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Abstract

The integration of Artificial Intelligence (Al) in airline logistics is a transformative force, enhancing operational efficiency, safety,
sustainability, and innovation. This paper introduces a 360-degree, multi-layered Key Performance Indicator (KPI) framework
designed to assess and optimize Al performance within the airline logistics sector. The framework addresses key dimensions such as
safety, sustainability, operational efficiency, and ethical Al, providing a comprehensive tool for evaluating Al systems’ contributions
to airline operations. By offering insights into Al integration challenges and the importance of strategic alignment, the proposed
framework serves as a valuable resource for airline managers, regulators, and technology providers in fostering continuous
improvement, regulatory compliance, and innovation in the logistics ecosystem.
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1. Introduction
1.1. Background

The airline industry faces increasing pressure to improve operational efficiency, safety, sustainability, and customer
satisfaction while managing complex global supply chains. Al has emerged as a transformative technology, enabling
airlines to optimize various operations such as predictive maintenance, route planning, demand forecasting, and real-
time tracking [1][2][3][4]. However, the implementation of Al in airline logistics presents unique challenges, such as
ensuring regulatory compliance, maintaining data quality, and addressing ethical considerations like algorithmic fairness
[51[6].

The logistics operations in airlines span several crucial functions, including fleet maintenance, spare parts
procurement, cargo handling, and supply chain management. Given these complex and high-stakes operations,
traditional KPIs like On-Time Performance (OTP) and fuel efficiency do not fully encompass the multifaceted nature
of Al systems. For instance, Al’s contributions to predictive maintenance, safety, and sustainability are not adequately
captured by conventional metrics. Furthermore, as Al systems are increasingly implemented, airlines face the challenge
of integrating these technologies across different levels of operations and decision-making processes, while maintaining
compliance with regulatory frameworks [7][8].

1.2. Research Gap

Although Al has been widely adopted in the airline industry, current performance frameworks remain largely generic
and fail to address industry-specific needs, especially in logistics. Existing Al performance measurement systems, such
as those outlined in frameworks like McKinsey’s Digital Quotient and ISO/IEC 42001, do not fully account for the
operational, safety, and regulatory complexities that airlines face [9]. Additionally, airlines’ traditional KPIs often
overlook critical Al-specific dimensions, such as data quality governance, ethical Al considerations, and innovation
management, which are crucial for sustainable development and continuous improvement [10][11].

This paper aims to bridge this gap by proposing a 360-degree, multi-layered KPI framework that incorporates Al-
driven performance metrics tailored specifically to the airline logistics sector.

1.3. Objectives

The primary objectives of this study are to:

1. Develop a comprehensive KPI framework for Al performance evaluation in airline logistics, focusing on safety,
sustainability, operational efficiency, and innovation.
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2. Align Al performance monitoring with the strategic goals of airlines, ensuring that Al systems support long-
term objectives such as regulatory compliance and sustainable practices.

3. Enhance Al governance by incorporating ethical considerations, ensuring that Al systems are transparent, fair,
and accountable across all operational domains.

4. Improve cross-functional alignment among stakeholders, including logistics managers, Al technology
providers, and regulatory bodies, by providing a unified performance evaluation approach.

By addressing the need for an Al performance framework that accounts for both operational and strategic goals, this
paper contributes to the development of a more sophisticated, industry-specific KPI system for airlines.

2. Framework Components
2.1. Conceptual Framework Overview

The proposed Airline Logistics Al Performance Framework utilizes a grounded-theory approach, structured into two
main stages: KPI development and performance measurement. The first stage involves collecting and mapping relevant
data sources from various airline operations, followed by categorizing and identifying key concepts for evaluation. The
second stage focuses on the establishment of a conceptual model that integrates these KPIs into a comprehensive
framework designed to assess Al's impact on operational, safety, and sustainability outcomes [9].

