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ABSTRACT: Air cargo logistics has become a critical
enabler of global trade and e-commerce, requiring rapid
adaptation to technological innovation and evolving
regulatory environments. This study examines how
efficiency, technological advancement, and regulation interact
to shape the future of the sector. A systematic narrative
review was conducted using Scopus, Web of Science, and
Google Scholar, applying targeted keywords and rigorous
inclusion  criteria.  Findings reveal that efficiency
improvements ate strongly linked to optimization algorithms
and automation, which reduce costs and handling times.
Emerging technologies such as drones, digital twins, and
artificial intelligence expand logistical capabilities by enabling
real-time monitoring, predictive analytics, and improved
accessibility. Regulatory frameworks established by the FAA,
EASA, and IATA exert decisive influence on adoption,
underscoring the importance of adaptive and harmonized
policies. Sustainability and resilience also emerge as central,
with green logistics initiatives and pandemic responses
demonstrating  the interdependence of efficiency,
environmental responsibility, and systemic adaptability. This
review highlights that the trajectory of global air cargo
logistics will depend on policies that balance innovation with
sustainability and safety.
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INTRODUCTION

The aviation sector is central to global trade, offering fast and reliable transport of goods across

regions. Within this domain, air cargo logistics ensures time-sensitive deliveries, supports e-

commerce, and sustains supply chains during crises. In recent years, the digital era and

globalization have transformed the dynamics of air freight operations, generating both

opportunities and challenges. Scholars have increasingly examined how these developments

reshape efficiency, sustainability, and regulation in air cargo logistics.

Technological innovations, particularly automation, artificial intelligence (Al), and the Internet of

Things (IoT), have opened new possibilities for optimizing cargo handling and delivery processes
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(Xia, 2025). At the same time, regulatory frameworks and institutional responses remain critical
determinants of how such technologies are adopted (Leloudas & Soffin, 2020).

The COVID-19 pandemic underscored the essential role of air cargo. While passenger aviation
experienced unprecedented decline, air freight provided critical lifelines for vaccines, medical
supplies, and essential goods. The crisis revealed vulnerabilities in infrastructure and highlighted
the need for more resilient operational models (Inan, 2024). Concurrently, accelerated e-commerce

growth increased demand for faster and more flexible services, forcing operators to innovate
rapidly (Hongsakul & Chuaychoo, 2024).

Empirical data shows that global air cargo volumes initially dropped by over 60% during the
pandemic, yet e-commerce demand quickly became a primary driver of recovery (inan, 2024).
Firms that adapted with digitalization and process upgrades gained competitive advantage,
indicating that modernization is no longer optional but essential (Bridgelall, 2024).

The transformation of air cargo logistics is closely tied to technology adoption. IoT enables real-
time shipment tracking; drones offer last-mile and middle-mile solutions for hard-to-reach regions;
and Al supports predictive analytics that reduce delays and increase customer satisfaction
(Mansoursamaei et al., 2023; Naor et al., 2024). However, regulatory constraints continue to restrict
widespread deployment of drones and autonomous systems, since most aviation laws were
designed for conventional aircraft (Leloudas & Soffin, 2020).

Given these dynamics, the aim of this review is to synthesize evidence on efficiency, technological
innovation, and regulatory frameworks in air cargo logistics. The scope encompasses Southeast
Asia, Europe, and North America, providing comparative perspectives on how infrastructure,
policy, and technology interact

METHOD

The methodology adopted for this review was designed to ensure a rigorous and systematic
approach in identifying, selecting, and synthesizing the most relevant literature on air cargo
logistics. Given the multifaceted nature of this field, which spans issues of efficiency, technological
advancement, and regulatory frameworks, the research strategy was carefully structured to capture
both the breadth and depth of available evidence. This section outlines the processes undertaken,
beginning with the choice of databases, followed by the development of search terms, the
application of inclusion and exclusion criteria, the categorization of study types, and the evaluation
and selection procedures. By articulating each step clearly, this methodology ensures the
replicability and transparency necessary for scholarly work in international academic contexts.

