A Framework to Minimize Environments Risks and to Identify Repurposing Operations in the Commercial Aviation Sector


Abstract
[bookmark: _Hlk159510983]This article proposes a risk management framework based on the Project Management Institute (PMI) risk management knowledge area to minimize threats in risk environments and identify repurposing operations in commercial aviation. The research method comprises three main steps: (i) the identification of repurposing and risk management methodologies applicable to commercial aviation through a literature review; (ii) the adaptation of the risk management framework for coronavirus disease 2019 (COVID-19); and (iii) a proposed framework for risk management. The developed framework identifies repurposing areas and highlights relative weaknesses that are overlooked in commercial aviation. Thus, it reduces the impact of risk environments such as pandemics, and it emphasizes the importance of considering previous historical events or lessons when generating strategies for new risk situations. Commercial aviation applies repurposing operations and promotes cooperation between supply chain actors in only a few areas. This article provides a methodology for subgroups of airlines and passengers, showing different effects between risk categories to benefit commercial aviation industry subgroups. Moreover, it contributes to risk management and decision-making in commercial aviation. The article’s proposed risk management framework identifies whether a risk environment is local, national, or global. It also allows us to reflect on the sectors involved in commercial aviation, and it recommends forming risk committees to jointly coordinate and monitor risks in order to generate global strategies and identify both areas for repurposing operations and the financial capacity needed to meet demand.
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1. Introduction
Commercial air transport is one of the most important sectors worldwide. This mode of transportation moves a large amount of people and things in less time than other modes. However, it is one of the sectors most vulnerable to risk environments (pandemics, terrorism, economic changes, etc.). During the 2019 coronavirus disease (COVID-19) outbreak, some countries closed their borders to reduce the spread of the virus (Ellis 2020; British Broadcasting Corporation News 2020a; Al Jazeera 2020). This measure caused passenger flights to decrease by more than 60% by 2020 (International Air Transport Association 2020a; Cabrera 2016). Airlines with less funding were unable to maintain operations (Warnock-Smit et al. 2021); others reduced their fleets and flights, and some even declared bankruptcy (Gholami 2021). To reduce monetary losses, some airlines modified their passenger aircraft to use them as freight aircraft. This change was called repurposing.  This framework was intended to reduce companies’ losses and return to normal production after exiting a risk environment—in this case, COVID-19. During the pandemic, repurposing was applied to many fields, such as medicine (Malik et al. 2022), circular economies (Schulz et al. 2020; Schulz-Mönninghoff et al. 2021), and air transit (Wu et al. 2022).

Published empirical research shows that repurposing operations have been studied in terms of new product introductions (NPIs) (Lopez-Gomez et al. 2020), frameworks based on multi-criteria decision-making (MCDM) techniques and expert opinions integrating industry 4.0 (Pansare and Yadav 2022; Ho et al. 2022), digital platforms and tools such as Operator 4.0, risk planning tools (Soldatos et al. 2021), resource redeployment (Kapoor et al. 2021), and barriers (Okorie et al. 2020; Poduval et al. 2021). COVID-19’s impact revealed that companies were unprepared for a global pandemic despite a recent influenza pandemic in 2009 (H1N1).

Aviation-related research has covered COVID-19’s impact on aviation (Sun et al. 2021), travel patterns (Christidis and Christodoulou 2020), the evaluation of travel measures (Bielecki et al. 2021), lessons learned (Belhaaddi et al. 2021), and strategic responses (Kilinaivoni et al. 2022; Kim et al. 2022). Most proposals have emphasized the importance of a systemic risk approach, the identification of risk types, and risk mitigation strategies. According to Hong et al. (2022), airline risk management systems constitute an organizational weakness. Some published strategies have covered the operational and regulatory aspects of repurposing passenger cabins to transport cargo (Škurla et al. 2022), the challenges and costs of passenger-to-freighter conversion (Spells and Tan 2022), and the initiatives undertaken to move people when international transit is blocked (Wu et al. 2022). Based on the above, this paper’s objective is to propose a risk management framework based on the Project Management Institute's (PMI) risk management knowledge area to minimize threats due to risk environments and identify commercial aviation repurposing operations. To achieve this objective, the following steps were undertaken:

1. Based on the PMI’s risk management knowledge area, a risk management framework applicable to commercial aviation was formulated to minimize risk environments’ impacts.
2. A hypothetical case using the risk management framework to identify commercial aviation repurposing operations was described.
3. Some strategies that could be applied during different phases of future commercial aviation emergencies were identified.

The risk management framework proposed in this paper offers a structure that is easy to implement and recognizes the level at which a risk environment must be managed (local, national, or global). This proposal will allow the commercial aviation industry or any other industry to identify the groups involved and their level of commitment, as well as the extent of communication and information they require. The theoretical contribution of this paper will contribute to risk management and decision-making in commercial aviation. 

The remainder of this paper is structured as follows. Section 2 presents a literature review of risk management, the main methodologies, and repurposing. Section 3 details this study’s research methodology; it describes the proposed risk management framework and explains the study’s data collection and analysis. Section 4 presents a hypothetical case to which the proposed framework was applied. Section 5 summarizes the results concerning the identified repurposing operations for airline and passenger subgroups. Finally, Section 6 presents the study’s conclusions, limitations, and recommendations.

2. Literature Review
This literature review is divided into two subsections. The first subsection includes some risk management methodologies applicable to commercial aviation. The second subsection presents definitions of repurposing, a roadmap, and barriers.

2.1 Risk Management
A risk is an uncertain event or condition that can, if it occurs, positively or negatively affect one or more proposed objectives (Project Management Institute 2021). Usually, risk management has focused mainly on negative threats and failures (Kaplan and Mikes 2012). Currently, the risk management approach is intended to decrease threats’ probability or impact or to increase opportunities’ increase probability or impact (Mulcahy 2018). Companies can use different risk management methodologies to manage risks. Table 1 summarizes the main risk management methodologies that can be applied to environmental risk.

Kaplan and Mikes (2012) suggested that companies face three risk categories that require different risk management approaches: (1) preventable risks, which arise within an organization and are monitored and controlled through a rules-based model (rules, values, and standard compliance tools); (2) strategy risks; and (3) external risks, which both require alternative approaches through which managers find cost-effective ways to reduce the likelihood of risky events or mitigate their consequences. These three categories entail four main steps: (1) defining risk mitigation objectives, (2) identifying a control model, (3) establishing the risk management staff’s function, and (4) defining a risk management function’s relationship to business units. This approach focuses primarily on risks facing companies (Yun 2023).

Kot and Dragon (2015) proposed a risk catalogue with three risk levels: strategic, financial, and operational. At every level, the risk type is defined and broken down. For example, natural risks belong to operational risks, and they are broken down in extreme climate and natural disasters. In the enterprise risk management (ERM) structure, they specify seven components: (1) risk identification, (2) risk owner identification, (3) the alignment of the responsibility for risks, (4) creating a central risk function, (5) creating a “storehouse of knowledge” concerning ERM, (6) the involvement of a company’s management board (Jia and Li 2022), and (7) the use of a standardized risk assessment process. This approach considers risk holistically in the context of a company’s strategy and objectives.
ISO 31000:2018 (International Organization for Standardization 2018) provides guidelines on managing risks that face organizations. They can be customized to any organization and its context. These guidelines are based on eight principles: (1) integration, (2) structure and comprehensibility, (3) customization, (4) inclusivity, (5) dynamism, (6) the best available information, (7) human and cultural factors, and (8) continual improvement. The framework focuses on integration, design, implementation, evaluation, improvement, and leadership and commitment. The risk of this approach is that it mainly considers top-management stakeholders, who sometimes do not fully participate in operations (Bucke et al. 2022).
Huo et al. (2021) considered disaster management analysis and operations to continually manage emergencies. The cycle they identified considers four main stages: (1) prevention and mitigation, (2) preparedness, (3) response, and (4) recovery. It also involves five steps: (1) risk evaluation and assessment, (2) risk management response, (3) risk management recovery, (4) risk management mitigation, and (5) risk management preparedness. This approach helps address the main issues related to disaster preparedness, economic rehabilitation, and disaster-affected businesses (Kumar and Mallipeddi 2022).
Table 1. Risk management methodologies.
	Methodologies
	References
	Framework or risk categories

