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Abstract

The COVID-19 pandemic revealed a poor level of preparedness by the manufacturing sector
in building resilient smart operations and logistics framework to respond to severe global
supply chain disruptions. This research focuses on the effectiveness of data-driven innovation
strategies in mitigating the impacts on humanitarian operations of Covid-19 related supply
chain interruptions. It is supported by the outcome of a comprehensive overview of the major
conceptual issues in the literature. This review uncovered two main topics of debate notably (i)
the significant role of big data analytics and Artificial Intelligence in boosting firm performance
by untangling supply chain disruptions and (ii) the paucity of research in this emerging area of
literature. Consequently, this paper proposes a conceptual model for humanitarian supply chain
operations to highlight how big data analytics and Al technologies could be deployed by firms
to gain a competitive advantage by responding promptly and effectively to severe disruptions
akin to those experienced during the recent COVID-19 pandemic. The critical functions of the
model indicate that a swift and competent application of big data analytics and Al technologies
improve resiliency, visibility, and responsiveness within supply chain networks, which in turn

strengthens the coordination among major stakeholders.
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1.  Introduction

In recent years, humanitarian and emergency operations have faced many obstacles, ranging
from lack of real-time information or communication with the disaster victims, to poor
predictability of demand, improper coordination of supply and inability to achieve last time
operations. There are other challenges of insufficient data, lack of visibility for effective
coordination among stakeholders, scaling problems of environmental hazards, limited data

analytics capabilities, as well as issue of traditional supply chain management (SCM) system.

To this end, logistics system and other diverse geographical locations that define modern
supply chains are compounded by these obstacles (Christopher, 2011; Kovac and Spens, 2007;
cited by Nagendra et al., 2022). Due to these complexities, frameworks for data-driven
analytics and decision-making are now highly needed, and only cutting-edge technologies such
as blockchain, IoT, big data analytics (BDA), 3D printing and artificial intelligence (Al), which
are becoming increasingly intricate and linked in SCM can mitigate these drawbacks (Choi,

2021 and Ransbotham, 2017).

According to Anjomshoae et al. (2023), the concept of sustainability in humanitarian
operations is not new, although the authors believe that humanitarian operators must avoid any
detrimental impact of their operations on society, the economy, and the environment. As such,
the emphasis on the principle of *’NO Harm”, is required to ensure resilience, as this will offer
the affected people in communities the capacity to self-manage the situation. Unfortunately, in
recent years, international humanitarian organisation has been criticised for their renewed
interest in expanding the overall supply chain without taking into consideration the long-term
implications on the society, the economy and environment. The negative impacts of
Humanitarian Supply Chain are wide, ranging from global (e.g. CO2 emissions of
transportation) to local (e.g. local plastic pollution or deforestation) outcomes. These impacts
could be direct (e.g. an HO generating pollution) or indirect (e.g. suppliers’ poor-quality

manufacturing).

Again, the ongoing conflicts (e.g. in Gaza and Ukraine), the recent virus diseases (e.g. COVID-
19 pandemic0, and other adverse impact of climate change such as extreme flooding and
droughts in Mozambique (Anjomshoae et al., 2025). These effects could materialise into the

short or long term. These negative impacts obviously will make sustainability in HSCs a



challenging, as well as an important topic to study (Logistics Cluster, 2022; cited by
Anjomshoae et al., 2023). It could also place enormous strain on humanitarian sustainability
operations from an environmental perspective. Moreover, donors and stallholders have not only
prioritised their sustainability agendas but have expressed concerns about the rising threats of
climatic change. For example, European Civil Protection and Humanitarian Aid Operations
(ECHO), one of the major donors of humanitarian relief agency, has mandated all its funded
HOs to report their carbon footprints by 2023 for funding eligibility (ECHO 2020, cited by
Anjomshoae et al.,2025). Moreover, some scholars maintained that an effective SCM
procedures will assist the triple bottom line of people, gain, and the planet by facilitating

improved tracking and management of sustainable humanitarian operations.

In fact, some researchers have noted that number of people in need of humanitarian assistance
and protection was expected to reach 279 million in 2022 (ACHO, 2022). Additionally, from
social sustainability angle, others believed that humanitarian operations are confronted with
challenges associated with inclusivity, equity, and protection of vulnerable populations. These
includes the displacement of communities, due to conflicts and natural disasters resulting to
social disruptions, loss of livelihoods, and increase vulnerability to exploitation of and
violence., as well as lack of access to basic services, such as healthcare, education, and clean
water. These have often exacerbated social inequalities and human suffering (Anjomshoae et
al., 2025). This clearly underscore the points that social implications of humanitarian supply
operations extend beyond logistical efficiency, since they have deep profound impacts on local
communities.

Furthermore, resilient SC has become a major strategy required in a global economy rather
than as an option, particularly now that there is larger emphasis on sustainability and social
responsibility. Again, these ideas are also, pushing businesses to consider, in addition to
financial considerations, the social and environmental effects of their supply chain operations
(Carter, 2008). The importance of SC resilience in a global economy goes beyond improving
organizational performance to include wider societal and economic advantages. In addition,
the strength of traditional analytics tools to handle substantial amounts of intricate, unstructured
data is restricted. Algorithms using Al and ML can process this data faster and provide insights
that are more accurate (Wang, 2016). These paradigm-shift in advancement of Supply Chain
Management (SCM) is linked in the integration of Artificial Intelligence (AI) and Machine
Learning (ML) technology. More importantly, businesses are now exploring cutting-edge

digital solutions such as BDA to optimize overall value chains in the context of Industry 4.0,



to cut costs as they manage the complexity of international supply chains (Wang, 2016). Choi
(2021) believed that for any business to be competitive, they must incorporate data-driven
technologies.

Another successful solution to the problems of supply chain management (SCM) is the
integration of artificial intelligence (Al) and machine learning (ML). In addition, large amounts
of data could be analysed in real-time by Al and ML models, providing more insights into
supply chain operations, consumer behaviour, and market trends (Pan, 2018). Similarly,
improved data analytics can aid businesses in better demand forecasting, inventory
optimization, and decision-making. Systems with Al capabilities can view the entire supply
chain in real-time. According to Wang (2016), Algorithms with intelligence can tracks the
movement of items, predict delays, and offer useful information that will reduce risks and foster
productivity. Therefore, the goal of this study is to present an overview of the difficulties of
supply chain disruptions, orchestrated by recent COVID 19 pandemics, and the roles of data-

driven innovations in enhancing humanitarian operations.

On the other hand, the rapid expansion and interdependence of global supply chains to support
companies in pursuit of speed and efficiency significantly increased the probability of
disruptions cascading throughout the system within a short-term period (Scheibe and
Blackhurst, 2017). Tang, (2006) identified three aggregate dimensions to proliferate these
supply chain (SC) interruptions, namely: (i) the nature of the disruption, (ii) structure and

dependence, and (iii) managerial decision-making.

Alternatively, other scholars cited by Ivanov and Dolgui, (2020) categorised supply chain risks
into operational and disruptive risks (Sawik, 2011; Govindan et al., 2017; Ivanov, 2018; Xu et
al., 2020)). The operational SC risks are concerned with day-to-day disturbances such as lead-
time and demand fluctuations, while disruptive risks relate to natural (earthquakes and
tsunamis) and man-made disasters (strikes, trade union disputes and pandemic similar to the
recent COVID-19). These are rare but high-impactful events (Ivanov et al., 2019; Ivanov et al.,
2017; Kinra et al., 2019). Recently, the influence of these risk factors on a sustainable

humanitarian supply chain has attracted the attention of practitioners (Dubey and

Gunasekaran, 2016) and several academics (Argollo da Costa et al., 2012; Singh et al., 2021).
These authors investigated the SC disruptive consequences of major natural disasters (tsunamis
and earthquakes in Japan, and massive landslides in Brazil, etc.,), to understand the advantages

and the amount of planning needed for speedy launch of any relief operations and to maintain



balance throughout the logistic system. Indeed, these authors acknowledged that logistics
constitute 80 percent of disaster relief demonstrating the vital role supply chain plays in

providing assistance to victims of natural and man-made catastrophes.

Evidence in the literature (see for example UNISDR, 2013; GuhaSapir et al., 2012; cited by
Dubey and Gunasekaran, 2016) indicates that on average tropical storms kill 2,039 people with
an associated economic loss of approximately £1.7 billion a year compared with 9,655 people
killed by all natural disasters combined. Also, the World Economic Forum predicted that within
the next decade, epidemics similar to Covid-19 will cause on average economic loss of circa
0.7percent of global GDP per annum, equivalent to the damage inflicted on the world economy

by climate change (WEF, 2019).

Various other notable researchers namely Kovacs and Spens, (2011), Dubey and Gunasekaran,
(2016), Ivanov et al., (2017) recognised the popularity of humanitarian processes as one of the
prominent functions within operations management during episodes of protracted disasters,
climate change-induced vulnerabilities, pandemics, conflicts, and wars. This implies that the
optimisation of humanitarian actions is vital to tackle disasters with allied human suffering.
Such mandates the coordination of supplies, information and finances between donors,
providers, and a diverse group of humanitarian agencies to facilitate delivery to beneficiaries.
At the same time, the provision of humanitarian assistance faces numerous challenges
including greater uncertainty, unstable supply chains, and a combination of sudden changes in

priorities, and surges in demand for donations.

Hence, Larson and Foropon (2018) confirmed that humanitarian organisations face
considerable problems when working with disparate stakeholders comprising primarily
beneficiaries, donor, and host governments as well as private good and service suppliers. They
also acknowledged the unwieldiness of attempts to harmonize the processes and procedures of
various actors in the humanitarian supply chain. Additionally, in 2017, the UN Office
responsible for the Coordination of Humanitarian Affairs (OCHA), forecast that humanitarian
agencies will require $22.2 billion to meet the needs of 92.8 million people in 33 very poor
countries - ranging from Afghanistan to Zimbabwe. These estimates are predicated on the
knowledge that Global Development Aid - Official Development Assistance (ODA) offered
more than US$142.6 billion in developmental assistance to its member countries including the

amount spent on refugees in donor countries (OECD, 2017).



