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Abstract

In today’s global context, characterized by an escalation of natural disasters, armed con-
flicts, and large-scale disruptive events, Humanitarian Supply Chains are under un-
precedented pressure. The exponential increase in the number of internally displaced
persons and the growing complexity of operational scenarios demand a logistical response
that is increasingly efficient, agile, and resilient. This thesis aims to identify and priori-
tize the critical success factors that determine the effectiveness of logistical responses in
such scenarios, with the goal of providing a strategic framework for the improvement of
humanitarian operations. The research began with a qualitative phase, based on struc-
tured interviews with professionals from nine of the world’s leading NGOs. Subsequently;,
the Analytic Hierarchy Process was applied to objectively classify recent humanitarian
crises and select five emblematic case studies, which were analyzed in-depth. Finally,
through a two-round Delphi methodology with the same experts, the identified critical
factors were validated and empirically ranked to establish their relative importance. The
main findings reveal a clear hierarchy of success factors. The management of Materials
and Resources, the quality and transparency of Information, and the efficiency of
Warehouses emerged as the three highest-impact elements, surpassing other variables
traditionally considered central. The study also developed a conceptual model that dis-
tinguishes between "Humanitarian Aid Demand," influenced by external factors , and
"Humanitarian Aid Supply," determined by internal factors within NGOs. As a practical
application, a Proof of Concept simulation model was developed for warehouse placement
optimization . This research provides humanitarian organizations with an evidence-based
strategic roadmap to enhance their operational effectiveness, suggesting investments on
the highest-priority factors. The work promotes a paradigm shift from a decision-making
approach based predominantly on experience to one that is data-driven, with the ultimate
objective of making the humanitarian response more agile, resilient, and efficient, thereby

maximizing the number of lives saved.

Keywords: Humanitarian Supply Chain (HSC), Humanitarian Logistics, Emergency
Management, Critical Success Factors, Delphi Method, Supply Chain Optimization, An-
alytic Hierarchy Process (AHP), Machine Learning.
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Abstract in lingua italiana

Nel contesto globale odierno, caratterizzato da un’escalation di disastri naturali, conflitti
armati ed eventi dirompenti su larga scala, le Humanitarian Supply Chain sono sot-
toposte a una pressione senza precedenti. L’aumento esponenziale del numero di sfollati
interni e la crescente complessita degli scenari operativi richiedono una risposta logistica
sempre pil efficiente, agile e resiliente. Questa tesi si propone di identificare e dare priorita
ai fattori critici di successo che determinano 1'efficacia delle risposte logistiche in tali sce-
nari, con l’obiettivo di fornire un quadro strategico per il miglioramento delle operazioni.
La ricerca ¢ iniziata con una fase qualitativa, basata su interviste strutturate a profession-
isti di nove ONG leader a livello mondiale. Successivamente, ¢ stato applicato il Analytic
Hierarchy Process per classificare oggettivamente le recenti crisi umanitarie e selezionare
cinque casi di studio emblematici, che sono stati analizzati in profondita. Infine, attraverso
una metodologia Delphi a due round con gli stessi esperti, i fattori critici identificati sono
stati validati e classificati empiricamente per stabilirne I'importanza relativa. I risultati
principali rivelano una chiara gerarchia dei fattori di successo. La gestione di Materiali e
Risorse, la qualita e la trasparenza delle Informazioni e I'efficienza dei Magazzini sono
emersi come i tre elementi a pit alto impatto, superando altre variabili tradizionalmente
considerate centrali. Lo studio ha anche sviluppato un modello concettuale che distingue
tra "Domanda di Aiuto Umanitario", influenzata da fattori esterni, e "Offerta di Aiuto
Umanitario", determinata da fattori interni alle ONG. Come applicazione pratica, € stato
sviluppato un modello di simulazione Proof of Concept per I'ottimizzazione del posiziona-
mento dei magazzini. Questa ricerca fornisce alle organizzazioni umanitarie una roadmap
strategica basata sull’evidenza per migliorare la loro efficacia operativa, suggerendo in-
vestimenti sui fattori a piu alta priorita. Il lavoro promuove un cambio di paradigma da
un approccio decisionale basato prevalentemente sull’esperienza a uno guidato dai dati,
con l'obiettivo finale di rendere la risposta umanitaria piu agile, resiliente ed efficiente,

massimizzando il numero di vite salvate.

Keywords: Catena dell’Approvigionamento Umanitario, Logistica Umanitaria, Gestione
delle Emergenze, Fattori Critici di Successo, Metodo Delphi, Ottimizzazione della Catena

dell’Approvigionamento, Analytic Hierarchy Process (AHP), Machine Learning.
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1 ‘ Introduction

1.1. Humanitarian Supply Chain

People eeing violence, houses destroyed by bombs, storms, res, earthquakes, improvised
camps lled with families that have lost everything. The images coming from Gaza,
Ukraine, and Gazantiep represent only the most recent evidence of a global trend of
increasing destruction and civilian displacement.

Figure 1.1: A Palestinian man returns to Jabalia refugee camp on 30 May 2024, after
Israel began its withdrawal from the area (AFP/Omar Al-Qattaa) Middle East Eye [26]

Over the last fty years, there has been a dramatic increase in both extreme climatic
events and armed con icts. If, in the 1970s, there were about 70 80 natural disasters
annually, that gure now consistently exceeds 400, indicating a staggering rise. This trend
is driven primarily by increasing global temperatures, which intensify extreme weather
events, making them more frequent, unpredictable, and destructive. Among the most
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devastating events are oods, which numbered around 20 30 per year in the 1960s but have
soared in recent decades, reaching 222 cases in 2021, with peaks such as the 232 recorded in
2006. A similar pattern is seen in extreme temperatures, which were almost negligible until
the 1980s but grew progressively to 52 incidents in 2012 and 40 in 2022. Thus, Climate
change ampli es phenomena once considered rare, turning them into concrete, recurring
threats. One example is drought, which in the 1960s stood at around ten occurrences per
year, whereas it now strikes at four times that frequency, with 40 occurrences in 2022 alone.
The consequences are arid land, ruined crops, food insecurity, and water crises a ecting
millions of people, fueling social tensions and forced migration ows. This growth in
extreme events is not merely a statistical curiosity but a structural shift rede ning how
communities live and survive. Entire regions of the planet are becoming uninhabitable,
with populations compelled to abandon their homes due to increasingly devastating oods,
unbearable heatwaves, and barren lands incapable of supporting agriculture or livestock.
In this context, climate change is no longer a distant threat but a tangible reality striking
with growing intensity, exacerbating existing inequalities, and driving global instability.

Figure 1.2: Flood Events since 1950 Our World in Data [29]

In addition to natural disasters, armed con icts have also become more widespread, pro-
tracted, and lethal, signi cantly contributing to global instability. Over the last 15 years,
about 2 million people have lost their lives due to wars, guerrilla activities, and armed
violence an alarming gure that highlights how scenarios of instability and su ering
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increasingly mark the world. The number of conicts is constantly increasing: if there
were 86 worldwide in 2010, by 2024, that gure had more than doubled, reaching 180. In
parallel, the number of countries directly involved in wars or internal con icts has grown
from 37 in 2010 to 59 in 2024.

Figure 1.3: Extreme Temperature Events since 1950 Our World in Data [29]

The human toll of this escalation is devastating. In 2010, the number of deaths caused by
con icts was around 50,500, whereas in 2023, it reached a dramatic peak of over 311,000
in a single year. This increase not only re ects the growing number of con icts but also
their intensity and brutality, often exacerbated by the indiscriminate use of increasingly
destructive weapons and the brutalization of warfare. Regions that were once relatively
stable have become epicenters of violence. At the same time, con icts that seemed on the
verge of resolution have turned into chronic wars, dragging entire generations into a spiral
of devastation. The direct and catastrophic e ects on civilian populations are profound:
they bear the highest price in terms of loss of life, destruction, and forced displacement.
The number of refugees and internally displaced persons has risen sharply: millions have
been forced to leave their homes to escape bombings, massacres, and persecution.
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Figure 1.4: Armed Con icts since 1990 Our World in Data [30]

Images from Gaza, Ukraine, and Gazantiep are just the latest in a long sequence illus-
trating the growing upheaval and displacement of civilians on a global scale. Yet when
the cameras turn o, these people forced to leave their homes often become invisible.
Contrary to common belief, most of them remain within their own country, desperately
trying to survive and rebuild their lives. They have not chosen this fate, and although
they have the same rights as any other citizen, they rarely enjoy the same opportunities.
Months or even years can pass before internally displaced persons (IDPs) are no longer
in need of support and protection. Finding lasting solutions to this predicament is never
straightforward, and displaced populations' invisibility only worsens matters.

In recent years, thenumber of internally displaced persons (IDPs) has grown
signi cantly, driven by both con icts and natural disasters. 2015 there were approximately
40.5 million IDPs, but that number has risen steadily to 75.9 million in 2023 nearly
doubling over a decade. On the one hand, conicts have led to a surge in internally
displaced persons, from about 40 million at the end of 2015 to over 60 million by the end
of 2023, con rming the increasingly signi cant and protracted nature of wars. On the
other hand, natural disasters have also contributed, with the number of displaced persons
due to extreme climatic events increasing from around 5 million in 2015 to over 8 million
in recent years. This trend indicates that the world faces an increasingly complex crisis in
which wars and climate change intertwine, necessitating a more substantial commitment
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to nding sustainable, long-term solutions.

Figure 1.5: IDPs generated by con ict since 2015 Internal Displacement Monitoring Cen-
tre [12]

Both con icts and natural disasters force entire populations to abandon their homes and
belongings, often embarking on weeks-long journeys under highly perilous conditions,
heading toward an uncertain future. Those who survive usually arrive at an exhausted,
hungry, and thirsty refugee camp where the facilities are often overcrowded. The scope
of human su ering caused by wars, displacement, and natural disasters is unimaginable.

The need for humanitarian aid unites all a ected individuals. Consequently, the study,
improvement, and optimization of humanitarian supply chains are assuming growing im-
portance on a global scale.
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Figure 1.6: Total number of IDPs since 2015 Internal Displacement Monitoring Centre
[12]

1.1.1. Disaster De nition

Before arriving at a clear and unequivocal de nition of theHumanitarian Supply
Chain (HSC) , it is necessary to clarify some fundamental concepts: disaster, logistics,
and supply chain management.