	System risk management
	Kaplan and Mikes (2012)
	Three risk categories: preventable, strategic, and external risks

	Enterprise risk management (ERM)
	Kot and Dragon (2015)
	Seven major components and three risk levels: strategic, financial, and operational

	ISO 31000:2018
	ISO (International Organization for Standardization 2018)
	Eight principles based on five components: integration, design, implementation, evaluation, and improvement

	Risk performance analysis and disaster management framework
	Huo et al. (2021)
	Four main disaster management analysis and operations stages: prevention and mitigation, preparedness, response, and recovery; five disaster management steps: risk evaluation and assessment, risk management response, risk management recovery, risk management mitigation, and risk management preparedness

	Risk management
	Project Management Institute (2013, 2021)
	Seven risk management processes: plan risk management, identify risks, qualitative analysis, quantitative analysis, plan risk responses, implement risk responses, and control and monitor risks

	Failure mode and effective analysis (FMEA) and bow tie
	Ambarwati et al. (2022)
	Seven risk management steps: data, process, and risk identification with FMEA, RPN score, determine priority for completion of work, determine priority based on RPN score, and root cause analysis

	Supply chain risk mitigation strategies (SCRMS)
	Fan and Stevenson (2018)
	Identification, assessment, treatment, and monitoring of supply chain (SC) risks

	Strategic response map
	Kim et al. (2022)
	Risk environment, various risks, response measures, and lessons learned for an effective response





The Project Management Institute’s (2013 2021) methodology involves seven steps: (1) planning risk management, (2) identifying risks, (3) performing qualitative analysis, (4) performing quantitative analysis, (5) planning risk responses, (6) implementing risk responses, and (7) controlling or monitoring risks. The advantages of this approach include the early identification of risk, the assignment of roles and responsibilities, timely communication, the incorporation of findings based on past events (lessons learned), and stakeholders’ involvement. Additionally, it allows organizations to determine the cost of risk response strategies, which helps with better decision-making. The activities carried out in each process are neither exhaustive nor fixed; they depend on the magnitude of the risk environment.

The Failure Mode and Effective Analysis (FMEA) or bow tie method (Ambarwati et al. 2022) comprises seven steps: (1) obtaining data for analysis, processing, and risk identification with FMEA; (2) assigning a risk priority number (RPN) score based on severity, occurrence, and detection; (3) determining the priority for works’ completion; (4) bow tie analysis (determining priority based on RPN scores); (5) analyzing causes; (6) applying corrective action; and (7) preventing action (steps 6 and 7 are abbreviated as CAPA). This method identifies a risk’s route cause (RC), preventive actions, recovery actions, and RPN scoring consequences. Although RCA can take too long, it helps clearly define risks and prescribe actions.

The Supply Chain Risk Mitigation Strategies (SCRMS) comprise the identification, assessment, treatment, and monitoring of supply chain (SC) risks (Fan and Stevenson 2018). The Strategic Response Map for cascading pandemics consists of a risk environment, various risks, response measures, and lessons learned for effective responses (Kim et al. 2022). Both proposals emphasize the importance of a systemic risk approach, the identification of risk types, and risk mitigation strategies.

The Strategic Response Map comprises anticipated risk, emerging risk, amplified risk, and lingering risk. The authors proposed a strategic response map to address cascading pandemics.

Therefore, this paper applies the risk management framework based on the PMI (2013 2021). It identifies opportunities for repurposing operations to avoid the huge costs and time involved in developing new infrastructure for commercial aviation operations. Furthermore, this framework’s application will help prevent risky environments during the early stages.

2.2 Repurposing
Repurposing has been practised since people began creating and acquiring products (Ali et al. 2020). However, as time goes by, and according to the needs of certain industries, the term has acquired different definitions. In 2009, repurposing was defined as “utilizing a product or its components in a role that it was not originally designed to perform” (BS 8887-2 2009). In 2010, repurposing was defined as “the activity to create a new or a second life for an existent product by making some transformations to it” (Aguirre 2010). These concepts were used to repurpose building materials (Assefa and Ambler 2017), metadata (Kurt et al. 2004), and innovations (Mars 2014).

COVID-19 led to a new approach to repurposing. A rapid response solution was needed to address the global shortage of critical products using idle manufacturing capacity (López-Gómez et al. 2020). With this framework, companies are intended to reduce their losses by repurposing their facilities and returning to normal production after exiting a risk environment. During the pandemic, repurposing was applied to many fields, such as medicine (Malik et al. 2022), circular economies (Schulz et al. 2020; Schulz-Mönninghoff et al. 2021), and air transit (Wu et al. 2022). The reasons for carrying out repurposing are diverse, and according to Ali et al. (2020), they can be summarized as necessity, creativity, financial, emotional, and environmental reasons.

2.2.1 Repurposing roadmap
During the pandemic, the growing demand for products on the market forced companies to look for options to generate revenue (Ho et al. 2022). However, changing operations is not always feasible; accordingly, López-Gómez et al. (2020) proposed a Rapid Repurposing Roadmap for COVID-19. The framework was based on five questions: Why repurpose? What should be repurposed? How should repurposing take place? When should the repurposing happen (the timeline according to the local context)? And who should coordinate this effort? All of these activities are based on NPI processes.

Why repurpose? The reason for repurposing is to estimate critical supply needs and shortages (Chervenkova and Ivanov 2023). Policymakers must ensure repurposing incentives. At this point, liaising with health sectors and public authorities is mandatory.

What should be repurposed? Industry representatives must be aware of which items could be repurposed. Moreover, such representatives and government officials must verify whether some products could be repurposed in local communities. In 2020, the WHO listed critical items; for example, clinical care equipment was manufactured in aerospace manufacturing plants.

How should repurposing take place? Governments must share specifications (safety specifications, standards, type approvals, quality information, and conformity details) about required products. When the pandemic started, some products were returned because they did not meet medical standards. The root cause was poor communication with the health sector (Butler 2020).

Who should coordinate repurposing? Authors have established that this point is crucial to hasten repurposing. In some countries, public centers of excellence or technology and innovation centers started to take the lead.

2.2.2 Barriers
Repurposing is not always achieved overnight. In some cases, complying with regulatory requirements specific to each sector is necessary. During the pandemic, several barriers to manufacturing and manufacturing repurposing were identified. In a study by Okorie et al. (2020), research several respondents indicated that they were unable to repurpose due to an increased demand for their product types, financial constraints due to increased repurposing costs, time constraints, safety and regulatory concerns, and a lack of skillsets to support repurposing.

On the other hand, Poduval et al. (2021) identified strategic, cultural, technological, and innovation barriers for which plant managers were responsible. These professionals are also responsible for modifying existing operations and planning changes accordingly. Therefore, the determination of not only where and which operations should be repurposed but also the barriers involved is necessary.
3. Methodology
This study’s research methodology comprised three steps: first, the identification of repurposing and risk management methodologies applicable to commercial aviation through a literature review; second, the adoption of a risk management framework for COVID-19; and third, the proposal of this risk management framework. Project management according to the PMI is usually performed when implementing any kind of project. The goal is to prevent problems and avoid dealing with them, which concerns how much time and money could be saved. Unlike other methodologies, the proposal by Kim et al. (2022) does not consider the cost of risks, and the Sendai Framework focuses on pandemics and epidemics, though it also addresses both natural and human hazards, as well as related environmental, technological, and biological risks.