The primary data sources for this review were Scopus, Web of Science, and Google Scholar.
Scopus and Web of Science were chosen because of their comprehensive coverage of peer-
reviewed journals, conference proceedings, and other academic outputs across a wide range of
disciplines, including transportation, logistics, and aviation management. These databases also
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offer robust citation-tracking tools, enabling a detailed analysis of influential works and their
scholarly impact. Google Scholar was utilized as a supplementary tool to capture gray literature,
dissertations, working papers, and regional studies that might not be indexed in the more
traditional databases. This triangulated approach to database selection allowed for the inclusion of
high-quality academic studies while also incorporating diverse perspectives that enrich the overall
analysis of air cargo logistics.

The search process employed a carefully designed set of keywords to ensure precision and

2 ¢

comprehensiveness. Core terms included “air cargo logistics,” “freight transport,” “aviation

2> <<

logistics,” “air freight efficiency,” and “air cargo regulation.” Variations and synonyms, such as
“air freight logistics” and “logistics in aviation,” were systematically incorporated to broaden the
scope of the search. Boolean operators were applied to refine results, with combinations such as

2 <<

“air cargo logistics AND efficiency,” “aviation logistics AND technology,” and “air freight
regulation AND sustainability.” These structured queries ensured the retrieval of literature relevant
to the three analytical dimensions of efficiency, technological innovation, and regulatory
frameworks. Moreover, time filters were applied to prioritize studies published within the last 10
years, thereby capturing the most recent trends and developments while allowing for the inclusion

of seminal works that remain foundational to the field.

The process of selecting studies was governed by explicit inclusion and exclusion criteria. Articles
were included if they were peer-reviewed, published in English, and directly addressed issues of
efficiency, technology, or regulation in the context of air cargo logistics. Studies focusing on
adjacent areas, such as maritime or land-based freight transport, were excluded unless they
explicitly addressed intermodal systems that included air cargo. Research that lacked empirical data
ot conceptual depth, such as opinion pieces or non-academic commentary, was similarly excluded
to preserve the academic rigor of the review. Studies published before 2010 were generally
excluded unless they represented milestone contributions to the understanding of regulatory
conventions or early technological innovations that continue to inform current practice.

In terms of study design, the review considered a wide spectrum of research types. Empirical
studies, including randomized controlled trials, cohort studies, and case studies, were prioritized
where available, particularly in evaluating the impacts of technological innovations such as IoT,
artificial intelligence, and drone applications in logistics. Case studies provided valuable insights
into real-world implementations of regulatory frameworks or efficiency optimization practices at
airports and logistics hubs. Conceptual and theoretical papers were also included to capture
discussions on policy frameworks, international agreements, and emerging paradigms such as
green logistics and sustainable aviation practices. By integrating both empirical and conceptual
contributions, the review sought to balance evidence-based insights with theoretical perspectives
that can guide future research.

The screening and evaluation of articles followed a multi-stage process. Initially, titles and abstracts
were reviewed to determine relevance based on the established inclusion criteria. Studies that met
these preliminary requirements were then subjected to full-text review, where methodological
quality, scope of analysis, and alignment with the central themes of efficiency, technology, and
regulation were closely examined. During this stage, bibliographic management software was
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employed to organize references, track duplicates, and facilitate systematic analysis. Quality
appraisal was guided by established academic frameworks, ensuring that included studies
demonstrated methodological rigor, clear research design, and valid findings. For empirical studies,
attention was paid to sample size, data collection methods, and analytical robustness, while
conceptual papers were evaluated for coherence, originality, and contribution to scholarly
discourse.

An important dimension of the methodology was the iterative nature of the search process. As
initial studies were identified, their bibliographies were examined to locate additional relevant
works, a process often referred to as backward snowballing. Conversely, citation-tracking tools in
Scopus and Web of Science were used for forward snowballing, identifying newer studies that
cited the foundational works already included. This approach ensured that both historical context
and the latest advancements were incorporated into the review, thereby strengthening the
comprehensiveness of the analysis. Additionally, cross-checking between databases allowed for the
identification of inconsistencies and the validation of results, further reinforcing the reliability of
the methodology.