2.2. Multi-Layered Structure

The framework is organized into three key dimensions, enabling a 360-degree evaluation of Al performance across
various facets of airline logistics:

1. Activities Dimension: This dimension includes essential logistics functions such as transportation,
warehousing, and customer service [6].

2. Decision Level Dimension: It addresses the three main levels of decision-making in logistics: operational,
tactical, and strategic [7].

3. Actors Dimension: This dimension recognizes the various stakeholders involved in logistics, including carriers,
third-party logistics providers (3PLs), and consolidation centers [8].

Each of these dimensions is crucial for a comprehensive evaluation of Al systems’ effectiveness across different
levels of operations and across all involved parties.
2.3. Key Performance Indicators (KPIs)

Selecting appropriate KPIs for Al performance measurement involves balancing cost-driven metrics with revenue-
driven metrics [12][13]. Traditional cost measures, such as operating costs per kilometer or fuel efficiency, remain
important but need to be complemented by performance indicators that reflect AI’s innovative contributions and data
governance. Examples of such revenue-driven KPIs include Operating Profit per Passenger Kilometer (RPK) and Al-
driven sustainability improvements like carbon footprint reduction [6]. The integration of Al into logistics systems
demands a rethinking of traditional KPIs to ensure that AI’s broad impact is adequately captured [10].

2.4. Information Integration and Decision-Making

Data plays a critical role in this framework, with real-time information serving as a foundation for decision-making
at every level of airline logistics. Al-powered analytics provide the necessary insights for informed decision-making,
ensuring that logistics managers have the tools to evaluate performance and take corrective actions when needed. By
integrating Al with existing airline systems, such as Enterprise Resource Planning (ERP) and Customer Relationship
Management (CRM) systems, airlines can monitor key performance indicators (KPIs) in real-time, facilitating quick
and efficient decision-making [7].

2.5. Sustainability and Environmental Considerations

As environmental sustainability becomes a major priority, the framework integrates specific KPIs that focus on
reducing the environmental footprint of airline logistics. Al-driven route optimization and energy-efficient warehouse
layouts are examples of practices that reduce energy consumption and carbon emissions. These sustainability-focused
KPIs are critical for airlines that are striving to meet global environmental standards while also ensuring operational
efficiency [8][9].

2.6. Application and Validation

To validate the proposed framework, the study will employ case studies from global airlines, such as Urbanos, a
Portuguese 3PL firm, which exemplifies how this framework can be applied in real-world scenarios. The framework’s
applicability is assessed through pilot deployments in various areas, including MRO logistics and spare parts forecasting,
ensuring that the metrics proposed are both practical and relevant to the industry's evolving needs [8][9].

3. Literature Review
3.1. Al Adoption in Airline Logistics

The integration of artificial intelligence (Al) into airline logistics has been transformative, enabling airlines to
improve various aspects of operations, including predictive maintenance, inventory optimization, real-time tracking, and
route planning. Al technologies like machine learning (ML), deep learning (DL), and predictive analytics are being
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increasingly adopted to forecast maintenance needs, optimize fuel consumption, and streamline supply chain operations
[11[2].

Al's application in predictive maintenance has allowed airlines to reduce downtime and improve aircraft reliability.
For example, Al models integrated with Aircraft Health Monitoring Systems (AHMS) enable airlines to monitor the
health of aircraft subsystems in real-time, which reduces operational disruptions [11]. In addition, Al's ability to enhance
supply chain optimization has streamlined inventory management, helping airlines predict demand and manage spare
parts more effectively, thereby reducing operational costs and improving service reliability [9][14].

However, despite these advantages, the adoption of Al in logistics is not without challenges. Key issues include data
silos, technology integration difficulties, and regulatory compliance. For instance, many airlines still face significant
barriers when it comes to integrating Al systems with existing infrastructure, especially in legacy systems that were not
designed to support advanced Al capabilities. Furthermore, data privacy concerns and ethical implications related to Al
decision-making must be addressed to ensure transparency, fairness, and compliance with regulatory frameworks
[6][10].