Figure 1 depicts the risk management framework. It begins when a risk environment is identified. The sector where this scenario occurs should form a risk committee to manage this event. Then, this committee should identify whether the risk environment is local, national, or global before initiating risk management processes. The committee should also identify whether other sectors are involved in the risk environment (government, tourism, etc.). If more sectors are involved, they should be identified, and a high-level crisis committee should be established to coordinate all the involved sectors. This latter committee should coordinate high-level risk management and establish strategies to mitigate the risk event. The high-level committee should also keep stakeholders informed.

Once the risk environment has been resolved, the lessons learned from this event should be identified, and all documents, policies, and processes should be updated and communicated. This framework suggests that preventive activities be conducted periodically. When the COVID-19 pandemic began, many young people may have been unaware of the pandemic during the previous century (Spanish flu) and how it was managed. If simulation exercises had been carried out every five years (for example), awareness would likely be generated about the precautions that should be followed in similar situations. Such exercises would provide insight into plans and capabilities in a realistic environment, allowing for improvement through practice.
The proposed risk management processes and their corresponding activities are based on the works of the PMI and Mulcahy (2018), and they are shown in Figure 2. They comprise the following: (1) planning risk management, (2) identifying risks, (3) qualitative and quantitative risk analysis, (4) planning risk responses, (5) implementing risk responses, and (6) monitoring risks. Processes 1–5 are sequential, and Process 6 involves constant monitoring throughout an event (Mulcahy 2018). The activities carried out as part of each process are not exhaustive since their application depends on the magnitude of a risk environment.

The units of analysis used in this study were publicly available data from governments, organizations, and newspapers related to airlines and passengers during COVID-19.

3.1 Data Collection
Data are collected at different times throughout a risk environment. When the event starts, risk management processes and a crisis committee (at least the first approach, risk managers, operations managers, and plant managers) are put in place. Depending on the risk environment, the related crisis committee must identify the areas, industries, supply chains, and international institutions.

During the first process, planning risk management, the crisis committee defines the plan for managing risks, work approaches, roles, and responsibilities. It also assigns a single point of contact and defines authority levels for decision-making to avoid the duplication or omission of activities. Stakeholders, documents, and previous findings are also identified. This work considers lessons learned from experiences with SARS, Middle East Respiratory Syndrome (MERS), and respiratory viruses’ known routes of transmission.
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Figure 1. Risk environment framework flow chart.


During the second process, identifying risks, the crisis committee identifies risks and involves the main stakeholders as soon as possible. For the COVID-19 emergency, stakeholders and expert judges were included from the WHO, the International Air Transport Association (IATA), airlines, governments, and researchers. However, literature reviews, research, communication, and non-stakeholder involvement can also be considered (Mulcahy 2018). Techniques such as brainstorming, interviewing, or root cause analysis are used to identify the risks associated with a risk environment and their associated categories (Cerniglia-Lowensen 2015). Documents, policies, and regulations related to an event should also be considered (Mulcahy 2018).
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Figure 2. Risk management processes.
Note: Figure 1 was adapted from the works of the Project Management Institute (2013) and Mulcahy (2018). * Lessons learned: knowledge gained during past events used to improve future performance for a team or an organization (Mulcahy 2018). ** Risk owner: someone who helps lead the development of a risk response and enacts this risk response (Mulcahy 2018, p. 470).


We also considered secondary data from government organizations and private companies’ publications, books, records, articles, and websites published between 2019 and 2022. Expert judgment is key to identifying risks, and it should be considered. In this context, expert judgment comprises a set of opinions by professional experts on commercial aviation, COVID-19, or discipline in relation to the risk environment.

During the third process, qualitative risk analysis, every risk is assessed based on its probability and impact. A scale of 1–5 for probability (1 = very low: almost impossible; 2 = low: it could happen; 3 = medium: it could happen any time, 4 = high: it usually happens; and 5 = very high: it is a fact that can happen) is used. Similarly, impacts are scored from 1 to 5, depending on their positive or negative consequences (1 = negligible: the impact is not a problem; 2 = minor: the impact is low, and few people are affected; 3 = moderate: the impact is medium, and some areas or countries are affected; 4 = major: the impact is high, and many areas or countries are affected; and 5 = catastrophic: the impact is very high, it can halt several countries’ economies, and it affects many people).

The risk severity index is calculated by multiplying the probability and impact values. A risk is considered very high for outcome values of 20–25, versus high for 12–16, medium for 8–10, low for 3–6, and very low for 1–2. Figure 3 depicts a risk assessment map.
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Figure 3. Risk assessment map.
Next, the risk attention priority—that is, the order in which a risk should be attended to—is assigned. These scores are assigned sequentially; 1 indicates the highest attention priority.

During the framework’s fourth process, planning risk responses, risk scores are listed from the highest priority to the lowest. Additionally, the crisis committee defines risk responses to eliminate threats and ensure opportunities. It also identifies whether repurposing operations could be applied. According to Harvey (2005) and Mulcahy (2018), risk response strategies are divided into three categories: threats (avoiding, mitigating, or transferring risk), opportunities (exploiting, improving, or sharing risks), and threats and opportunities (escalation and acceptance). Table 2 depicts the risk response options.
Table 2. Risk response options from Mulcahy (2018)
	Threats
	Opportunities
	Both threats and opportunities

	Avoid
	Exploit
	Escalate

	Transfer
	Improve
	Accept

	Mitigate
	Share
	—



During the fifth process, implementing risk responses, all the response actions that are part of a strategy are carried out. At this point, repurposing operations applicable to commercial aviation are identified. The actions that a response team has agreed upon are performed by responsible parties, and any changes must be documented and communicated to the entire team (Mulcahy 2018). Documents, laws, or policies must be updated or generated. Moreover, team members must confirm whether a plan has succeeded, whether any changes are needed, or whether some suggestions should be included for future cases. Timely communication must be ensured throughout the event. Communicating with stakeholders is also important at this stage to avoid misunderstandings.

Finally, the sixth process, controlling risks, assesses whether risks have been resolved or whether new risks can be identified. A team could define workarounds and evaluate a plan’s effectiveness. In this process, the team defines whether new responses are needed, and it also communicates the risk status both internally (to a work team and a crisis committee) and externally (to the general population).

3.2 Data Analysis
The data collected are analyzed to determine whether the risk environment is local, national, or global, as well as the roles and responsibilities of each risk committee member and their corresponding authority. The lessons learned help determine whether a similar event has occurred, how it was handled, and what actions must be reinforced. Assigning a unique number to identified risks helps track them throughout the event until these risks have been resolved. Additionally, risk categories are used to group risks. Assigning probability and impact values helps determine risks’ priority and cost. Assigning priority helps plan risk response strategies. Finally, data also help in planning post-risk environment preventive actions. These teams, other stakeholders, and experts should select strategies to determine the most cost-effective and likely approaches for addressing risks (Mulcahy 2018).

4. Assessing the risk environment: COVID-19
Using this risk management framework, the authors reviewed information from December 2019 to December 2022 and identified some risks for airlines and passengers during the COVID-19 pandemic.

4.1 Determining local, national, or global risk environments
The COVID-19 emergency had a global scope. Thus, many sectors and countries were involved, and they all had to collaborate in order to formulate a robust action plan. Examples of relationships between commercial aviation and some sectors are shown in Figure 4. In practice, crisis committees and relevant authorities should apply the steps we propose in order to obtain more accurate information.

4.2 Implementing Risk Management Processes
The information obtained and used in risk management processes is described in the following subsections.

4.2.1. Planning Risk Management. The risk categories in the current work were adapted from a World Economic Forum (2021) report. They comprise economic, societal, geopolitical, technological, and environmental (Table 4, Column A, and Table 5, Column B) aspects. Table 3 shows the lessons learned from past and present pandemics that were considered in this work. As it indicates, several authors agree that health systems, communications, planning, and the protection of vulnerable groups must be strengthened.

