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Abstract: Most countries in the world are open economies. Cross-border trade is im-
portant for these countries in both times of prosperity and times of crisis. This article explores
the impact of customs digitalization on the resilience of international logistics chains. The au-
thor conducts a comparative analysis of the levels of digitalization across different customs
services and their roles in reducing transit times and increasing transparency. The conclusions
indicate that digitalization not only optimizes operational costs but also provides operational
statistical data necessary for effective and rapid decision-making. The study's results showed
that all open economies have, to varying degrees, implemented digital technologies in their
customs systems. Therefore, in the modern era, digitalization is no longer just an additional
competitive advantage but has become a prerequisite for building sustainable logistics net-
works.
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Introduction

In the midst of global crises, the digitalization of customs is no longer a technological
luxury but a condition of economic survival. When uncertainty becomes the new rule, the resil-
ience of supply chains directly depends on a single factor: the maturity of the digital infrastruc-
ture at the border. This analysis explores how technology transforms bureaucracy into a shield
against market volatility. Resilience in logistics consists not only of the ability to protect
against risks but also of the ability to adapt in real time. Contemporary specialized literature
frequently uses the Theory of Dynamic Capabilities and the Theory of Complex Adaptive Sys-
tems to explain how organizations can survive in times of crisis. In this case, traditional admin-
istrative barriers are leveled while the flow of data and goods is accelerated.

Recent research shows that the relationship between Customs digitalization and resili-
ence is influenced by unstable supply chain dynamics and newly introduced administrative
regulations. While the introduction of digital technologies provides tools for rapid response to
challenges, the implementation of ever-new administrative burdens creates effects that dimin-
ish the effectiveness of technologies. Single Window systems and data platforms are not just
technical tools, but strategic assets. From a resource perspective, a solid customs digital infra-
structure creates a competitive advantage that is difficult to replicate, providing stability and
speed to the entire commercial ecosystem, not just the state.

The integration of technologies such as Artificial Intelligence (Al), Blockchain, and the
Internet of Things (IoT) into the customs ecosystem has generated a profound transformation
in the way authorities monitor and facilitate trade. These tools provide not only efficiency, but
also the transparency needed to identify vulnerabilities in real time.
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Blockchain technology seemed to be a solution to solving data integrity issues in inter-
national transactions. Thanks to the use of distributed ledgers, customs officers can verify the
origin of goods, certificates of conformity, and transport documentation, avoiding the control
of physical documents. Platforms such as TradeLens demonstrate that digitizing documentation
through blockchain reduces customs clearance time by up to 40% at seaports (Zeya, 2025).

Y. Tian and L. Cui argue that digitalization is a key determinant of supply chain resili-
ence, exerting significant and sustained positive impacts on companies within the network.
Such digital technologies as IoT sensors, blockchain, and artificial intelligence are being deep-
ly embedded in all stages. It was being introduced in order processing, logistics, and influence,
reducing information asymmetries and accelerating decision-making. The authors emphasize
that increased resilience is primarily driven by improved companies’ information processing
capabilities, their recovery capabilities, and inventory turnover efficiency (Tian & Cui, 2025).

Y. Wei noted that digital intelligence represents the deep integration of digitalization
and intelligent technologies. It becomes a crucial tool for restoring and strengthening the resili-
ence of regional supply chains in a volatile external environment. In his study, the author em-
phasizes that no single factor can ensure a high level of resilience; this result is achieved exclu-
sively through the synergistic interaction of multiple elements (Wei, 2025).

H. Johnson argues that in the face of global uncertainty, supply chain resilience has
transformed from a crisis response mechanism into a strategic necessity for ensuring long-term
business survival (Johnson, 2025).

M. Weber, U. Aumiiller, and P. Franke noted that digitalization and Industry 4.0 tech-
nologies are critical tools for improving supply chain resilience, enabling systems to effectively
adapt to unexpected disruptions and quickly restore operations. The authors emphasize that the
use of big data analytics and simulation modeling facilitates the transition from simply describ-
ing the current state to making “optimal” decisions based on the calculation of various scenari-
os. The implementation of technologies such as blockchain and artificial intelligence helps
minimize information asymmetries and create transparent, secure databases necessary for stra-
tegic planning in volatile environments. However, the researchers point out the limitations of
digitalization, including the difficulty of harmonizing IT systems across various partners, the
risk of cyberattacks, and the need to adapt the legal framework. (Weber et al., 2023).