3.2. Performance Management Frameworks

Several Al performance models have been proposed across various sectors, but few have been tailored to the specific
needs of airline logistics. Existing performance frameworks like McKinsey’s Digital Quotient and ISO/IEC 42001
provide general guidelines for Al systems but fail to address the unique challenges faced by airlines, such as safety-
critical operations, regulatory compliance, and real-time decision-making in high-stakes environments [9][10].

Furthermore, traditional Key Performance Indicators (KPIs) commonly used in the airline logistics industry, such as
Revenue per Passenger Kilometer (RPK), Available Seat Kilometer (ASK), and On-Time Performance (OTP), are
inadequate when it comes to evaluating the multifaceted impacts of Al technologies. These metrics typically focus on
operational efficiency and revenue generation, overlooking dimensions such as ethical Al governance, data quality, and
the sustainability impact of Al implementations. Thus, there is a clear gap in the literature and practice regarding Al-
specific performance frameworks that align with the airline logistics sector's strategic objectives [9][14].

3.3. Conceptual Foundations

The foundation of the proposed framework draws on established performance measurement systems such as the
Balanced Scorecard (BSC), which provides a multi-perspective approach to performance management. The BSC allows
for the measurement of financial, customer, internal process, and learning and growth perspectives, all of which are
relevant to Al performance in airline logistics. By adapting these principles, the proposed KPI framework can capture
both tangible and intangible benefits that Al systems bring to airline logistics operations [8].

Additionally, the Technology Adoption Life Cycle (TALC), as introduced by Moore (1991), is used to inform the
adoption and scalability of Al technologies in the logistics domain. The TALC model allows airlines to assess the
maturity of their Al systems and provides insights into the adoption barriers and accelerators within the airline logistics
sector. This model also helps inform Al integration timelines and expected outcomes across different stages of
technology adoption [8][9].

Moreover, Digital Maturity Models such as McKinsey’s Digital Quotient and frameworks like APICS and SCOR for
Supply Chain Management (SCM) excellence provide valuable insights into how digital tools, including Al, can be
integrated into logistics operations. These models emphasize the importance of building digital capabilities and ensuring
that Al adoption is accompanied by strategic alignment and performance management systems that are both scalable
and adaptable to the airline industry’s dynamic needs [14][15].

4. Methodology
4.1. Framework Development Approach

The development of the 360-degree, multi-layered KPI framework follows a multi-method approach, combining
insights from a systematic literature review (SLR), case study analysis, expert panels, and the Delphi method. This
approach ensures that the framework is grounded in both theoretical foundations and practical applications, making it
applicable to real-world airline logistics scenarios.

Systematic Literature Review (SLR): The SLR was conducted to analyze existing literature on Al applications in
logistics and supply chain management, focusing on performance measurement systems and frameworks. This review
helped identify gaps in the existing frameworks and highlighted the need for Al-specific KPIs tailored to the airline
logistics industry [9][14].

Case Study Analysis: Case studies from global airlines were analyzed to understand how Al systems are currently
implemented in logistics operations. These case studies included MRO (Maintenance, Repair, and Overhaul) logistics,
spare parts forecasting, and cargo operations, providing valuable insights into the practical challenges and successes
associated with Al adoption in airline logistics [7][11].
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Expert Panels: A panel of airline logistics managers, Al system developers, and aviation safety regulators was
consulted to refine the framework’s KPI categories and ensure that it addresses both operational needs and regulatory
requirements. The expert panels also provided valuable feedback on the framework’s applicability and relevance to
current industry practices [8].

Delphi Method: The Delphi method was used to validate the proposed KPI categories and metrics, engaging 15
experts from across Europe, Asia, and the Middle East. This iterative process allowed for the refinement of the
framework, ensuring that it is both comprehensive and applicable across different regions and operational contexts in
the airline logistics sector [8].