Therefore, an assessment of the efficiency of technology-enabled humanitarian supply chain in
dealing with disruptions associated with disasters is important since such catastrophes are
expected to have long lasting impact on global operations with associated firm profitability and
value. In a related development, the current COVID-19 pandemic has not only disrupted the
global supply chain but constitutes a global health crisis with far-reaching consequences on
livelihood and economy. According to Kovacs and Sigala (2021), COVID-19 outbreak
damaged production lines and manufacturing capacities, prompting national governments to
enact policies to restrict the movement of people, which in turn, caused considerable supply
chain interruptions across different industrial sectors most importantly automotive, tourism,
aviation, oil and gas, construction, telecommunication, and healthcare. Chamola et al. (2020)
reported that at least 51,000 companies around the world including 94 percent of 500 Fortune
companies with one or more tier-two suppliers in the Wuhan region (the world epicentre of
COVID-19 pandemic) witnessed significant supply disturbances with associated losses (Dun

and Bradstreet, 2020; cited by Ivanov and Dolgui, 2020).

A memorable example of the negative consequences of these Covid-19 related supply chain
interruptions in the UK is the acute shortage in the supply of essential healthcare items
including hand gloves, nose mask, hand sanitizers and other Personal Protective Equipment
(PPE) as well as mechanical ventilators that provide oxygen therapy for coronavirus patients
in case of respiratory failure (Kumar et al, 2020) (2) Overall, discussion in the literature
suggests that the outcome with subsequent reactions by national governments and organisations
to manage global supply chain disruptions caused by pandemics such as the recent Covid-19
outbreak share many characteristics with plans to curtail the damages to humanitarian

operations caused by natural and man-made disasters (Kovacs and Sigala, 2021).

Therefore, this study explores the accuracy of these perspectives by answering the following

three main research questions:

RQ1: What are the impacts of humanitarian and COVID-19 related supply chain

disruptions on organisations and society?

Evidence in the recent years have shown that a worsening in the severity and frequency of
large-scale natural disasters is accompanied by an escalation in conflicts and spread of diseases
as witnessed by the recent COVID-19 pandemic. Such puts national and international disaster
relief agencies under extreme pressure to prepare for and swiftly respond to these catastrophes.

Moshtari (2016) contend that these concerns could only be addressed by building sustainable



collaborative relationships among the diverse stakeholders including humanitarian agencies
and national governments through knowledge exchange supported by innovative information
technologies. Subsequent studies by Dwidedi et al. (2017; cited by Gunasekaran et al., 2018)
confirmed that the information sharing functions of disruptive technologies massively
improved the coordination of activities among humanitarian actors who are engaged in disaster

relief operations.

Papadopoulos etal., (2017) Singh et al., (2017) demonstrated the information efficiency of new
technologies in disaster relief operations by monitoring the degree of collaboration and
swiftness with which the numerous humanitarian organisations responded to the earthquakes
in Haiti in 2010 and Nepal in 2015. (Then too, Gunasekaran et al. (2018) highlighted the
coordination structures afforded by social media and other data-driven technologies during
disaster relief operations. Likewise, Kumar and Dora (2020) uncovered that the enabling role
of advance technologies in harmonising standards and activities of different stakeholders is
largely due to their enhanced response speed. Some scholars namely Kaliousis et al., (2019),
Corsini et al., (2020) focused on an Integrated Humanitarian Supply Chain (HSC) and
Enterprise Resource Planning (ERP) system. For example, the HSC approach relies on the
capabilities of existing Maritime. Transport Security Information Systems to improve lean
operations. By contract, the ERP system aims to optimize resources planning and usage when
dealing and accommodating refugees. Further, these authors investigated the impacts of 3D

printing on humanitarian supply chain.

They commented on the benefits of the interventions of 3D printing to produce critical health
items, such as face masks, face shield and nasal swabs during the recent COVID-19 pandemic.
They remarked that when life-saving products are needed urgently, and there is a mismatch in
the traditional supply and demand systems, 3D printing offers unique advantages.
Additionally, Akhtar et al. (2019) in reported on how effective coordination and collaboration
amongst supply and demand actors are facilitated by big data and other modern information
processing technologies. The study recognised these modern information processing (BDMIP)
systems, as effective enablers for matching the needs of a diverse group of relief providers
involving national government, local and community humanitarian agencies. The authors
acknowledged the importance of supporting full-automation and semi-automation with manual
processes to build sustainable humanitarian supply chains which caters for the interest and
capabilities of the key actors. By contrast, Dora and Kumar (2020) concentrated on alliance at

the macro level involving government bodies, industry, academia and organisations, and how



digital technologies facilitate their speedy and effective response to humanitarian catastrophes
such as SARS, EBOLA, TSUNAMI, and the most recent pandemic of COVID-19. Our current
study contributes to the debate in these previous papers by formulating an integrated conceptual
framework (see figure 1) which outlines the usefulness of data-driven technologies in
managing the collective threat to businesses and society of humanitarian and COVID-19

related supply chain disruptions.

RQ2: To what extent do Al and Big Data Analytics mitigate global supply chain

disruptions caused by crises including COVID-19, natural and man-made disasters?

RQ3: To what extent are Al and Big Data Analytics used in the global effort to effectively

deliver disaster relief items?

Nagendra et al. (2022) have noted that disasters are responsible for the breakdown of
established information communication technology (ICT). The authors also, maintained that
this technology obstructs the channel of communication in gathering real-time last information
directly from disaster-stricken communities, and as such hampers the agility of humanitarian
supply chain. The impacts created a complex, chaotic, uncertain, and restrictive environment
for humanitarian relief operations. These obstructions, also make the humanitarian relief
operations to struggle for credible information and in prioritizing and delivering effective relief
services. Interestingly, several scholars (Dubey, Gunasekaran, Childe, Wemba, et a., 2019;
Hosseini, Ivanov, and Dolgui, 2019; cited by Ivanov and Dolgui, 2020) revealed that Supply
Chain (SC) risk managers are willing to deploy technologies that identify safeguard and

monitor interferences within the network in real-time.

Moreover, Nagendra et al. (2022) in their recent study, explored how satellite big data analytics
were built over real-time weather information. The authors also cited an example of
humanitarian relief efforts in the case of Kerala flood in 2018, and how geospatial data were
deployed over a cloud-computing platform aided in achieving improved coordination and
collaboration between rescue the teams. Also, Subramanian and Abdulrahman, (2017),
Cavalcante et al., (2019), Ivanov, Dolgui et. al (2019 cited by Ivanov and Dolgui, 2020)
confirmed the several supply chain opportunities which are substantially dependent on modern
data driven approaches. For example, RFID chips, [oT device and advance EPR solutions are
regularly used to prioritise visibility and interoperability in production. Such ensures that

products or component parts are accessible across all the touchpoints in the value chain.



Then too, there is strong evidence that firms are increasingly incorporating Al and big data
analytics into their supply chain management strategy to gain competitive advantage.
According to JeanPaul (2019), corporate giants like Google, IBM, Facebook, Yahoo, Intel,
Apple, and Salesforce are competing to acquire private Al companies, with Ford, Samsung,
GE, and Uber, emerging as new entrants, in a bid to accelerate their interests in Al systems
innovation. Several scholars (Nagendra et al. 2022;) have suggested that analytics platforms
have aided stakeholders involved in the rescue operations in timely logistics planning and in
the execution of rescue missions. This developed analytics platform has also, improved the
accuracy of information between the distressed community and stakeholders involved, leading

to significant increment in the agility of humanitarian logistics and in the relief supply chains.

Research shows that e-commerce firms that use big data analytics (BDA) as part of their value
chain management strategy experience between 5- 6percent higher productivity than their
competitors (McAfee and Brynjolfsson, 2012; cited by Salleh and Janczewski, 2016). Besides,
the World Economic Forum anticipated that Al technology will drive innovation and economic
growth, which in turn will create more than133 million new jobs globally by 2022 (WEF,
2018). Despite these potential advantages, Yogesh et al. (2019) recognised that the adoption of
innovative digital technologies presents challenges which are different from the traditional
supply chain management approaches. These problems are driven by a combination of factors
notably the: (1) changing nature of business environment, (i1) characteristics of Al and machine
learning (ML) tools themselves, and (iii) the limitations to data information processing aligned
to Al. This remark was predicated on an earlier study by Vadera et al (1998) which identified
the reasons and implications of bottlenecks in conventional supply chains to assimilate and
rapidly transform vast quantities of data into relevant information for managing turbulent

circumstances.

They explained that the volume of data generated by digital systems is very large for traditional
labour-intensive analysis and that there is limited capacity for old computer-based systems to
automatically optimise models together with the lack of employees with expertise to operate
these modern technologies. Additionally, Manyinka et al., (2017) contend that supply chain
risk managers were reluctant to adopt Al systems because of concerns arising from their
unpredictable influence on work assignments as well as issues relating to ethics, privacy, and
democratic freedoms. The authors cautioned that whilst the economic benefits of higher levels
of Al adoption in terms of efficiency, improved productivity and reliability are widely

acknowledged in the academic literature, their approval is not universally accepted by workers.



Moreover, the societal impact of these modern technologies with regards to ethical and
economic considerations and their wider repercussions for cultural, personal, and economic
wellbeing are yet to be fully understood. To this end, it is vital that firms accurately determine
how to safely deploy these disruptive technologies to promote democratic values, equality,
transparency, personal and economic freedoms. We have research questions and steps
approaches as outlined in table 1, and to answer these research questions, we have adopted an
approach that combined interpretivism and positivism. Table 2 summarises the key aspects of
the view and perspectives of the various authors which underpins the argument in this paper.
Such comprehensive review demonstrates the level of rigor and originality of the current study.

The rest of the study is organised as follow:

In section 2 we carry out review of the conceptual literature on sustainable humanitarian supply
chain, COVID-19 pandemic, and the impact of technology on such charitable operations.
Section 3 focuses on preparedness and sustainable supply chain performance. In section 4,
discusses research methodology. Section 5 examines the strength of emerging argument on
effectiveness of data-driven innovative technologies in managing humanitarian and COVID19
pandemic-related supply chain disruptions. Finally, the concluding section remarks on the

major findings and areas for future research.

Table 1. Research questions and step approaches.

Questions

Steps

What are the impacts of humanitarian and
COVID-19 related supply chain disruptions
on organisations and society?

Define the concept of sustainable humanitarian and Covid-
19 pandemic-related supply chain operations. Give evidence
of the recent sweeping humanitarian crisis orchestrated by
COVID-19 related supply chain disruptions, as witnessed by
the society and organisations.

To what extent do Al and Big Data Analytics
mitigate supply chain disruptions?

Identify the roles of data-driven technologies and how large
amounts of data could be analysed in real-time by Al and
ML models, and how they provide more insights into supply
chain operations, consumer behaviour, and market trends.
And how data analytics could aid businesses in better
demand forecasting, inventory optimization, and decision-
making.




What are the potential applications of these
technologies in the global effort to manage
COVID-19 crises, as well as facilitating the
effective deployment of disaster relief items?

