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Abstract: The air cargo industry is undergoing structural transformation driven by 

technological innovation and digitalization. Traditionally based on fragmented, document-

intensive processes, air cargo logistics is evolving toward integrated, data-driven 

ecosystems characterized by real-time visibility, automation, and digital collaboration. 

This study examines how innovation drives structural change in air cargo logistics, 

drawing on institutional data and reports from IATA, ICAO, the World Bank, and 

UNCTAD. Using a socio-technical innovation perspective, the analysis explores the 

interaction between technological adoption, organizational restructuring, and regulatory 

adaptation, with particular attention to digital supply chains, e-freight initiatives, artificial 

intelligence, big data analytics, blockchain, and smart cargo terminals (Ivanov & Dolgui, 

2020; Wamba et al., 2020). 

The findings indicate that while digitalization improves efficiency, transparency, and 

resilience, persistent challenges remain, including interoperability constraints, 

governance issues, cybersecurity risks, and uneven adoption across regions. The study 

demonstrates that successful innovation outcomes depend not only on technology 

deployment but also on institutional readiness, infrastructure capacity, and strategic 

innovation management (Büyüközkan & Göçer, 2018; Queiroz et al., 2021). The article 

concludes that digital transformation represents a systemic reconfiguration of value 

creation and coordination mechanisms within global supply chains and outlines future 

trends related to AI-driven decision-making and automation. 

Keywords: air cargo logistics; digitalization; innovation; digital supply chains; e-

freight; artificial intelligence; big data analytics; blockchain; digital transformation; 

innovation management; automation; sustainability. 

Аннотация:Отрасль авиагрузовых перевозок переживает структурную 

трансформацию, обусловленную технологическими инновациями и цифровизацией. 

Традиционно основанная на фрагментированных и документоѐмких процессах, 

логистика авиагрузов постепенно переходит к интегрированным, управляемым 

данными экосистемам, характеризующимся прозрачностью в режиме реального 

времени, автоматизацией и цифровым взаимодействием участников. В статье 
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исследуется роль инноваций как ключевого фактора структурных изменений в 

логистике авиагрузов на основе данных и институциональных отчѐтов IATA, ICAO, 

Всемирного банка и UNCTAD. Используя социотехнический подход, анализ 

рассматривает взаимосвязь между внедрением технологий, организационной 

реструктуризацией и нормативной адаптацией, включая цифровые цепочки 

поставок, инициативы e-freight, искусственный интеллект, аналитику больших 

данных, блокчейн и интеллектуальные грузовые терминалы. 

Результаты показывают, что цифровизация способствует повышению 

эффективности, прозрачности и устойчивости, однако сохраняются проблемы, 

связанные с интероперабельностью систем, управлением данными, 

кибербезопасностью и неравномерным уровнем внедрения технологий в различных 

регионах. Исследование подтверждает, что успешность инноваций определяется 

не только технологическим внедрением, но и институциональной готовностью, 

инфраструктурным потенциалом и стратегическим управлением инновациями. 

Сделан вывод о том, что цифровая трансформация представляет собой системное 

переосмысление механизмов создания ценности и координации в глобальных 

цепочках поставок. В заключение обозначены перспективные направления развития, 

включая системы принятия решений на основе искусственного интеллекта, 

автоматизацию и управленческие подходы, направленные на поддержку 

инновационного роста. 

Ключевые слова: авиагрузовая логистика; цифровизация; инновации; 

цифровые цепочки поставок; e-freight; искусственный интеллект; большие данные; 

блокчейн; цифровая трансформация; управление инновациями; автоматизация; 

устойчивое развитие. 

 

INTRODUCTION 

 Air cargo logistics occupies a 

critical position within contemporary 

global supply chains by enabling the 

rapid movement of high-value, time-

sensitive, and technologically intensive 

goods. Although air freight represents a 

relatively small share of total cargo 

volume, it accounts for a significant 

proportion of global trade value, 

highlighting its strategic importance for 

time-sensitive industries and international 

production networks (IATA, 2024; 

ICAO, 2024; World Bank, 2025). The 

increasing complexity of global supply 

chains, expansion of e-commerce, and 

exposure to systemic disruptions have 

intensified demands for more resilient 

and digitally integrated logistics systems 

(Christopher, 2016; Ivanov et al., 2019). 

Historically, air cargo operations 

relied on fragmented information 

systems, paper-based documentation, and 

sequential coordination among airlines, 

freight forwarders, and regulatory 

authorities. While effective under stable 

conditions, these structures increasingly 

limit transparency and agility under 
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volatile market conditions (Hohenstein et 

al., 2015; Wamba et al., 2020). 