4.2. Data Sources

Data sources for the framework development included academic literature (accessed through databases such as
Scopus, Web of Science, and Elsevier), industry reports (from organizations like IATA, ICAO, Airbus, and Boeing),
and airline case studies that focus on areas such as MRO logistics, fleet management, spare parts logistics, and cargo
handling. These data sources provided the necessary context and benchmarks for the framework’s development and
validation [8][9][15].

5. Proposed Framework: 360-Degree, Multi-Layered Airline Logistics Al KPI Framework

The 360-degree, multi-layered KPI framework for airline logistics Al performance is designed to comprehensively
measure and optimize the integration of artificial intelligence across all operational facets of airline logistics. The
framework is built to address the diverse needs of the airline industry by evaluating Al systems across safety,
sustainability, efficiency, innovation, and ethical considerations. This section outlines the core pillars and layers of the
framework, providing sample KPIs for each dimension.
5.1 Core Pillars and Layers

The framework is divided into ten core pillars, each representing a critical aspect of Al performance in airline
logistics. The ten pillars are designed to capture both technical and non-technical dimensions, ensuring that Al systems
are evaluated holistically across multiple stakeholder perspectives.

Table 1. 360-Degree, Multi-Layered KP1 Framework for Airline Logistics Al Performance

Pillar

Description

Sample KPlIs

1. Safety & Compliance

Ensures Al systems comply with regulatory
requirements and safety standards.

Safety Incident Rate, Audit Readiness, Maintenance
Compliance Rate

2. Data Quality &
Governance

Assesses the quality, accuracy, and fairness of data
used by Al systems.

Data Accuracy, Bias Detection Rate, Data Freshness

3. Operational Efficiency

Evaluates AI’s contribution to improving logistics
efficiency and reducing operational costs.

Inventory Turnover, Average Handling Time, On-Time
Performance (OTP)

4. Sustainability

Measures AI’s impact on reducing environmental
footprint, such as energy consumption and CO2
emissions.

Carbon Footprint per Ton-KM, Energy Efficiency, Green
Compliance

5. Ethical & Responsible
Al

Ensures that Al systems operate with fairness,
transparency, and accountability.

Explainability Score, Fairness Index, Ethical Al
Compliance Rate

6. Innovation &
Continuous Improvement

Tracks the progress and effectiveness of Al-driven
innovations and ongoing enhancements.

Experiment Success Rate, Time to Market for Al Features,
Feedback Implementation Rate

7. User Adoption &
Satisfaction

Monitors the adoption and satisfaction of Al
systems among users, including employees and
partners.

Employee Al Adoption Rate, Training Hours per
Employee, User Satisfaction (CSAT)

8. Integration & Ecosystem

Assesses how well Al systems integrate with
existing platforms and other technologies.

API Success Rate, System Interoperability Score,
Real-Time Data Synchronization

9. Financial & ROI

Measures the financial benefits, including cost
savings and revenue impact, derived from Al
adoption.

Cost Savings from Al, ROl on Al Projects, Logistics Cost
per Ton-KM

10. Crisis Resilience &
Risk

Evaluates Al's ability to predict, prevent, and

respond to disruptions, ensuring resilience in crises.

Crisis Response Time, Business Continuity Plan
Coverage, Supplier Risk Index

5.2 Framework Description

Each pillar addresses a distinct yet interconnected aspect of Al performance in airline logistics, allowing airlines to
manage and optimize Al systems across the following dimensions:

1. Safety & Compliance: Given the critical nature of safety in the airline industry, the Al performance framework

integrates safety compliance metrics to ensure that Al systems meet regulatory standards and effectively reduce
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10.

safety risks. Key performance indicators (KPIs) such as Safety Incident Rate and Audit Readiness help track
the effectiveness of Al-driven safety management systems [10][15].