To synthesize the findings, studies were categorized thematically according to the three core areas
of focus: efficiency, technology, and regulation. Within each category, sub-themes emerged, such
as load optimization, route planning, and green logistics under efficiency; IoT, drones, and artificial
intelligence under technology; and international conventions, regional policy frameworks, and
emerging regulatory challenges under regulation. The thematic synthesis approach facilitated a
structured presentation of results, highlighting both convergences and divergences in the literature.
It also enabled the identification of research gaps, such as the lack of systematic analysis of how
regulation shapes technological adoption in air cargo logistics.

Opverall, this methodological framework provides a transparent and replicable pathway for
conducting a comprehensive review of the literature on air cargo logistics. By combining multiple
databases, deploying carefully constructed search strategies, and applying rigorous inclusion and
exclusion criteria, the review ensures that the analysis is grounded in high-quality academic sources.
The integration of diverse study designs further enhances the richness of the insights derived.
Importantly, the methodology underscores the iterative and evolving nature of literature reviews,
where both foundational and contemporary studies are necessary to fully grasp the complexities
of efficiency, technology, and regulation in the global air cargo industry. This approach not only
supports the validity of the findings presented in subsequent sections but also contributes to the
advancement of scholarly standards in conducting systematic narrative reviews in the field of
logistics and transportation.

RESULT AND DISCUSSION

Efficiency

The literature consistently emphasizes that efficiency remains the cornerstone of innovation in air
cargo logistics. Several studies have highlighted the role of advanced algorithms in optimizing both
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routing and cargo loading processes. Recent contributions illustrate the potential of Bidirectional
Gated Recurrent Units (Bi-GRU) and the Sine Cosine Algorithm (SCA) in addressing dynamic
logistics challenges (Xia, 2025). These models are particularly effective in processing sequential
and time-dependent data, such as traffic conditions, cargo status, and delivery priorities. By
incorporating real-time variables, Bi-GRU offers superior adaptability to fluctuating operational
environments, thereby improving both accuracy and speed in decision-making processes.

Complementary research underscores the critical role of automation at transshipment hubs. Li et
al. (2024) demonstrated that the implementation of automated vehicle programming for irregularly
shaped cargo containers has the capacity to reduce handling times and streamline transfer
operations. The use of mixed-integer linear programming models and enhanced scheduling
algorithms ensures that airport transshipment centers can efficiently manage complex cargo
profiles. These findings highlight how efficiency gains are not limited to flight operations but
extend across the entire logistics chain, from warehouse handling to last-mile delivery.

Empirical evidence further confirms the operational benefits of optimization technologies. Inan
(2024) reported that advanced routing models reduced delivery times by nearly 30% compared to
traditional methods. This improvement was accompanied by measurable cost reductions, with
overall operational expenses falling significantly. Similarly, the integration of drones into rapid
delivery systems demonstrated improved service times and enhanced customer satisfaction (Purtell
et al., 2025). Such improvements illustrate how the synergy between optimization algorithms and
automation technologies can collectively reshape efficiency benchmarks in global air cargo

operations.
Technology

Technological innovation has emerged as a transformative driver in the evolution of air cargo
logistics. Among the most prominent technologies, drones, digital twin systems, and artificial
intelligence (AI) applications are redefining operational paradigms. Drone technology has been
especially impactful in enhancing accessibility to remote and underserved regions. Purtell et al.
(2025) highlighted how middle-mile drones can extend the reach of logistics networks while
lowering costs and delivery times. Naor et al. (2024) provided a case study from Israel’s healthcare
sector, where drones facilitated the delivery of critical medical supplies to hospitals, offering a
concrete demonstration of how aerial automation can save lives while enhancing efficiency.

In parallel, the digital twin concept has garnered increasing attention for its capacity to simulate
and optimize logistical operations. Bridgelall (2024) argued that digital twin models enable real-
time visualization of logistics activities, including cargo handling and storage, thereby enhancing
the predictability and resilience of supply chains. These models also allow for scenario testing, such
as evaluating the effects of traffic congestion or regulatory changes, providing decision-makers
with valuable insights before implementing operational changes.

Artificial intelligence and machine learning approaches further amplify these technological
advancements. By analyzing large-scale datasets, Al systems can detect patterns, anticipate demand
surges, and recommend optimal routing solutions (Xia, 2025). The integration of Al not only
reduces delays but also minimizes energy consumption, contributing to both efficiency and
sustainability. Empirical studies indicate that machine learning can reduce transportation time by
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up to 38% and energy consumption by nearly 23%, underscoring its value for sustainable logistics
(Mansoursamaei et al., 2023).