In the context of international cooperation, the notion ofhumanitarian aid (HA) was
formally de ned by the Council of the European Union:

Humanitarian aid essentially refers to the provision of material and logistical support to
people a ected by natural or man-made disasters, such as armed con icts, wars, droughts,
earthquakes, tsunamis, and hurricanesCouncil of the European Union [6]

This de nition highlights the crucial role of logistics within HA and emphasizes its impor-
tance. The following disaster de nitions underscore the ability to organize an international
network to provide aid and, thus, the signi cance of supply chain management.

The Emergency Events Database, commonly known as EM-DAT, de nes disasters as:

situations or events that overwhelm local capacity, prompting a request for external assis-
tance at the national or international level. They are also unpredictable and often sudden
events causing signi cant damage, destruction, and human su eringCRED [7]
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A complementary de nition is provided by the International Federation of Red Cross
and Red Crescent Societies (IFRC)

A disaster is a serious disruption to the functioning of a community that exceeds its
capacity to cope with its resources. It can be triggered by natural, arti cial, or technological
hazards and by various factors that in uence a community's exposure and vulnerability.
International Federation of Red Cross and Red Crescent [14]

Both de nitions underscore the potential for destruction, the need for external assistance,
the sudden and unpredictable nature of the event, and its dramatic consequences in
terms of material damage and human su ering. However, the IFRC highlights a crucial
aspect: beyond natural disasters, it explicitly recognizes those caused by humans and
technology. This broader perspective is critical in the current global landscape, where
wars and internal conicts threaten communities. Moreover, the de nition emphasizes
key concepts such as exposure and vulnerability, clarifying that the impact of a disaster
depends not only on the event itself but also on the socio-economic and infrastructural
conditions of the a ected communities. In this sense, a disaster should be viewed as the
outcome of a complex interaction between hazard and vulnerability factors, necessitating
a broader approach to emergency management.

1.1.2. Logistics and Supply Chain De nitions

Regarding the terms logistics and supply chain (SC) , much of the literature uses
them interchangeably, and many professionals view the di erence as purely semantic.
Nevertheless, the Council of Supply Chain Management Professionals (CSCMP), formerly
known as the Council of Logistics Management, provides distinct de nitions:

The supply chain aterm now widely used internationally encompasses all the activi-

ties involved in producing and delivering a nal product or service, from the supplier's sup-
plier to the customer's customer. Supply chain management includes supply-and-demand
management, sourcing raw materials and components, production and assembly, ware-
housing and inventory oversight, order entry and order management, distribution across
all channels, and delivery to the customerCouncil Of Supply Chain Management Pro-
fessionals [5]

Logistics is that part of the supply chain that plans, implements, and controls the e cient
and e ective ow and storage of goods, services, and related information, from the point
of origin to the point of consumption, to meet customer requirementsCouncil Of Supply
Chain Management Professionals [5]
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In short, the supply chain represents a broad, complex system encompassing every stage
of the production and distribution process, from supplier selection to nal customer de-
livery. A supply chain's e ciency hinges on coordinating and optimizing all involved
activities, from sourcing raw materials to inventory management and distribution. The
true challenge lies in the integrated organization of various actors and processes, capable
of adapting to demand uctuations, containing costs, and at the same time maintaining
guality and swift delivery. Today, the supply chain perspective is increasingly global,
and real-time synchronization and visibility across di erent levels are essential to address
rising complexity and the market's high expectations.

On the other hand, logistics focuses on the physical and informational ow of goods
and services, from procurement to distribution. It entails ensuring that products are
transported, stored, and delivered e ciently, meeting customer requirements. Logistics
makes supply chain operations possible by coordinating movement, warehousing, and
information ows.

Figure 1.7: Humanitarian Logistics and Humanitarian Supply Chain Flows Howden [11]

These concepts apply directly to the humanitarian sector, where supply chain manage-
ment and logistics are decisive in disaster and crisis response. In emergencies, speed,
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e ciency, and synergy among di erent stages and actors are crucial to ensuring that aid
reaches those in need without delay. The humanitarian supply chain must be able to
address speci c challenges such as the unpredictability of events, limited resources, re-
stricted access to a ected areas, and local requirements management. For this reason, a
highly exible yet well-planned approach is needed, capable of meeting global and regional
needs and ensuring that aid is delivered fairly and sustainably. The following de nitions
highlight the distinctive features and speci ¢ functions of the humanitarian supply chain
and humanitarian logistics (HL) , underlining the methods adopted to manage relief
operations during emergencies:

The process of planning, implementing, and controlling the e cient and cost-e ective
ow and storage of goods and materials, as well as related information, from the point of
origin to the point of consumption, in order to alleviate the su ering of vulnerable people.
Behl and Dutta [1]

Humanitarian logistics is de ned as the process of planning, implementing, and control-
ling the e cient and cost-e ective ow and storage of goods and materials, as well as
related information, from the point of origin to the point of consumption, with the goal
of alleviating the su ering of vulnerable people. The function encompasses a range of ac-
tivities, including preparedness, planning, procurement, transport, warehousing, tracking,
traceability, and customs clearance.Thomas and Kopczak [35]

Essentially, for humanitarian actors, logistics is about the processes and systems involved
in mobilizing people, resources, skills, and knowledge to help disaster-a ected vulnerable
people. LN Van Wassenhove [18]

The de nitions of humanitarian supply chain and humanitarian logistics outline an inte-
grated yet specialized approach to managing resources in emergencies. The humanitarian
supply chain focuses on coordinating and carrying out all the activities necessary to pro-
vide aid to a ected communities, from preparedness to nal distribution. As Behl and
Dutta [1] points out, this management not only involves procurement and distribution of
goods but also the planning and organization of resources to address crisis situations. The
de nition of humanitarian logistics by Thomas and Kopczak [35] clari es that, in humani-
tarian contexts, logistics must be highly e cient and aimed at alleviating su ering among
vulnerable populations, through an optimized ow of goods and information. Finally, the
guote from LN Van Wassenhove [18] underscores the importance of mobilizing resources,
skills, and knowledge, pointing out that logistics is not solely about transportation or
storage but also about the strategic coordination of all parties involved to ensure a timely
and e ective response. Taken together, these de nitions re ect the complexity and the
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need for agile, well-planned management in emergency response.

1.2. IDPs

The Internal Displacement Monitoring Centre (IDMC), established in 1998 as an inte-
gral part of the Norwegian Refugee Council (NRC), plays a crucial role in de ning and
monitoring the ows of internally displaced persons. This institution has developed a
widely accepted de nition of IDPs, underscoring the complexity of the factors driving
displacement:

Persons or groups of persons who have been forced or obliged to ee or to leave their
homes or places of habitual residence, in particular as a result of or to avoid the e ects
of armed con ict, situations of generalized violence, violations of human rights or natural
or human-made disasters, and who have not crossed an internationally recognized State
border. Internal Displacement Monitoring Centre [13]

The IDMC provides an authoritative and systematic database, o ering a clearer view of
the phenomenon's evolution. Research conducted through reports from 2016 to 2024 has
highlighted a continuously rising trend: the total number of internally displaced persons
has steadily increased, going from about 40 million in 2015 to over 75 million in 2023.
This growth, which has nearly doubled the number of IDPs within a decade, clearly signi-
es not only the worsening of ongoing crises but also the emergence of new conditions of
instability that demand more ambitious and coordinated responses. Moreover, the wealth
of information collected by the IDMC makes it possible to identify the most common trig-
gering factors, comprehend the extent of the social repercussions, and outline intervention
strategies better tailored to the particular features of each regional context.
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Figure 1.8: IDPs Average of the Last 7 Years by Event

11
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1.2.1. Distinction Between Con ict-Induced and Disaster-Induced
Displacement

The classi cation of internal displacement can generally be traced back to two main
macro-categories (g. 1.8): those who ee due to armed conict and those compelled
to leave their homes following natural disasters. Internally displaced persons driven by
war often experience prolonged dislocation because they cannot return to their areas
of origin as long as insecurity persists or until credible peace processes are initiated. In
many cases, armed violence and the destruction of basic infrastructure hospitals, schools,
water networks further exacerbate the situation, leaving populations in conditions of
extreme vulnerability. Conversely, natural disasters can lead to signi cant yet time-limited
exoduses, allowing a relatively quicker return if the a ected areas restore essential services
and ensure adequate environmental stability.

1.2.2. Displacements Induced by Natural Disasters

A detailed examination of displacement linked to natural disasters reveals that extreme
meteorological phenomena, such as oods, tropical storms, hurricanes, and typhoons,
drive most movements. The increase in the intensity of these events is attributable pri-
marily to climate change: rising global temperatures a ect atmospheric currents and the
thermal balance of the oceans, spurring the formation of more violent and unpredictable
weather systems. This climatic shift expands the number of potentially exposed areas
and increases the frequency with which populations must abandon their homes. More-
over, in countries with weaker infrastructure and limited nancial resources, the impact

of extreme weather events is dramatically higher, as the absence of early warning systems
and su cient defensive measures contributes to the isolation of a ected communities.

In addition to meteorological phenomena, wild res and periods of drought have emerged
as further causes of internal displacement. Although their quantitative contribution to the
total number of displaced persons is generally lower than oods and storms, these events
can devastate entire regions, undermining agriculture, water supply, and the economic
sustainability of large rural areas.

Concerning geophysical phenomena, earthquakes remain among the most destructive
worldwide. Unlike climate-related events, seismic activities often occur without warn-
ing, thwarting any form of preventive evacuation and thereby amplifying the scope of the
impact on local populations. Many areas with high seismic activity such as Southeast
Asia, the Middle East, and Latin America lack adequate infrastructure to withstand
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Figure 1.9: Meteorological Disaster Average IDPs

large-magnitude earthquakes. Under such circumstances, entire cities can be razed to the
ground in a matter of moments, forcing hundreds of thousands or even millions of peo-
ple to seek refuge elsewhere. Reconstruction, both material and psychological, can last
for years and requires substantial investment, meticulous planning, and a stable political
framework capable of managing and coordinating aid e orts responsibly and transpar-
ently.