Data Quality & Governance: The performance of Al systems hinges significantly on the quality and integrity
of the data they rely on. Therefore, Al systems must be equipped with robust data governance practices,
including metrics for data accuracy, bias detection, and data freshness. These KPIs ensure that Al systems are
functioning on high-quality data that is free from biases and capable of producing reliable outputs [10][14].
Operational Efficiency: Al systems in logistics must contribute to operational improvements by reducing
inefficiencies, optimizing resource allocation, and minimizing operational costs. KPIs such as Inventory
Turnover and On-Time Performance (OTP) are integral in assessing how effectively Al contributes to
streamlining logistics operations [6][16].

Sustainability: In an era of increasing environmental awareness, Al systems must support sustainability goals.
The Sustainability pillar includes KPIs such as Carbon Footprint per Ton-KM and Energy Efficiency, which
measure how effectively Al is optimizing operations to minimize environmental impact, such as reducing fuel
consumption and greenhouse gas emissions [7][11].

Ethical & Responsible Al: As Al technologies become more widespread, it is essential to ensure they operate
responsibly and ethically. This pillar focuses on ethical Al governance, including KPIs like the Explainability
Score and Fairness Index, to ensure transparency, fairness, and accountability in Al decision-making processes
[819].

Innovation & Continuous Improvement: The Innovation pillar tracks the ongoing progress of Al systems,
emphasizing continuous improvement and innovation. This pillar ensures that Al systems evolve in response
to new challenges and opportunities, measured through KPIs like Experiment Success Rate and Time to Market
for Al Features [10].

User Adoption & Satisfaction: To assess how well Al systems are adopted by users and stakeholders, this pillar
focuses on measuring user satisfaction and engagement. KPIs like Employee Al Adoption Rate and User
Satisfaction (CSAT) ensure that Al systems are meeting the needs and expectations of employees and
customers alike [15][16].

Integration & Ecosystem: Al systems must integrate seamlessly with existing logistics platforms and
technologies. The Integration & Ecosystem pillar tracks how well Al systems work within the broader
technological ecosystem, measured through KPIs like System Interoperability Score and Real-Time Data
Synchronization [6][17].

Financial & ROI: This pillar tracks the financial impact of Al implementations, including cost savings and
return on investment (ROI). KPIs such as Cost Savings from Al and ROI on Al Projects allow airlines to
measure the economic value that Al systems bring to logistics operations [18].

Crisis Resilience & Risk: Al's ability to manage risks and disruptions is a critical factor in maintaining
operational continuity during crises. KPIs such as Crisis Response Time and Supplier Risk Index measure how
well Al systems support risk management and recovery efforts during unforeseen events, ensuring resilience
in airline logistics [7][9].

5.3 Key Dependencies and Data Requirements
The successful implementation and monitoring of the proposed KPI framework depend on several critical factors:

Data Quality: High-quality, real-time data is essential for assessing the performance of Al systems across all
pillars. Data from various sources, including aircraft sensors, operational systems, and customer interactions,
must be integrated and analyzed to provide actionable insights.

Interoperability: For the framework to work effectively, Al systems must be interoperable with existing
logistics platforms, such as MRO systems, inventory management systems, and supply chain platforms.
Regulatory Compliance: Airlines must ensure that their Al systems comply with both local and international
regulatory standards related to safety, privacy, and environmental impact.

Stakeholder Alignment: All stakeholders, including airline logistics managers, Al developers, and regulators,
must align their efforts to achieve the common goal of optimizing Al performance and ensuring that Al systems
contribute positively to the airline's strategic objectives.

6. Framework Validation
6.1 Validation Process
The proposed Al performance framework was validated through a multi-step process involving:

Expert Delphi Survey: Engaging a panel of 15 experts from the airline logistics, Al development, and regulatory
sectors to evaluate the relevance and applicability of the KPI categories and metrics.
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e Pilot Deployment: Conducting pilot deployments of the framework in MRO logistics and spare parts
forecasting to test its practicality in real-world operations.

e Comparative Analysis: Comparing the outcomes of Al-driven logistics performance with traditional KPI
systems used in airline logistics to assess improvements in operational efficiency, sustainability, and safety.