The global deployment of these technologies also illustrates varying levels of adoption across
regions. While Israel’s healthcare sector exemplifies early and innovative use of drones, North
American hubs such as Los Angeles and Chicago have invested in vertiport infrastructure to
facilitate drone and autonomous aircraft operations (Bridgelall, 2024). European airports,
meanwhile, have concentrated on integrating digital twin platforms to align logistics operations
with sustainability and efficiency goals. These diverse applications reveal how regional contexts
shape the adoption and adaptation of technological solutions, creating a mosaic of innovation
across the global landscape.

Regulation

The regulatory environment remains a decisive factor in shaping the trajectory of air cargo logistics.
International organizations such as the Federal Aviation Administration (FAA), the European
Union Aviation Safety Agency (EASA), and the International Air Transport Association (IATA)
set critical standards governing safety, security, and operational efficiency. Leloudas and Soffin
(2020) emphasized that while FAA and EASA focus heavily on compliance and safety in the
integration of drones and autonomous systems, IATA has prioritized guidelines that advance
sustainability and global coordination. Together, these frameworks establish the boundaries within

which technological innovation can be implemented.

Hongsakul and Chuaychoo (2024) highlighted the importance of regulatory harmonization,
arguing that discrepancies in national policies can either facilitate or hinder industry-wide progress.
For instance, while some jurisdictions promote flexible policies that encourage investment in
autonomous technologies, others impose stricter safety regulations that slow adoption. Naor et al.
(2024) and Su et al. (2022) observed that this divergence in regulatory regimes directly impacts
global competitiveness by influencing firms’ decisions on where to invest and operate. Countries
with more adaptive policies attract higher levels of innovation, while those with restrictive
frameworks risk lagging behind in global air logistics competitiveness.

Moreover, Leloudas and Soffin (2020) argued that multimodal integration further complicates
regulatory landscapes, particularly as cargo increasingly moves through interconnected systems of
air, sea, and land. In such contexts, regulatory misalignment can cause inefficiencies and delays,
diminishing the potential benefits of technological advancements. Bridgelall (2024) reinforced this
point by emphasizing the need for collaborative policymaking that involves regulators, industry
stakeholders, and technology developers to create frameworks capable of supporting rapid
innovation while maintaining safety and sustainability.

Sustainability and Resilience

Sustainability has emerged as a fundamental imperative for the air cargo industry, given growing
concerns about climate change and environmental responsibility. Gallo et al. (2024) highlighted
the adoption of sustainable aviation fuels and green logistics practices as critical initiatives aimed
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at reducing the carbon footprint of air transport. Mansoursamaei et al. (2023) demonstrated that
machine learning applications not only improve operational efficiency but also contribute to
significant reductions in energy consumption, aligning technological progress with environmental
objectives. Mokhele (2022) further illustrated how reverse logistics practices help reduce waste and
increase resource efficiency, thereby enhancing the circularity of air logistics systems.

Empirical studies also confirm that sustainability efforts provide competitive advantages. Firms
adopting green initiatives not only meet regulatory requirements but also enhance their reputation
among environmentally conscious consumers (Hongsakul & Chuaychoo, 2024). These
reputational benefits translate into stronger market positioning and long-term viability,
underscoring the dual economic and environmental value of sustainability initiatives.

The COVID-19 pandemic revealed vulnerabilities that brought resilience into sharp focus. Inan
(2024) demonstrated how sudden airport closures and travel restrictions exposed the fragility of
global logistics networks. Nevertheless, adaptive strategies such as the rapid deployment of drones
and digital platforms allowed some operators to maintain continuity of service. Leloudas and
Soffin (2020) stressed that resilience depends not only on technological adaptability but also on
institutional flexibility and stakeholder collaboration. Zhang and Haddud (2025) argued that
enhancing human capital and developing adaptive policies are essential components of resilience
strategies, ensuring that systems can withstand future disruptions.