Outline the current and future potential of digital
technologies platforms and how they have aided
stakeholders in rescue operations through timely logistics
planning and in the execution of rescue missions. And how
these digital tools improved the accuracy of information
between the distressed community and stakeholders
involved, leading to significant increment in the agility of

humanitarian logistics and in relief supply chains.

2. Literature Review

Today, humans and robots collaborate to produce breakthroughs, thanks to the marriage of
advanced manufacturing techniques with information technology and data analytics. Such
innovations are expected to abate supply chain disruptions associated with humanitarian and
pandemic-related uncertainties, climate change, war, financial and political crises (Dubey and
Gunasekaran, 2016; Kovacs and Sigala, 2021). For example, with respect to humanitarian
crises, some authors focused on the effectiveness of a verity of operational improvement
programme enablers including lean, six sigma, agile, and industry 4.0 technologies like Big
Data Analytics, Artificial Intelligence (Al), 3D printing and Internet of Thing (IoT) (Dora and
Kuma, 2020; Gunasekaran et al., 2018; Singh et al., 2017). These data-driven technologies
offered solutions in enhancing the disruptive triple-A supply chain impacts - environmental,
economic, and social dimension. Consequently, they are more evident in disaster relief
operations, by facilitating humanitarian organisations rapid respond to short-term changes,

through agility and adaptability to complex dynamic environments (Singh et al., 2021).

Accordingly, Ivanov et al. (2020), noted that disruptive innovations such as Al and Big Data
Analytics influence the development of new paradigms, principles, and models in supply chain
management (SCM). This complements an earlier consensus among several researchers (Qu et
al., 2017; Yang, Pan, and Ballot, 2017; Minner, Battini, and Celebi, 2018; Ivanov et al., 2020)
that data-driven technologies facilitate the advancement of digital supply chain and smart
operations. Singh, et.al (2019) and others whom they cite recommended inclusive
manufacturing systems a as suitable models to empower small and medium enterprises (SMEs).
Therefore, we propose in this paper an integrated conceptual model which illustrates how using
data-driven technologies to manage the combined threat of humanitarian and COVID-19

related disruptions could boost firms’ supply chain performance outcomes.




2.1. Humanitarian Coordination

The occurrences of disasters are often characterised with mirage of problems such as non-
cooperations among rescue team, disrupted chain of commands, misuse of relief items, lack of
information sharing, mistrust, poor coordination, unavailability of real data and inaccurate
analysis. Mello et al. (2025), defined coordination as a relevant aspect of the decision-making
process that maintain the order and stability of a system. To be fully coordinated, a supply
chain requires that all decisions are aligned to accomplish a global system objective. Moreover,
aid distribution inadvertently reinforces existing power dynamics and create dependency on
external assistance and thereby restricting the voices and limiting the agency of the effected
communities. There are also challenges of securing the required stable funding sources, as well
as establishing long-term strategic partnerships with local stakeholders (Anjomshoae et al.,

2025).

Nagendra et al. (2022) have also argued that in any disaster management, enhancing the overall
accuracy and the availability of the information is the necessary foundation in increasing the
agility of humanitarian relief operations. Other scholars (Dorasamy et al., 2013; cited Nagendra
et al.,2022; Dubey and Gunasekaran, 2016) believed that decision-making in humanitarian
logistics and supply chain can benefit the utilisation of information and communication
technology (ICT) as they help the coordinators and rescue team react more effectively and
efficiently towards any emergency relief situations. Similarly, most researchers (Fosso Wemba
et al. 2019; Liu et al., 2016; 2016; Lee and Tapia, 2015; Kongthon et al. 2014; Han et al. 2019;
Sinha et al.2019; Shibuya, 2017; Kim et al.2019), have highlighted that the value of diffusion
of new technologies such as social media, internet-based tools, and drones, improve the

information availability and overall effectiveness of response and recovery efforts.

Again, most scholars (Sandvik et al, 2014; Monaghan and Lycert, 2013) have suggested that
big data can leverage its inherent characteristics such as volume, velocity, veracity, variety,
and value, and become a voice to the voiceless in the context of humanitarian supply network.
More so, this data-driven innovation can also, increasingly featured as a necessary pillars of
agile supply chain management, as well as identified as a humanitarian technology that can
proffers crisis solutions and contribute to the improvement of quality to the entire cycle of
activities in disaster management. Dwivedi et al. (2018) have also explained that disasters,
ranging from cyclones, tornados, earthquakes, war, conflicts, regular and flash floods,

pandemic, snowstorms, stampedes, avalanches and fire outbreak to railways and airline strikes,



are either manmade or natural invests, and may happen anywhere, at any giving time. In
response to these series of natural and man-made disasters, the initiatives to establish
sustainable humanitarian operations have increasingly attracted attention from both academia
and practitioners. However, few studies have explored the role of these new digital technologies
in facilitating the collaboration of the major stakeholders comprising governments, industries,
donors, military, academia, and humanitarian agencies (Dora and Kuma, 2020). Argollo da
Costa et al. (2012) noted that natural disasters occur in populated areas, causing the destruction
of local infrastructure, leading to a state of deprivation and suffering. Similarly, several other
researchers (Singh et al., 2021; Argollo da Costa., 2012; Dubey and Gunasekaran, 2016;
Kovacs and Sigala, 2021) acknowledged that humanitarian operations are initiated
immediately after the occurrence of disasters to provide rapid assistance to victims in different
ways, such as saving those who are wounded and/or stranded, collecting and disposing corpses,
providing food aid, shelter and medical care, as well as restoring access to homes and business

in remote locations.

Under such circumstances, it is forecast that using innovative technologies to coordinate the
activities of the disparate actors involved in an integrated humanitarian supply chain provides
quick, proactive, and effective outcomes. However, there are major differences between supply
chain for business and humanitarian relief operations. In business operations, the focus is the
final consumer, who is the input source of fund for the entire supply chain. Whilst in
humanitarian functions, the end users rarely participate in any business transaction, since they
have little control over the suppliers (Argollo da Costa et al., 2012). This also implies that
humanitarian supply chain must be (i) flexible, adaptable, agile enough to respond promptly
and effectively to unpredictable life and death situations and (i1) responsive to treating large
number of victims under severe budget constraints. Although, innovations in humanitarian
supply chains were hitherto unpublicised, interest in the use of drone technologies, even
zeppelins and additive manufacturing and blockchain to trace deliveries has grown

considerably in the past decade (Kovacs and Sigala, 2021).

In fact, there is a general belief in the literature that the recent COVID-19 crises promoted the
adoption of these technological innovations. By contrast, the outbreak of the Ebola virus in
Africa in 2014, humanitarian aid workers were at risk of being quarantined for an indeterminate
time-period. Most specifically, such resulted in the reluctance of drivers, pilots, and other
logistic service providers to enter isolation zones for fear of exposing and jeopardizing their

workforce. Consequently, more recent literature emphasised the potential benefits and



capabilities of these new technologies in fostering sustainable humanitarian supply chain
operations (Dubey et al., 2019; Singh et al., 2021). For example, Singh et al. (2021)
conceptualised a truck-drone synchronised logistics delivery system that distributes relief
materials in highly infected quarantine regions (called hot zones). This innovation will be
deployed in a high rising quarantine building, to reduce human to human contacts, in delivering
essential relief items such as foods, medicines and protective equipment. It follows from Jeong
et al. (2019) which formulated an MIP model of truck-drone hybrid delivery system, used in

solving vehicle routing problem.

Likewise, Murray and Chu (2015) presented a mixed-inter linear programming model for
optimal routing and scheduling of parcel delivery with drone, with a heuristic approach coded
in python to generate optimised solution. Alternatively, Oloruntoba and Gray, (2006) presented
generic models of supply chain which could be applied in different humanitarian aid scenarios
to allow unidirectional flow of goods and equipment to disaster areas with greater need for
relief Dubey et al. (2018) empirically assessed how big data and predictive analytics could be
used to improve visibility and coordination amongst various disaster responders. Other others
notably Fosso Wemba et al., (2015); Gupta and George, (2016 cited by Dubey et al., 2019)
conceptualised Big Data Analytics as a technology that can rapidly process large volumes of
numerous types of data to gain valuable insights, hence enabling adaptor organisations to

achieve competitive advantage against their rivals.

Subsequently, Barlette and Baillete (2022) advised that companies should leverage on Big Data
Analytics to significantly enhance their supply chain agility, during turbulent crisis periods
such as the recent COVID-19 pandemic. Jammu and Kashmir, Dey (2017) in their studies
noted that disasters like floods can knock out the basic ICT infrastructure and provide no
connectivity to the affected population. The authors discussed how the administration of most
nations became primarily dysfunctional due to absence of connectivity, resulting in their
inability to gather ground truth directly from affected regions. The above incidences are also
capable of causing spill over problems in coordination, cooperation, and collaboration within
the different services of the administration suck as, control room, hospitals, and police.
Similarly, various researchers (Kabra and Ramesh, 2015; Beaumaste, 2002; Roh et al. 2008;
Pettit and Beresford, 2009) agreed that information and communications technology makes it
much easier to integrate various activities such as transportation, logistics, and procurement,
for effective and efficient management of relief activities. Also, it is very plausible that

available technologies in hand within the supply chain, will mobilise quick reactions and access



to relevant relief supports from several sources. Again, other scholars (Dasaklis et al., 2012)
believed that logistics operations including transportation of medical suppliers and
commodities, as well as the deployment of medical personnel are managed in a manner to
contain the epidemic before it reaches a critical point. This explains why top leading
international organisations such as World Health Organisation (WHO) and Pan American
Health Organisation recognised the importance of logistics operations for successful control of

any health epidemic outbreak.

Despite the benefits and positive expectations associated with the deployment of these digital
tools in humanitarian supply chains, they pose numerous challenges to such relief operations.
For example, in response to disaster management, there are immediate requirements to
concurrently undertake different aid activities namely, evacuating the wounded, supplying
medical and first aid products, engaging in the logistics to transport relief materials rapidly and
efficiently to the most deprived areas and affected persons (Argollo da Costa et al., 2012). An
effective delivery of these services inevitably will be hindered by bottlenecks in the
humanitarian supply chain arising from numerous functions including fundraising, quality
assessment and procurement coupled with human frustrations and exhaustion in traveling to
remote locations. Furthermore, Dubey et al., (2019) commented on a lack of trust between civil
and military actors engaged in urgent disaster relief operations. related disruptions could boost

firm supply chain performance outcomes.

