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Abstract  

 
Artificial intelligence is becoming increasingly relevant for customs administrations operating in digitally 
interconnected trade environments, similar to its growing role in supply chain management. Customs processes such 
as risk assessment, cargo clearance, and information exchange through Single Window systems involve high levels 
of uncertainty, large data volumes, and time pressure, making them well suited for AI-supported decision-making. AI 
applications can support customs operations by learning from historical trade data, identifying patterns and anomalies, 
and providing officers with timely, evidence-based recommendations rather than replacing human authority.When the 
interaction between artificial intelligence and human expertise is considered in customs operations, AI performs tasks 
such as document processing, risk identification, and workflow acceleration. Customs brokers, in contrast, interpret 
regulatory requirements, evaluate commercial implications, and retain final decision-making authority. Meaningful 
transformation occurs where algorithmic capabilities and human judgment operate in an integrated and 
complementary manner.This study examines how artificial intelligence transforms the role of customs brokers in 
customs operations. A qualitative case study methodology was employed in a high-volume customs brokerage firm. 
Data were collected through process analysis, document review, and observational insights to explore human–AI 
interaction in customs decision-making. The findings are analyzed thematically to evaluate the role of AI as a decision-
support mechanism rather than a substitute for professional judgment.The study contributes to both theory and practice 
by demonstrating how AI-enabled systems can enhance decision quality and operational efficiency in customs 
brokerage while preserving the central role of human judgment in regulatory processes. 
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1. Introduction  
 The evolution of international trade has progressed far beyond the initial transition from paper-based systems to "e-
customs" frameworks. Today, the industry is undergoing a profound sociotechnical transformation driven by Artificial 
Intelligence (AI) and Robotic Process Automation (RPA), which are redesigning how authority is exercised and how 
work is coordinated at the border. While previous waves of digitalization focused on the efficiency of information 
flows, the current shift toward AI-supported operations targets the very core of trade facilitation: the balance between 
automated processing and professional discretion (Alatepeli, B., 2022). 
 
The motivation for this research arises from a significant shift in the operational landscape of global trade. High-
volume brokerage firms are increasingly pressured to adopt automation to mitigate clerical bottlenecks and reduce 
repetitive data entry. However, a review of the current evidence reveals a lopsided focus; most existing studies 
concentrate on customs administrations, border controls, and public-sector risk systems. There is an urgent need to 
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explore the private sector’s experience, specifically how brokerage firms internalize these technologies to maintain 
compliance and competitive value in an increasingly data-intensive environment (Widdowson, D., 2020; Heijmann, 
et al., 2020). 
 
Several problem statements define the scope of this inquiry. First, while AI demonstrates clear gains in repetitive, 
rules-based tasks, it encounters formidable limits when faced with "open-textured" legal criteria, such as complex 
tariff classification (HS Code selection). In these high-stakes scenarios, machine learning can flag anomalies but 
cannot yet replace the nuanced expert review necessary for legal accuracy. Second, the introduction of AI does not 
merely substitute human labor; it redistributes discretion and reshapes occupational identity. This creates a tension 
where routine clerical work is shrinking, yet the demand for expert intermediation in legally dense environments is 
deepening (Gwardzińska, E.,2014).  
 
Finally, despite the growing number of technical prototypes and policy frameworks, there remains a critical lack of 
direct evidence on how AI adoption is "lived" as an organizational change process within brokerage firms. By 
examining these internal dynamics, this study seeks to bridge the gap between technical potential and the practical 
reality of human-AI collaboration, ensuring that the transition to "intelligent" customs does not undermine the 
accountable professional judgment required for global supply chain security.  
 
1.1 Objectives  
This study aims to better understand how artificial intelligence is reshaping customs brokerage practices, with 
particular attention to the interaction between human expertise and algorithmic systems in decision-making processes. 
It explores the operational advantages brought by AI in terms of efficiency and process optimization, while also 
examining its limitations in dealing with complex and open-ended regulatory tasks such as tariff classification. At the 
same time, the study considers how the adoption of AI is influencing professional roles, discretion, and occupational 
identity within brokerage firms. Building on these dimensions, the research evaluates the broader opportunities and 
risks associated with AI integration through a SWOT analysis, ultimately highlighting the continued importance of 
human judgment in ensuring compliance and accountability.  
 