Cross-regional comparisons further illuminate the interplay between sustainability and resilience.
In Southeast Asia, the focus has been on adopting reverse logistics and renewable fuels to meet
growing e-commerce demand while addressing environmental pressures (Hongsakul &
Chuaychoo, 2024). In Europe, regulatory frameworks have promoted multimodal integration and
green logistics strategies, with emphasis on digital twin technologies to improve both sustainability
and efficiency (Bridgelall, 2024). North America, in contrast, has prioritized resilience by investing
in vertiport infrastructure and flexible regulatory standards to encourage rapid adoption of drones
and autonomous vehicles (Naor et al., 2024; Bridgelall, 2024). These regional variations underscore
the complexity of achieving a global standard while highlighting innovative pathways adopted
across different contexts.

Overall, the results of this narrative review reveal that air cargo logistics is undergoing
transformative change across four interlinked dimensions: efficiency, technology, regulation, and
sustainability. Advanced algorithms and automation enhance operational performance; emerging
technologies redefine service delivery; regulatory frameworks shape the speed and scope of
adoption; and sustainability initiatives align industry growth with environmental and social
imperatives. Together, these findings provide a comprehensive understanding of the evolving air
cargo sector and lay the foundation for further discussion of its broader implications in the global
logistics landscape.

The relationship between air cargo efficiency and regulatory frameworks at both national and
international levels has been a focal point in contemporary research. Recent findings indicate that
operational efficiency in air freight is not determined solely by technological progress but is
profoundly shaped by policy environments and compliance requirements. Agencies such as the
Federal Aviation Administration (FAA) and the European Union Aviation Safety Agency (EASA)
impose safety and security standards that inevitably affect daily operations in the sector (Bridgelall,
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2024). These standards, while essential for maintaining security and public confidence, also
influence the pace at which innovative technologies can be adopted. Hongsakul and Chuaychoo
(2024) highlighted that the adaptability of these policies is critical, particularly as industries
confront rapid shifts in consumer demand fueled by the rise of e-commerce. The evidence suggests
that efficiency gains are often linked with policies that actively support technological adoption and
sustainability, thereby providing competitive advantages to firms that align with such frameworks.

The systemic nature of these interactions implies that policy, efficiency, and innovation cannot be
analyzed in isolation. Regulatory rigidity can delay the adoption of beneficial technologies such as
drones, IoT, and Al systems, while overly flexible frameworks may create safety risks that
compromise broader industry credibility (Leloudas & Soffin, 2020). The challenge lies in designing
regulations that are simultaneously adaptive to technological evolution and stringent enough to
ensure safety and accountability. Thus, regulatory ecosystems become both a catalyst and a
constraint, shaping how efficiency strategies are designed and executed at the organizational level.

Innovative solutions have been widely proposed to address the systemic bottlenecks in air cargo
logistics, especially in light of infrastructure constraints and regulatory inertia. Purtell et al. (2025)
argued that integrating drones into middle-mile operations can alleviate pressure on traditional
infrastructure, thereby enhancing throughput and reducing congestion in busy logistics hubs. This
integration is particularly promising in contexts where e-commerce growth has outpaced
infrastructural expansion. In parallel, Bridgelall (2024) suggested the deployment of autonomous
electric vehicles for shifting cargo volumes from congested ground routes to aerial transport. This
transition not only relieves urban congestion but also contributes to sustainability objectives by
reducing greenhouse gas emissions.

Technological tools such as artificial intelligence and IoT represent further pathways to innovation.
Xia (2025) demonstrated that Al-driven predictive analytics, when combined with IoT-enabled
real-time monitoring, significantly improves decision-making quality by optimizing delivery routes,
predicting demand fluctuations, and managing capacity more effectively. These tools can
transform reactive logistics systems into proactive and adaptive networks capable of responding
to uncertainties in real time. The value of such integration is magnified in global supply chains,
where delays or inefficiencies at one node can cascade across regions, amplifying costs and
reducing reliability. By embedding data-driven intelligence into logistics operations, firms can
create more resilient systems that mitigate systemic risks.