According to Upadhyay et al. (2020) have argued that the objective of disaster-
focussed humanitarian supply chain (HSCs) is to ensure saving maximum lives with limited
resources, despite severe uncertainties. Dubey et al., (2019) commented on a lack of trust
between civil and military actors engaged in urgent disaster relief operations. Additionally,
inter-organisational integration is a serious concern in disaster management, particularly within
developing and emerging economies. In the context of these developing and emerging nations
are other challenges problems such as socio-economic and political issues particularly
corruption, resulting in non-accountability, lack of transparency, political biasness, and

sustainability, that hamper the success of humanitarian management efforts.
2.2, Global Supply Disruptions and Sustainability

Sustainability entails three performance dimensions namely: social, environmental and
economic. Therefore, it is difficult to clearly distinguish which topic belongs to sustainability

because every idea on Humanitarian Supply Chain (HSC) study has a social implication, since



the main objective of HSC is to help the affected disaster crises victims and rapidly responding
and providing them with relief aid materials. The study will focus on the humanitarian logistics

operations and the implications of data-driven technologies.

Some scholars (Park et al., 2017; cited by Barlette and Baillette (2022) have argued that
environmental changes are normally characterised by the rate of emergence of new events and
opportunities, as well as the unpredictability and difficulty in identifying similarities and
patterns. Some also, believed that the frequency and occurrence of disasters are still on the rise
globally and are expected to increase over the next 50 years (Kabra and Ramesh, 2015; EM-
DAT, 2010; Thomas and Kopezak, 2007). This implies that increase in vulnerability from
natural and man-made disasters mandates speedy and effective responses from key actors in
the humanitarian supply chain in providing relief to the affected victims (Dora and Kumar,
2020). Other scholars (Ambulkar et al., 2015; cited by Dora and Kumar, 2020 noted that both
catastrophic man-made and natural disasters have the potential to significantly interrupt

organisational supply chains.

Moreover, Kovacs and Sigala (2021) reported on the damaging impact of the recent
coronavirus pandemic on population health, global and national economies as well as supply
chain networks. Then too, Covid-19 pandemic was accompanied with both supply and demand
uncertainties, causing interruptions in the global supply chains (Ivanov, 2020; Queiroz et al.,
2020). The level of human casualties caused by this virus are very novel, and unprecedented,
as infected patients could be either asymptomatic or symptomatic, with mild (such as fever,
sore throat, and cough) to severe clinical symptoms like pneumonia, respiratory failure and
ultimately death, when compared to other previous epidemics and pandemics outbreaks such

as SARS MERS, Ebola, and Swine flu (Kovacs and Sigala, 2021; Singh et al., 2021).

According to Dubey and Gunasekaran (2016), logistics disasters response is reactive and are
set up temporarily with specific functional elements in mind that requires advance planning,
mainly in three components: preparedness, response, and collaboration. Other researchers
(Ashrafi et al. 2019; cited by Barlette and Baillette, 2022) opine that organisations compete
effectively in turbulent environment by deploying innovations that embody data-driven
technologies to leverage their capabilities to detect opportunities and mitigate threats. Some
scholars (Papadopoulos et al. 2022; Barlette and Baillette, 2022) explored the characteristics
and potentials of Industry 4.0 technologies, including Artificial Intelligence (Al) and Big Data

Analytics to maintain sustainable operations during turbulent times. Other authors (Singh et



al., 2019; Warner and Wager, 2019; Barlette and Baillette, 2022) pointed out that Big Data

Analytics foster coordination and better data sharing among company’s services.

Further, various writers stated that in an unstable environment, advance technologies enable
key stakeholders to maintain continuous interactions through information and resource sharing
(Lin et al., 2016; Vial, 2019; cited by Barlette and Baillette, 2022). For example, several public
institutions such as the World Health Organisation (WHO), the Public Health Emergency of
International Concern (PHIC), and Johns Hopkins University relied on data-driven
technologies comprising Big Data Analytics (BDA) and Artificial Intelligence (Al) to speedily
track the spread of the coronavirus across the globe in real-time. By January 30th, 2020, the
virus has spread worldwide to more than 210 countries by June 25th, 2021, with devasting
impacts, amidst vaccine rolled out to curtail the spread of the virus. Another consensus among
scholars is that the adoption of big data analytics as an independent ICT infrastructure in the
context of industry 4.0 technologies will create a significant value in mitigating COVID-19
driven supply disruptions, leading to effective and efficient decision-making for both

humanitarian relief operators and policy makers.

Apart from human casualties, the pandemic has also brought tragedy to global manufacturing,
supply chain and logistics. The damaging impacts cut across industries and sectors - ranging
from tourism, aviation, construction, food, and health care industries to automotive and
telecommunication sectors, (Chamola et al., 2020). By extension, the crises also, instigated a
variety of irrational buying and selling behaviours - panic buying on the side of the consumers
and rationing by most retailers to manage the limited supply. In fact, a recent report by Fortune
(2020) noted that 94 percent of the Fortune 500 companies witnessed coronavirus-driven
supply chain (SC) disruptions. Then too, IMF anticipated that the impact of COVID-19 on the
world economy will be worse than the Great Depression of 1929. Gopinath, (2020; cited by
Singh et al., 2021) reported that world GDP is expected to decline by nearly -3.0 percent, much

more than the 0.1 percent reduction observed during the financial crisis in 2009.

Consequently, to mitigate the anticipated damaging impacts of Covid-19 pandemic, most
national governments enacted policies to track and trace the movement of people in order to
slow down the spread of the virus. These restrictive lockdown measures received lot of
criticisms primarily due to the supply chain disruptions caused. In addition, Block et al., (2020;
cited by Singh et al., 2021) considered the social consequences of lockdown measures when a

large segment of the population is dependent on daily wages for sustenance. The International



Labour Organisation (ILO) predicted that between 25 million to 40 million jobs could be lost
worldwide due to COVIDI19 related lock down policies (ILO, 2020). However, we note from
history that economic interruptions caused by crises such as wars, financial and political
turmoil, natural disasters, and pandemics triggered development in collaborative innovative
technologies to address their aftermaths. Thus, we may infer that the ongoing humanitarian
problems caused by COVID-19 would engender advances in data-driven technologies to
coordinate information sharing across the disparate national, multilateral, and non-
governmental agencies. Baumer-Cardoso et al. (2020) provided evidence for this viewpoint
through their investigation on how the vulnerability of firms to coronavirus was exacerbated
by their overreliance on the just-in-time (JIT) and other lean supply-chain management

systems.

The authors argued that the destructive impact of pandemics was considerably reduced when
firm integrate smarter delivery systems, such as reverse logistics for secondary materials and
waste products with digital inventions such as the internet of things (IoT) technologies.
Papadopoulos et al. (2022) highlighted the disruptive potentials of these new technologies and
their consequent impact on organisational structure and overall firm performance. Terry et al.,
(2014) considered how global and local supply chain networks could be jointly supported
through online information sharing platforms and additive manufacturing technologies such as
3D printing. According to Sarkis et al. (2020) and Dasaklis et al., (2012; cited by Kumar and
Chowdhury, 2020), post COVID-19 recovery challenges will induce government and business

managers to re-structure existing globalised systems of complex production and supply chains.

We observe that in the recent past, several models and strategies have been developed in the
following humanitarian operations (1) locating and determining optimum of number of centres
to distribute relief; (2) assigning centres to serve populations within a geographical boundary;
(3) selecting optimal models to transport aid; (4) deciding the optimal inventory level for relief
supplies and (5) formulating strategies for replenishing aid supplies Consequently, we develop
an integrated conceptual framework to capture the main aspects of this emerging literature.
This model will reveal the level of unpreparedness on the part of firms in response to recent
COVID-19 pandemic and the role of data-driven technologies in motivating recovery in the
post Covid-19 era. Debate in the literature justification for our decision to formulate models
that depict the recovery process with enabling technologies for firm rather than representations

to mitigate the probability of hazards occurring. For example, Chen et al., (2015), and Ivanov



et al., (2017) commented on the difficulty of predicting and eliminating disruptive events from

business operations.

Haren and Simchi-Levi (2020) confirmed the protracted impact of pandemics on supply chain
and manufacturing operations. Singh et al. (2021) conceptualised the difficulties of applying a
model of truck-drone synchronised delivery system to provide medicine and other essential
items to residents in high-rise buildings. Lin et al. (2020) formulated a theoretical model that
emphasised the obstacles to control the spread of COVID-19 in Wuhan City in China, including
those problems arising from individual reactions to government restrictions on travel, self-
quarantine, and hospital admissions. Mehrotra et al. (2020) focused on the challenges
associated with applying a multi-period stochastic programming model to allocate ventilators
duringCOVID-19 pandemic in the U.S.A. Buyuktah et al., (2018) and other researchers whom
they cite were concerned about the budget constraints posed by the application of a mixed-
integer programming (MIP) Model to minimise infections and fatalities from the outbreak of

Ebola Virus in West Africa over multiple- planning periods.

Liu et al. (2019) considered the issues arising from deploying a mixed-integer non-linear
programming (MINLP) model to maximise the budget assigned to the treatment of each person
by Swine flu (HINI) in China. Zlojutro et al. (2019) developed a stochastics model of
multicommodity network to illustrate the complications posed by passenger movement through
air travel in controlling the spread of viruses. With respect to data-driven supply-chain
management, Dolgui et al. (2020) constructed a smart contract system to showcase the trade-
off between lead time and cost faced by logistics service provider. Additionally, Ivanov and
Dolgui (2020) demonstrated the intricacies of a game-theory model that intertwines supply
system for food and other humanitarian relief with network for communication and logistics
amongst the providers. Ivanov (2020) assessed the resistance of the global supply chain to
disruptions caused by COVID-19 to tier -1 suppliers by simulating different scenario outcomes
of the pandemic. Page 17 of 34 URL: http://mc.manuscriptcentral.com/tppc E-mail: TPPC-

peerre.

Despite the possibilities of emerging literature on data-driven technologies, there are few
studies on the application and impact of Big Data Analytics on supply chain management. A
notable exception is the study by Salleh and Janczewski, (2016) which concluded that the
complexity and diverse functions of big data-driven supply chain models offer firms a more

cost-effective option to address their security, ethical and privacy concerns. Mendez Mena et



al., (2018); Ogbuke et al., (2020) provided a comprehensive summary of SCM-focused studies
to highlight the increasing relevance of big data and Al technologies in dealing with supply

chain challenges across different types of business sectors and humanitarian agencies.