1.2.3. Displacements Induced by Armed Con icts

Regarding armed con icts, political instability, ethnic or religious tensions, competition
over natural resources, and foreign interventions are among the primary catalysts of war.
Over the past decade, the gradual intensi cation of con ict settings has led to a corre-
sponding rise in internal displacement. Notably, according to data gathered by the IDMC,
new con ict-related IDPs increased from an average of 6 million in the 2017 2019 trien-
nium to about 20 million in the 2021 2023 period, representing an annual growth of over
26%. This surge shows how the fragility of certain states and geopolitical competition
can give rise to massive humanitarian crises.
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Figure 1.10: Geophysical Disaster Average IDPs

Protracted conicts such as those in the Middle East (Syria, Palestine), in several
African regions (Sudan, Somalia, Ethiopia, the Democratic Republic of the Congo), and
Eastern Europe (Ukraine) demonstrate how the lack of sustainable diplomatic solutions
and credible negotiation mechanisms perpetuates a cycle of violence. In these settings,
millions of individuals lose access to essential services (healthcare, education, electric-
ity) and watch as their livelihood opportunities gradually erode. Approximately 80%

of con ict-related internal displacement stems from large-scale wars, whereas 14% is as-
sociated with smaller-scale but often particularly violent and protracted ethnic clashes.
Therefore, the assistance of international and humanitarian organizations is critical to pro-
vide protection, logistical support, and, when possible, measures to facilitate the return
or resettlement of displaced persons.
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Figure 1.11: Con ict-Related Average IDPs

Figure 1.12: New IDPs Generated by Con ict

15
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1.2.4. Geographical Distribution of Displaced Persons

The geographical distribution of major internal displacement hotspots highlights a signi -
cant concentration in certain macro-regions: Sub-Saharan Africa, East Asia, and Oceania.
In Sub-Saharan Africa, structural poverty, often authoritarian governments, ethnic strife,
and disputes over critical resources such as oil, minerals, or arable land together cre-
ate an explosive scenario perpetuating instability. Sudan, the Democratic Republic of
the Congo, Burkina Faso, Nigeria, Ethiopia, and Somalia represent the tip of the iceberg
of a widespread crisis that generates, on average, 10 million new IDPs each year, with
devastating repercussions for the entire region.

In East Asia and Oceania, internal displacement is primarily linked to natural disasters,
given the geographical location of countries such as Vietnam, the Philippines, and Indone-
sia, which regularly face large-scale storms and oods. Additionally, seismic faults such
as those between Nepal and China elevate the risk of intense earthquakes capable of
destabilizing entire zones. A unique example is Myanmar, where internal con ict, which
escalated in 2021, has compounded an already fragile institutional framework, triggering
a spiral of violence that has displaced millions of people.

Figure 1.13: Map of IDPs 2023 Internal Displacement Monitoring Centre [12]
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Europe is not exempt from challenges, as evidenced by the Russian-Ukrainian conict,
which has produced one of the past decade's most signi cant internal displacement crises.
While in 2015, there were roughly one million IDPs, by 2022, the number of newly dis-
placed had already surged to 17 million, a testament to how quickly security conditions
can deteriorate. This emergency has exposed the limits of international coordination and
the di culties neighboring countries face in quickly assimilating such large-scale popula-
tion movements. In this context, the need for a qualitative leap in cooperation among EU
Member States, international organizations, and local authorities becomes clear both in
managing ows and implementing reintegration plans.

Turkey provides another striking illustration of how a single, large-scale event can trig-
ger an immense humanitarian crisis. The severe earthquake of 2023 a ected millions of
people, rendering vast urban areas uninhabitable and underscoring the necessity of ade-
gquate and prompt emergency protocols. The overloading of reception facilities, insu cient
earthquake-resistant infrastructure, and the logistical hurdles of accessing remote areas
delayed rescue operations, underscoring the importance of a stable governance structure
equipped with robust prevention and reconstruction plans. When faced with crises of this
magnitude, coordinated international action is vital to prevent long-term repercussions,
which could compromise the lives of millions of individuals and impede the country's
economic recovery.

In conclusion, the exponential increase in internally displaced persons calls for a global
rethinking of policies on prevention, emergency management, and post-crisis reconstruc-
tion. Only through synergistic collaboration among governments, supranational bodies,
nonpro t organizations, and civil society can sustainable solutions be formulated ones
that encompass immediate humanitarian interventions and long-term measures to foster
stability, security, and development in the most a ected regions.
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2 ‘ Literature Review

This part will discuss the primary academic paper referenced in the discussion section. It
Is essential to have a comprehensive understanding of this information to fully appreciate
all the insights and conclusions. To clarify this chapter, it has been divided into two
main parts. The rst part Section 2.1 presents all the papers used to create a complete
picture of today's HSC, including models and articles on how classic business procedures
can be implemented in the HSC to improve the number of lives saved. The second part
Section 2.2 provides a detailed explanation of the models used in analyzing the factors
a ecting the HSC.

2.1. HSC Analysis

2.1.1. The Applicability Of Commercial SC Models In HSC

In this article, "The Applicability Of Commercial Supply Chain Models In Humanitarian
Supply Chain Thinking" Duddy et al. [9] attempts to suggest a way to apply some concepts
of classical SCM to HSCM. Early attempts to describe humanitarian SC management of-
ten relied heavily on commercial SC models. Thomas and Mizushima famously illustrated
this by simply substituting the term customer with end bene ciary, re ecting an ini-

tial tendency to import commercial concepts with minimal adaptation to humanitarian
realities. Over time, however, it has become increasingly recognized that traditional com-
mercial frameworks cannot fully capture the volatility, complexity of stakeholders, and
urgent, life-critical objectives that characterize humanitarian operations. The historical
foundation of SC thinking was predominantly commercial, epitomized by models focusing
on linear ows of materials such as Forrester's seminal work on the dynamics of SCs.
Over the years, the creation of frameworks like the SC Operations Reference (SCOR)
model and the process-based models aimed to describe, optimize, and standardize core
functions such as procurement, manufacturing, and distribution.

As humanitarian logistics began to be recognized as a distinct domain, many of these mod-
els were adapted with limited modi cations: for instance, substituting customer demand
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with bene ciary needs or nal product with relief items. Although these adaptations

o ered initial insights, numerous researchers have pointed out that focusing on discrete
processes fails to account fully for the complexities and con icts inherent in HSC such
as political turbulence, donor-speci ¢ requirements, and the unpredictable timing and
volume of relief goods. Moreover, in a commercial setting, SC partners usually share
pro tability, cost savings, or market share as common objectives. HSC, by contrast, often
involve multiple non-governmental organizations (NGOs), government agencies, military
bodies, and local communities all operating with varied governance structures, legal
regulations, and often competing objectives. Donor in uence, infrastructural instability,
and volunteer-driven work ows add to these complexities. These nuances have prompted
scholars to emphasize that a purely commercial logic can overlook critical factors such as
stakeholder relationship management, coordination under uncertainty, and ethical con-
siderations unique to humanitarian operations.

A systematic comparison of extant commercial frameworks highlights several gaps in
mapping HSC:

1. Focus on Process over Context:  Classical process-driven frameworks, such as
the SCOR model, outline functions (plan, source, make, deliver, return) but do
not inherently accommodate the distinctive political, cultural, or infrastructural
complexities found in crisis zones. While valuable for managing tasks such as ware-
housing or transportation, they overlook the in uence of uncertain donor funding
streams, bene ciary access issues, and multi-agency coordination.

2. Reductionist Versus Holistic Views: Many models assume a linear movement
from supplier to customer. By contrast, humanitarian operations function more like
networks than chains, incorporating numerous overlapping loops of information,
resources, and decision-making nodes. Humanitarian logistics must accommodate
push pull shifts and pivot quickly as eld conditions shift. Reductionist approaches
that isolate a single component (inventory, for example) cannot provide a compre-
hensive understanding of the interactions across the entire humanitarian ecosystem.

3. Stakeholder and Governance Complexity: Commercial models typically as-
sume strong vertical integration or contractual relationships that help ensure com-
pliance and facilitate data sharing. Yet the humanitarian context brings together
NGOs of widely varying sizes, philosophies, and mandates, each with its reporting
lines to donors, host governments, or boards of trustees. These participants may
not share a unifying prot motive or a single point of control, which complicates
the application of frameworks initially designed for more hierarchical SCs.



2| Literature Review 21

4. Humanitarian-Speci ¢ Stressors: Scholars such as Bharosa et al. and Ergun et
al. have highlighted that unpredictable onset disasters, con ict zones, and cultural
or ethnic biases necessitate SC adaptability that extends far beyond typical commer-
cial considerations. Uncoordinated in uxes of well-intentioned but disparate relief
e orts may create supply gluts of unnecessary commodities while simultaneously
leaving critical needs unmet. This highlights the importance of robust coordina-
tion and real-time information exchange factors not always central to commercial
models.

Adapting and Extending Commercial Frameworks

To address these gaps, some researchers have proposed adapted versions of commercial
frameworks. For instance, van Wassenhove and Pedraza Martinez advanced a humanitarian-
tailored iteration of the SCOR model, acknowledging the heightened role of planning and
coordination in disaster relief. Similarly, Blecken emphasized multi-dimensional ows of
materials, nances, and, crucially, information to account for the intricate data needs

in humanitarian contexts. Although these adaptations move closer to capturing human-
itarian complexity, scholars widely note that a truly comprehensive framework must in-
corporate additional layers of stakeholder governance, donor constraints, and real-time
coordination.

At the strategic level, Chen and Paulraj's inclusion of external stakeholders informed some
subsequent humanitarian SC research; however, that model was initially geared toward
suppliers, manufacturers, and end customers in commercial settings. Cooper et al.'s inte-
gration of information ows and process alignment suggests the need for a more holistic
perspective. Scholars increasingly suggest that a single, fully integrated humanitarian
supply network model is urgently needed one that moves beyond short-term relief activ-
ities to encompass preparedness, disaster risk reduction, recovery, and resilience-building.
This approach would acknowledge the unique complexities and ethical imperatives of hu-
manitarian operations while drawing judiciously on insights from commercial SC theories.

To achieve this, future research must:

1. Capture Multi-Stakeholder Dynamics: Integrate donors, bene ciaries, NGOs,
local governments, military entities, and private sector partners in a single frame-
work that clari es the in uence of each stakeholder's strategies and needs.

2. Emphasize Coordination and Collaboration: Recognize that functional suc-
cess cannot be divorced from the broader system's health, where transparency, data-
sharing, and synchronized interventions reduce duplication of e ort.
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3. Embed Flexibility and Real-Time Adaptation: Incorporate modules or pro-
cesses that allow the SC network to pivot rapidly in response to sudden contextual
changes.

4. Incorporate Systems Thinking Tools: Utilize the Viable System Model to

map essential governance and operational functions, and employ the Soft Systems
Methodology to address socio-cultural, political, and ethical factors that defy purely
guantitative modeling.

