org/10.1016/j.eneco.2015.09.008

Arora, S., & Brintrup, A. (2021). How Does the Position of Firms in the Supply Chain Affect Their
performance? an Empirical Study. Applied Network Science, 6(1).
https://doi.org/10.1007/s41109-021-00364-9

Arvis, J.-F., Ojala, L., Wiederer, C., Shepherd, B., Raj, A., Dairabayeva, K., & Kiiski, T. (2018).
Connecting to Compete 2018: Trade Logistics in the Global Economy - the Logistics Performance
Index and Its Indicators. In World Bank Group. The International Bank for Reconstruction and
Development/The World Bank. https://documents.worldbank.org/en/publication/documents-
reports/documentdetail/576061531492034646

Azwardi, A., Fuadah, L., & Syathiri, A. (2024). Competitiveness and Logistics Performance Index: How
Does the Infrastructure Pillar Perform in ASEAN countries? Jurnal Perspektif Pembiayaan Dan
Pembangunan Daerah, 12(1), 2338—4603. https://doi.org/10.22437/ppd.v12i1.31408

Bagwell, K., & Staiger, R. W. (2011). What Do Trade Negotiators Negotiate About? Empirical Evidence
from the World Trade Organization. American Economic Review, 101(4), 1238-1273.
https://doi.org/10.1257/aer.101.4.1238

Bakker, B., Buzaushina, A., Steinlein, S., & Thegeya, A. (2014). 2014 Article IV Consultation - Staff
Report; Press Release; and Statement by the Executive Director for Austria. International
Monetary Fund. https://www.imf.org/external/pubs/ft/scr/2014/cr14278.pdf

Ben-David, D. (1996). Trade and Convergence among Countries. Journal of International Economics,
40(3-4), 279-298. https://doi.org/10.1016/0022-1996(95)01405-5

Bentar, D. R., Permana, E., & Okitasari, H. (2025). The Significant Effect of Infrastructure Development
on Logistics Performance Index. ATESTASI Jurnal llmiah Akuntansi, 8(2), 410-425.
https://doi.org/10.57178/atestasi.v8i2.1645

Bhukiya, S., & Patel, R. (2023). The Relationship between Logistics Performance Index and
International Trade: An Empirical Analysis. International Journal of Research Publication and
Reviews, 4(3), 1505-1508. https://doi.org/10.55248/gengpi.2023.32488

Bratu, R.-S., & Margarita, I. A. (2024). Import Dynamics in the Central and Eastern European Countries.
Journal of Applied Economic Sciences, Volume XIX, Summer, 2(84), 147.
https://doi.org/10.57017/jaes.v19.2(84).04

423


https://wits.worldbank.org/CountryProfile/en/country/by-country/startyear/LTST/end%20year/LTST/tradeFlow/Import/indicator/MFN-WGHTD-AVRG/partner/WLD/product/Total
https://wits.worldbank.org/CountryProfile/en/country/by-country/startyear/LTST/end%20year/LTST/tradeFlow/Import/indicator/MFN-WGHTD-AVRG/partner/WLD/product/Total
https://data.worldbank.org/indicator/TM.VAL.MRCH.CD.WT
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/LP.LPI.OVRL.XQ
https://www.africatradefoundation.org/the-afcfta
https://www.africatradefoundation.org/the-afcfta
https://doi.org/10.1016/j.eneco.2015.09.008
https://doi.org/10.1007/s41109-021-00364-9
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/576061531492034646
https://documents.worldbank.org/en/publication/documents-reports/documentdetail/576061531492034646
https://doi.org/10.22437/ppd.v12i1.31408
https://doi.org/10.1257/aer.101.4.1238
https://www.imf.org/external/pubs/ft/scr/2014/cr14278.pdf
https://doi.org/10.1016/0022-1996(95)01405-5
https://doi.org/10.57178/atestasi.v8i2.1645
https://doi.org/10.55248/gengpi.2023.32488
https://doi.org/10.57017/jaes.v19.2(84).04

Journal of Applied Economic Sciences

Cigna, S., Gunnella, V., & Quaglietti, L. (2022). Global Value Chains: Measurement, Trends and Drivers.
SSRN Electronic Journal, 289(289). https://doi.org/10.2139/ssrn.4007756

de Winter, J. C. F., Gosling, S. D., & Potter, J. (2016). Comparing the Pearson and Spearman
Correlation Coefficients across Distributions and Sample sizes: a Tutorial Using Simulations and
Empirical data. Psychological Methods, 21(3), 273-290. https://doi.org/10.1037/met0000079

Dept, I. M. F. E. (2023). Republic of Estonia: 2023 Article IV Consultation-Press Release; and Staff
Report. IMF Staff Country Reports, 2023(275). https://doi.org/10.5089/9798400251047.002.A001

Felbermayr, G., Teti, F., & Yalcin, E. (2019). Rules of Origin and the Profitability of Trade Deflection.
Journal of International Economics, 121, 103248. https://doi.org/10.1016/j.jinteco.2019.07.003