4.2.2. Identifying Risks. We used brainstorming, documents, and news to identify risks facing commercial aviation according to each risk category (Table 4, columns b and c, and Table 5, columns b and c). New risks can be identified at any time, and already-identified risk levels can change if appropriate treatment is not provided. Thus, a low-priority risk could become a high-priority if it is not properly attended to.



Table 3. Lessons learned from past and present pandemics.
	Bennett and Camey (2015)
	Da vid and Ozuluoha (2020)
	Feitelson et al. (2022)

	Strengthening global public health laws
	Health system strengthening 
	Initial response

	Strengthening regional and national preparedness
	Early planning and proper responsive measures 
	Legal context

	Flexible and responsive guidance
	Adherence to laid-down guidelines 
	—

	The importance of communication
	Timely and accurate information to counter false information
	Governance structures and networks

	Protecting vulnerable populations
	Consideration of vulnerable groups
	Political turbulence
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Figure 4. Commercial aviation and its relationship with certain sectors.
Source: Updated from Air Transport Action Group (September 2020), Aviation Benefit beyond Borders (https://www.atag.org/our-publications/latest-publication).


4.2.3. Performing Qualitative Risk Analysis. Risks were analyzed to determine their probability and impact in a risk environment according to the information defined in Figure 3. Probability values are presented in Table 4 (column e) and Table 5 (column e). Impacts are shown in Table 4 (column f) and Table 5 (column f). Outcomes are depicted in Table 4 (column g) and Table 5 (column g). Finally, risk priorities are presented in Table 4 (column h) and Table 5 (column h). In Table 4, the highest priorities were assigned to a geopolitical risk related to new airport requirements (risk 14) and agreements between countries (risk 15); as a result of these threats, some countries closed their borders, while others did not. In Table 5, the highest priorities were assigned to an economic risk related to fewer passengers (risk 1) and a geopolitical risk related to onboard flight restrictions (risk 11). Risk 11 in Table 5 is related to risk 1 in Table 4; these risk response strategies should propose actions that involve both threats.

To perform a quantitative analysis, access to confidential information from the bodies involved would have been necessary; however, the information gathered from news reports indicated the number of modified aircraft and some related costs. In 2020, the regions where the largest conversions were performed were Asia-Pacific (62 aircraft), Europe (58 aircraft), the Middle East (12 aircraft), North America (nine aircraft), Latin America (eight aircraft), and Africa (six aircraft). At the beginning of January 2021, 60 aircraft (39% of the cabin cargo fleet) returned to passenger service (Communication and Media Group 2021). In most of these cases, the change only included seat removal. The cost of conversions depended on the aircraft type. A narrowbody conversion costs $4.2 million for a 737-800 and $6.1 million for an A321-200; meanwhile, a widebody conversion costs $14.7 million for a 767-300ER and $18.4 million for an A330-300 (Spells and Tan 2022).

4.2.4. Planning Risk Responses. Risk responses are presented in Table 4 (column i) and Table 5 (column i). For the high-priority risks shown in Table 4, the risk response strategy comprised escalating the threats to the international level in order to reach an agreement between the involved countries. The crisis committee analyzed whether some repurposing operations applied to each risk, and the response is depicted in Table 4 (column j) and Table 5 (column j). For example, consider risk 3 (Table 6). A repurposing operation was identified, and the risk response considered converting a passenger aircraft to a freighter. Such a conversion takes three to four months and costs a few million dollars; however, this investment may be worthwhile. Mexican domestic airlines, such as Volaris, increased their international freight activity by 352% (SALBO LOGISTICS 2021). To make such a decision, the committee considered the barriers that airlines could face (Okorie et al. 2020; Poduval et al. 2021). These barriers include the capital needed to switch from passenger to freighter aircraft, the time needed for this switch, the trained personnel needed to achieve this transition, and access to a sufficient number of customers.

4.2.5. Implementing Risk Responses. Table 6 shows six areas where repurposing occurred in the airline subgroup. Four of them took place in the societal category, one took place in the economic category, and one took place in the technological category. Table 7 shows three areas, two in the societal category and one area in the economic category. Response strategies for repurposing areas are shown in Table 6 (column k) and Table 7 (column k). Some measures taken for the airline subgroup are shown in Table 8. These measures are examples used to illustrate the proposed response strategy.

4.2.6. Monitoring Risk. In the risk monitoring process, risks are reevaluated, updated, and resolved. This step defines whether risk responses have been effective or whether new actions are needed. It also communicates the risk status internally (to work teams) and externally (to the general population). Vaccines have allowed for economies’ partial revival; however, government strategies remain active to stop the spread of new variants (World Health Organization 2022). From 2020 to September 2022, a cumulative total of 612 million COVID-19 cases—including 6.5 million deaths—were reported in all six WHO regions (Pan American Health Organization 2022).

The lessons learned should be documented and communicated from the beginning of a risk environment to its end. These lessons should indicate what was done right, what was done wrong, and what could be done differently if the risk environment recurred. Additionally, these lessons should indicate whether policies, regulations, or procedures (among other aspects) should be reviewed and updated. All changes should be communicated to stakeholders and, if required, to the population. Finally, the results of risk management should enable the proposition of preventive actions for future events.

Table 4. Risk detection for the airline subgroup.
	Risk category (a)
	Risk
number
(b)
	Associated risk
 (c)
	Description
(d)
	Probability
(e)
	Impact
(f)
	Assessed risks
(e × f) = (g)
	Priority
(h)
	Risk response
(i)
	Does repurposing apply?
Y or N
(j)

	Economic
	1
	Decrease in passengers
	Reduction in the number of passengers who want to fly during the pandemic, leading to a reduction in airline revenue
	4
	5
	20
	4
	Mitigate
	N

	
	2
	Healthcare products
	Increased costs due to the purchase of large quantities of cleaning products to reduce contagion
	4
	4
	16
	15
	Accept
	N

	
	3
	Flight cancellations 
	Below-estimated numbers of scheduled flights due to a decrease in passengers or health decisions (border closures)
	4
	5
	20
	5
	Mitigate
	Y

	
	4
	Decrease in flights
	Fewer sold seats, reducing airline revenue
	4
	4
	16
	14
	Mitigate
	N

	
	5
	Airline bankruptcy
	Earnings below estimates and a lack of government support, leading to airline bankruptcy
	4
	5
	20
	13
	Mitigate
	N

	
	6
	Reduction in input purchases
	Fewer supplies purchased than estimated due to canceled flights
	4
	5
	20
	6
	Mitigate
	N

	Societal
	7
	Crew vaccination
	Crew vaccination below expectations due to a lack of supplies or a lack of vaccines for a new virus
	3
	4
	12
	21
	Mitigate
	N

	
	8
	In-flight measures
	Non-standard procedures: each airline generates its own procedures
	5
	5
	25
	3
	Mitigate
	N

	
	9
	Requirements for passenger flights
	Inefficiently or inconsistently communicated travel needs
	4
	5
	20
	7
	Escalate
	N

	
	10
	Training
	Crews inefficiently trained regarding the virus or emergency affecting the population
	4
	4
	16
	16
	Mitigate
	Y

	
	11
	Workplaces
	Reduction in jobs due to border closures
	4
	5
	20
	12
	Mitigate
	Y

	
	12
	Culture
	Insufficient hygiene habits among passengers and even the refusal to follow established hygiene measures to address the pandemic
	4
	5
	20
	8
	Escalate
	Y

	Geopolitical
	13
	Flight requirements
	Non-synchronized travel requirements between origins and destinations (each country establishes its own requirements)
	5
	4
	20
	9
	Escalate
	N