They acknowledged the work by various writers (Pettit, Fiksel, and Croxton, 2010;
Bhattacharya et al., 2013; Ambulkar; cited by Ivanov and Dolgui, 2020) on the difficulties of
using big data analytics to detect disruptions that vary in scale, and which are too intermittent
and irregular to forecast. This underscores the need for further studies to establish the
robustness of the purpose and effectiveness of analytics technologies in supply chain
management. The implications of such an investigation are particularly vital in the wake of
Covid-19 pandemic. It is remarkable that the disruptions to the global supply chain with
subsequent costs caused by the original COVID-19 pandemic and ongoing mutation (variants)

are unprecedented in living memory.

3. Preparedness and Sustainable Supply Performance

The massive disruptive impact of COVID-19 pandemic on global supply chain exposed the
poor level of preparedness of governments, manufacturers, and their logistic providers to
respond to pandemics. Thus, there is an urgent need for research to establish the nature and
level of supply chain risk that firms face together with the commensurate actions to enhance
their resilience to future disasters. Although Tang (2006) advised that inaccurate prediction of
when major disruptive events are expected to occur discourages firms to perform cost/benefit
or return on investment analysis to justify the feasibility of risk reduction programmes or
contingency plans. Hence, Kurmar and Chowdhury (2020) reported that firms rationalised their
recovery plans to manage supply chain disruptions in terms of the perceived severity of the
event. Other researchers (Cerullo and Cerullo, 2004; Chen et al., 2015; Bao et al., 2019)
insinuated that most firms that failed to implement appropriate recovery strategies after a crisis

collapsed soon after the disturbances.

Shao (2012), Darom et al., (2018), Paul and Shams, (2018), described how disruptions in
productions facilities, including machine breakdown, technology obsolescence, fire, utility
failure and system damage could be incorporated in production recovery models. Therefore,
Kurmar and Chowdhury (2020) developed production recovery models for managing
interruptions across all supply chain levels. Sarkis et al, (2020) implied that a test for the
efficacy of these recovery models is underpinned by the COVID-19 pandemic which provoked

the most wide-ranging and tragic public health crises in a century. According to European



Commission EEA, (2019) and Cohen, (2020), post-COVID-19 recovery plans provide rare
opportunities for firms to transform their supply chain and production systems toward more
sustainable options. Besides, it is anticipated that these crises recovery arrangements would
lead to opportunities for firms to adopt innovative operation and distribution systems involving

telecommunication, digital literacy, and data-drive technologies.

3.1.  Data-driven innovations for sustainable supply chain performance

For traditional humanitarian organisation, the use of big data analytics is still very uncharitable,
but the question to ask in the recent invent of COVID-19 driven supply chain disruptions is
how can aid actors leverage on this large amount of data, the majority, which is unstructured,
for relief activities?’” (Gazis and Gazis, 2020). Rodriguez-espindola et al. (2020) have also
stated that challenges such as delays, congestion, poor communication, and lack of
accountability may have represented the opportunities to test the reported advantages of

emergence of disruptive technologies.

Some practitioners are aware of the usefulness of blockchain to the overall improvement of
sustainable performance. Other scholars suggest that the very recently coronavirus pandemic
has increased the adoption of this data innovation, including digital automation and cyber-
physical systems in the implementation and enablement of decentralised manufacturing
operations for sustainable supply chain performance. For example, the major role of logistics
providers is to manage the relief supply chain by providing the right product, to the right place,
at the right time, especially when logistics infrastructure such as road, rails, air, etc, are

damaged or destroyed by the disaster (Kabra and Ramesh, 2015).

Anjomshoea et al. (2025) also emphasized that the capabilities of advance technologies can
enhance the sustainability of supply chain practices in commercial supply chain. For example,
the potential of 3D printing in reducing the environmental impacts throughout a products’ life
cycle. Again, this technology has capacity to reduce supply chain delays, reduce transportation
costs, and increase the circularity of supply chain, as the plastics material used by printers can
be recycled and reused (Lorini, Aranda-Jan, and Moultrie, 2022). Although, according to the

authors, the ramification of this disruptive innovations in HSCs remain largely unexplored.

According to Garanttini et al. (2019; cited by Alker et al., 2021), big data-leveraging
humanitarian analytics has become a critical component in aiding infection control initiatives,
as well as analysing emergency response, and modelling virus transmission. In other word, lack

of big data analytics could paralyse humanitarian operations and deprive relief agencies of



adequate insights, as evidenced in the recent COVI-19 pandemic. Chamola et al. (2020) also
explained that during the recent COVID-19 pandemic, different kinds of unmanned Aerial
Vehicle (UAV) ranging from crowd surveillance drone, public announcement drone, thermal
and medical imaging drone, to disinfecting drone, were deployed particularly in isolated high-
rising buildings, for the delivery of medical supplies. Blockchain-enabled app was also, used

to address major problem of lack of integration and validation of verified data sources.

Innovations in data-driven technologies involving digital automation and cyber-physical
systems are enabling the decentralised of manufacturing with supporting supply chain
operations. More specifically, Shim et al., (2019) focused on how the deployment of Big Data
Analytics (BDA), Artificial Intelligence (Al), Blockchain, Internet of Things, (IoT), Radio
Frequency Identification (FRID) and Sensor Technologies enhances traceability and
transparency in supply chain operations. Indeed, Bernard Marr, the originator of Big Data
Analytics, observed that digital twin models allow users to leverage the application of other
advanced technologies including Internet of Things (IoT) to prevent downtime and capitalise
on new opportunities for machine learning and artificial intelligence. Similarly, Ivanov and
Dolgui (2020) maintained that pairing digital twin models with virtual and physical systems
allows the development of data planning and monitoring platforms to detect and tackle supply

chain problems before they occur.

According to Daugherty and Wilson (2018), Al enabled systems are transforming businesses
by traversing into operations that hitherto were exclusive human domain. For example, digital
technologies involving machine learning techniques are increasingly adopted by established
organisations like Google, Amazon, Facebook, and Apple to boost labour productivity and
consequent market competitiveness. Additionally, the application of disruptive techniques like
BDA and Al enabled the John Hopkins University to visualise and track the spread of
Coronavirus virus across the world in real-time. Baryannis et al. (2019) argued that
organisations are increasingly searching for technologies that affords them the opportunity to
use their consumer databases to enrich the usefulness and resilience of their supply chains.
Such technology-driven systems should enable firms to leverage on the large volume of data
to accurately forecast disruptive events, assess their vulnerability, and shore up their supply

chain operations ahead of incidents.

Moreso, previous research demonstrated how social media, and crowdsourcing addresses the

issue of knowledge sharing in disaster preparation, response, and in recovery. Additionally,



social media is a significant tool for influencing users’ behaviour due to its ability to target
larger audiences, which has important implications for achieving sustainability in HSCs.
Besides, several researchers including Choi et al. (2018) and Araz et al., (2020)) reported that
data-driving technologies were deployed by firms to boost visibility and traceability in
procurement, omnichannel models, routing optimisation and traffic monitoring. Zhong et al.
(2015) advocated the use of RFID-enabled production data approach which relies on big data
analytics to forecast logistics trajectories with associated security management. Likewise, other
scholars (Sommerfeld et al., 2018; Nguyen et al., 2018; Ivanov and Dolgui, 2020) identified
areas in the automotive supply chain system where big data-driven technologies were applied
notably: quality control in manufacturing, dynamic vehicle routing, in-transit inventory

management in logistics/transportation, order picking and inventory control in warehousing.

Additionally, in current landscape of logistics and supply chain management, most companies
including Amazon and Dominos have deployed the concept of drones for product delivery
(Jahani et al., 2025). In facts, the authors maintain that drones are hugely tied to various human
needs across multiple domains, ranging from military, medical, artistic, delivery service,
warehousing, mining, agriculture and more. However, there are challenges of integrating the
ever-expanding volume of research in the growth of drone technology applications in supply
chain management. There are also issue of drawback, associated with UAVs, which required

more power consumption to counteract gravity and remain airborne.

Additionally, in these era of industry 4.0 technology blockchain technology has also been
adopted in the field of SCM from raw material procurement to the service or product delivery
to customer service. Again, in context of supply chain, blockchain plays significant roles in
improving transparency, reliability, information decentralisation and in security (Zhan et al.,
2017). In the same vein, within the supply chain academic, there are a growing interest in
extending the benefits of blockchain on SSCM beyond the economic sustainability of the triple
bottom line, as well as exploring how this data-driven innovation can contribute to the

environmental and social sustainable performance of a SC.

Similarly, Papadopoulos et al. (2017) and Choi and Lambert (2017) confirmed that big-data
analytics were deployed by firms to improve the flexibility and vulnerability of their supply
chains to both man-made and natural disasters. Some scholars (Pucci et al., 2017; Ryan et al.,
2016; cited Chowdhury et al., 2022) also acknowledged that three-dimensional 3D printing, a

digitally enabled disruptive technologies, offers numerous opportunities in health service



process because of its ability of low volume production, high flexibility, customised outputs

and complex geometric design s at lower cost.
3.2.  Collaborative sustainable supply chain systems

Recent disruptions to global manufacturing with related supply chains due to the Covid-19
pandemic exposed more than ever need for firms, government, and the wider society to prepare
to swiftly deal with the damaging consequences of these catastrophic events. Hence, Kovacs
and Sigala (2021) emphasised the requirement for collaborative supply chains that are flexible,
agile, and responsive to rapidly changing situations. There is also, evidence stock alone does
not suffice since modern pandemics are not singular obstructions in the supply chain but a
result of complex multi-layered factors. According to Henrique-Mello et al. (2017), explain
the supply chain coordination as the act of managing dependencies between entities and the

joint effort of entities working together towards mutually defined goals.

Therefore, coordination of Supply chain also embraces collaboration of advance technology,
including drone manufacturers in enhancing delivery within supply networks. A good example
is the adoption of companies like Domino in, a food supply chain, partnered with Flirtey, a
drone company, to offer food delivery service via drones (Jahani et al., 2025). Moreso, Walmart
utilises drone for inventory management and the control of FRID tags (Zhang., 2025).
Similarly, the integration of real-time monitoring and tracking technologies with drones
enables a seamless track and monitor the location, condition and movement of essential items
such as personal protective equipment (PPE), test kits, and vaccines. Again, the advance
autonomy of drones in healthcare SCs holds the potential to significantly enhance response

times during health crises, reduce human intervention, and improve operational efficiency.