6.2 Key Findings
The validation process yielded several important findings:

e The framework enhances transparency in Al performance evaluation, ensuring that airlines can clearly assess
the effectiveness of Al systems in meeting safety, sustainability, and operational efficiency objectives.

e There is improved alignment between Al outcomes and strategic goals, as the framework integrates financial
performance, customer satisfaction, and regulatory compliance metrics.

e The framework provides better stakeholder confidence in Al governance, ensuring that Al systems are ethical,
transparent, and aligned with industry regulations.

o Data governance and bias mitigation in Al logistics tools remain critical areas for improvement, highlighting
the need for robust data validation practices.

7. Managerial Implications

The implementation of the 360-degree, multi-layered Al performance framework provides significant managerial
insights and practical implications for various stakeholders within the airline logistics industry. These stakeholders
include airline logistics managers, technology providers, and regulatory bodies. This section outlines the strategic
implications of the framework for each group and offers guidance on how to effectively integrate Al systems into airline
logistics operations.
7.1 For Airline Logistics Managers

Airline logistics managers are crucial in the adoption and integration of Al technologies across the logistics chain.
The Al performance framework offers a structured methodology to evaluate the impact of Al on operational efficiency,
safety, and sustainability, among other factors.

e Performance Evaluation: The framework provides a systematic approach to monitor and measure Al
performance against predefined KPIs. Managers can use this to assess whether Al systems meet operational
goals, regulatory requirements, and sustainability objectives.

e Cross-functional Alignment: The framework fosters alignment across various departments such as Supply
Chain Management (SCM), Information Technology (IT), safety, and sustainability teams. This cross-
functional collaboration is critical to ensuring that Al systems are effectively integrated into airline logistics
operations and that all relevant stakeholders are aligned with strategic goals.

e Evidence-based Investment Decisions: The comprehensive nature of the framework allows managers to make
data-driven decisions when investing in Al tools. By assessing the financial impact, operational benefits, and
ROI of Al systems, managers can prioritize investments that align with the airline's long-term goals.

e Risk Management and Compliance: The framework aids in identifying and addressing risks associated with Al
systems, such as regulatory compliance and ethical concerns. It helps ensure that Al technologies are compliant
with both local and international regulations, reducing the risk of legal or financial penalties.

7.2 For Regulators

Regulatory bodies play a crucial role in ensuring that Al technologies are deployed safely and ethically within the
airline industry. The Al performance framework provides several benefits for regulators in monitoring and overseeing
Al systems.

e Transparent Monitoring: The framework offers clear metrics to track the performance of Al systems, ensuring
that airlines meet industry-specific regulatory standards for safety, sustainability, and ethical governance.
Regulatory bodies can leverage the framework to assess the operational integrity of Al systems and their
alignment with ICAO, EASA, and IATA guidelines.

o Safety and Risk Mitigation: Given the safety-critical nature of airline operations, regulators can use the
framework to ensure that Al systems effectively reduce safety risks, meet audit readiness requirements, and
comply with established safety standards. This ensures that Al integration does not compromise operational
safety.

o Ethical Al and Bias Mitigation: Regulatory bodies are increasingly concerned with the ethical implications of
Al, including issues related to bias detection, data privacy, and algorithmic transparency. The framework's
focus on Ethical & Responsible Al helps regulators monitor and enforce ethical Al practices in the airline
logistics sector.

e  Sustainability Compliance: With growing pressure for the aviation industry to adopt sustainable practices,
regulators can use the framework's Sustainability pillar to track progress on environmental goals, such as
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reducing CO2 emissions and energy consumption. This helps ensure that airlines remain compliant with green
logistics regulations and climate change policies.
7.3 For Technology Providers