2. Literature Review 
In this section, we will explore the existing literature on the application of artificial intelligence in customs operations, 
with particular attention to its role in risk management, document processing, and decision-support systems, as well 
as its implications for the evolving role of customs brokers in digitally integrated trade environments. Research on AI 
in customs brokerage sits at the meeting point of three literatures. One tracks the long shift from paper based clearance 
to e-customs and shared trade information infrastructures (Tan et al., 2006; Raus, M.2009; Hintsa et al., 2012).A 
second examines analytics, machine learning, and automation for declaration processing, tariff classification, risk 
scoring, and anomaly detection ( Laporte, B.2011; Widdowson, D. 2020; Chen,H. 2021; Chen, Z., 2024; Hu et al., 
2025) . A third studies how digital control changes discretion, occupational identity, and coordination across public 
and private actors at the border (Côté-Boucher, K. 2016; Lisle and Bourne, 2019; Mikuriya and Cantens, 2020). Taken 
together, these studies suggest that AI does not simply replace customs expertise. It redistributes work between 
systems, customs officers, and brokers, while making data quality, legal interpretation, and exception handling more 
important (Kafando,2020; Côté-Boucher, K. 2016; Pius and Murugan 2025). The earlier literature makes clear that 
customs digitalization was never only about replacing paper with screens. Foundational work on e-customs presents 
modernization as a redesign of information flows, procedures, and institutional relations across public and private 
actors (Tan et al., 2006; Henningsson et al., 2011). Later value assessment studies add that the appeal of common e-
customs solutions lies in a four part promise: stronger security, lower administrative burden, easier compliance, and 
better communication (Raus, M.2009). Survey work from the private sector shows that firms value systems that are 
simple to use, reduce duplicate entry, and fit existing commercial workflows (Hintsa et al., 2012). Case studies from 
Estonia, Ghana, and Peru show that implementation outcomes depend as much on organizational alignment and 
stakeholder cooperation as on the technical system itself (Liutkevicius,et.al., 2020; Aryee, et al, 2021; Casco, et al., 
2022). The Ghana study is especially important because it resists a purely technical view of digital transformation. It 
shows that clearance platforms are socially embedded and shaped by competing interests, which helps explain why 
the same technology can produce uneven operational effects across contexts [Ary21]. This line of work supports the 
view that AI in customs brokerage should be analysed as a sociotechnical change in work organization rather than as 
a stand alone software upgrade (Aryee, et.al, 2021).  
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To provide a structured overview of the existing literature, the main studies on artificial intelligence in customs and 
customs brokerage are summarized in Table 1. The table presents the focus, methodological approach, and key 
contributions of selected studies. This evidence landscape helps to identify dominant research themes as well as 
gaps, particularly the limited number of brokerage-focused and qualitative studies. 

 
Table 1.  Evidence Landscape of AI in Customs and Customs Brokerage Literature 

                                                                                                            
Study Weaknesses Opportunities Threats 

Pius & Murugan 
(2025) 

Customs brokerage 
digitalization Qualitative interviews Faster processing, continued 

role in compliance & exceptions 

Lee (2023) RPA in declarations Interviews 
Efficiency gains in repetitive 
tasks; cost & implementation 
limits 

Chen (2024) AI in customs clearance Conceptual AI improves compliance, risk 
detection, document handling 

Hu et al. (2025) AI assistant systems System design AI supports document 
processing and decision-making 

Chen et al. (2021) HS code validation Machine learning AI detects misclassification but 
cannot replace experts 

Antov (2025) Tariff classification 
limits Conceptual Legal ambiguity limits 

automation 

Kafando (2020) AI adoption in customs Policy framework Organizational and governance 
factors are critical 

Widdowson (2020) Risk & compliance Conceptual Integrated risk management is 
key in customs systems 

Karkliņa-Admine et 
al. (2024) Risk management Literature review Data quality and coordination 

are central challenges 

Liutkevicius et al. 
(2020) Automated declarations Case study Automation depends on 

institutional alignment 

Aryee et al. (2021) Digital transformation Multi-case study Systems shaped by stakeholder 
interaction 

Gwardzińska (2014) Role of brokers Professional analysis Brokers shift toward advisory 
roles 

                        
3. Methods  
This study employs a qualitative case study methodology to examine the transformation of customs brokerage 
practices in the context of artificial intelligence–supported customs operations. The research was conducted in a high-
volume customs brokerage firm to explore the interaction between human expertise and AI-supported decision 
processes. Data were collected through process analysis, document review, and observational insights related to 
customs clearance and risk assessment procedures. To systematically evaluate the organizational and operational 
implications of AI adoption, the study applies SWOT analysis as an analytical framework. The SWOT approach 
enables the identification of internal strengths and weaknesses as well as external opportunities and threats associated 
with the integration of artificial intelligence into customs brokerage processes. The collected qualitative evidence was 
interpreted thematically and subsequently structured within the SWOT framework to assess how AI-supported 
systems influence decision quality, operational efficiency, and the evolving role of customs brokers. 
 