Therefore, effective respond to global disruptions requires that partnership amongst major
actors is supported by new legislative framework to guarantee standardisation of products with
supporting supply chain networks. For example, the collaboration between Oxford University,
AstraZeneca, and UK Government in the development of Covid-19 vaccine development.
Likewise, European Union Member States work together under the EU Civil Protection
Mechanism (rescEU) which was established in 2019 to develop robust evidence on the
economic burden of diseases, with a view to improving prevention, preparedness, and response
to disasters across the participating States. Kovacs and Sigala, (2021) recognised the
involvement of rescEU in the provision of pre-positioning ventilators, PPE, therapeutics, and

laboratory equipment to strengthen EU’s management of the Covid-19 pandemic.



More recently, rescEU supported joint procurement for COVID-19 Vaccines for EU Member
States to bolster their negotiating power and information flow. Prior to COVID-19 pandemic,
companies have focused on reducing cost through contract manufacturing and lean
manufacturing, offshoring, and outsourcing (Cozzolino et al., 2012; cited by Kovacs and
Sigala, 2021). However, none of these strategies prove sustainable when supply chains are
disrupted in a pandemic situation (Yang et al., 2018). In fact, COVID-19 pandemic has shown
the benefits of multiple sourcing, with many several alternative suppliers at hand. Dubey et a.,
(2019) also confirm that collaborations between the humanitarian and pandemic-related

situations are quite sustainable, particularly with the advent of data-driven innovations.

Clearly, these new technologies will potentially play key roles in enhancing this collaborative
arrangement across local, regional and interorganisational space in the context of supply chain
operations. More importantly, big data analytics may also, be used to identify general trend and
correlations, since several authorities such as governments, large corporations including
general publics are often subjected to extensive analysis based on the use of algorithm (Gazis
and Gazis, 2020). A case in point is during the COVID-19 pandemic, where aid agencies
switched to remote data collection and relied heavily on the use of telecommunications and
digital tools, such as phone calls, online survey, SMS, and messaging app (such as WhatsApp
and Signal). More so, big data analytics could support aid-relief agencies in epidemic
surveillance and response, although there is limited literature evidence to support application
of big data analytics to medical records/data (Gazis and Gazis, 2020). Interestingly, our
recently published article - titled: “’Data-driven technologies for global healthcare practices
and COVID-19: opportunities and challenges ’, has provided the empirically evidence that

addressed this literature gap.

Overall, it is evident that these traditional strategies were ineffectual when supply chains are
overwhelmed by pandemics such as Covid-19 which left several countries facing the same
disastrous conditions simultaneously. This study proposes a conceptual model (see Figure 1)
to illustrate how innovative technologies play a vital role in strengthening the supply chain
operations of firms to respond to disasters in the future. It is expected that this representation
will encourage further discussion in this field. Beside the summary of author’s perspectives in
table 2, we have further demonstrated the rigor and originality of this research by referring to

the definitive arguments proposed by various authors:



Nagendra et al. (2022), in their recent postulation explore how satellite data when combined
with other data sources like census data can function as a potential source that bridge the gap
of information flows during rescue and relief operations in India. The authors went further to
offer final solution using satellites as a primary data source and cell phone records, as well as
census and digital elevation models as a secondary data source, through which humanitarian
relief operations team can plan and coordinate rescue efforts. Dubey and Gunasekaran (2016),
in their study attempted to delineate humanitarian supply chain management (HSC) from
commercial supply chain management. The authors discussed HSC from the point of view of
sustainability in the context of other key factors such as agility, adaptability, and alignment.
Kabra and Ramesh (2015) in their research developed a situation-actors-process learning-
action performance linkage framework that analyses various learning issues related to

enhancing the use of ICT in humanitarian supply chain management.

Their results suggest that strategic and proactive planning is essential in enhancing the use of
ICT in humanitarian relief operations. The researchers in their wisdom redefined ICT as not
only information technology, but includes people, process, practices, and organizational
environments. Gazis and Gazis (2020) in their study provided a framework for examining open-
source platforms, as well as advantages and privacy challenges of big data. The authors went
further to discuss how aid actors can use big data as a crisis response tool to support
humanitarian projects, particularly when the general Data Protection Regulation is applicable.
Similarly, in a narrative review paper, Barlette and Baillette (2022) highlighted several
organizational challenges and the possibilities of using agility, as well as leveraging BDA to
achieve enhanced performance in a turbulent context. Gunasekaran et al. (2017) in another
study, conceptualized resource base-view process and identified the influence of resources
namely, connectivity and information sharing under the meditation effect on big data
assimilation. Their findings suggested that connectivity and information sharing under the
meditation effect of top management commitment are positively related to big data predictive

analytics (BDPA).

Rada et al. (2022) proposed a research model that captures the effects of an AI-BA opacity on
a firm’s risk environment and negative performance. Their findings indicated that lack of
governance, poor data quality, and inefficient training of key employees led to an AI-BA
opacity. Additionally, Akter et al. (2022), investigated the operations and value propositions of
four distinct but increasingly converging technologies namely, artificial intelligence (Al),

blockchain, cloud and data analytics. Their findings suggest wide-reaching and diverse



application of these digital tools leads to business transformation. Goswami et al. (2018)
proposed a framework for building a disaster management database hosted on open-source big

data platform like Hadoop.

The study focuses on collected data from disasters and using data mining and analytical
techniques applications designed for prediction, detection, and development of appropriate
disaster management strategy. Gaur et al. (2021) carried out an investigation using protection
motivation theory (PMT) within hospitality industry and explains the guest’s intent in adoption
of Al and Robotics as a protective measure in reaction to COVID-19 pandemic. The authors in
their findings indicated how these behavioral choices during emergencies can bring
technological revolution. Alker et al. (2021) propose an analytics empowerment capability
framework for humanitarian service systems. The authors demonstrate that analytics culture,
technological sophistication, data-driven insights, decision making autonomy, knowledge, and
skills, as well as training and development are crucial components of the analysis
empowerment’s capability required to sense, seize, and remedy crisis situations. Kebra et al.
(2017) in their paper developed a structural model that empirically examines the technology

adoption behaviour of humanitarian organizations.

The research result shows that out of four constructs namely, performance expectancy, effort
expectancy, social influence and facilitating conditions, only performance and effort
expectancy affect the IT adoption. Dasaklis et al. (2012) in their research explore the role of
logistics operations and their management and how they assist in the control of epidemics
outbreaks. Dwivedi et al. (2018), explore the issues affiliated with negative attitude towards
disaster management operations, using theory of cognitive dissonance. Their findings indicate
that administrative conflict, political biasness, and professional growth have significant effects
on attitudes of humanitarian relief operators. Chamola et al. (2020) in their review study,
explore how technologies such as the Internet of Things (IoT), Unmanned Aerial Vehicle
(UAV), Blockchain, Artificial Intelligence (Al), and 5G, were used to help mitigate the impact
of COVID-19 outbreak. Corsini et al. (2018) in their study suggest the need for a holistic supply
chain approach that include the local production of 3D printers and filament, alongside local
design, and manufacturer. The study further provided relevant guidance for practitioners using

3D printing in the humanitarian sector.

Furthermore, Corsini et al. (2018) in their review study outlined several scholars that explained

the various impacts of 3DP on the disaster management: Schoning and Heidemann (2016;



Espinosa and Dominguez, 2016) explore the role of 3DP for producing spare parts after
disaster; Bassett et al. (2015) examine how 3D printed wind turbines for disaster relief and
rural electrification; Chu et al. (2015) looked at the prototype 3D printed robots and UAVs for
disaster relief response. Gregory et al. (2016) in their study investigate how 3DP helped in
producing disaster shelters; Wong (2015) and Savonen et al. (2018) also describe the
capabilities of a resilient 3D printer for the disaster context; Dotz et. (2015) and Lundman
(2016) and Ibrahim et al. (2015) present examples of 3D printed health care supplies in resource
constrained settings; and Rodrniguez et al. 2018) in their research identify that 3DP could be
used to produce shelters, settlements, and non-food items, in humanitarian crises. Anjomshoae
et al. (2023) identified and categorised sustainable humanitarian supply chain management
themes, with a particular emphasis on theoretical development based on a categorical analysis
of research articles. In their analysis, the authors reveal how sustainability in humanitarian
supply chains encompasses a wide range of aspects, such as supply network configuration,
coordination, and partnership, as well as performance measurement. Rodriguez-espindola et al.
(2020) proposes a framework to improve the flow of information, products, and financial
resources in humanitarian supply chains by integrating three emergent disruptive technologies;
Artificial Intelligence, Blockchain and 3D Printing. Brydel et al. (2020) examines the
relationship between information alignment (IA), collaboration (CO) and supply chain agility
(SCAG) under the moderating effects of artificial intelligence-driven big data analytics
capability (AI-BDAC) and intergroup leadership (IGL).

Dubey et al. (2020) proposes a theoretical model to understand how Blockchain technology
can influence operational supply chain transparency (OSTC) and Swift-trust (ST) among actors
engaged in disaster relief operations. Their model also indicates how BT-enabled ST can further
improve collaboration (CO) among actors engaged in disaster relief operations and enhance
supply chain resilience (SCR). Wassehave (2017) explore the complexities of managing supply
chains in humanitarian settings. Her further pinpoints the potential of humanitarian and private
sectors in emergency relief operations and outlines strategies for better preparedness and the
need for supply chains to be agile, adaptable, and aligned. Kunz and Gold (2015) conceptualise
a framework for a sustainable humanitarian supply chain management (SCM) that facilitates
performance. The authors also suggest the need for supply chain to be aligned not only to relief
organisations’ enablers, but also to the population's long-term requirements, socio-economic

and governmental contingency factors. Upadhyay et al. (2020) investigated lean and agile in



Humanitarian Supply Chain focussing on the pre-disaster (mitigation and preparedness) and

post-disaster (response and recovery) phases.

Table 2. Conceptual model for humanitarian and Covid-19 supply chain operations

Conceptual model for humanitarian and Covid-19 related supply chain disruptions

Supply Chain Disruptions: Supply chain disruptions is high impact supply chain risk invents. For
examples, natural disasters such as earthquake and tsunamis; man-made catastrophes such as strikes, legal
and trade dispute; epidemic and pandemics like the recent COVID-19 pandemic. Ivanov et al., 2019; Kinra
et al., 2019; Ivanov et al., 2017). Other scholars described how disruptions in productions facilities,
including machine breakdown, technology obsolescence, fire, utility failure and system damage could be
incorporated in production recovery models (Shao, 2012; Darom et al., 2018; Paul and Shams, 2018).