	
	14
	New airport requirements

	Each country establishes its own provisions for receiving flights, and some countries decide to close their borders 
	5
	5
	25
	1
	Escalate
	N

	
	15
	Agreements between countries

	A flight can receive different indications of where it should land
	5
	5
	25
	2
	Escalate
	N

	Technological
	16
	Spread of diseases
	A lack of devices to detect the presence of diseases during flights in order to reduce their spread
	3
	5
	15
	19
	Mitigate
	N

	
	17
	Physical contact
	Reduced space inside aircraft to avoid contagion
	4
	4
	16
	17
	Mitigate
	N

	
	18
	Devices to detect infections
	A lack of devices to detect people infected with COVID-19 or the poor use of such devices
	4
	5
	20
	10
	Mitigate
	Y

	Environmental
	19
	Medical waste
	Poorly treated medical waste
	4
	4
	16
	18
	Mitigate
	N

	
	20
	Personal cleaning articles during flights
	Insufficient personal cleaning supplies during flights
	4
	5
	20
	11
	Mitigate
	N

	
	21
	Garbage generated
	Excessive garbage generated during flights
	3
	3
	9
	22
	Mitigate
	N

	
	22
	Reduction in air pollution
	Reduction in pollution generated by airplanes
	3
	5
	15
	20
	Exploit
	N


Table 5. Risks detected for the passenger subgroup.
	Risk category (a)
	Risk number
(b)
	Associated risk
 (c)
	Description
(d)
	Probability
(e)
	Impact
(f)
	Assessed risks
(e × f) = (g)
	Priority
(h)
	Risk response
(i)
	Does repurposing apply?
(Y or N) (j)

	Economic
	1
	Decrease in passengers
	Decrease in passengers due to the pandemic
	5
	5
	25
	1
	Mitigate
	N

	
	2
	Healthcare products
	Greater demand for personal cleaning articles, such as face masks, antibacterial towels, and antibacterial gel
	4
	4
	16
	6
	Escalate
	N

	
	3
	Flight cancellations
	Flights canceled due to the COVID-19 emergency
	5
	2
	10
	15
	Accept
	N

	
	4
	Exceeding budgets to cover extra expenses
	Extra funds spent to cover surplus expenses due to quarantines outside the place of origin
	3
	4
	12
	9
	Accept
	N

	
	5
	Cheaper flights
	Cheaper flights due to low demand
	4
	3
	12
	10
	Exploit
	N

	
	6
	Contracting COVID-19
	Payment for medical services if necessary
	2
	5
	10
	14
	Accept
	N

	Societal
	7
	Contracting COVID-19
	Passengers infected with SARS-CoV-2 during a flight
	2
	2
	4
	19
	Mitigate
	Y

	
	8
	Flight restrictions
	Passengers refuse to use face masks during a flight
	3
	4
	12
	11
	Escalate
	Y

	
	9
	Mental health
	Mental problems due to quarantine
	4
	4
	16
	7
	Mitigate
	N

	
	10
	Social divisions
	Discrimination against unvaccinated people
	4
	3
	12
	12
	Escalate
	N

	Geopolitical
	11
	Restrictions to board a flight
	Restrictions imposed by airlines
	5
	5
	25
	2
	Accept
	N

	
	12
	Restrictions at the destination
	Requirements imposed at the destination
	4
	5
	20
	3
	Accept
	N

	
	13
	Vaccine requirements
	Type of vaccine needed to travel to a certain country
	3
	4
	12
	13
	Mitigate
	N

	Technological
	14
	Boarding control
	Lack of an automatic control system to facilitate passenger boarding and reduce contact
	3
	5
	15
	8
	Exploit
	N

	
	15
	Lack of access to technology
	Lack of access to technology for booking flights and obtaining tickets
	3
	3
	9
	16
	Escalate
	N

	
	16
	Insufficient bandwidth 
	Insufficient bandwidth to cover data demands
	3
	3
	9
	18
	Mitigate
	N

	Environmental
	17
	Medical waste
	Large amounts of masks discarded during flights
	4
	5
	20
	4
	Mitigate
	N

	
	18
	Personal cleaning articles during flights
	Large amounts of water, soap, and hand sanitizer needed for cleaning during flights
	4
	5
	20
	5
	Accept
	N

	
	19
	Trash
	Minor amounts of trash generated by passengers
	3
	3
	9
	17
	Exploit
	N


Table 6. Repurposing areas detected in the airline subgroup.
	Risk category (a)
	Risk number
 (b)
	Associated risk (c)
	Assessed risks (g)
	Priority (h)
	Risk response
(i)
	Response strategy
(k)
	References

	Economic
	3
	Flight cancellations
	20
	5
	Mitigate
	Determine whether some passenger aircraft can be modified and used as freight aircraft; satisfy product demand with maritime freighters
	Kulisch (2020), Kim and Sohn (2021), and Herrera (2021) 

	Societal
	8
	In-flight measures
	25
	3
	Mitigate
	Identify and use lessons learned about the present event
	Dube et al. (2021)

	Societal
	10
	Training
	16
	16
	Mitigate
	Train cabin crews on the emergency and then reassign them to assist with health services
	British Broadcasting Corporation News (2020)

	Societal
	11
	Workplaces
	20
	12
	Mitigate
	Train cabin crews on the emergency and then reassign them to assist with health services
	British Broadcasting Corporation News (2020)

	Societal
	12
	Culture
	20
	8
	Escalate
	Reinforce the advantages of using masks, hand washing, and a healthy distance to the population before, during, and after flights
	Dube et al. (2021)

	Technological
	18
	Devices to detect infections
	20
	10
	Mitigate
	Permanently use infrared thermometers before, during, and after flights
	Dube et al. (2021)





Table 7. Repurposing areas identified in the passenger subgroup.
	Risk category (a)
	Risk number
(b)
	Associated risk (c)
	Assessed risks (g)
	Priority (h)
	Risk response
(i)
	Response strategy
(k)
	References

	Societal
	7
	Contracting COVID-19
	4
	19
	Mitigate
	Airport, air, and hotel authorities can achieve the following, depending on the number of sick people:
(1) Define which airports will receive flights with people who are infected with a certain virus.
(2) Adapt some hotels as hospitals
	Organización Panaméricana de la Salud (2020)

	Societal
	8
	Flight restrictions
	12
	11
	Escalate
	Reinforce to the population the advantages of using masks, hand washing, and a healthy distance before, during, and after flights; periodically strengthen simulation exercises that test preparations for a global pandemic (as is done for earthquakes) to inform passengers of this emergency type
	Organization Panamericaine de la Santé (2018)

	Technological
	14
	Boarding control
	15
	8
	Exploit
	Standardize the use of electronic boarding passes
	British Broadcasting Corporation News (2020b)



Table 8. Planning risk responses.
	Risk category (a)
	Risk number
(b)
	Associated risk (c)
	Assessed risks (g)
	Priority (h)
	Risk response
(i)
	Response strategy
(k)
	References

	Societal
	7
	Contracting COVID-19
	4
	19
	Mitigate
	Apply frequent, deeper cleaning and sanitization in airports and on aircraft; conduct health screening, including self-declarations and temperature screening
	Dube et al. (2021) and Project Management Institute (2020)

	Technological
	17
	Physical contact
	16
	18
	Mitigate
	Implement more contactless and self-service processes and physical distancing in airports and on aircraft when possible
	Dube et al. (2021), BBC News (2020b), and A21mx (2020)





5. Discussion
This paper’s objective was to propose a risk management framework based on the PMI risk management knowledge area in order to minimize risk environments and identify repurposing operations in commercial aviation. The following steps were taken to achieve this objective:

1. Repurposing and risk management methodologies that are applicable to commercial aviation were identified through a literature review to minimize risk environments’ impact.