2.1.2. The Triple A

Supply chain management scholarship has long been grounded in an e ciency paradigm,
which suggests that minimizing costs, accelerating throughput, and streamlining invento-
ries can provide a distinct competitive advantage. From this perspective, rms often adopt
centralized manufacturing, just-in-time deliveries, and tightly controlled logistical oper-
ations to achieve short-term gains. However, turbulence in global markets including
geopolitical unrest, pandemics, and sudden uctuations in consumer demand has ex-
posed weaknesses in such focused models. Consequently, an increasing advocacy for
broader frameworks that enhance both operational sustainability and long-term adapt-
ability emerges.

In "The Triple-A Supply Chain" [17] advances a thesis: while cost e ciency and rapid
turnaround remain valuable, they must be augmented by three essential pillars agility,
adaptability, and alignment. These attributes, commonly referred to as the triple A,
serve as the foundation for a more resilient and strategically responsive supply chain. By
transcending one-dimensional metrics, the triple-A framework underscores the necessity of
swift responsiveness, structural exibility, and incentive coordination among the various
stakeholders in a supply chain.

Agility , the rst of these pillars, refers to the ability to identify and respond to sudden
uctuations in supply or demand. The literature often cites Nokia's proactive pivot follow-

ing a catastrophic re at a key supplier's facility, wherein Nokia immediately sourced alter-
native components, reoriented its production scheduling, and mitigated the downturn in
output. By contrast, Ericsson's slower reaction to the same disruption led to pronounced
market share erosion. Such cases illustrate the importance of real-time data exchange, vig-
orous supplier alliances, and institutionalized contingency planning. While cutting-edge
technologies, such as predictive analytics and IoT sensors, can enhance agility by facil-
itating the early detection of anomalies, organizations must also develop the leadership
capacity and decision-making protocols necessary to act promptly on this information.
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Adaptability , the second tenet, involves long-horizon evolutions in response to external
stimuli, ranging from emerging market opportunities to shifts in the global technological
landscape. Lucent Technologies, for instance, initially succeeded in establishing Asian
production operations that leveraged market growth; however, it failed to continue re-
con guring its supply chain as manufacturing advances and cost structures underwent
further transformations. Hewlett-Packard's approach to its printer manufacturing exem-
plies a more sustained form of adaptability. By transitioning operations to Singapore
for economies of scale and subsequently embracing an outsourced production model once
the technology matured, HP demonstrated an ongoing commitment to readjusting its
production and distribution architecture as market conditions evolved. Beyond geogra-
phy, adaptability encompasses product design, sourcing strategy, and distribution network
optimization to ensure that rms remain competitive in dynamic environments.

The third pillar, alignment , emphasizes the harmonization of objectives and incentives
among supply chain participants. Even highly e cient chains can falter when local stake-
holders focus on narrow outcomes, such as passing on inventory costs to upstream or down-
stream partners. For instance, vendor-managed inventory arrangements, while potentially
bene cial to manufacturers, may burden suppliers unduly if they shoulder disproportion-
ate risks. Saturn circumvented such misalignment by instituting metrics that equitably
reward both manufacturers and retailers, thereby fostering an ecosystem in which shared
goals translate into congruent operational behaviors. According to the broader literature,
successful alignment requires comprehensive communication channels, equitable alloca-
tion of gains, and clear delineation of roles, ensuring that no segment of the network is
either marginalized or disproportionately taxed.

Over the past two decades, global markets have tested the viability of the triple-A frame-
work. Recurrent shocks including trade disputes, environmental crises, and public health
emergencies have highlighted the fragility of supply networks when they are designed
solely for e ciency. Organizations that deliberately embed agility, adaptability, and align-
ment, however, appear better equipped to weather unforeseen disruptions while simulta-
neously capitalizing on emergent opportunities. Big data analytics, for example, can
advance agility through improved demand forecasting and near-real-time anomaly detec-
tion. Meanwhile, nearshoring or reshoring strategies represent an adaptive mechanism
when transcontinental operations become precarious. Lastly, alignment may necessitate
innovative contractual and nancial arrangements to ensure that each party in the network
has vested interests in both short-term performance and sustained market success.

Strategically, the triple-A framework challenges the conventional assumption that economies
of speed and cost automatically produce sustainable di erentiation. While lean method-
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ologies and continuous improvement can enhance operational precision, they do not nec-
essarily engender resilience in the face of disruptive events. Agility enables the rapid re-
calibration of day-to-day processes, particularly in sectors confronting volatile consumer
preferences, such as fast fashion and consumer electronics. Adaptability fosters the fore-
sight and exibility necessary to recon gure the supply chain architecture in response
to macro-level shifts in markets, technologies, and regulations. Alignment, in turn, pre-
vents the detrimental outcomes associated with siloed decision-making and misaligned
incentives by ensuring that all contributors work in concert toward mutually agreed-upon
objectives.

2.1.3. Humanitarian logistics in disaster relief operations

Kovacs and Spens ifHumanitarian logistics in disaster relief operations'{16] establish
humanitarian logistics as a discipline that transcends conventional understandings of sup-
ply chain management, placing it rmly at the core of comprehensive disaster relief e orts.
Their work contends that e ective logistics orchestrates a balance of nancial input, infras-
tructural capacity, and operational procedures, all geared toward meeting urgent human-
itarian needs. By conceptualizing logistics as a pivotal facilitator of timely and cohesive
disaster interventions, they highlight the extent to which well-structured processes can
support mission success in complex and variable contexts.

In their discussion of disaster relief, they delineate three major phases preparedness,
iImmediate response, and reconstruction and elucidate the operational and strategic im-
peratives speci ¢ to each. Within preparedness, the authors emphasize proactive measures
and resource allocation, suggesting that organizations undertake detailed risk analyses to
pinpoint critical pressure points in an emergent situation. This preparatory work involves
forging alliances with both governmental entities and local communities well ahead of a
crisis, ensuring that essential supplies, such as pharmaceuticals, water Itration units, and
non-perishable foodstu s, are readily accessible. One dimension they stress is the need for
specialized training of logistics personnel, who often operate under precarious conditions
where conventional best practices for transportation or inventory oversight may quickly
become obsolete.

During the immediate response phase, Kovacs and Spens note that uncertainty and in-
formation asymmetries can derail even the most elaborate plans. Natural disasters may
damage primary infrastructure routes, creating bottlenecks that jeopardize on-time deliv-
ery of critical items. Where con ict is involved, restricted access to certain regions may
necessitate negotiations with multiple authorities or require that agencies establish alter-
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native shipping corridors. In these rapidly evolving scenarios, the authors identify agility
and real-time adaptability as paramount. They describe how relief organizations must
swiftly pivot to new transport modes, implement last-mile distribution innovations, and
coordinate with psychosocial support teams to ensure survivors not only receive tangible
relief items but also the less tangible forms of assistance crucial to emotional and mental
well-being. By placing the concept of agility at the forefront, the authors underscore
the role of rapid decision-making mechanisms, agile inventory management, and on-site
resource reallocation to align supply with perpetually shifting demand.

When relief transitions to reconstruction, their examination turns to the longer-term un-
dertakings required for robust community recovery and resilience. Kovacs and Spens note
that logistical decision-making in this phase must incorporate socio-economic nuances,
such as the availability of local labor, the status of existing infrastructure, and the diverse
cultural norms that govern settlement patterns or building requirements. Specialized ship-
ments such as heavy machinery for debris removal, construction materials suited to the
region’'s climate, and replacement parts for crucial utilities necessitate an approach that
melds logistical e ciency with local input and expertise. To that end, the authors discuss
the merits of embedding personnel who can facilitate communication with community
stakeholders, ensuring that rebuilding e orts do not inadvertently undermine traditional
practices or create dependencies that hamper self-su ciency. This perspective highlights
a progression from crisis management to a more nuanced, context-speci ¢ integration of
humanitarian aid with local development priorities.

The authors examine a wide-ranging array of stakeholders and underscore the need for a
unifying logistical architecture capable of encompassing their divergent objectives, man-
dates, and operational styles. Large donors or transnational agencies may demand per-
formance metrics or extensive compliance documentation, while small, community-based
organizations often lack the administrative capacity to ful Il such requirements. Kovacs
and Spens advise establishing clear roles and a common logistical framework that or-
chestrates the movement of goods and services even when stakeholders di er in scale or
strategic orientation. They propose that e ective coordination measures can signi cantly
reduce friction, avoid duplication of e orts, and channel resources more productively,
thereby amplifying the collective impact of relief and recovery operations.

In addressing the critical challenge of forecasting, they highlight how humanitarian logis-
tics must accommodate signi cant volatility. Unlike commercial supply chains that rely
on historical demand data for planning, humanitarian operations frequently contend with
abrupt surges in need, often in regions where existing data is sparse or unreliable. For
instance, a population displaced by con ict can balloon unexpectedly if hostilities escalate
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in neighboring provinces, or if a natural disaster renders certain areas uninhabitable. To
mitigate potential disruptions, Kovacs and Spens detail strategies such as pre-positioned
contingency stocks, a modular approach to allocating warehouse space, and exible trans-
portation arrangements capable of rapid scaling. Adopting these methods allows respon-
ders to pivot resources in real time, guided by updated eld intelligence and bene ciary
feedback, thus minimizing costly mismatches between supply and demand.

Another signi cant aspect they highlight is the multifaceted sociopolitical environment in
which humanitarian logistics must operate. The authors remark that political tensions,
local power dynamics, and cultural sensitivities can hamper the smooth ow of aid if not
anticipated from the outset. For example, delivering specialized medical equipment could
require navigating a complex permit structure or liaising with multiple administrative
bodies, each imposing its own regulations. Such constraints necessitate that logistical
teams not only excel at technical functions like routing or inventory management but
also master the intricacies of negotiation and relationship-building. Kovacs and Spens
imply that well-honed communication channels, possibly involving robust IT platforms for
data sharing, are integral to bridging these divides and sustaining continuous collaboration
between eld personnel, donor headquarters, and local authorities.

Alongside these environmental and operational complexities, their framework underscores
the necessity of coherent feedback loops that allow for iterative adjustments. Kovacs and
Spens suggest that an organization's institutional learning grows incrementally through
each crisis, thereby informing more re ned logistics blueprints in subsequent emergen-
cies. This learning curve feeds directly into improved coordination protocols, more re-
silient infrastructure designs, and deeper, more reciprocal relationships with local com-
munities ultimately enabling a more dynamic management of resources under rapidly
changing conditions. Their conceptualization of logistics as an iterative system signi es
that each disaster response, whether successful or hindered by setbacks, contributes to
a broader base of practical knowledge essential for re ning humanitarian supply chain
methodologies.