However, it is equally important to acknowledge the limitations of existing research. Inan (2024)
observed that many studies lack longitudinal data capable of capturing the evolving impact of
technological and regulatory changes over extended periods. Without robust long-term datasets, it
becomes difficult to assess whether observed efficiency gains are sustainable or merely short-term
improvements. Moreover, much of the existing scholarship tends to isolate individual
dimensions—such as technology adoption, regulatory compliance, or operational efficiency—
without accounting for the complex interplay among these factors. This compartmentalization
risks oversimplifying the challenges faced by industry practitioners and policymakers alike.

The need for more holistic and integrative research is therefore evident. Comparative studies
across countries and regions could provide valuable insights into how regulatory frameworks either
facilitate or obstruct innovation. For instance, contrasting the flexible regulatory environments of
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North America with the more stringent approaches in Europe may reveal trade-offs between
innovation speed and safety assurance. Similarly, examining how Southeast Asia responds to rapid
e-commerce growth with relatively limited infrastructure could highlight unique strategies for
balancing efficiency with sustainability (Hongsakul & Chuaychoo, 2024). Such cross-regional
analyses would enrich the evidence base and offer context-sensitive strategies for industry
stakeholders.

Environmental considerations further underscore the necessity of integrated approaches. While
studies such as those by Mansoursamaei et al. (2023) demonstrate that Al-driven models can
reduce energy consumption by over 20%, the broader ecological implications of widespread drone
usage or automated systems remain underexplored. Future research should investigate how these
technologies interact with environmental goals, particularly as industries commit to achieving net-
zero targets. Integrating sustainability into the design and assessment of logistical innovations is
crucial, ensuring that technological progress does not exacerbate environmental challenges but
instead contributes to their resolution.

Another important dimension concerns resilience in the face of global crises. The COVID-19
pandemic exposed systemic vulnerabilities, revealing the fragility of logistics networks under
sudden disruptions. While adaptive responses such as drone deployment and digital twin adoption
helped mitigate some impacts (Naor et al., 2024; Bridgelall, 2024), many of these measures were
reactive rather than pre-planned. Zhang and Haddud (2025) highlighted the importance of human
capital development and adaptive policies as key determinants of resilience. Building resilient
logistics systems therefore requires not only technological investment but also governance
structures and workforce capabilities capable of navigating uncertainty.

The synthesis of these findings suggests that systemic challenges in air cargo logistics cannot be
resolved by technology alone. Rather, they demand a multi-level approach that integrates policy
adaptability, technological innovation, and environmental responsibility. Scholars and practitioners
alike must recognize the interdependence of these factors in shaping industry trajectories. At the
same time, future research should prioritize longitudinal, interdisciplinary, and comparative studies
that capture the complexities of the sector more comprehensively. By addressing these gaps, the
tield can move toward producing actionable insights that support the development of air cargo
logistics systems that are not only efficient but also sustainable, resilient, and equitable across global
contexts.

CONCLUSION

This narrative review highlights the profound transformation currently reshaping global air cargo
logistics. Findings confirm that efficiency gains are increasingly tied to the deployment of advanced
optimization models such as Bi-GRU and automated vehicle scheduling, which collectively reduce
handling times and operational costs. Complementing these technical improvements, innovations
including drones, digital twin systems, and artificial intelligence are expanding the scope of logistics
operations, improving accessibility, and enhancing predictive decision-making capabilities. At the
same time, regulatory frameworks established by organizations such as FAA, EASA, and IATA
remain decisive in shaping the adoption and diffusion of these technologies, underscoring the dual
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role of regulation as both an enabler and constraint. Sustainability initiatives, such as the use of
green fuels and reverse logistics, alongside resilience strategies developed in response to COVID-
19 disruptions, further demonstrate that environmental and systemic considerations are
inseparable from operational efficiency.

The urgency of addressing these challenges is evident, as rapid e-commerce growth and global
trade volatility demand logistics systems that are not only efficient but also sustainable and resilient.
Policy interventions are needed to harmonize regulations across jurisdictions, incentivize
investment in green technologies, and provide adaptive frameworks for the safe integration of
drones and autonomous systems. Future research should focus on longitudinal studies, cross-
regional comparisons, and environmental impact assessments to capture the complex interplay of
efficiency, technology, and regulation. Ultimately, the ability of the air cargo industry to thrive in
the digital era will depend on balancing innovation with sustainability and aligning operational
practices with adaptive regulatory environments.
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