Consequently, the industry has shifted 

toward digitalization to improve 

coordination efficiency and reduce 

structural inefficiencies (IATA, 2025). 

Recent technological 

developments—including electronic 

documentation, data-sharing platforms, 

artificial intelligence, big data analytics, 

blockchain applications, and 

automation—are reshaping operational 

foundations. Digital transformation 

therefore represents not only 

technological adoption but also deeper 

organizational and institutional 

restructuring across the air cargo 

ecosystem (Ivanov & Dolgui, 2020; 

Queiroz et al., 2021). 

Although literature on logistics 

digitalization is growing, existing 

research remains fragmented, often 

focusing on individual technologies rather 

than systemic transformation. Limited 

attention has been paid to how innovation 

reshapes coordination mechanisms across 

global and emerging-market contexts, 

highlighting the need for a more 

integrated socio-technical perspective 

(Büyüközkan & Göçer, 2018; Frank et 

al., 2019). 

The limitations of legacy systems 

have therefore stimulated a broad 

industry-wide shift toward digitalization 

as a means of overcoming structural 

inefficiencies and improving systemic 

coordination. 

 

Figure 1. Global air transport freight trend (2015–2023), million tonne-

kilometres. 

Source: World Bank World Development Indicators (ICAO data). 
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Figure 1 illustrates the evolution of 

global air freight traffic measured in 

tonne-kilometres between 2015 and 2023. 

The trend demonstrates steady growth 

prior to 2020, followed by a sharp 

contraction associated with the COVID-

19 pandemic and a rapid recovery in 

subsequent years. The post-2021 

stabilization indicates a transition toward 

a new operational equilibrium 

characterized by greater emphasis on 

efficiency, resilience, and data-driven 

coordination. This trajectory highlights 

how systemic shocks have accelerated the 

need for innovation and digital 

transformation across the air cargo 

ecosystem. 

Methodology 

 This study employs a qualitative 

analytical approach to examine 

innovation-driven transformation in air 

cargo logistics in the digital era. The 

research is conceptual in nature and 

focuses on understanding how 

technological innovation interacts with 

organizational structures and institutional 

frameworks rather than testing causal 

relationships quantitatively. The analysis 

is grounded in a socio-technical 

perspective, emphasizing the 

interconnected roles of technology, 

coordination mechanisms, and regulatory 

adaptation. (Lundvall, 1992; Ivanov et al., 

2019). 

 The study relies on secondary data 

drawn from academic literature, 

institutional reports, and industry 

evidence, including publications from 

IATA, ICAO, the World Bank, and 

UNCTAD. The collected materials were 

analyzed thematically, focusing on digital 

supply chain integration, technological 

innovation, organizational change, and 

operational outcomes related to 

efficiency, cost, and sustainability. This 

approach enables identification of key 

patterns and structural trends shaping the 

evolution of air cargo logistics.(Wamba et 

al., 2020; UNCTAD, 2024). 

The study is limited by its reliance 

on secondary sources and the absence of 

firm-level empirical testing; however, it 

provides a coherent conceptual 

interpretation of innovation-driven 

structural change and establishes a 

foundation for future empirical research. 

Literature Review 

 Classical logistics literature 

conceptualizes supply chains as linear 

systems emphasizing physical flow 

optimization and hierarchical 

coordination. In air cargo, these structures 

were historically associated with 

fragmented information exchange and 

document-heavy processes, which 

increasingly constrain operational agility 

(Christopher, 2016; Ivanov et al., 2019). 

 Recent studies highlight a 

transition toward digital supply chains 

based on real-time data exchange and 

platform coordination. Digital standards 

such as ONE Record represent attempts 

to establish shared data frameworks, 

although interoperability challenges and 

governance limitations remain persistent 

barriers (Büyüközkan & Göçer, 2018; 

IATA, 2025). 

 Early digitalization initiatives such 
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as e-freight demonstrated efficiency gains 

through paperless documentation. 

Emerging technologies including AI, 

blockchain, and automation further 

support predictive decision-making and 

operational transparency, yet 

implementation challenges related to data 

quality, scalability, and institutional 

readiness continue to limit full 

transformation (Saberi et al., 2019; 

Dubey et al., 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Conceptual framework of innovation-driven structural transformation in air 

cargo logistics. Source: Author’s conceptualization. 