Finally, their conclusion posits humanitarian logistics not just as an operational or tac-

tical eld, but as a driver of strategic outcomes that can help or hinder the broader

recovery trajectory. By illuminating how logistics intersects with preparedness, response,
and reconstruction, the authors situate it at the cross-section of immediate relief ac-
tions and sustained development goals. They reinforce that a thorough appreciation of
local contexts, combined with methodical contingency planning and agile practices, un-
derpins an e ective humanitarian logistics apparatus. In doing so, they underscore the
transformative potential of logistics to act as the connective tissue among disparate stake-
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holders be they governmental, nongovernmental, or local while also fostering resilience
within a ected populations. Over time, these accumulative e orts can shift humanitarian
interventions beyond temporary band-aid solutions toward integrated frameworks that
actively contribute to both short- and long-term stability.

2.1.4. Analytic Hierarchy Process

Decision-making in complex environments often requires careful consideration of multiple
criteria some objective and tangible, others subjective and intangible. The Analytic
Hierarchy Process (AHP), developed byThe analytic hierarchy process what it is and
how it is used" Saaty [32] in the 1970s, is a systematic method designed to address such
multidimensional problems. It provides a framework for organizing the criteria, comparing
them pairwise, and synthesizing these comparisons to derive overall priorities or rankings.

A key strength of AHP lies in its ability to quantify subjective judgments and integrate
them with objective data, thereby generating ratio scales. By breaking down the problem
into smaller, more manageable elements and comparing them in a methodical way, AHP
accommodates the limits of human cognition without sacri cing the richness of expert
knowledge.

One of AHP's principal objectives is to convert qualitative and intangible preferences into
numerical values that re ect the relative priority of criteria or alternatives. These mea-
surements are expressed on a ratio scale, meaning that instead of merely providing vague
expressions, a decision-maker can state, Option X is ve times more important than
Option Y. While subjective judgments are unavoidable in many real-world decisions,
AHP encourages veri cation of their internal consistency, allowing for a certain degree of
inconsistency but also providing a Consistency Index (C.l.) to monitor its extent. More-
over, since AHP transparently organizes the comparisons among criteria and alternatives,
decision-makers can easily trace back the nal ranking to the specic judgments and
criteria that had the greatest impact on the outcome.

The rst step in applying AHP is to decompose the decision problem into a hierarchy
of levels or groups of related elements. Pairwise comparisons are then introduced: two
elements are evaluated with respect to their parent criterion in the higher level, thus
producing a judgment matrix. If, for instance, there aren elements to be compared, one
constructs ann n matrix A, whose entriesg; express how many times elemerit is
more important than j. According to the reciprocity axiom, a; = i If elementi is

moderately more important thanj, then a; = 3, implying a; = %

To guide such judgments, the fundamental 1 9 scale is often used:
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"~ 1! Equal importance

" 3! Moderate importance
"~ 51 Strong importance

" 7! Very strong importance
" 91 Extreme importance

Once the judgment matrix A is constructed, local priorities i.e., the relative weights of
the elements with respect to their parent criterion are obtained by nding the principal
eigenvector ofA. This eigenvector, normalized so that the sum of its components equals
1, represents the relative weights or priorities.

Because complex comparative judgments can introduce inconsistencies, AHP proposes a
veri cation based on the condition

a; ax = ax for each triplet (i;j; k ):

A matrix that perfectly satis es this relationship has a principal eigenvalue n,x = n. In
practice, it is common to nd . > n, and the dierence . N is used to measure
inconsistency:

1. Consistency Index (C.1.)
cl= mx M. (2.1)

2. Consistency Ratio (C.R.) , which compares the C.I. with an average index (R.l.)
derived from random reciprocal matrices:

C.l
CR.= —: 2.2
R.I. (2:2)
If C.R. 0;10, the level of consistency is deemed acceptable; if C.R. signi cantly exceeds
0.10, it is necessary to re-examine the judgment matrix to identify and correct possible

inconsistencies.

The R.I. value is typically obtained by averaging the Consistency Index of a large number
of randomly generated reciprocal matrices (maintaining the reciprocity property) for in-
creasing dimensions. In the literature, tables report the average R.I. values for di erent
n. Those provided by Saaty are:
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n 1 2 3 4 5 6
Random Consistency Index 0.00| 0.00| 058 090 | 1.12| 1.24

Table 2.1: Random Consistency Index [32]

Because these values derive from analyzing many randomly generated matrices, the R.I.
provides a statistical reference: by comparing our C.l. to the R.l., we can determine
whether our judgment matrix deviates excessively from random behavior or if it is
su ciently consistent.

AHP's systematic approach allows decision-makers and stakeholders to understand in de-
tail how each priority or ranking is determined, enabling them to trace from the nal
results back to the individual comparisons that produced them. Furthermore, pairwise
comparison and consistency measurement help detect and correct inadvertently contra-
dictory preferences, making decisions more robust and reliable.

When aggregating the judgments of multiple individuals, the geometric mean is often used.
This method proves patrticularly useful in processes involving multidisciplinary teams or
complex decision-making bodies, as it integrates diverse perspectives while preserving the
internal weight structure contributed by each participant.

Over the years, AHP has demonstrated its e ectiveness in a wide variety of contexts:
from strategic planning to resource allocation, from technology selection to more routine
choices such as evaluating a degree program or choosing a car. Its ability to handle both
guantitative and qualitative factors with ease makes it an extraordinarily versatile tool.

2.2. Factors

2.2.1. Delphi Method

The Delphi method is a structured, as described by th&The Delphi method as a re-
search tool: an example, design considerations and application@koli and Pawlowski
[27], iterative group communication process designed to generate consensus from a panel
of selected experts on complex problems. Initially developed by the RAND Corporation

in the 1950s, Delphi was conceived to enhance expert forecasting and decision-making
by mitigating the drawbacks of confrontation, such as undue in uence, groupthink, or
reluctance to revise initial viewpoints. In its classical form, Delphi researchers administer
multiple rounds of questionnaires to a group of experts, summarize the interim ndings
anonymously, and iteratively feed these results back to the participants until a satisfactory
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level of consensus emerges.

Foundations and Key Characteristics of the Delphi Method

A de ning feature of Delphi is its use of structured anonymity among experts. Whereas
face-to-face discussions can lead to conformity or dominance by outspoken participants,
the Delphi method preserves the independence of judgment by keeping respondents anony-
mous to one another. Experts complete questionnaires individually, and the facilitator
or research team analyzes and summarizes the input, redistributing aggregate ndings
in subsequent rounds. As Okoli and Pawlowski note, this approach promotes re ective
reconsideration of positions without exposing respondents to social or hierarchical pres-
sures.

Delphi's success hinges on the repetition of feedback loops. In each round, participants
receive statistical or descriptive summaries of the panel's prior responses, which often
include median rankings, mean scores, and/or qualitative rationales from their peers.
They are then invited to revise or con rm their initial assessments in light of the group
data. The method's strength lies in this repeated process, which tends to narrow opinion
gaps and minimize random variation. Over successive rounds, panelists typically converge
on stable rankings or judgments.

Because Delphi aims to capture judgmental insights that would otherwise be di cult to
guantify, the selection of credible, knowledgeable participants is critical. Unlike conven-
tional surveys that rely on representative sampling from a broad population, the Del-
phi method targets individuals with recognized expertise. This expert-oriented approach
compensates for smaller sample sizes. Thorough vetting of candidates ensures that partic-
ipants can both articulate informed perspectives and bene t from each other's expertise
once feedback begins.

Beyond forecasting or issue prioritization, Delphi can also inform theory development in
at least four ways:

1. Variable Identi cation

Brainstorming rounds often yield constructs and conceptual variables that may be
tested in subsequent empirical work, paving the way for more focused hypotheses.

2. Construct De nition

Iterative validation of item de nitions ensures that terms re ect both practitioner
and researcher perspectives, enhancing construct clarity and boosting external va-

lidity.
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3. Cause-and-E ect Elaboration

Encouraging experts to justify their item rankings illuminates possible causal path-
ways among factors, providing fodder for emergent theoretical propositions.

4. Practice-Informed Relevance

Because Delphi relies on in-depth domain expertise, the resulting theories often
possess greater relevance and applicability to real-world settings, thereby bridging
the research practice divide.

2.2.2. Exploring CSFs of HSCM in ood disaster management

HSCM has garnered increasing attention due to the growing number of disasters. Whereas
traditional SCM research has historically focused on commercial operations, the distinc-
tive urgency, unpredictability, and human-centric nature of disaster relief have motivated a
separate strand of literature addressing disaster management, humanitarian logistics, and,
more broadly, HSCM. Within this strand, "Exploring critical success factors (CSFs) of
humanitarian supply chain management (HSCM) in ood disaster management (FDM)"
[8] work makes a key empirical contribution by examining the critical success factors
(CSFs) of HSCM in the specic context of ood disaster management (FDM). HSC is
typically de ned as the process of planning, implementing, and controlling the e cient
ow of relief items, information, and other resources from the point of origin to disaster-

a ected areas to alleviate su ering. In contrast to commercial supply chains, HSCs entail
high levels of uncertainty, as relief operations often take place under damaged infras-
tructure, volatile funding sources, and unstable demand patterns. Accordingly, agility,
responsiveness, and close collaboration with stakeholders are considered core principles in
humanitarian logistics.

The CSFs in the context of project and operations management emphasize speci c ele-
ments that, if e ectively addressed, lead to higher success rates. Although literature on
CSFs exists in commercial SCM, it suggests that these factors should be adapted carefully
for humanitarian operations because of the fundamental di erences in objectives, stake-
holder networks, and the volatility of the operating environment. In ood-prone regions,
particularly in sub-Saharan Africa, logistical di culties stemming from underdeveloped
infrastructure, unpredictable funding, and cultural considerations add layers of complex-
ity. Because oods often happen on a cyclical or seasonal basis yet sometimes with very
high intensity preparedness through prepositioning of relief items and advanced planning
becomes crucial. Additionally, developing strong administrative structures, training relief
workers, and engaging local communities and government agencies have been observed to
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enhance the e ectiveness of ood relief e orts.