The results of the first step suggest that our proposal not only allows for the identification of repurposing areas but also highlights weaker, overlooked areas in commercial aviation. Identifying and improving these areas would help decrease the impact of risk environments such as pandemics.

Moreover, this study’s proposal has shown that, during the early stages, identifying key stakeholders, defining the relationships between the affected sector and other sectors, identifying risks and lessons learned from past events, and categorizing risks are important. Risk assessment and prioritization allow for the development of strategies that minimize a disruptive event’s impact. This proposal, unlike that of Hong et al. (2022), emphasizes the importance of considering previous historical events or lessons learned when generating strategies for new risk situations.

2. The risk management framework was adapted for COVID-19 to identify repurposing operations.

The study’s risk analysis revealed a few areas where repurposing operations apply to commercial aviation. Strategic responses should consider the material and human resources, costs, barriers (increased demand, financial burdens, time, safety, and regulatory concerns), and constraints (strategical, cultural, technological, and innovation-related limitations) to quickly respond to market demands (Okorie et al. 2020; Poduval et al. 2021).

3. A risk management framework was proposed to identify strategies to apply during the different phases of future commercial aviation emergencies.

The recommendation of Belhaddi et al. (2021) to define joint actions for two sectors (airports and flights) reinforces the current work’s proposal to perform risk management jointly with all sectors related to commercial aviation. Additionally, collaboration and coordination with other subgroups and the wider industry are important. If commercial aviation authorities define sanitary protocols but other transit groups that access airport areas—such as cabs, buses, or subway authorities—lack established sanitary protocols, the safety of passengers, and transit users generally, will be affected since they could become infected when accessing transit (Nugraha and Amalia 2021).

Communication is imperative; disagreement with decisions adopted by each country and even each airline causes confusion among travelers (Bielecki et al. 2021; Sun et al. 2021). Moreover, actions that support the recovery of air mobility depend on the implementation of coordinated, standardized measures between countries (Herrera 2021).

Risks related to passenger sanitation habits require cultural changes to understand efforts that improve cleanliness, quarantines, mask use, vaccinations, case-tracking software, and maintaining a healthy distance. These practices have worked in cases such as Singapore’s SARS response (Sharratt 2020).

Importantly, the actions proposed to address risks focused on maintaining business continuity. The risk management framework also promotes cooperation among supply chain actors, which is necessary to overcome pandemic-related challenges. Sriyanto et al. (2021) concur, emphasizing supply chains’ continuity to minimize COVID-19 cases. Commercial aviation should adopt a more proactive and systemic risk management system.

The current study’s risk management proposal based on the PMI is open; the activities performed during each process can be scaled in relation to the size of the risk environment. This proposal can be complemented by the risk analysis proposed by Fan and Stevenson (2018) or the work of Kim et al. (2022), which are very detailed and can be applied to any company. The work of Kim et al. (2020), divides risks into four categories: anticipated, emerging, amplified, and lingering. The current work’s proposal divides risks into categories defined by a crisis committee. Additionally, this work’s proposed risk management framework seeks to define prevention actions that can be carried out periodically. These efforts will help inform the population about possible future impacts and how they should act.

6. Conclusions
The COVID-19 pandemic disrupted the globalized world. The transmission of new variants continues despite measures imposed across all sectors and at the local, national, and global levels. As the pandemic continues, companies must identify areas for repurposing operations so that they can quickly respond to the demand for essential and non-essential products.

This study’s literature review identified risk management methodologies applicable to commercial aviation and allowed for the identification of barriers and constraints to repurposing operations. The proposed risk management framework was based on the PMI (2013, 2021), and it will help identify whether a risk environment is local, national, or global. Additionally, it allows for a reflection on involved sectors—in this study’s case, commercial aviation. The framework recommends the creation of risk committees to jointly coordinate and follow up on risks (involving all sectors and levels). This measure will allow for the generation of global strategies and avoid contradictory actions. The proposal also allows for the identification of areas where repurposing operations can be applied. Such operations require sufficient space and financial capacity to meet demand and regulatory requirements (regulatory and safety concerns) while training individuals to support repurposing.

The information gathered in this study shows that the actions taken by governments and industries have focused more on one of the five risk criteria. Accordingly, in-depth assessments were suggested to achieve a better balance. For example, flight cancellations generated environmental benefits (a reduction in CO2 emissions) but negatively affected economic and social aspects (a loss of income and jobs).

This work also demonstrated that identifying and documenting lessons learned is a key element of improving the management of risk situations such as the COVID-19 pandemic. Concerningly, the lessons learned from previous pandemics (updating documents, policies, standards, strategies, etc.) show that the same points should be addressed, which could mean that the actions taken so far have been ineffective. Finally, the proposed framework covers actions to be taken before, during, and after a risk environment.

This research has highlighted the following insights:
· The proposed framework will help authorities, stakeholders, crisis committees, and experts involved in commercial aviation to identify, assess, and define preventive actions in a risk environment.
· Commercial aviation representatives could use the framework to improve communication, involve stakeholders, and balance response strategies in the defined risk categories.
· This framework will help commercial aviation representatives identify repurposing operation areas.
· This research has recommended actions to minimize risks to society and supply chains.

Moreover, the following theoretical contributions have been presented:
· This study contributes to risk management and decision-making in commercial aviation.
· Governments, industries, and researchers can use the proposed framework to assess the risks they face.
· This study has also proposed some activities for improving the risk management process before, during, and after a risk environment.

This study’s limitations and recommendations concern its methodology. This work was conceptual and generic, a product of our experiences in project management using the PMI methodology. Therefore, empirical validation through a case study involving all sectors related to commercial aviation during a risk environment is needed. Finally, this work did not include a quantitative risk analysis since this analysis would require access to classified information.