Theoretical Framework 

 This study adopts a socio-technical 

innovation perspective to explain how 

digital transformation reshapes the 

structural organization of air cargo 

logistics. The framework is based on the 

premise that technological change alone 

does not produce systemic 

transformation; rather, structural 

evolution emerges from the interaction 

between technological capabilities, 

organizational arrangements, and 

institutional environments. To capture 

this multidimensional process, the 

analysis integrates insights from 

Innovation Systems Theory, Digital 

Supply Chain Theory, and Structural 

Change Theory. (Freeman, 1995; 

Lundvall, 1992). 

  Innovation Systems Theory 

provides a foundation for understanding 

innovation as a networked process 

involving multiple actors, including 

firms, regulators, technology providers, 

and logistics intermediaries. Within the 

air cargo context, innovation outcomes 

are therefore interpreted not as isolated 

technological achievements but as the 

result of coordinated interaction among 

stakeholders operating within shared 

institutional and regulatory frameworks. 

This perspective highlights the 

importance of collaboration, knowledge 

exchange, and governance mechanisms in 

shaping the pace and direction of digital 

transformation. 

  Digital Supply Chain 

Theory complements this view by 

Digital Innovations 

Organizational Change 

Efficiency | Cost | Sustainability 

Structural Transformation 
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emphasizing the transition from 

physically coordinated logistics systems 

toward data-driven integration. From this 

perspective, digitalization restructures 

coordination mechanisms by shifting 

decision-making from sequential, 

document-based processes toward real-

time, platform-mediated interaction. Data 

becomes a strategic resource that enables 

visibility, predictive analytics, and 

synchronized operations across the supply 

chain. Consequently, digital technologies 

are understood not merely as operational 

tools but as enablers of new 

organizational architectures and 

coordination models. (Ivanov et al., 

2019). 

  Structural Change Theory 

further extends the analysis by 

conceptualizing innovation as a driver of 

systemic transformation rather than 

incremental efficiency improvement. 

Applied to air cargo logistics, this 

perspective suggests that digital 

innovation alters value creation 

processes, redistributes roles among 

supply chain actors, and redefines 

competitive dynamics within the 

ecosystem. Structural change occurs 

when technological adoption leads to 

persistent shifts in organizational 

practices, institutional arrangements, and 

power relations across the 

network.(Perez, 2002). 

  Integrating these 

perspectives, the study conceptualizes 

innovation as a multidimensional process 

encompassing technological innovation 

(e.g., artificial intelligence, automation, 

and digital platforms), organizational 

innovation (new forms of coordination 

and collaboration), and institutional 

innovation (regulatory adaptation and 

governance mechanisms). The framework 

assumes that structural transformation 

emerges when digital technologies 

modify coordination mechanisms across 

the supply chain, enabling new forms of 

data-driven interaction and redefining 

how value is created and distributed 

within the air cargo ecosystem. This 

theoretical lens guides the subsequent 

analysis by linking specific technological 

developments to broader organizational 

and institutional changes, allowing digital 

transformation to be examined as a 

systemic rather than purely technological 

phenomenon. 

Key Digital Innovations in Air 

Cargo Logistics 

  Digital transformation in air 

cargo logistics is driven by a set of 

interconnected technological innovations 

that collectively reshape coordination 

mechanisms across the supply chain. 

Rather than functioning as isolated tools, 

these innovations enable a transition from 

document-based interaction toward data-

driven ecosystem coordination. (IATA, 

2025; ICAO, 2024). 

ONE Record represents a 

foundational initiative aimed at 

establishing a unified digital data model 

across stakeholders, facilitating real-time 

information exchange through 

standardized APIs. By replacing 

fragmented documentation processes with 

shared digital records, this initiative 
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reflects a shift toward platform-based 

coordination and greater interoperability 

within the cargo ecosystem. Similarly, e-

freight and the widespread adoption of 

the electronic air waybill (e-AWB) 

constitute early stages of digital 

transformation, reducing administrative 

friction and enabling more efficient 

information flows across operational 

interfaces.(Ivanov & Dolgui, 2020; 

Queiroz et al., 2021) 

Advanced analytical technologies 

further extend this transformation. 