Macroeconomic Indicators of Logistics Performance

Empirical data from the 2023 IPL reveal a deep, persistent, and structural performance
gap between high-income and low-income nations, a divide based largely on technological dis-
parities and the variable quality of digital logistics services. High-income countries have a sig-
nificantly higher average IPL score of around 4.0 on a 5-point scale, with an average of fifty
percent of these nations scoring between 3.5 and 4.2.4 In contrast, low-income nations have an
average score of around 2.0, with their average percentile being heavily concentrated between
1.8 and 2.4 (Table 1).

Table 1
Comparative Analysis of Logistics Performance Index (LPI) Scores by Income
Cohort (2023)
Income Cohort Median Overall Score Distribution Representation in
LPI Score (2023) (Middle 50%) Top 33 Performers
High-Income Countries ~4.0 3.5-42 30
Low-Income Countries ~2.0 1.8-24 0

Source: Systematized by the authors (World Bank, 2023).
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Of the 33 best-performing countries globally in the 2023 index, 30 belong to the high-
income cohort, a statistical reality that has remained largely unchanged in previous editions of
the LPI.

Empirical data from the 2023 IPL reveal a deep, persistent, and structural performance
gap between high-income and low-income nations, a divide based largely on technological dis-
parities and the variable quality of digital logistics services. High-income countries have a sig-
nificantly higher average IPL score of around 4.0 on a 5-point scale, with an average of fifty
percent of these nations scoring between 3.5 and 4.2.4 In contrast, low-income nations have an
average score of around 2.0, with their average percentile being heavily concentrated between
1.8 and 2.4.4 Of the 33 best-performing countries globally in the 2023 index, 30 belong to the
high-income cohort, a statistical reality that has remained largely unchanged in previous edi-
tions of the LPI (World Bank, 2023).

Adaptation strategies in volatile economic environments

The Single Window is the core of modern customs digitalization, namely, this system
allows economic agents to submit all the documentation required for international trade using a
single digital portal. This system brings such benefits as eliminating data re-entry errors and
improving coordination between various branches of government, such as customs or finance.
However, implementation remains a major challenge due to the lack of interoperability be-
tween different national systems and resistance to change within bureaucratic structures.

Analysis of the LPI indicator suggests that the performance gap between high-income
and low-income countries is significant, and is determined by the technological gap and the
quality of logistics services. To ensure resilience, states and international organizations have
developed adaptation strategies based on three main pillars: regulatory harmonization, public-
private cooperation, and investment in human capital. The fragmentation of digital regulations
represents a systemic risk for global trade, consisting of a set of contradictory rules. The global
adaptation strategy involves the adoption of the WCO Data Model, which provides a universal
language for information exchange.

National Trade Facilitation Committees (NTFCs) play a key role in adapting customs
policies to market realities. Through these forums, the private sector, as a major user of cus-
toms services, can provide direct feedback on the efficiency of digital procedures (Gutium,
2023). The Global Alliance for Trade Facilitation projects demonstrate that public-private part-
nerships can accelerate digitalization by co-creating technical solutions that are both secure for
the state and user-friendly for business.

The success of digitalization does not depend solely on software code, but on the people
who operate these systems. Studies conducted within customs administrations show that adap-
tive cultural values, integrity, and continuous investment in digital skills of officials are critical
mediators between digital transformation and organizational performance. Without a motivated
and trained workforce, even the most advanced Al systems can fail to achieve resilience goals.

Customs reform in the European Union and digital challenges

The European Union is going through a period of profound legislative and operational
transformation, aimed at adapting the Customs Union to the challenges of the 21st century. The
reform proposed in 2023 and politically supported in 2025 aims to centralize data and account-
ability to counter the current fragmentation between the 27 national systems (European Parlia-
ment, 2024).

At the heart of this reform is the Customs Data Hub, a single digital platform that serves
as an interface for all economic operators importing or exporting to the EU. This infrastructure
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will allow authorities to have a single view of the entire supply chain, eliminating the need to
submit the same data in multiple Member States.