References
A21mx, Lanzan aerolíneas mexicanas medidas vs COVID. A21. Available: https://a21.com.mx/aerolineas/2020/05/21/lanzan-aerolineas-mexicanas-medidas-vs-covid, October 28, 2021.
Aguirre, D., Design for Repurposing: A sustainable design strategy for product life and beyond. In Industrial Designers Society of America 2010 Conference, Available: http://www.idsa.org/sites/default/files/DesignForRepurposing.pdf, 2010.
Air transport Action Group, Aviation benefit beyond borders, ATAG, Available: https://www.atag.org/our-publications/latest-publications.html, September 2020.
Al Jazeera, Coronavirus: Travel restrictions, border shutdowns by country. Al Jazeera, Available: https://www.aljazeera.com/news/2020/6/3/coronavirus-travel-restrictions-border-shutdowns-by-country, 2020.
Ali, M., Shaukat, M., Merah, N., Pashah, S., Product Repurposing: Typology and design considerations. RISUS – Journal of Innovation and Sustainability, https://doi.org/10.23925/2179-3565.2020v11i2p18-32, 2020.
Ambarwati, R., Yuliastri, D., Sulistiyowati, W., Human resource risk control through COVID-19 risk assessment in Indonesian manufacturing, Journal of Loss Prevention in the Process Industries, https://doi.org/10.1016/j.jlp.2021.104665, 2022.
Assefa, G., Ambler, C., To demolish or not to demolish: Life cycle consideration of repurposing buildings, Sustainable Cities and Society, http://dx.doi.org/10.1016/j.scs.2016.09.011, 2017.
Belhadi, A., Kamble, S., Chiappetta, C., Gunasekaran, A., Ndubisi, N., Venkatesh, M., Manufacturing and service supply chain resilience to the COVID-19 outbreak: Lessons learned from the automobile and airline industries, Technological Forecasting and Social Change, https://doi.org/10.1016/j.techfore.2020.120447, 2021.
Bennett, B., Carney, T., Planning for Pandemics: Lessons from the Past Decade, Journal of Bioethical Inquiry, DOI 10.1007/s11673-014-9555-y, 2015.
Bielecki, M., Patel, D., Komorowski, M. et al., Air travel and COVID-19 prevention in the pandemic and peri-pandemic period: A narrative review, Travel Medicine and Infectious Disease, https://doi.org/10.1016/j.tmaid.2020.101915, 2021.
British Broadcasting Corporation News, Coronavirus: Britons urged to avoid non-essential travel abroad, BBC News, Available: https://www.bbc.com/news/uk-51924405, March 17, 2020a.
British Broadcasting Corporation News, Coronavirus: NHS Nightingale work for Virgin and EasyJet staff, BBC News, https://www.bbc.com/news/uk-england-london-52085701, March 30, 2020b.
BS 8887-2, BSI Standards publication design for manufacture, assembly, disassembly and end-of-life processing (MADE) part 2: terms and definitions, 2009.
Bucke, V., Ruzele, D., Buckus, R., Link Between the Application of Quality Management Principles and Risk Management in Healthcare, Proceedings 12th International Scientific Conference Business and Management, https://www.webofscience.com/wos/woscc/full-record/WOS:000887405800083,  2022.
Butler, S., First batch of BrewDog hand sanitizer turned down by local hospital, The Guardian, https://www.theguardian.com/business/2020/apr/02/brewdog-hand-sanitiser-turned-down-local-hospitals-scotland, 2020.
Cabrera, A., Transporte aéreo internacional de mercaderias. Publicaciones ICEX, Madrid, 2016.
Cerniglia-Lowensen, J., Learning from Mistakes and Near Mistakes: Using Root Cause Analysis and Risk Management Tool, Journal of Radiology Nursing. https://doi.org/10.1016/j.jradnu.2014.11.004, 2015.
Chervenkova, T., & Ivanov, D., Adaptation Strategies for Building Supply Chain Viability; a case Study Analysis of the Global Automotive Industry Re-purposing During COVID-19 Pandemic. Transportation Research Part E-Logistics and Transportation Review, 177 (103249). DOI: 10.1016/j.tre.2023.103249, 2023.
Christidis, P., Christodoulou, A., The predictive capacity air travel patterns during the global spread of the covid-19 pandemic: Risk, uncertainty, and randomness, International Journal of Environmental Research and Public Health, https://doi.org/10.3390/ijerph17103356, 2020.
David, K., Ozuluoha, C., Past and Present Viral Pandemics: Lessons Learnt and Future Recommendations, International Journal of Health and Life Sciences, doi:10.5812/ijhls.108965, 2020.
Dube, K., Nhamo, G., Chikodzi, D., COVID-19 pandemic and prospects for recovery of the global aviation industry, Journal of Air Transport and Management, https://doi.org/10.1016/j.jairtraman.2021.102022, 2021.
Ellis, N., Coronavirus travel restrictions around the world: A country-by-country list, USA TODAY, Available: https://www.usatoday.com/story/travel/news/2020/03/17/coronavirus-travel-bans-countries-impose-travel-restrictions/5058513002/, March 17, 2020.
Fan, Y., Stevenson, M., A review of supply chain risk management: definition, theory, and research agenda, International Journal of Physical Distribution & Logistics Management, https://doi.org/10.1108/IJPDLM-01-2017-0043, 2018.
Feitelson, E., Plaut, P., Salzberger, E., Learning from others’ disasters? A comparative study of SARS/MERS and COVID-19 responses in five polities, International Journal of Disaster Risk Reduction, 10.1016/j.ijdrr.2022.102913, 2022.
Gholami, M., Issue of Covid-19 in Air Transport Industry, American Journal of Mechanical and Industrial Engineering, DOI: 10.11648/j.ajmie.20210603.12, 2021.
Grupo Comunicación y Medios, Aerolíneas modifican 155 aviones para transportar carga en cabina, T21, https://t21.com.mx/aereo/2021/01/14/aerolineas-modifican-155-aviones-transportar-carga-cabina, 2021.
Harvey, J., FICC Markets Standards Board: Statement of Good Practice for FICC Market Participants: Conduct Training, Available: https://fmsb.com/wp-content/uploads/2017/01/16-12-08-SoGP-Conduct-Training_FINAL.pdf. FMSB, 2005.
Herrera, A., Impacto de la COVID-19 en el transporte aéreo de pasajeros y carga en México durante el 2020, Instituto Mexicano del Transporte, Available: https://www.imt.mx/archivos/Publicaciones/PublicacionTecnica/pt629.pdf, 2021.
Ho, W., Maghazei, O., Netland, T., Understanding manufacturing repurposing: a multiple‑case study of ad hoc healthcare product production during COVID‑19, Operations Management Research, https://doi.org/10.1007/s12063-022-00297-1, 2022.
Hong, S., Savoie, M., Kincaid, T., Analysis of airline employees’ perceptions of corporate preparedness for COVID-19 disruptions to airline operations, Transport Policy, https://doi.org/10.1016/j.tranpol.2022.02.008, 2022.
Huo, C., Hameed, J., Nawaz, A., Raheel, S. et al., Scientific risk performance analysis and development of disaster management framework: A case study of developing Asian countries, Journal of King Saud University-Science, https://doi.org/10.1016/j.jksus.2021.101348, 2021.
International Air Transport Association, Annual Review 2020. IATA, Amsterdam, November 2020a.
International Organization for Standardization, Risk Management-Guidelines, UNIDO, Available: https://www.iso.org/obp/ui#iso:std:iso:31000:ed-2:v1:en, 2018.
Jia, J., & Li, Z., Risk management committees and 
       readability of risk management disclosure. Journal of Contemporary Accounting and Economics,  18(3), 100336.    https://www.sciencedirect.com/science/article/abs/pii/S1815566922000315?via%3Dihub#preview-section-cited-by,  2022.
Kaplan, R., Mikes, A., Managing Risks: A New Framework. Harvard Business Review, Available: https://hbr.org/2012/06/managing-risks-a-new-framework, 2012. 
Kapoor, K., Bigdeli, A., Dwivedi, Y. et al., How is COVID-19 altering the manufacturing landscape? A literature review of imminent challenges and management interventions, Annals of Operation Research, https://doi.org/10.1007/s10479-021-04397-2, 2021.
Kilinaivoni, V., Hong, W., Fu, X. and Gilbey, A., Strategies for South Pacific Region to address future pandemics: Implications for the aviation and tourism sectors based on a systematic literature review (2010–2021), Transport Policy, https://doi.org/10.1016/j.tranpol.2022.05.010, 2022.
Kim, Y., Chul, W., Lee, J., Poncelet, J., Dolcemascolo, G., Sohn, H., A strategic response map for cascading pandemics: Lessons learned from the response to COVID-19 in the Republic of Korea, Progress in Disaster Science, http://dx.doi.org/10.1016/j.pdisas.2022.100214, 2022.