Research indicates that many African countries, including Ghana, adopt reactive rather
than proactive ood management measures. Shortages in funding and underinvestment
in infrastructure obstruct e cient relief and recovery operations. The African Union
and the New Partnership for Africa's Development have advocated for more substantial
institutional capacity and comprehensive risk-reduction policies; however, implementa-
tion remains inconsistent. Scholars consistently emphasize the importance of establishing
frameworks that incorporate local stakeholders, civil society, and governmental agencies
for both preventive measures. Stakeholder engagement is particularly vital in ood con-
texts, where local knowledge such as identifying ood-prone zones or understanding
community evacuation behaviors can inform e ective relief deployment. For instance,
aligning with stakeholder theory, communities, funding agencies, government units, and
humanitarian organizations act as interdependent actors. Successful supply chain inter-
ventions often depend on proactive collaboration, resource sharing, and trust within these
networks.

Despite growing recognition of the need for systematic HSCM research, the literature re-
mains thin onempirically validated success factors in humanitarian operations particularly
for ood disaster management. Much of the work to date has involved conceptual models
or theoretical expositions; however, relatively few studies provide robust, real-world data
on the factors that practitioners nd most critical. Within the African ood context, there

is also a need to integrate socio-cultural variables such as community beliefs and atti-
tudes toward disasters into HSCM frameworks. Flooding can carry religious or cultural
connotations, in uencing how local populations respond to warnings and relief measures.
Additionally, the infrastructural gap encompassing roads, communication systems, and
storage facilities remains a signi cant operational challenge. Addressing these multi-
faceted constraints requires a holistic assessment of management practices, technology
adoption, and administrative policies.

Therefore, lls a signi cant gap by systematically identifying and validating the key suc-
cess factors for humanitarian supply chain operations in ood-disaster-prone environ-
ments. By highlighting the roles of stakeholder involvement, infrastructure, training, and
other organizational practices, this study moves the conversation toward evidence-based
strategies for more e ective ood disaster response.
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2.2.3. Papadopoulos Model

The Papadopoulos Model is a framework presented in the paper entitlethe role of Big
Data in explaining disaster resilience in supply chains for sustainability31], published in
the Journal of Cleaner Productionon April 12, 2016. It aims to identify the core principles

in humanitarian emergency management, placing at its center the synergy between the
public and private sectors. Such synergy is enabled by creating an environment of trust
and ensuring an e ective ow of information. This collaboration reinforces the resilience
of supply chains and critical infrastructure, essential elements for a timely and e cient
response to crises. Their impact directly in uences the ability of communities to cope
with emergencies and the sustainable management of available resources.

Figure 2.1: Papadopoulos Model Schema [31]

According to this model, in the context of thehumanitarian supply chain , both re-
silience and operational e ectiveness depend on thpartnership between the public

and private sectors . The public sector comprising government institutions, inter-
national organizations, and regulatory bodies is responsible for facilitating access to
a ected areas, regulating operations, and ensuring respect for human rights. In con-
trast, the private sector and NGOs provide logistical resources, technical expertise, and
operational capabilities. Emergencies, whether caused by natural disasters, con icts, or
prolonged humanitarian crises, demand rapid and e cient responses, often under condi-
tions of uncertainty and resource scarcity. Managing these situations is extraordinarily
complex, as they involve stakeholders with di erent objectives, constraints, and resources.
A key to e ective intervention is the ability to quickly establish immediate trust (Swift

Trust) among all parties involved. In a critical context, there is no time to build trust
over the long term: partners must be able to rely on one another from the outset.

Another essential element underpinning partnerships between the public and private sec-
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tors isthe sharing of high-quality information , enabling data-driven decision-making
that relies on accurate and up-to-date information. Transparency in information ow
among partners helps optimize inventory management, avoid waste, and shorten response
times. In the past, the lack of precise information about local needs led to ine ective aid
distribution: some locations received excessive supplies, while others were left without
support.

The partnership between the public and private sectors, supported by reciprocal trust
and information sharing, helps reinforce both the resilience of the humanitarian sup-
ply chain and the resilience of critical infrastructure, thereby improving the capacity to
adapt and recover rapidly from disruptions. Aresilient supply chain  must be able

to withstand unexpected events such as stock destruction, border closures, or fuel short-
ages, swiftly nding alternative solutions to ensure aid delivery within an appropriate
timeframe. At the same time, strengthening theresilience of critical infrastruc-

ture which includes transportation networks, communication systems, energy grids, and
healthcare facilities is essential. Even the best-planned humanitarian operations can fail

if roads become impassable or communication systems are inoperative.

The synergy between an e cient supply chain and robust infrastructure has a direct im-
pact on community resilience , that is, the ability of a ected populations to cope with
and overcome emergencies. When a community has access to adequate resources such
as food, potable water, energy, and medical care it recovers more quickly. Another
crucial aspect is theresilience of resources , ensuring continuity in the provision of
essential goods and minimizing interruptions that could jeopardize humanitarian opera-
tions. E ective stock management, supported by advanced monitoring systems and close
collaboration between the public and private sectors, helps prevent waste and distribute
aid intelligently, based on identi ed needs. However, resources are not limited to mate-
rial goods: volunteers play a fundamental role. The training of eld personnel, ongoing
support, and the ability to adapt to unforeseen situations all improve emergency response
and contribute to a more sustainable intervention in the long term.

All these components are interdependent: without trust and information sharing, part-
nerships between the public and private sectors become ine ective; without robust infras-
tructure, aid distribution is compromised; and without sustainable resource management,
the entire supply chain risks grinding to a halt. The model under study therefore under-
scores the importance of an integrated and coordinated approach to humanitarian supply
chain management, in which cooperation among di erent stakeholders and resource op-
timization are crucial for ensuring an e ective and sustainable response to emergencies.
Investing in preparedness and the resilience of the supply chain not only enhances the
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e ectiveness of humanitarian interventions but also mitigates the impact of crises on the
most vulnerable populations, contributing to a more rapid and lasting recovery.
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3 ‘ Methodology

In this chapter, we will outline the methodology employed throughout the discussion.
Before proceeding, clarifying the research's motivations and objectives is essential. The
primary aim is to determine the key factors that in uence HSC

This question arose following another research question dedicated to optimizing logistics
ows in the HSC. The rst step was to collect data on material handling. It has been
decided to develop questionnaires and an interview template for practitioners from dif-
ferent NGOs to nd data and information about the procedures that would be analyzed.
Nevertheless, during the interviews, it was discovered that numerous organizations either
lacked the requisite data or possessed it in a highly aggregated or variable format, as
the strategies employed to address emergencies were primarily based on the direct expe-
riences of the responders. Only a few more prominent NGOs, such as Werld Food
Programme (WFP) , had comprehensively analyzed data.

From these ndings, the idea emerged to reframe the research question to identify the
factors in uencing HSC more clearly and to provide recommendations for improving op-
erational procedures and practices to save as many lives as possible. On this solid basis,
further deepening the research will be possible by adopting even more re ned methodolo-
gies. In summary, this work aims to identify these factors and propose best practices or
models for improving the management and control of the HSC.

3.1. Interviews

The rst phase of the research entailed conducting structured interviews with a selected
group of professionals and volunteers from a diverse set of humanitarian organizations.
This approach was chosen to capture the context-speci c, tacit, and often experience-
based insights that tend to remain hidden when relying solely on secondary or highly
aggregated data. Previous attempts to gather quantitative data, such as shipment vol-
umes, inventory records, and lead times, revealed notable gaps: some organizations lacked
comprehensive reporting systems, whereas others either limited access to their internal
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data due to security or privacy concerns or shared it only in a heavily aggregated form.
Consequently, interviews became the primary means of accessing richer, more nuanced
operational and logistical knowledge.

The overarching objective of this interview phase was twofold. First, it sought to un-
derstand the depth and breadth of HSC operations through the lived experiences of
practitioners engaged in the eld. Second, it aimed to identify key operational chal-
lenges such as logistics bottlenecks, variable supplier performance, or the impact of
donor constraints that raw quantitative metrics cannot easily capture. The guiding
principle was that researchers could access tacit knowledge critical for strengthening HSC
processes in conict and disaster contexts by directly conversing with frontline sta and
logistics coordinators.

Participant recruitment occurred over several weeks. An initial pool of more than forty
organizations was generated through literature scans, peer researchers' references, and
humanitarian sector professional networks. These organizations varied in size (from large,
international NGOs to smaller, more localized agencies) and specialty (e.g., organizations
primarily focused on food distribution, medical relief, shelter provision, or child welfare).
This intentional diversity ensured that di erent operational models, funding structures,

and logistical approaches were represented.

Interview Structure and Design

A structured interview guide was developed to ensure methodological consistency and
facilitate comparisons across organizations (see appendix A.1 for the complete interview
template). The guide featured a blend of xed-response and open-ended questions:

1. Fixed-Response Questions: These sought basic organizational information (e.qg.,
average annual budget, typical scale of operations, sta ng levels) to establish a
baseline understanding of each NGO's scope. When available, respondents were
also asked to provide quantitative metrics such as shipping volumes and average
lead times.

2. Open-Ended Questions: These probes invited participants to elaborate on core
areas of HSC operations:

" Preparedness and Planning:How do organizations plan for sudden-onset or
protracted crises? Are there any region-speci ¢ readiness measures?

" Emergency Response ProtocolsWWhat processes govern immediate responses
following natural or con ict-related disasters, and how are decisions made un-
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der intense time pressures?

Inventory Positioning and Warehouse ManagemenDo organizations use pre-
positioned stocks, and how do they adapt storage strategies in varying geo-
graphical or security contexts?

Supplier Relationships and Coordination:How do NGOs select and manage
supplier partnerships, especially amid unstable or crisis-prone regions?

Key Performance Indicators: Which performance metrics are tracked inter-
nally, and how do they inform resource allocation or strategic planning?

Risk AssessmentHow do organizations identify and mitigate logistics risks such
as road blockages, fragile peace agreements, and limited air cargo access before
and during missions?

The open-ended nature of these questions allowed interviewees to integrate their perspec-
tives, experiences, and real-time observations, often illuminating issues unaddressed in or-
ganizational reports. Moreover, this format allowed participants to detail context-speci c
challenges, such as regulatory hurdles at border crossings, donor-mandated requirements,
or cultural sensitivities a ecting local partnerships.