An innovative element is the introduction of the “Trust & Check” operator category.
These are traders who provide customs authorities with transparent access to their real-time lo-
gistics data, in return for which they receive the benefit of moving goods across the border
without any systematic physical or administrative intervention. This adaptation strategy shifts
the center of gravity of control from the individual transaction to the company's risk manage-
ment system, significantly increasing the speed and predictability of deliveries.

Global alliances such as the Global Alliance for Trade Facilitation, supported by the In-
ternational Chamber of Commerce and the World Economic Forum, have demonstrated that
public-private partnerships are an effective model for promoting digitalization and e-
commerce. There are already visible results, including in the world's most vulnerable econo-
mies (LDCs - Least Developed Countries).

At the national level, these strategic collaborations are most effectively formalized by
creating institutionalized platforms where public representatives and private actors organize
regular meetings to analyze logistical problems and propose solutions to optimize cross-border
flows. Such alliances have brought benefits through structures such as the Economic Council
under the Prime Minister of the Republic of Moldova and the Consultative Council of the Cus-
toms Service in Chisinau. Through them, aspects of the application of the new pro-European
Customs Code, the administrative impact of digitalization requirements, and strategies for pro-
tecting the business environment are discussed (Gutium, 2021). The activity supported by in-
ternational donors, such as the German International Cooperation Agency in the Republic of
Moldova, also represents an important pillar in the information campaign.

For regional and international supply chains to become fully resilient, rigorous interna-
tional regulatory harmonization is necessary. The lack of a unified, predictable, and mutually
recognized governance framework for the protection of confidential data can create significant
non-tariff barriers to the mutual recognition of cross-border electronic documents. This situa-
tion leads to situations where documents sent digitally instantly still have to be printed,
stamped, and physically brought by the truck driver to the border customs checkpoint.

Large-scale innovative projects, such as the European SEED model (successfully im-
plemented also between Romania, Moldova and Ukraine) and the European Commission's am-
bitious initiative to create the future EU-wide customs data hub (EU Customs Data Hub), rep-
resent exactly the type of solutions needed to combat the problem of data silos, a systemic
problem in which different state agencies store the same data in isolated systems, unable to
communicate with each other. Eliminating fragmentation of IT systems and imposing technical
interoperability standards through legislation allows for an invisible, continuous, and secure in-
formation flow, allowing multiple border agencies to act synergistically, simultaneously, within
a genuine Single Window ecosystem.

The interconnection of national servers inevitably introduces an increased risk of
cyberattack. Protecting national systems and IT networks of thousands of authorized economic
operators against cyberattacks that can paralyze global port terminals or customs offices of
some countries has transformed “cyber resilience” into a critical and inseparable component of
the resilience of the global supply chain. Modern customs administrations must establish and
enforce a rigorous trust framework, based on ISO information security standards, that requires
and independently validates the cybersecurity maturity levels of all their business partners in
the logistics chain, thus ensuring the integrity of the entire cross-border ecosystem.

The exhaustive empirical and theoretical analysis of the complex intersection between
the digital transformation of customs procedures and the development of the concept of resili-
ence of international logistics chains reveals an unequivocal conclusion, validated by both the
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specialized literature and the activity reports of international organizations: digital maturity at
the border has long ceased to be a simple competitive differentiator or a governmental image
exercise, becoming an absolute existential necessity for navigating the volatile, unpredictable
and often hostile economic environment of the present.

Systemic macroeconomic and logistical disruptions induced by factors that are difficult
to predict, such as global pandemics (COVID-19), maritime channel blockages, inflationary
crises and, most recently, the devastating consequences of wars — aspects eloquently illustrated
by the case of the Black Sea basin impact and the massive, emergency reconfiguration of con-
tinental trade routes through the Republic of Moldova and Romania — have definitively empha-
sized the imperative of irrevocably abandoning administrative procedures based on paper-
based documentary support, stamps and intensive manual physical intervention. Integrated dig-
italization of customs systems — operationally translated by the mandatory adoption of data
pre-processing before the physical arrival of goods, the implementation of the inter-agency
electronic Single Window architecture, and the national integration of the New Computerized
Transit System (NCTS Phase 5) for fluid trade.