Artificial intelligence and machine 

learning applications support predictive 

demand forecasting, capacity planning, 

and dynamic pricing, contributing to 

more adaptive and data-driven decision-

making processes. Blockchain-based 

solutions, although still experimental, aim 

to enhance traceability and trust in multi-

stakeholder environments through secure 

data validation mechanisms. In parallel, 

automation technologies—including 

robotics, sensor systems, and Internet of 

Things (IoT) applications—improve 

cargo handling efficiency and enable real-

time monitoring of operational 

conditions. (Hohenstein et al., 2015; 

Wamba et al., 2020; IATA, 2025) 

Collectively, these innovations 

illustrate how digital technologies operate 

as structural enablers that alter 

coordination logic, reduce information 

asymmetries, and support the emergence 

of integrated digital supply chain 

ecosystems. 

Analytical Transition 

While each digital innovation 

contributes differently to operational 

processes, their combined significance 

lies in their cumulative effect on 

coordination mechanisms within the air 

cargo ecosystem. Digital technologies 

reduce information asymmetry, enable 

real-time interaction among stakeholders, 

and shift decision-making from sequential 

and document-based routines toward 

integrated, data-driven coordination. As a 

result, innovation does not simply 

improve individual operational tasks but 

restructures the underlying logic of value 

creation and resource allocation across 

the supply chain. Understanding this 

systemic transition is essential for 

evaluating how digitalization influences 

efficiency, cost structures, and 

sustainability outcomes discussed in the 

following section. (Hohenstein et al., 

2015; Wamba et al., 2020; IATA, 2025) 

Impact on Efficiency, Cost, and 

Sustainability 

 Digital innovation significantly 

influences operational and strategic 

performance within air cargo logistics, 

particularly in terms of efficiency, cost 

structures, and sustainability outcomes. 

Enhanced data visibility and real-time 

information exchange improve 

coordination across stakeholders, 

reducing delays, minimizing handling 

errors, and enabling more responsive 

operational planning. As decision-making 

increasingly shifts toward predictive and 

data-driven models, logistics actors are 

able to optimize resource utilization and 

improve system reliability.(Frank et al., 

2019). 
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From a cost perspective, 

digitalization reduces administrative 

burdens associated with paper-based 

processes and manual coordination while 

supporting more efficient asset 

utilization. However, these benefits are 

accompanied by substantial investment 

requirements related to digital 

infrastructure, cybersecurity systems, and 

workforce reskilling. Consequently, cost 

advantages are not uniformly distributed 

and depend on organizational readiness 

and scale of adoption. 

Sustainability implications are 

similarly multidimensional. Digital tools 

contribute to improved load factors, 

optimized routing, and reduced fuel 

consumption, supporting environmental 

efficiency objectives within the aviation 

sector. At the same time, sustainability 

outcomes remain contingent upon 

effective ecosystem-wide implementation 

and alignment between technological 

capabilities and operational practices. The 

overall impact of digitalization therefore 

reflects a balance between efficiency 

gains and the challenges associated with 

technological integration, governance 

complexity, and uneven adoption across 

regions. (UNCTAD, 2024; ICAO, 2024). 

Future Trends: AI, Automation, 

and Data-Driven Logistics 

 Future development of air cargo 

logistics is expected to be shaped by 

deeper integration of artificial 

intelligence, automation, and data-centric 

coordination models. Emerging trends 

indicate a gradual transition from reactive 

operational management toward 

predictive and autonomous decision 

systems supported by advanced analytics. 

Technologies such as digital twins, 

simulation models, and intelligent cargo 

handling solutions are likely to strengthen 

system resilience and operational 

adaptability. At the same time, continued 

progress will depend on the expansion of 

standardized data exchange frameworks 

and the ability of industry stakeholders to 

align technological innovation with 

governance and regulatory requirements. 

The long-term trajectory suggests the 

evolution of air cargo logistics toward 

fully interconnected digital ecosystems 

characterized by continuous data-driven 

optimization. (Ivanov & Dolgui, 2020; 

Choi et al., 2018). 

CONCLUSION 

 Innovation is the primary driver of 

structural change in air cargo logistics in 

the digital era. The transition from 

document-based, fragmented systems 

toward integrated digital ecosystems 

reflects a broader transformation in global 

supply chain management. Technologies 

such as e-freight, AI, blockchain, and 

smart terminals enable improved 

efficiency, cost optimization, and 

sustainability, yet they also introduce new 

challenges related to governance, 

interoperability, and inequality. 

Critical analysis reveals that 

successful digital transformation depends 

not only on technological adoption but 

also on innovation management, 

institutional readiness, and regulatory 

alignment. Future research should focus 

on socio-technical integration, emerging-
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market adaptation, and long-term 

performance evaluation to ensure that 

innovation-driven evolution delivers 

sustainable and inclusive outcomes. 
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