Al technology providers are key enablers of Al integration within the airline logistics industry. The 360-degree,
multi-layered KPI framework offers valuable insights into how technology providers can align their products with the
needs of airline logistics operations.

e Product Alignment: The framework enables Al technology providers to tailor their solutions to meet the
specific needs of the airline logistics sector. By understanding the critical KPIs such as Operational Efficiency,
Sustainability, and Innovation, technology providers can develop Al tools that address these core requirements.
This alignment with industry needs increases the likelihood of adoption and long-term success.

e Compliance and Safety Features: Given the regulatory environment surrounding airline operations, technology
providers can use the framework to ensure that their Al systems meet safety and compliance standards. This
involves incorporating features that allow airlines to track Safety Incident Rates, Audit Readiness, and
Maintenance Compliance Rates.

e Ethical and Transparent Solutions: As regulators focus more on ethical Al practices, technology providers can
use the framework to develop explainable Al solutions that promote transparency and fairness. By building
tools that provide clear explanations for Al decisions, providers help airlines adhere to ethical guidelines and
mitigate concerns related to algorithmic bias.

e Continuous Improvement: The framework’s Innovation & Continuous Improvement pillar encourages
technology providers to prioritize ongoing R&D efforts and adapt their solutions to emerging industry trends.
By tracking metrics such as Experiment Success Rate and Time to Market for Al Features, providers can ensure
that their products evolve in response to new challenges and opportunities.

7.4 Strategic Integration Considerations

For all stakeholders, successful integration of Al in airline logistics requires a holistic approach. The following
strategic considerations are essential for leveraging the framework effectively:

e Data Integration and Quality: Al systems rely heavily on data, and ensuring the quality, accuracy, and
consistency of data is paramount. Airlines must establish robust data validation and governance practices to
support the KPIs in the framework, especially for Data Quality & Governance.

e Training and Skill Development: The successful adoption of Al requires skilled personnel who can manage,
operate, and optimize Al systems. Airlines should invest in comprehensive training programs that cover Al
system management, ethical Al principles, and data governance. This ensures that staff are equipped to handle
the challenges of Al integration and maximize its potential.

e Stakeholder Engagement: Achieving alignment across different stakeholders is essential for successful Al
adoption. Airlines should engage with regulatory bodies, technology providers, and internal departments to
ensure that the Al systems meet all necessary requirements and are implemented smoothly.

e Crisis Management and Risk Mitigation: Al can help airlines improve their crisis resilience by predicting and
preventing disruptions. The Crisis Resilience & Risk pillar of the framework helps airlines prepare for
unexpected events by leveraging Al's ability to analyze vast amounts of data in real time and provide actionable
insights for risk mitigation.

The 360-degree, multi-layered Al performance framework provides a comprehensive and actionable tool for airline
logistics managers, regulators, and technology providers. By focusing on key pillars such as safety, sustainability,
operational efficiency, ethical Al, and innovation, the framework helps airlines effectively integrate Al into their
logistics operations, ensuring alignment with industry regulations and long-term strategic goals. The implementation of
this framework will enable airlines to achieve operational excellence, enhance sustainability, and ensure Al governance
while addressing the evolving challenges of the aviation sector.

8. Conclusion

This paper introduces a 360-degree, multi-layered KPI framework designed to assess the performance of Al systems
in airline logistics. The framework integrates key pillars such as safety, sustainability, operational efficiency, and
innovation, offering a comprehensive and actionable tool for evaluating the effectiveness of Al-driven solutions within
the airline industry. By focusing on both operational metrics and ethical considerations, the framework addresses the
unique challenges faced by airlines in managing logistics, ensuring that Al technologies align with broader corporate
goals.
8.1 Summary of Contributions

The Al performance framework contributes significantly to both theory and practice:
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Theoretical Contribution: The framework integrates established theories in Supply Chain Management (SCM),
Al governance, and digital transformation with performance management models to create a unified, industry-
specific approach for evaluating Al performance in airline logistics.