In addition to directly optimizing transaction costs and shortening transit times, digitali-
zation strengthens three pillars of trade resilience. Such as the capacity to passively absorb lo-
gistical shocks, the agility to respond quickly during a crisis, and the efficiency of the post-
crisis operational recovery process. By generating unprecedented end-to-end visibility — the
ability to know exactly where a cargo is and what its customs status is, at any given second —
and by providing vital statistical data sets in real time, customs authorities are structurally
transforming themselves: from a historical bottleneck (traditional bottleneck in the logistics
flow), they are becoming a central hub for generating decision-making data, data that is indis-
pensable to private companies for scenario planning exercises, for implementing nearshoring
strategies, and for the geographical diversification of global networks.

Conclusions

In conclusion, we can say that in the context of global instability, government admin-
istrations that fail or indefinitely postpone the adoption of this qualitative technological and or-
ganizational leap risk massive fiscal losses in the short term and the marginalizing exclusion of
their own national economies, and implicitly their citizens, from the complex networks of
global value chains in the long term. The strategic acceleration of the customs digital transfor-
mation process, the total alignment with the operational standards promoted by recognized in-
ternational bodies, and the deepening of regional cooperation remain, undoubtedly, the most
efficient, secure and proven mechanisms for guaranteeing national economic security, facilitat-
ing legitimate competitive trade and the resilience of macroeconomic systems at a global level
in the first decades of the twenty-first century.

Acknowledgments

The study was developed within the framework of Subprogram 030101, “Strengthening
the resilience, competitiveness, and sustainability of the economy of the Republic of Moldova
in the context of the accession process to the European Union,” funded by institutional sources.

References:

1. European Parliament. (2024). Briefing: Establishing an EU customs data hub and an EU
customs authority. European Parliamentary Research Service (EPRS), PE 753.931.
https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2023)753931

2. Gutium, M. (2021). Customs interaction with business structures. In Cresterea economica
in conditiile globalizarii (pp. 361-367).

529


https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2023)753931

3. Gutium, M. P. (2023). Digitalization development of the customs service in the Republic of
Moldova. Information and Innovations, 18(2), 48-55. https://doi.org/10.31432/1994-2443-
2023-18-2-48-55

4. Johnson, H. (2025). Building Resilient Supply Chains in the Face of Global Uncertainty:
Insights from Small and Medium-Sized Enterprises (SMEs). Preprints.org.
https://doi.org/10.20944/preprints202501.2369.v1

5. Tian, Y. & Cui, L. (2025). Supply Chain Resilience and Digital Transformation: Perspec-
tive from Supply Chain Network. Humanities and Social Sciences Communications, 12,
1738. https://doi.org/10.1057/s41599-025-06011-3

6. Wei, Y. (2025). Configuration Pathways for Enhancing Regional Supply Chain Resilience
through Digital Intelligence Empowerment: A Study Based on Fuzzy-Set Qualitative
Comparative Analysis. Highlights in Science, Engineering and Technology, 145, 158-168.
https://doi.org/10.54097/nht5]627

7. Weber, M. A., Aumiiller, U., & Franke, P. (2023). Possibilities and Limits of Digitaliza-
tion to Increase Supply Chain Resilience. Istanbul Beykent University Journal of Science
and Engineering, 16(1), 55-62. https://doi.org/10.20854/bujse.1219241

8. World Bank. (2023). Connecting to Compete 2023: Trade Logistics in an Uncertain Global
Economy—The Logistics Performance Index and Its Indicators. Washington, DC: Interna-
tional Bank  for  Reconstruction and  Development/The  World  Bank.
https://Ipi.worldbank.org/sites/default/files/2023-04/LP1_2023_report.pdf

9. Zeya, A. (2025). Transforming trade: The enduring impact of digital technologies on in-
ternational commerce. International Journal of Law, 11(9), 57-62.

530


https://doi.org/10.31432/1994-2443-2023-18-2-48-55
https://doi.org/10.31432/1994-2443-2023-18-2-48-55
https://doi.org/10.20944/preprints202501.2369.v1
https://doi.org/10.1057/s41599-025-06011-3
https://doi.org/10.54097/nht5j627
https://doi.org/10.20854/bujse.1219241
https://lpi.worldbank.org/sites/default/files/2023-04/LPI_2023_report.pdf