Prior to each interview, a brief information sheet outlining the study's purpose was shared
with participants. Interviews were conducted face-to-face whenever feasible; online video
conferencing platforms were utilized when geographical or scheduling constraints pre-
vented in-person meetings. Each session lasted between 45 and 90 minutes, depending on
participants' availability and the complexity of their roles. Researchers obtained informed
consent at the start of each session, clarifying that the data would be used exclusively
for the thesis purposes. Copies of the interview guide were provided during face-to-face
sessions, enabling participants to follow the question ow. In virtual settings, the guide
was shared via email beforehand.

A core output from each interview was the identi cation of variables and indicators rel-
evant to HSC performance. Participants were explicitly asked to suggest or validate a
range of factors for a ranking tool that was being developed to evaluate signi cant global
crises over the past decade. Their expert input enabled the research team to re ne this
tool by incorporating variables NGOs viewed as most pertinent to success or failure in
di erent operational contexts.

Additionally, interviewees were invited to share any available quantitative data from pri-
mary emergency missions over the last ten years. Although many organizations were
limited by donor-imposed data privacy stipulations or internal security protocols, several
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participants provided high-level indicators, operational notes, and aggregated data ta-
bles. This information was integrated into a broader dataset used for the factor analysis
phase of the research. In cases where data were unavailable or highly aggregated, par-
ticipants' qualitative comments (e.g., areas of chronic bottlenecks or best practices they
found crucial in large-scale emergencies) proved equally insightful.

Ethical best practices guided every step of the interview process. Before collecting in-
formation, participants were informed in writing and orally about the study's aims and
their right to withdraw. Extra caution was taken in discussions about politically sensi-
tive topics, such as a government's role in con ict areas or security concerns in war-torn
regions. In such instances, participants were reminded that they were not obligated to
disclose information that could compromise ongoing operations.

3.2. General HSC Analysis

After gathering valuable insights from interviews with professionals involved in humani-
tarian logistics, the HSC analysis was developed using a clear and structured approach.
The goal was not just to describe how HSCs work, but to understand how they change and
function during emergencies caused by natural disasters or conicts. To facilitate this,
the HSC analysis in Chapter 4 is divided into six subsections, each addressing a speci c
thematic dimension of humanitarian supply chains. The rst subsection;Humanitar-

ian Supply Chain Evolution™ provides a overview of how HSCs have developed in
response to global crises, outlining key shifts in strategy, technology, and logistics pri-
orities. The second subsection;Collaboration Model" examines the importance of
partnerships, coordination, and cooperation among NGOs, international organizations,
and donors. The third subsection,’Phases of HSC" draws on the framework byHu-
manitarian Logistics in Disaster Relief Operation$16], of Kovacs and Spens, to describe
the three main operational phases: preparedness, immediate response, and reconstruction.
The fourth subsection,"Type of NGOs" explores the di erent roles and operational
pro les of NGOs, di erentiating between local, national, and international actors. The
fth subsection, "HSC Common Stakeholders" identi es and explains the interests,
roles, and interrelations of typical stakeholders involved in humanitarian logistics. Finally,
the sixth subsection,"From Supply Chain Management to Humanitarian Supply

Chain Management" compares commercial and humanitarian supply chain principles,
incorporating insights fromThe Applicability of Commercial Supply Chain Models in Hu-
manitarian Supply Chain Thinking [9], of Duddy, andThe Triple-A Supply Chain[17], of
Lee, to highlight the adaptations required when transferring commercial models into crisis
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contexts. This structure allows the reader to progressively engage with both conceptual
frameworks and the practical challenges of humanitarian logistics. how they change and
function during emergencies caused by natural disasters or con icts.

This part of the work was based on both practical observations and key academic studies.
One of the main references was the model by Kovacs and Spens, which breaks down
humanitarian logistics into three main phases: preparation, immediate response, and
recovery. This model helped organize the analysis by showing how supply chain operations
shift depending on the stage of the disaster. It also clari ed the di erent roles played by
various organizations at each phase, making it easier to understand who does what, and
when.

In addition to this, the thesis explored whether traditional commercial supply chain mod-
els could be applied to humanitarian settings. The study by Duddy was particularly
useful for this purpose. It pointed out that many commercial models assume a stable and
predictable environment, which doesn't match the reality of humanitarian operations that
are often chaotic and unpredictable. Instead, Duddy, suggest thinking of humanitarian
supply chains more like exible networks than rigid chains. They propose a systems-
thinking approach as a better way to capture the complexity and interdependencies in
humanitarian operations.

The work also considered Triple-A supply chain model, which emphasizes agility, adapt-
ability, and alignment as core elements of e ective supply chains. Although originally
developed for commercial contexts, these principles provided a useful lens for assessing
the capacity of humanitarian supply chains to respond to unpredictable and rapidly chang-
ing environments. The emphasis on alignment was especially relevant for understanding
how di erent humanitarian actors, often with diverging goals and limited coordination,
must work together e ectively to avoid duplication of e orts and wasted resources.

To make sure the theory matched reality, expert interviews were used to compare what
the literature says with what happens in real-life situations. These interviews revealed
common challenges such as poor coordination between groups, damaged infrastructure,
complex rules, and pressure from donors. These issues supported the need to adapt tra-
ditional models and include more realistic views of the conditions faced by humanitarian
workers.

By combining academic models and real-world experiences, the analysis created a practical
and useful framework for understanding HSCs. The approach used in this part of the thesis
was exible and interactive, allowing theory and practice to in uence each other. Special
attention was given to understanding the balance between being quick and responsive
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(agility) and being responsible and organized (accountability), which is often a di cult
trade-o in humanitarian work.

3.3. Ranking

After undertaking a comprehensive evaluation of th&iSC, it is essential to identify the
most relevant cases. In recent years, as already mentioned, both the number of armed
con icts and catastrophic natural events have been on the rise, posing signi cant logistical
challenges to the delivery of humanitarian aid. These crises strain existing infrastructure
and complicate coordination among government agencies, non-governmental organiza-
tions, and local communities.

While this selection does not aim to diminish the gravity of other crises, its purpose is
to highlight those events that have signi cantly impacted theHSC , thereby revealing
patterns and vulnerabilities pertinent to future interventions. From these investigations,
concrete recommendations and best practices will emerge, which will help improve the
overall e ciency, exibility, and resilience in supply chain management, ensuring that
critical resources reach aected populations promptly despite complex and constantly
evolving operational challenges.

The initial phase of case selection focused on usili@Ps as a primary driver. This choice
was made based on two principles:

1. The presence of many individuals needing assistance increases the case's complexity,
making it more interesting from a logistical standpoint.

2. A large volume of displaced persons indicates that if best practices aimed at en-
hancing the e ciency of the HSC are identi ed, it would be possible to assist a
broader population of vulnerable people in the future.

That said, certain issues arise: conicts and disasters produce dierent quantities of
IDPs , thus necessitating a distinction between armed con icts and natural calamities.
These latter generate widely varying volumes of displaced persons and have therefore been
categorized as follows:

" Earthquakes
~ Floods
~ Wild res

" Volcanic eruptions
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Each of these types was then associated with aDP threshold that determines whether
the event is included in the list of potentially signi cant cases:

Event | Earthquakes Floods Wild res Volcanic Wars
Eruptions
IDPs | >10,000 >1,000,000| >5,000 | >30,000 >1,000,000

Table 3.1: Threshold for the rst case selection

This approach was adopted to avoid including minimally relevant events for a given event
type. The thresholds were selected by rounding the lower bound formula from the Box
Plot Mary Eleanor Spear [25]:

Lower Bound= Q; 15 (Qz Qi) (3.1)

Where:
" Q. is the rst quartile (25™ percentile),
" Qs is the third quartile (75" percentile),
" Qs Q is the interquartile range (IQR).

Additionally, for con icts protracted events that often span several years the highest
annual IDP gure (between that generated during the year and at year-end) was con-
sidered. In contrast, the number ofIDPs at the end of the year was used for natural
disasters.

Following this rst selection, an initial list of cases emerged, but it remained too extensive
to be examined comprehensively in a single study. Moreover, several individual crises are
so distinctive that they warrant dedicated research to investigate their speci c logistical
and operational dynamics in greater depth.

Hence, further screening became necessary. New variables were introduced to enhance the
informational framework and enable an even more rigorous assessment of the implications
associated with each selected case. These new variables were also suggested by the NGO
operators interviewed:

" Fatalities : the death toll is a fundamental indicator of the severity of a disaster.
Sector-speci c literature highlights that a higher number of victims is often linked to
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an event of larger dimensions and complexity, implying a more signi cant logistical
challenge in organizing relief e orts.

Logistic Performance Indicator (LPI) : developed by the World Bank, this in-
dex measures a country's logistics capabilities, considering infrastructure, customs
procedures, service e ciency, and delivery times. This indicator becomes crucial
when attempting to correlate the performance of a logistical system with the speed
of response in emergencies.

Area : the geographical extent of the disaster, expressed in square kilometers, di-
rectly a ects transportation costs, the distribution of storage facilities, and the
complexity of road or air networks required. Events covering exceptionally vast
areas may signi cantly complicate intervention planning.

Number of newspaper articles : using the ProQuest database, one can extract
the number of articles covering the event, Itering by year, country, and type of
catastrophe. Extensive media coverage may lead to greater international attention
and potentially increased resources for aid.

Damage cost : the monetary value of losses and infrastructure damage, expressed
in dollars, provides another measure of the event's economic impact. Moreover,
events with large-scale damages often re ect extensive disasters usually a ecting
infrastructure requiring more complex planning and signi cant response resources.

The primary goal of this information expansion is to create a more comprehensive analyt-
ical framework. In doing so, it becomes possible to shape a multi-parameter assessment
capable of re ecting the complexity of emergency scenarios. However, the challenge lies
in harmonizing and appropriately weighting each data point since the in uence of each
variable can di er considerably depending on the nature of the disaster and the social, eco-
nomic, and political context in which it occurs. To overcome this hurdle, it was decided to
employ a ranking system using thénalytic Hierarchy Process (AHP) [2.1.4]. Each
variable is evaluated through expert judgment, and a weight is assigned proportionally to
its relevance. The collected data are then transformed into scores and summed according
to those weights until a nal ranking is de ned.

Following a preliminary analysis of the scores, it was deemed appropriate to develop two
separate rankings: one for natural disasters and another for armed con icts. This decision
stemmed from the observation that wars have a substantially di erent nature compared
to natural disasters, which are usually of much shorter duration; thus, the approach to
the HSC di ers between the two cases. Moreover, this subdivision made it possible to
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ne-tune the weights assigned to con ict-related variables, with particular emphasis on
parameters such as the number of fatalities, which is typically more signi cant in warfare
than in natural disasters.