Gonciarz, T., & Verbeet, T. (2025). Significance of Most-Favoured-Nation Terms in Global trade: a
Comprehensive Analysis. https://www.econstor.eu/bitstream/10419/308810/1/1915112524.pdf

Hausman, W. H., Lee, H. L., & Subramanian, U. (2005, November). Global Logistics indicators, Supply
Chain metrics, and Bilateral Trade Patterns. Policy Research Working Paper Series; The World
Bank. https://ideas.repec.org/p/wbk/wbrwps/377 3.html

Hausman, W. H., Lee, H. L., & Subramanian, U. (2013). The Impact of Logistics Performance on Trade.
Production and Operations Management, 22(2), 236-252. https://doi.org/10.1111/j.1937-
5956.2011.01312.x

Helpman, G., Grossman, G., & Helpman, E. (2025). Protection for Sale. American Economic Review,
84(4), 833-850. https://econpapers.repec.org/article/acaaecrev/v_3a84 3ay 3a1994 3ai
3a4_3ap_3a833-50.htm

Jayalakshmi, R., & Praveen, V. (2024). Assessing the Influence of GDP and Trade Balance on Logistics
Performance Index (LPI): a cross-country Analysis. International Journal of Research in Human
Resource Management, 6(2), 339—-345. https://doi.org/10.33545/26633213.2024 .v6.i2d.235

Jayathilaka, R., Jayawardhana, C., Embogama, N., Jayasooriya, S., Karunarathna, N., Gamage, T., &
Kuruppu, N. (2022). Gross Domestic Product and Logistics Performance Index Drive the World
trade: a Study Based on All Continents. PLOS ONE, 17(3), e0264474.
https://doi.org/10.1371/journal.pone.0264474

Kamrul, M., Hasan, M. K., Lei, X., Tang, W., Nishi, N. N., & Latif, Z. (2025). Exploring Logistics
Performance Index (LPI) from Global perspective: a Study Based on Network Analysis (NA).
Operations Management Research, 18(3), 1088-1112. https://econpapers.repec.org/article/
spropmare/v_3a18_3ay 3a2025 3ai_3a3 3ad_3a10.1007_5fs12063-025-00550-3.htm

Kobourov, S. (n.d.). 2 Force-Directed Drawing Algorithms. Retrieved January 4, 2026, from
https://cs.brown.edu/people/rtamassi/gdhandbook/chapters/force-directed.pdf?utm_source
=copilot.com

Kuenzel, D. J., & Sharma, R. R. (2021). Preferential trade agreements and MFN tariffs: Global evidence.
European Economic Review, 138, 103850. https://doi.org/10.1016/j.euroecorev.2021.103850

Machado, J. A. (2025). EU Statement at the Trade Policy Review of Norway, 30 June 2025. EEAS.
https://www.eeas.europa.eu/delegations/world-trade-organization-wto/eu-statement-trade-
policy-review-norway-30-june-2025 en?s=69&utm_source=copilot.com

Office of the United States Trade Representative. (2024). Economy & Trade. Office of the United States
Trade Representative; Office of the United States Trade Representative. https://ustr.gov/issue-
areas/economy-trade

424


https://doi.org/10.2139/ssrn.4007756
https://doi.org/10.1037/met0000079
https://doi.org/10.5089/9798400251047.002.A001
https://doi.org/10.1016/j.jinteco.2019.07.003
https://www.econstor.eu/bitstream/10419/308810/1/1915112524.pdf
https://ideas.repec.org/p/wbk/wbrwps/3773.html
https://doi.org/10.1111/j.1937-5956.2011.01312.x
https://doi.org/10.1111/j.1937-5956.2011.01312.x
https://econpapers.repec.org/article/aeaaecrev/v_3a84_3ay_3a1994_3ai_%203a4_3ap_3a833-50.htm
https://econpapers.repec.org/article/aeaaecrev/v_3a84_3ay_3a1994_3ai_%203a4_3ap_3a833-50.htm
https://doi.org/10.33545/26633213.2024.v6.i2d.235
https://doi.org/10.1371/journal.pone.0264474
https://econpapers.repec.org/article/%20spropmare/v_3a18_3ay_3a2025_3ai_3a3_3ad_3a10.1007_5fs12063-025-00550-3.htm
https://econpapers.repec.org/article/%20spropmare/v_3a18_3ay_3a2025_3ai_3a3_3ad_3a10.1007_5fs12063-025-00550-3.htm
https://cs.brown.edu/people/rtamassi/gdhandbook/chapters/force-directed.pdf?utm_source%20=copilot.com
https://cs.brown.edu/people/rtamassi/gdhandbook/chapters/force-directed.pdf?utm_source%20=copilot.com
https://doi.org/10.1016/j.euroecorev.2021.103850
https://www.eeas.europa.eu/delegations/world-trade-organization-wto/eu-statement-trade-policy-review-norway-30-june-2025_en?s=69&utm_source=copilot.com
https://www.eeas.europa.eu/delegations/world-trade-organization-wto/eu-statement-trade-policy-review-norway-30-june-2025_en?s=69&utm_source=copilot.com
https://ustr.gov/issue-areas/economy-trade
https://ustr.gov/issue-areas/economy-trade