Environmental Environmental supply chain disruption is supply chain risks that can be caused
by natural disasters like Tsunamis, or man-made such as fire outbreaks at
distribution facility, hurricane, or flood at productions factory (Ivanov et al.,
2017). The negative impacts of Humanitarian Supply Chain are wide, ranging
from global (e.g. CO2 emissions of transportation) to local (e.g. local plastic
pollution or deforestation) outcomes. These impacts could be direct (e.g. an HO
generating pollution) or indirect (e.g. suppliers’ poor-quality manufacturing)
Anjomshoae et al. (2023).

Economic Economic supply chain disruption is a high impact occurrence, it can be natural
disasters, man-made or epidemic and pandemic like the recent COVID-19
pandemic has caused has disrupted and destroyed businesses, as well as global
economies (Singh et al., 2021).

Social Social disruptions could be man-made or pandemic like recent COVID-19

pandemic that constituted social risks like job loses (Kovacs and Sigala, 2021;
Singh et al., 2021).

Preparedness/Mitigation: It entails the need for economics, businesses, and society to swiftly response
effectiveness to any current and future supply chain disruptions. It also involved proactively putting
measures, policies, and digital technologies in place to predict and avert any future disruptions within the
supply chain networks (Kovacs and Sigala, 2021).

Data-Driven These are digital technologies such as Big Data Analytics, Al, 3D printing,
Innovations Blockchain and IoT, that stimulate innovations and can bring major
improvements in the industry, manufacturing sector and society. e.g. big data
analytics and Al as a mitigating measure for COVID-19 driven supply chain
disruptions (Ogbuke et al., 2020).

Standardization This is a technical specification that recommend and mandate public and private
use (Kovacs and Sigala, 2021).

Regulations Regulation is the enforcement of certain standards of items, temperature,
hygiene requirement, humidity for storage, movement, and material handling.




e.g., most healthcare-related items such PPE, medicines, drugs (Kovacs and
Sigala, 2021).

New models/Concepts

New models explain the designing of new business concept for efficiency and
effectiveness, as well as fostering of innovations and development (Singh et al.,
2021).

Supply Chain Performance: It entails improving visibility, resilience, responsiveness, and assimilation
of technologies into organisational practices (Gunasekaran et al. 2017).

Agility

Agility focuses on people, technology and process whilst collaborating with
costumers and adapting to change, as well as taking advantage of windows of
opportunities. It is also a business that allows companies to use market
knowledge and partnerships to exploit profitable opportunities in a volatile
marketplace (Serrador and Printo, 2015; Nayor et al., 1999; cited by Geyi et al.,
2020).

Visualization

It enhances organisational capability that may reduce the negative impacts of
supply chain disruptions (Wamba et al., 2020).

Flexibility

Flexibility is improving organisations’ access to resources and capabilities
through collaborations with suppliers and focal manufacturing (Wemba et al.,
2020).

Collaboration/Relationship: Collaboration involves relationship building among all the stakeholders,
particularly now that pandemic response to medical supply chains share some characteristics with
humanitarian supply chains. For example, A good example of collaboration arrangements is partnership
among Oxford University, AstraZeneca PLC, and UK Government in COVID-19 vaccine development
(Kovacs and Sigala, 2021).

Procurement

This is a joint purchasing of humanitarian relief materials and covid-19
pandemic materials such as PPE, nose mask, Ventilators etc. Joint procurement
enhances cost efficiency by exploiting the economics of scales (Kovacs and
Sigala, 2021; Singh et al., 2021).

Outsourcing

This is a multiple outsourcing and open opportunities for various suppliers’
choices, including better negotiating opportunities (Gunasekaran et al., 2019).

Partnership

Partnership is forming public-private partnership for drug and vaccine
development. Example of public-private partnership is the partnership among
Oxford University, AstraZeneca PLC, and UK government (Kovacs and Sigala,
2021).

Information sharing

Information sharing involves sharing of supply chain and logistics systems
information using new technologies (Sheng et al., 2020).

4. Theoretical Framework and Research Methodology

We designed a conceptual framework that highlights how contingency factors such as

organisational and environmental factors integrate with Big Data Analytics and Al driven-

supply chain models to mitigate the damaging impact of COVID-19 disruptions (Sousa and




Voss, 2008; Huang et al., 2010; Walker et al., 2015). Likewise, Anjomshoae et al. (2023)
believe that humanitarian operators must avoid any detrimental impact of their operations on
society, the economy, and the environment. They emphasised that the principle of ’NO Harm”
must be adopted to ensure resilience, as this will offer the affected people in the communities
the capacity to self-manage the situation. This framework also supports Kebra et al. (2017)
structural model that empirically examines the technology adoption behaviour of humanitarian
organizations. Nagendra et al. (2022), on the other echoed that many obstacles, ranging from
lack of real-time information or communication with the disaster victims, to poor predictability
of demand, improper coordination of supply and inability to achieve last time operations,
hamper humanitarian and emergency operations. But international humanitarian organisation
has been criticised for their renewed interest in expanding the overall supply chain without
taking into consideration these long-term implications on the society, the economy and

environment.

Therefore, this conceptual framework is designed to address some of these limitations. Figure
1 depicts the four constructs of interest with related variables namely, Sustainability, Resilience
and Performance, Humanitarian and Covid-19 Crises, and Transformation & Innovation. We
are also using Supply Chain Operations Reference Model (SCOR) as a management tool to
further explain these constructs. SCOR helps to explain all these processes along the entire
supply chain and provides the basis for incorporating data-driven technology infrastructures
such as BDA, Al, Blockchain, IoT, Sensor technologies, in enhancing supply chain and
logistics systems for various relief activities during pandemic crises. Furthermore, this model
demonstrates the integration of business concepts of process re-engineering into transformation
& Innovation construct - benchmarking, standardization, information sharing, etc. This model
is also in line with second constructs - Resilience and Performance, which leverage on five

areas of supply chain model: plan, source, make, deliver, and return (Huan et al, 2004).

Table 2 summarises the three research questions abstracted from these concepts which form
the focus of the argument in this study. The first and second concepts in Figure 1 highlight the
channels through which supply chain networks are disrupted by Covid-19 crises and
humanitarian disasters. This perspective is informed by representations in Dubey and
Gunasekaran (2016) and Singh et al., (2021) which delineated humanitarian logistics using
concepts from established commercial supply chains to maximum surplus without

compromising service quality levels.



However, several authors have cautioned against the vulnerability of humanitarian supply
chains to major disruptive events like covid-19 pandemic, wars, and natural disasters
(Hendricks and Singhal, 2005; cited by Tang, 2006; Araz et al., 2020) Altay et al., (2018)
differentiated the criteria for selecting supply chain models for the pre- and post-humanitarian
disasters based on agility and resilience. Subsequently, Olivares-Aguila and Elmaraghy (2020)
proposed a dynamic model for evaluating the quality of supply chain services that utilise
autonomous mobile robots to enhance productivity and flexibility of the systems. Additionally,
Fragapane et al., (2020; cited by Kumar et al., 2020) recommended strategic ways to enrich the
quality of smart logistics channels involving automated warehousing, cargo tracking and
remote fleet management. They argued that combining big data analytics and Al integration
with other advance technologies give companies real-time insight into asset status and location.
For example, Cloud-based GPs and cost-effective Bluetooth Low Energy (BLE) asset tracking
devises provide instant updates on geography, including cargo of humanitarian relief items in
transit. In other word, real-time tracking could be used to gauge transport and delivery route
inefficiencies. Thus, Ivanov and Dolgui, (2020; cited by Ogbuke et al., 2020) remarked that
supply chain interruptions during the covid-19 crisis with the ensuing post-pandemic
recoveries provide irrefutable evidence for firms to deploy digital technologies such as big data
analytics and Al when mapping supply chain networks to improve resilience, cost

effectiveness, agility, and adaptability of the system.

Overall, several authors (Choi, et. al., 2017; Ivanov et al., 2020 and Ivanov and Dolgui2020)
accepted that these disruptive technologies are increasingly perceived as the best cost-effective
tools for firms to enhance their capacity to: (i) accurately predictive and speedily react to risky
events and (i1) leverage on the competitive advantages arising from a visible and traceable
supply chain network. The third and fourth construct explores the impact of data-driven
innovations on supply chain performance by identifying the characteristics of big data analytics
and Al technologies most productive in mitigating the humanitarian and covid-19 related
disruptions. Additionally, following Dubey et al., (2019) and Singh et al., (2021), we depict in
Figure 1, the channels through which the power and potential benefits of big data analytics
(BDA)and Al technologies are enabled by the integration of other technologies.

The proposition is that a combination of these enabling technologies with BDA and Al
innovations will nurture sustainable humanitarian supply chain operations in preparedness for
any future disruptive events. Baumer-Cardoso et al. (2020) argued that smarter logistics

systems, including reverse logistics for secondary materials and waste products are



increasingly enabled by internet of things (IoT) Technologies, to optimize the supply chain for
unpredictability in customer demands. Singh et al. (2020) provided an example of the joint
application of these advanced technologies through truck-drone synchronised logistics systems
for distributing relief materials in highly infected quarantine regions. This paper proposes a
conceptual model for managing humanitarian and COVID-19 supply chain disruptions in a
sustainable manner (see Figure 1). This theoretical model was designed to achieve the first
objective for this study, which is to identify the strategies to tackle humanitarian and COVID-
19 pandemic-related supply chain disturbances. The framework comprises four main
paradigms with associated variables. These constructs with their accompanying variables were

selected after a comprehensive review and synthesis of supply chain literature.

Fig 1. Conceptual Model for Humanitarian Supply Disruptions

Social

Sustainability Resiliency/Performance
= Environmental = Agility
= Economic = Responsiveness

=  Visualization

=  Flexibility
= Real-time visibility

Humanitarian and Covid-
19 Crises

Transformation/Innovation

= Smart logistics

= Supply shock. = Risk mitigation

- Scarce' res?urces = Information sharing
= Coordination * Benchmarking
= Aids agency = Standardization

=  Human casualties

The first construct involves those supply chain disruptions associated with environmental,
economic, and social-cultural factors. A host of researchers most notably Ivanov et al., (2019),
Ivanov et al., (2017), Kinra et al., (2019) described these types of obstructions as high impact
supply chain risk invents. Common examples include, natural disasters (such as earthquake
and tsunamis), man-made catastrophes (such as trade union strikes and disputes) and epidemic
and pandemics (such as COVID-19 pandemic). The second concept relates humanitarian and

covid-19 crises to outcome variables namely, scare resources, supply shock, panic buying,



policy/lockdown measures, staffing gap/unemployment, human casualties, with consequent
relief action. Also, these crisis events led to a shortage of labour force and disconnected global

logistics, leading to supply shortages.