Practical Contribution: The framework provides actionable insights for airline logistics managers, regulators,
and technology providers. By identifying the most relevant KPIs for safety, operational efficiency, and
sustainability, it helps stakeholders align Al system performance with strategic business goals, ensuring a
robust evaluation process across all logistics functions.

8.2 Key Findings
The development and validation of the 360-degree Al performance framework yielded the following key findings:

1.

Comprehensive Metrics: The framework incorporates a balanced mix of cost-driven and revenue-driven KPIs,
addressing both traditional performance measures (such as On-Time Performance (OTP) and Fuel Efficiency)
and Al-specific metrics (such as Ethical Al Compliance and Innovation Velocity).

Multi-dimensional Approach: The framework's structure, comprising three key dimensions Activities, Decision
Levels, and Actors enables a thorough evaluation of performance across various operational facets of airline
logistics. This multi-dimensional perspective ensures that no critical area is overlooked.

Al Integration: The framework emphasizes the importance of integrating Al across various functions, such as
predictive maintenance, resource optimization, and Al-enabled decision support. By incorporating both
historical and real-time data, the framework supports proactive decision-making and continuous improvement.
Ethical and Responsible Al: A key feature of the framework is its focus on ethical Al and data governance,
which are critical in ensuring that Al systems operate transparently and fairly. This aligns with the growing
emphasis on algorithmic accountability and bias mitigation in Al adoption.

8.3 Managerial Implications
The 360-degree, multi-layered KPI framework offers the following practical benefits for key stakeholders:

For Airline Logistics Managers: The framework provides a structured methodology for evaluating Al systems,
helping managers monitor system performance, manage risks, and align Al initiatives with corporate
objectives. It aids in justifying investments in Al technologies by demonstrating their ROI and impact on
efficiency, sustainability, and safety.

For Regulators: The framework helps regulators track Al system compliance with safety and ethical standards,
ensuring that Al technologies do not compromise operational integrity or regulatory adherence. It offers a
transparent and standardized approach to monitoring Al performance in the airline logistics sector.

For Technology Providers: The framework provides a guide for technology developers to align their Al
solutions with the unique needs of airline logistics, ensuring that their products meet industry-specific
requirements. It encourages the development of audit-ready, explainable Al solutions that foster stakeholder
trust and regulatory compliance.

8.4 Future Research Directions
While the 360-degree Al performance framework provides a comprehensive solution for evaluating Al systems in
airline logistics, future research can explore the following avenues:

1.

Cross-Airline Benchmarking: Future studies could explore how Al systems perform across different airlines
and regions, developing benchmarks that enable comparative analysis of Al effectiveness. This would help
identify best practices and areas for improvement in Al adoption.

Longitudinal Studies: Research could investigate the long-term impact of Al adoption on airline logistics
performance. Longitudinal studies can track improvements over time, offering insights into the sustained
benefits of Al systems in operational efficiency, safety, and sustainability.

Generative Al and Predictive Al: Further research can examine the integration of Generative Al and Predictive
Al in logistics operations. These technologies have the potential to enhance real-time decision-making, demand
forecasting, and supply chain optimization, offering opportunities for even greater performance improvements.

The 360-degree, multi-layered KPI framework for Al performance management in airline logistics offers a robust
and comprehensive approach to evaluating the impact of Al systems. By incorporating safety, sustainability, operational
efficiency, and innovation into a cohesive framework, the paper provides a tool that addresses both the technical and
ethical challenges of Al integration in the airline industry. The framework's adaptability to various stakeholders
including airline logistics managers, regulators, and technology providers ensures its relevance in a rapidly evolving

industry.

As Al continues to transform airline logistics, this framework offers a foundation for continuous improvement,
enhanced performance, and the realization of operational excellence. By aligning Al-driven innovations with strategic
business goals, airlines can stay ahead of the competition while meeting the growing demands of sustainability, safety,
and customer satisfaction in the logistics domain.
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