Volume XXI, Spring, Issue 2(92), March, 2026

Ohakwe, C. R., & Wu, J. (2025). The Impact of Macroeconomic Indicators on Logistics Performance: a
Comparative Analysis Using Simulated Scenarios. Sustainable Futures, 9, 100567.
https://doi.org/10.1016/j.sftr.2025.100567

Shepherd, B. (2016). Infrastructure, Trade facilitation, and Network Connectivity in Sub-Saharan Africa.
Journal of African Trade, 3(1-2), 1-22. https://doi.org/10.1016/j.joat.2017.05.001

Sposi, M., Yi, K--M., & Zhang, J. (2021). Trade Integration, Global Value Chains, and Capital
Accumulation. IMF Economic Review, 69(3), 505-539. https://doi.org/10.1057/s41308-021-
00141-9

UNCTAD. (2025, March 14). Global Trade Update (March 2025). UN Trade and Development
(UNCTAD). https://unctad.org/publication/global-trade-update-march-2025

United States Department of State. (2023, December 7). Estonia - United States Department of State.
United States Department of State. https://2021-2025.state.gov/reports/2021-investment-climate-
statements/estonia/

van den Heuvel, E., & Zhan, Z. (2022). Myths about Linear and Monotonic Associations: Pearson’s r,
Spearman’s p, and Kendal's T. The American Statistician, 76(1), 44-52.
https://doi.org/10.1080/00031305.2021.2004922

Wacziarg, R., & Welch, K. H. (2008). Trade Liberalization and Growth: New Evidence. The World Bank
Economic Review, 22(2), 187—-231. https://doi.org/10.1093/wber/Ihn007

WITS. (2022). MFN Weighted Average by Country Product from World % 1988 - 2022 | WITS Data.
Worldbank.org. https://wits.worldbank.org/CountryProfile/en/country/by-country/startyear/LTST/
endyear/LTST/tradeFlow/Import/indicator/MFN-WGHTD-AVRG/partner/WLD/product/Total

World Bank. (2024). International Scorecard Page | Logistics Performance Index (LPI). Worldbank.org.
https://Ipi.worldbank.org/index.php/international/scorecard

World Bank Group. (n.d.). Merchandise Imports (current US$) |Data. Data.worldbank.org.
https://data.worldbank.org/indicator/TM.VAL.MRCH.CD.WT

World Bank Group. (2019). Merchandise Exports (current US$) |Data. Worldbank.org.
https://data.worldbank.org/indicator/TX.VAL.MRCH.CD.WT

World Bank  Group. (2024). GDP per Capita (current US$). World Bank.
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD

World Bank Group. (2025). Population, Total. The World Bank; World Bank Group.
https://data.worldbank.org/indicator/SP.POP.TOTL

World Bank, W. B. G. (n.d.). Logistics Performance Index: Overall (1=low to 5=high) | Data.
Data.worldbank.org. https://data.worldbank.org/indicator/LP.LPI.OVRL.XQ

WTO. (2006). A. Tariff Aggregation Methods -What Are the Implications Why Are Aggregates Needed?
https://www.wto.org/english/res_e/statis_e/wtp2006_special_topic_e.pdf

WTO. (2019). WTO | Services - CBT - Basic Purpose and Concepts - Most-Favoured-Nation Treatment
- Page 1. Wto.org. https://www.wto.org/english/tratop_e/serv_e/cbt_course_e/c1s6p1_e.htm

425


https://doi.org/10.1016/j.sftr.2025.100567
https://doi.org/10.1016/j.joat.2017.05.001
https://doi.org/10.1057/s41308-021-00141-9
https://doi.org/10.1057/s41308-021-00141-9
https://unctad.org/publication/global-trade-update-march-2025
https://2021-2025.state.gov/reports/2021-investment-climate-statements/estonia/
https://2021-2025.state.gov/reports/2021-investment-climate-statements/estonia/
https://doi.org/10.1080/00031305.2021.2004922
https://doi.org/10.1093/wber/lhn007
https://wits.worldbank.org/CountryProfile/en/country/by-country/startyear/LTST/%20endyear/LTST/tradeFlow/Import/indicator/MFN-WGHTD-AVRG/partner/WLD/product/Total
https://wits.worldbank.org/CountryProfile/en/country/by-country/startyear/LTST/%20endyear/LTST/tradeFlow/Import/indicator/MFN-WGHTD-AVRG/partner/WLD/product/Total
https://lpi.worldbank.org/index.php/international/scorecard
https://data.worldbank.org/indicator/TM.VAL.MRCH.CD.WT
https://data.worldbank.org/indicator/TX.VAL.MRCH.CD.WT
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/LP.LPI.OVRL.XQ
https://www.wto.org/english/res_e/statis_e/wtp2006_special_topic_e.pdf
https://www.wto.org/english/tratop_e/serv_e/cbt_course_e/c1s6p1_e.htm