4. Data Collection  
This study adopts a qualitative data collection approach in line with the case study design. Data were gathered from a 
high-volume customs brokerage firm through multiple sources to ensure a comprehensive understanding of AI-
supported customs processes. First, process analysis was conducted to examine the operational workflow of customs 
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clearance and risk assessment procedures. This involved mapping key stages such as document intake, declaration 
preparation, and control mechanisms where artificial intelligence tools are actively utilized. 
 
Second, document review was carried out on internal and operational documents, including sample customs 
declarations, process guidelines, and system-generated outputs. These documents provided insights into how AI-
supported systems are embedded in daily brokerage practices and how decisions are supported by algorithmic outputs. 
Third, observational data were collected through direct observation of routine brokerage activities. This allowed the 
researcher to capture the interaction between human expertise and AI-supported systems in real time, particularly in 
tasks requiring interpretation, validation, and exception handling. 
 
To enhance the reliability of the findings, data were collected from multiple sources and compared across processes. 
The combination of process analysis, document review, and observation enabled a more nuanced understanding of 
how AI is integrated into customs brokerage operations and how it shapes decision-making practices.                                                                                                        
 
5. Results and Discussion 
This SWOT is best read as a literature-based assessment of AI adoption in customs brokerage firms, not just 
customs administrations and  used as an analytical framework. A key caveat is that the strongest evidence base is on 
customs digitalization, risk management, and clearance automation, while broker-specific studies are fewer (Pius 
and Murugan 2025; Lee,J. 2023; Karkliņa-Admine et al., 2024). 
 

Table 2.  SWOT analysis of generative AI in customs operations 
 

Strengths Weaknesses Opportunities Threats 
Faster declaration 
processing through 
RPA, machine 
learning, and AI-
assisted workflows 

Strong reliance on clean, 
standardized, and 
interoperable data 
infrastructures 

Transition from routine 
filing tasks toward higher-
value advisory roles in 
compliance and exception 
management 

Legal uncertainty in tariff 
classification limits full 
automation and increases 
liability risks 

Greater consistency 
and standardization 
in repetitive 
operational tasks 
Lee23 

Uneven adoption of AI 
capabilities among 
brokers due to cost, 
training, and 
implementation barriers 
Lee 

Emergence of AI-enabled 
service offerings such as 
predictive compliance 
analysis, enhanced 
classification review, and 
risk-preparation services 

Risk of disintermediation if 
brokers remain focused on 
clerical intermediation rather 
than advisory expertise 

Improved risk 
visibility and 
anomaly detection 
supporting more 
informed decision-
making and pre-
clearance 
preparation 

AI systems struggle with 
novel, exceptional, or 
context-dependent cases 
where tacit professional 
judgment is essential 

Deeper integration with 
digital trade platforms, 
single window systems, 
and trusted trader 
infrastructures 

Regulatory changes, platform 
redesigns, and shifts in customs 
systems may rapidly undermine 
existing workflows and 
capabilities 

Increased 
auditability and 
transparency when 
customs processes 
are effectively 
digitized 

Organizational 
transformation 
challenges, including 
workflow redesign, 
governance adaptation, 
and human oversight 
requirements 

Competitive advantages 
through improved service 
quality, faster processing, 
and reduced error rates in 
complex compliance 
environments 

Excessive reliance on opaque AI 
systems may weaken trust, 
accountability, and professional 
discretion 

 
The SWOT analysis highlights several structural patterns in the integration of artificial intelligence within customs 
brokerage operations. Overall, the most visible strengths appear in operational efficiency. AI-driven tools and 
automation systems are particularly effective in brokerage activities characterized by high-volume, repetitive, and 
rule-based procedures, such as document intake, declaration preparation, and routine validation tasks. As suggested 
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in the literature, the use of AI in these areas can increase processing speed, improve consistency, and support more 
accurate risk targeting, thereby enhancing both operational efficiency and decision support in customs processes (Lee, 
J.2023; Chen, Z.2024; Hu et al., ; Chen, B., 22011; Grigoriou C.2019). 
At the same time, the analysis reveals important weaknesses that are primarily organizational and informational rather 
than purely technological. Effective AI deployment depends heavily on the availability of structured and reliable data, 
interoperable digital platforms, and well-defined governance frameworks. However, these conditions are not 
uniformly present across customs environments. In addition, certain legally complex tasks—most notably tariff 
classification and the handling of exceptional cases—remain difficult to fully codify within automated systems. As a 
result, the complete replacement of professional expertise with automated decision-making remains unrealistic 
(Antov, M.,2025). 
 