Most concerning were disruptions in the supply of essential medical and hygiene items such as
Personal Protective Equipment (PPE), hand gloves, nose mask, toilet rolls, hand sanitizers and
mechanical oxygen ventilators to provide therapy for coronavirus patients. Nonetheless, Sarkis
et al (2020) explained that post COVID-19 recoveries will prompt businesses, governments,
and Aid agencies to revamp their existing supply chain systems to include those data-driven
technologies that enhance: (i) the flow of information between key actors and (ii) firm’s
predictive capacity and resilience to severe shocks. For example, adopting big-data and Al
supported approaches could help companies accurately predict and manage socio-economic
and COVID-19 related supply uncertainties, as well as devise suitable training programmes for

their employees.

Other component is concerned with the use of data-driven innovation to create smart logistic
systems, mitigate security risks improve product service quality, further information sharing,
manage consumer expectation and enhance traceability and transparency of supply chain
network. Henke et al. (2020; cited by Sheng et al., 2020) suggested that utilising big data
analytic methods improve the effectiveness of corporate decisions during periods of extreme
and unpredictable events. They recognised that big-data analytics augment performance
outcomes by helping firms (i) select profitable market for investment, (ii) accurately and
speedily predict potential risks and growth opportunities, (iii) identify potential business
alliances involving suppliers and distributors (iv) develop and bring new products and services
to market in shorter periods and (v) undertake market analysis to understand consumer

purchasing behaviours during and after severe economic conditions.

It is evident that in the past decade, companies increasingly moved from physical store presence
to centralised online distribution and real-time inventory management systems to be more
responsive to changing consumer shopping habit. Indeed, during the recent COVID-19
pandemic, most customer transactions shifted online forcing companies to boost their e-
commerce capabilities. The final construct in Figure 1 identifies the metrics for measuring the
performance of supply chains comprising agility, responsiveness, resilience, adaptability,
traceability, flexibility, cost effectiveness and real-time visibility. Geyi et al. (2020) and

Gunasekaran et al., (2017) acknowledged that collectively, these performance metrics capture



improvement across all levels of supply chain systems. Ivanov (2020) conceptualises that
commitment by top management to integrate advance technologies into company practices
should produce a more resilient and sustainable supply chains. Besides, companies can close

any security gap that might serve as ingress points for hackers to disrupt supply chain networks.

5. Discussion

Although, sustainability entails three performance dimensions namely: social, environmental
and economic, it is difficult to clearly distinguish which topic belongs to sustainability because
every idea on humanitarian supply chain (HSC) study has a social implication, especially when

the main objective is to rapidly respond and provide relief materials to the affected victims.

Moreover, the objective of the study is to develop conceptual framework for identifying the
strategies to predict and manage humanitarian and COVID-19 pandemic-related supply chain
disruptions. These supply chain interruptions are related to sudden and seismic changes in
environmental, economic, and social factors. Evidence in the recent past demonstrates how the
lack of preparation by firms and governments to deal with supply chain disruptions caused by
COVID-19 pandemic led to shortages in medical items with consequent human fatalities. The
extensive review of emerging literature also, reveals the positive influences of enabling supply
chains operations with data-driven technologies involving big data analytics and artificial

intelligence models.

Additionally, we enumerated the negative impacts of humanitarian supply chain which range
from global (e.g. CO2 emissions of transportation) to local (e.g. local plastic pollution or
deforestation) outcomes., as well as the ongoing conflicts (e.g. in Gaza and Ukraine), the recent
virus diseases (e.g. COVID-19 pandemic), and other adverse impact of climate change such as
extreme flooding and droughts in Mozambique. The paper highlighted the keen interest of
donors and other stallholders in prioritising not only their sustainability agendas but have
expressed concerns about the rising threats of climatic change. For example, European Civil
Protection and Humanitarian Aid Operations (ECHO), one of the major donors of humanitarian
relief agency, has mandated all its funded HOs to report their carbon footprints by 2023 for
funding eligibility.

From social sustainability angle, most scholars believed that humanitarian operations are
confronted with challenges that are more associated with inclusivity, equity, and protection of
vulnerable populations. The social crises include the displacement of communities due to

conflicts and natural disasters, resulting in social disruptions, loss of livelihoods, increase



vulnerability to exploitation and violence., as well as lack of access to basic services, such as
healthcare, education, and clean water. These conflicts often exacerbated by social inequalities
and human suffering, which further underscores the points that social implications of
humanitarian supply operations extend beyond logistical efficiency but have deep profound

impacts on local communities.

Furthermore, the research emphasized the capability of advance technologies in enhancing
sustainability of supply chain practices in commercial supply chain. For example, the potential
of 3D printing in reducing the environmental impacts throughout a products’ life cycle, and
how this technology can reduce supply chain delays, reduce transportation costs, and increase
the circularity of supply chain, as well as how plastics material used by printers can be recycled
and reused. We discovered that big data analytics may be used in humanitarian operation in
identifying general trend and correlations, since several authorities such as governments, large
corporations including general publics are often subjected to extensive analysis based on the
use of algorithm. A case in point is during the COVID-19 pandemic, where aid agencies
switched to remote data collection and relied heavily on the use of telecommunications and
digital tools, such as phone calls, online survey, SMS, and messaging app (such as WhatsApp
and Signal). Such beneficial outcomes advocate the deployment of big data analytics and Al
technologies to predict and control humanitarian and COVID-19 related supply chain

uncertainties.

We have also, incorporated the SCOR model to our conceptual frameworks to help explain the
basis for incorporating data-driven technology infrastructures such as BDA, Al, Blockchain,
I0T, Sensor technologies along the entire supply chain with the aim of enhancing supply chain
processes and logistics systems for various relief activities during pandemic crises. Moreso,
social media with big data analytics and synergy of Al can now be deployed in social media
and crowdsourcing in addressing the issue of knowledge sharing in disaster preparation, rapid
response and in recovery process. Social media is also, a significant tool for influencing users’
behaviour due to its ability to target larger audiences, which has important implications for

achieving sustainability in HSCs.

Therefore, our argument in this study further demonstrates that integrating these digital tools
into conventional supply chain network improves a firm’s capability to acquire the expertise
and alliances conducive to profitably develop and bring new products to market in shorter time

periods, as well as carry out market analysis to understand consumer purchasing behaviours



during and after extreme humanitarian and COVID-19 pandemic crises. Inthe current logistics
landscape and supply chain management, most companies including Amazon and Dominos
have deployed some of data-driven technologies for product delivery resulting in cost
effectiveness. For example, drones are now hugely tied to various human needs across multiple
domains, ranging from military, medical, artistic, delivery service, warehousing, mining,

agriculture and more.

However, there are challenges of integrating the ever-expanding volume of research in the
growth of drone technology applications in supply chain management. Also, there are issues of
drawbacks, associated with UAVs, which required more power consumption in other to

counteract gravity and remain airborne.
6.  Conclusion

This paper proposes a conceptual model for managing humanitarian and COVID-19 pandemic
related supply chain disturbances. This concept was motivated by the fact that as part of the
COVID-19 recovery strategy, manufacturers are increasingly involved in multiple procurement
and distribution alliances supported by data-driven technology platforms. Hence, the
arguments in this paper with supporting evidence and case study examples from literature
demonstrate how data-driven technologies such as big data analytics and artificial intelligence

enable smart logistic operations that is resilient, agile, adaptable, and responsive to disruptions.

Further, the theoretical expositions provide insights into the characteristics and linkages
between interruptions in humanitarian relief supply chains logistics and the uncertainties
caused by the recent COVID-19 pandemic. In general, the review of literature reveals a limited
number of studies focusing on the management of supply chain disruptions using advanced
technologies, despite strong evidence that a consequence of the covid-19 pandemic is that a
growing number of firms are shifting their operations online supported by big data analytics
and Al technologies. Thus, the theoretical model described in this paper makes meaningful

contributions to the operations management literature.

6.1. Contributions

It is a general believe that the success of any humanitarian operation is a direct function of
efficiency and effectiveness of coordination and management in getting the key stakeholders,
including the supplies to the right place as quickly as possible. Therefore, any poor
humanitarian supply chain management will result in a continued suffering of the victims

resulting in major negative impact on the social and economic conditions of the receiving



community, countries or regions. Example is the refugee crisis that often characterised this
unfortunate invest. Refugee crises among other man-made disastrous events such as arm
conflicts, epidemics, famine, are the direct result of humanitarian emergency experienced by
several countries. In effect, these man-made disasters, particularly the refugee crises have

contributed significant risks to health, safety and well-being on the receiving communities.
6.2. Theoretical and practical implications of the research

There are consensus within the literature space that humanitarian supply chain is the major
backbone in amending disruption physically for the following reasons: 1) it serves as a bridge
between disaster preparedness and response, and between procurement and distribution; 2) it
is crucial to the effectiveness and speed of response for major humanitarian programs, like
health, food, shelter, water and sanitation; 3) it can be one of the most expensive parts of relief

efforts and operations.

Therefore, the characteristics of big data and Al driven supply chain operations will be very
significant and major managerial requirements in achieving competitive advantages while
adhering to regulations to protect the privacy, ethics, and security of their customers. For
example, big data analytics identify general trend and correlations, since several authorities
such as governments, large corporations including general publics are often subjected to
extensive analysis based on the use of algorithm. Again, the aid agencies can switch to remote
data collection and relied heavily on use of telecommunications and digital tools, such as phone
calls, online survey, SMS, and messaging app (such as WhatsApp and Signal). Moreover, Big
data analytics could support aid-relief agencies in epidemic surveillance and response. Clearly,
these technologies enhanced collaborative arrangement across local, regional and

interorganisational space in the context of supply chain operations.
6.3. Limitation and future research directions

There is limited literature evidence to support application of big data analytics to medical
records (Gazis and Gazis, 2020). Interestingly, our recently published article - titled: ‘’Data-
driven technologies for global healthcare practices and COVID-19: opportunities and
challenges ’, has provided the empirically evidence that addressed this literature gap. The
theoretical model described in this paper also, makes meaningful contributions to the
operations management literature. These effects could materialise into the short or long term.
The negative impacts obviously will make sustainability in HSCs a challenging, as well as an

important topic to study.



Prior to COVID-19 pandemic, companies have focused on reducing cost through contract
manufacturing and lean manufacturing, offshoring, and outsourcing, as strategies sustainable
supply chains disruption. Additionally, there are limited papers to review and synthesise the
findings of the rapidly emerging literature on the big data analytics and artificial intelligence
platforms. Thus, such a comprehensive review of literature should improve our understanding
of the complexities and diverse functions of these data-driven technologies in collaborative

supply chain ventures.
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