Kim, M., Sohn, J., Passenger, airline, and policy responses to the COVID-19 crisis: The case of South Korea, Journal of Air Transport Management, https://doi.org/10.1016/j.jairtraman.2021.102144, 2021.
Kot, S., Dragon, P., Business Risk Management in International Corporations, Procedia Economics and Finance, https://doi.org/10.1016/S2212-5671(15)00978-8, 2015.
Kulisch, E., Airlines offer spare passenger aircrafts as mini-freighters, American Shipper, Available: https://www.freightwaves.com/news/airlines-offer-spare-passenger-aircraft-as-mini-freighters. March 18, 2020.
Kumar, S., & Mallipeddi, R., Impact or Cybersecurity on Operations and Supply Chain Management: Emerging Trends and Future Research Directions, Production and Operations Management, 31(12), 4488-4500. DOI: 10.1111/poms.13859, 2022.  
Kurt, M., Ruddy, D., Rupp, N., Repurposing MARC metadata: using digital project experience to develop a metadata management design, Library Hi Tech, https://doi.org/10.1108/07378830410524585, 2004.
López-Gómez, C., Corsini, L., Leal-Ayala, D., Fokeer, S., COVID-19 critical supplies: the manufacturing repurposing challenge, United Nations Industrial Development Organization, https://www.unido.org/news/covid-19-critical-supplies-manufacturing-repurposing-challenge, 2020.
Malik, J., Ahmed, S., Jan, B., Bender, O., Hagbani, T., Alqarni, A., Anwar, S., Drugs repurposed: An advanced step towards the treatment of breast cancer and associated challenges, Biomedicine & Pharmacotherapy, https://doi.org/10.1016/j.biopha.2021.112375, 2022.
Mars, M., Repurposing and legacy of innovation, Available: https://doi.org/10.1108/S1048-4736(2013)0000023006, 2014.
Mulcahy, R., PMP Exam Prep. Ninth edition, RMC Publications, United States of America, 2018.
Nugraha, W., Amalia, D., COVID-19 and implementation of airport health and safety procedures: The safety culture perception, Journal Ilmiah Indonesia, http://dx.doi.org/10.36418/syntax-literate.v6i4.2565, 2021.
Okorie, O., Subramoniam, R., Charnley, F. et al., Manufacturing in the Time of COVID-19: An Assessment of Barriers and Enablers in IEEE Engineering Management Review 48(3):167-175. doi:10.1109/EMR.2020.3012112, 2020. 
Organization Panamericaine de la Santé, Simulation exercise put global pandemic readiness to the test. Web Bulletins, Available: https://www3.paho.org/hq/index.php?option=com_content&view=article&id=14854:simulation-exercise-put-global-pandemic-readiness-to-the-test&Itemid=1001&lang=fr#gsc.tab=0, December 6, 2018.
Organización Panaméricana de la Salud, Consideraciones para el uso de hoteles durante la pandemia de la COVID-19, Availbale: https://iris.paho.org/bitstream/handle/10665.2/52240/OPSIMSPHECPICOVID-19200016_spa.pdf?sequence=1&isAllowed=y, April 5, 2020.
Pan American Health Organization, (September 29, 2022) PAHO weekly COVID-19 epidemiological update – 27 September 2022. https://www.paho.org/en/documents/paho-weekly-covid-19-epidemiological-update-27-september-2022. Accessed 3 October 2022.
Pansare, R., Yadav, G., Repurposing production operations during COVID‑19 pandemic by integrating Industry 4.0 and reconfigurable manufacturing practices: an emerging economy perspective, Operations Management Research, https://doi.org/10.1007/s12063-022-00310-7, 2022.
Poduval, A., Ayyagari, M,, Malinda, M., Barriers in repurposing an existing manufacturing plant: a total interpretive structural modelling (TISM) approach, Operations Management Research, https://doi.org/10.1007/s12063-021-00209-9, 2021.
Project Management Institute, A Guide to the Project Management Body of Knowledge and the Standard for Project Management, PMI, Fifth edition. Pennsylvania, USA, 2013.
Project Management Institute, Pandemic Pace. Project Management Institute Digital Exclusives, PMI, Available: https://www.pmi.org/learning/publications/pm-network/digital-exclusives/pandemic-pace, 2020. 
Project Management Institute, A Guide to the Project Management Body of Knowledge, PMI, Seventh edition. Pennsylvania, USA, 2021.
SALBO LOGISTICS, La conversión de aviones de pasajeros a aviones de carga, Available: https://salbologistics.com/la-conversion-de-aviones-de-pasajeros-a-aviones-de-carga/, January 12, 2021.
Sharratt, P., Respuesta Singapur al COVID-19. Primer Coloquio Internacional Impacto COVID-19, Universidad Nacional de San Cristóbal de Huamanga (Webinar), August 31, 2020.
Škurla, R., Ozmec-Ban, M., & Pedišić, K., Operational and regulatory aspects of repurposing passenger cabin for transport of cargo. 5th Logistics International Conference Belgrade, Serbia, 55–67. https://logic.sf.bg.ac.rs/wp-content/uploads/LOGIC_2022_ID_5.pdf, 2022.
Schulz, M., Bey, N., Niero, M., Hauschild, M., Circular economy considerations in choices of LCA methodology: How to handle EV battery repurposing?, Procedia CIRP, https://doi.org/10.1016/j.procir.2020.01.134, 2020.
Schulz-Mönninghoff, M., Bey, N., Uldall, P., Niero, M., Integration of energy flow modelling in life cycle assessment of electric vehicle battery repurposing: Evaluation of multi-use cases and comparison of circular business models, Resources, Conservation and Recycling, https://doi.org/10.1016/j.resconrec.2021.105773, 2021.
Soldatos, J., Kefalakis, N., Makantasis, G. et al., Digital Platform and Operator 4.0 Services for Manufacturing Repurposing During COVID19, IFIP Advances in Information and Communication Technology, https://doi.org/10.1007/978-3-030-85910-7_33, 2021.
Spells, S., Tan, E., The current challenges of passenger-to-freighter conversions. ReedSmith. https://www.reedsmith.com/en/perspectives/global-air-freight/2022/01/the-current-challenges-of-passenger-to-freighter-conversions, 2022.
Sriyanto, S., Saeed, M., Salamun, H. et al., The role of healthcare supply chain management in the wake of COVID-19 pandemic: hot off the press, Foresigh,. https://doi.org/10.1108/FS-07-2021-0136, 2021.
Sun, X., Wandelt, S., Zheng, C., Zhang, A., (2021) COVID-19 pandemic and air transportation: Successfully navigating the paper hurricane, Journal of Air Transport Management, https://doi.org/10.1016/j.jairtraman.2021.102062, 2021.
Warnock-Smith, D., Graham, A., O’Connell, J., Efthymiou, M., Impact of COVID-19 on air transport passenger markets: Examining evidence from the Chinese market, Journal of Air Transport Management, doi:10.1016/j.jairtraman.2021.102085, 2021.
World Economic Forum, The Global Risks Report 2020, 15th Edition, Geneva, Switzerland, 2021.
World Health Organization, Vaccine Equity, WHO, Available: https://www.who.int/campaigns/vaccine-equity, 2022.
Wu, C., Yan, H., Xue, W., Liao, M., The operation of labour charter flights during the COVID-19 pandemic in China. Case Studies on Transport Policy, https://doi.org/10.1016/j.cstp.2022.01.003, 2022.
Yun, J., The effect of enterprise risk management on corporate risk management.  Finance Research Letters, 55, 103950. https://www.sciencedirect.com/science/article/abs/pii/S1544612323003227?via%3Dihub. 2023
2


image3.png
Very high

Impact
N WA W

Very low

5 0

4 0

3 6

2 4 6

1 2 3 4 5

1 2 3 4 5

Very high

Probability / Likelihood

Risk severity index = Probability *

Impact





image4.png
International
entities
“IATA
*WHO
*PAHO

Government

*Local
+National
+Global

Commercial
aviation

Health care

Tourism

*Hotels
*Entertainment
«Car rental

Suppliers
+Fuel suppliers

+Food and drinks
«Construction

Airlines
«Passengers
«Air cargo
*Reservations

Airports
«Maintenance
+Operations
«Security

«Fire rescue





image1.png
Identification

1. dentify the risk environment (pandemics,
terrorism, economic changes, etc.)
3
2. Identify if local, national o global event
3

3. Identify if other sectors involved

4. Perform Risk Managemen Process





image2.png
Rk

Proces 1 Procen Procen Procens
Pl Risk ety Risks Plan sk Inplement
Management Responses Risk Responses
Anaiui
ey e [re— (E— [—
Fres e 2 Pty eppoing kot st
it e e R Ry
Lo et smcmmen e s
e =iy
e e

Process 6

onitor Risks

4 Evlute ln et

“Clom