The findings also point to significant opportunities arising from AI adoption. As routine filing and administrative tasks 
become increasingly automated, customs brokers may shift their professional focus toward higher-value activities. 
These include compliance advisory services, interpretation of regulatory risks, trader guidance, and the management 
of complex or exceptional cases. Furthermore, the literature suggests emerging opportunities for the development of 
AI-supported advisory services, such as classification review, document intelligence, and pre-clearance risk 
preparedness (Widdowson, 2020; Gwardzińska,2014; Llanto et al., 2013). However, the analysis also identifies 
several strategic threats. One key risk is that brokerage firms may remain confined to traditional clerical functions 
while the value of manual intermediation declines due to automation. In such a scenario, firms that fail to develop 
advisory, analytical, and systems-related capabilities may experience increasing competitive pressure or partial 
disintermediation. Another concern relates to governance challenges. Poor data quality, opaque algorithmic systems, 
legal uncertainties, and unclear responsibility structures may generate new compliance and trust issues rather than 
resolving existing ones.(Antov,M., 2025 ; Côté-Boucher, K., 2016). 
 
Taken together, the findings suggest that artificial intelligence is likely to act as a powerful driver of process efficiency 
within customs brokerage operations. The literature consistently indicates that AI technologies significantly improve 
the performance of tasks that are structured, repetitive, and data-intensive. In this sense, AI primarily enhances the 
operational layer of customs brokerage rather than replacing the profession itself (Lee, J.2023). 
 
At the same time, the results reinforce the continued importance of human expertise in areas requiring contextual 
interpretation, legal reasoning, and tacit professional judgment. Tasks such as complex tariff classification, regulatory 
interpretation, and exception management remain highly dependent on human expertise and are unlikely to be fully 
automated in the foreseeable future.( Antov, M., 2025;  Pius and Murugan,2025). From a strategic perspective, the 
findings suggest that the future competitive position of customs brokers will depend on their ability to move beyond 
clerical intermediation. Firms that successfully reposition themselves as expert intermediaries—providing advisory, 
compliance, and analytical services supported by AI-enabled tools—are more likely to remain relevant in increasingly 
digitalized trade environments. In contrast, those that continue to rely primarily on routine filing and procedural 
intermediation may face declining margins and growing competitive pressures (Gwardzińska, E., 2014; Llanto et al., 
2013). Overall, the literature indicates that AI does not eliminate the role of customs brokers but instead reshapes it. 
The most sustainable model appears to be a hybrid structure in which automated systems handle standardized 
operational processes while human professionals focus on interpretation, advisory functions, and complex regulatory 
decision-making. 
 
6. Conclusion 
The findings of this study suggest that AI in customs brokerage should be viewed less as a simple replacement of 
human labor and more as a reconfiguration of work. Its strongest contribution appears in repetitive, rules-based 
processes, where it can improve speed, consistency, and workflow efficiency. At the same time, customs brokerage 
continues to depend on human expertise in areas such as legal interpretation, exception handling, and compliance 
judgment. 
 
From a strategic perspective, the main opportunity lies in the evolution of the broker’s role. As automation reduces 
the value of routine clerical intermediation, brokers may become more important as compliance advisers, coordinators, 
and interpreters of complex customs requirements. The main risks are legal ambiguity, weak data quality, 
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implementation challenges, and the possibility that firms that fail to adapt may lose relevance in an increasingly digital 
customs environment. 
 
As an exploratory qualitative study, this research also opens several avenues for future research (Helo,P., Hao Y., 
2022). Future studies may further investigate the organizational, technological, and regulatory factors influencing AI 
adoption in customs brokerage. In particular, the role of data quality, governance structures, and human–AI interaction 
in decision-making processes deserves deeper empirical examination. Additionally, comparative studies across 
different countries or brokerage environments could provide further insights into how institutional contexts shape AI 
integration in customs operations. 
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