The dual classi cation also provided an opportunity to highlight the role and signi cance

of natural disasters more e ectively, allowing for greater focus on the speci c logistical
challenges posed by each phenomenon. As for con icts, the variable related to damage
costs was excluded due to the high variability of the sources (approximately 25% of the
average value), which could undermine the robustness of the comparison. Removing this
variable enables a more homogeneous and coherent analysis centered on parameters of
greater relevance to con ict contexts.

Two pairwise comparison matrices were developed within the analysis, and the proce-
dures outlined by Saaty's method were applied. For natural disasters, which included six
di erent reference variables, a Saaty Random Index of 1.24 was used, whereas for armed
con icts involving ve variables, a Random Index of 1.12 was adopted. This approach
yielded a consistency ratio of 0.066 for the rst category and 0.0795 for the second well
below the critical threshold of 0.1 thus indicating high coherence in the evaluators' judg-
ments.

In the subsequent step, the relative weights of the variables were determined by calculat-
ing the average of the scores, interpreted as the percentage of each variable's contribution
to the nal result. However, before proceeding with the weighting, it was necessary to
normalize each parameter within a range between 0 and 1 to adjust for any discrepancies
related to scale or unit of measurement. This normalization step proved crucial for facil-
itating a homogeneous comparison across heterogeneous data while eliminating potential
distortions.

The resulting formulas from this process are as follows for disasters:

Score= , Fatalites+ , Area+ 3 Number of Newspaper Articles

(3.2)
+ 4 Damage Cost 5 LPI
And for con icts:
Score= ; Fatalites+ , Area+ 3 Number of Newspaper Articles (3.3)

4 LPI

Where and represent the calculated averages for disasters and con icts.
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Based on these de ned weights, overall scores were then computed for the two rank-
ings one dedicated to natural disasters and the other to armed con icts and subse-
quently normalized within a 0100 range, thus making the values more accessible to
researchers and decision-makers. To further improve the interpretability of the results,
the rankings were divided into three tiers following theMoSCoW model [34], each with

a span of 33%. In this way, it was possible to transparently highlight which cases were
a top priority ( Must Have ), which ones could be studied on an optional basi€6éuld
Have ), and which were not central for immediate analysisWon't Have ).

In parallel, an additional parameter was introduced to distinguish those cases with a
broad information set from those with more limited available data. In this context,
special attention was paid to aspects such as the continuity of the historical data series,
the presence of cross-references in international sources, and the reliability of the collected
information. This classi cation serves as a valuable tool for future studies, as it guides
researchers toward better-documented scenarios or, where appropriate, highlights areas
needing further investigation.

Another aspect that emerged during the evaluation process is the possibility of integrating
this methodology with qualitative analyses to capture sociopolitical or structural factors
that may elude a purely quantitative assessment. In this regard, Saaty's method retains
all its systemic e ectiveness, provided it is enriched with interviews, focus groups, or eld
studies to 0 er an even more comprehensive picture although that is not the goal of this
text.

3.4. Case Studies and Factors Analysis

The case studies presented in the Discussion Chapter form the culmination of the re-
search design and serve a dual purpose: to contextualize theoretical insights and to em-
pirically validate key operational dynamics of HSCs under di erent types of crises. These
case studies were selected through a structured process that combined analytical rigor
with practical considerations. The ranking matrix, developed in the earlier phases of the
methodology, played a pivotal role in this selection by enabling a systematic evaluation
of displacement events based on various weighted criteria such as the total number of
IDPs, geographical coverage, crisis typology (natural vs. con ict-induced), and strategic
relevance to global humanitarian logistics trends.

However, the numerical outcome of the matrix was not the sole determinant. A decisive
criterion for inclusion was the richness and accessibility of information related to each
case. Only contexts that provided su cient depth of data both qualitative and quanti-
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tative were deemed viable for detailed study. The ability to reconstruct a supply chain
response based on institutional reports, operational evaluations, academic literature, and
interview insights was essential. This approach ensured analytical depth and cross-case
comparability. The selected cases Nepal, Pakistan, Ukraine, Democratic Republic of the
Congo, and the United States represent a wide spectrum of geographic, economic, and
political contexts. This diversity enhances the generalizability of insights and supports
the identi cation of both localized and systemic patterns in humanitarian response.

For each case, the analysis focused on the triggering event, the main humanitarian con-
sequences, the organizations involved in the response (including NGOs, UN agencies,
government bodies, and local authorities), and the key components of the supply chain
activated. The goal was not merely to document individual events but to build a compar-
ative framework capable of identifying recurring patterns, operational divergences, and
their implications for logistics management in emergency contexts.

Speci ¢ attention was devoted to several key operational dimensions: the speed of re-
sponse; inventory management practices, including prepositioning strategies; coordination
mechanisms between international and local actors; the logistical accessibility of a ected
areas; and the e ciency of information ows. The in uence of pre-existing infrastructure,
the broader political environment, and societal stability was also assessed in determining
the logistics strategies adopted. A core focus was placed on the adaptability of operational
solutions in relation to the nature of the crisis. While natural disasters tend to demand
rapid, large-scale mobilizations, con ict-induced crises typically require sustained, adapt-
able approaches where issues like access, security, and continuity become paramount.

This multi-dimensional analytical approach aimed not only to examine logistical and
technical challenges but also to shed light on the broader strategic and organizational
determinants of success. By conducting a comparative reading of cases that di er signif-
icantly in nature, scope, and setting, it became possible to build a more comprehensive
and nuanced understanding of the factors that shape humanitarian logistics outcomes on
a global scale.

To support this analysis, a structured framework of critical factors was developed. These
factors emerged from a triangulation of sources: academic literature, expert interviews,
and insights drawn directly from the case study analyses. The integration of these perspec-
tives allowed for a balanced and evidence-based identi cation of key determinants of HSC
e ectiveness. From the literature, particularly the studies"Exploring Critical Success
Factors (CSFs) of Humanitarian Supply Chain Management (HSCM) in Flood Disaster
Management'[8] and "The Role of Big Data in Explaining Disaster Resilience in Sup-
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ply Chains for Sustainability'[31], a broad range of critical dimensions was established.
These included managerial leadership, planning, communication, stakeholder coordina-
tion, infrastructure, information ows, and resilience mechanisms such as public-private
partnerships and swift trust.

Interview data complemented these ndings by highlighting practical constraints and
operational enablers encountered by humanitarian actors in the eld. Themes such as
local capacity, logistics adaptability, funding stability, and security considerations surfaced
consistently. Finally, through the comparative study of the ve selected cases, these
factors were validated and further re ned. The diversity of operational environments
provided a unique opportunity to assess how these critical factors manifest in practice
and in uence performance across di erent contexts.

The synthesis of literature, interviews, and case-based evidence resulted in a robust and
actionable framework. This served as the analytical backbone of the Discussion Chapter,
guiding the identi cation of systemic vulnerabilities, success conditions, and transferable
best practices. The multi-source methodological approach reinforces both the depth and
applicability of the ndings, o ering a sound foundation for academic advancement and
strategic decision-making in humanitarian logistics.

The development of the critical factor's framework was integral to the interpretation of
the case studies. These factors were not arbitrarily selected but emerged from a robust
triangulation process. The rst layer of input came from a series of semi-structured inter-
views with humanitarian logistics practitioners and case studies. These insight highlighted
core operational priorities and revealed patterns of success and failure in real-world re-
sponses. Factors such as coordination, logistics adaptability, infrastructure reliability,
funding mechanisms, and workforce readiness were frequently mentioned as essential de-
terminants of operational e ectiveness.

To strengthen the empirical validity and broaden the theoretical foundation, two peer-
reviewed academic studies were incorporated. The rstExploring Critical Success Fac-
tors (CSFs) of Humanitarian Supply Chain Management (HSCM) in Flood Disaster Man-
agement'[8], o ered a statistical validation of critical factors based on a Ghanaian ood
response context. It identi ed a comprehensive set of internal and external variables such
as management quality, training and education, stakeholder collaboration, infrastructure
adequacy, and resource availability that signi cantly in uence HSC success. These di-
mensions align with broader logistical theory and are applicable across disaster types.

The second reference study,The Role of Big Data in Explaining Disaster Resilience in
Supply Chains for Sustainability[31], brought a complementary perspective focused on
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system resilience. Based on data from the Nepal earthquake response, this study em-
phasized the role of swift trust, e ective public-private partnerships, and high-quality
information sharing as enablers of supply chain resilience and sustainability. These in-
sights broadened the scope of analysis beyond operational e ciency to include system
adaptability and long-term robustness.

3.5. Factors Ranking

An additional phase of research was conducted using the Delphi method to further re-
ne the framework of critical factors and evaluate their perceived importance within the
humanitarian logistics domain. This method allowed the research team to capture a
structured consensus among experts and enhance the analytical robustness of the fac-
tor framework. Engaging the same professionals who had previously contributed during
the interview phase ensured continuity and drew upon a depth of experiential knowledge
accumulated over diverse contexts and crises. This ranking e ort's primary aim was to
validate each identi ed factor's relevance and prioritize them based on their strategic and
operational signi cance in humanitarian supply chain management.

The Delphi technique is a structured, iterative process designed to obtain a reliable con-
sensus from a panel of subject-matter experts through multiple rounds of questionnaires,
each followed by controlled feedback. This research implemented a two-round Delphi
process to establish an ordered hierarchy of the critical success factors in humanitarian
logistics. This method was selected for its exibility, anonymity of responses, and ability
to promote convergence without confrontation or group pressure.

During the rst round (appendix A.2), a comprehensive survey was distributed to all
participants previously involved in the qualitative interviews. The survey contained the
complete list of critical factors identi ed from the triangulation of literature review, eld
interviews, and case study examination. Each factor was accompanied by a concise yet
informative de nition based on existing academic and operational sources to ensure a
consistent and shared understanding. Respondents were asked to score the importance of
each factor on a scale from 1 (not important) to 10 (extremely important). Additionally,
each item included a free-text comment section where respondents could elaborate on
their scoring rationale, provide real-life examples, or express concerns regarding relevance,
scope, or clarity. These qualitative remarks added substantial depth and nuance to the
dataset, capturing subtle distinctions that numeric scores alone might obscure.

After collecting the rst-round responses, the data were processed to identify central ten-
dencies and divergences. Average scores for each factor were computed, and the qualitative
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comments underwent thematic analysis using coding techniques to highlight converging
opinions, points of contention, and emergent insights. This synthesis was used to generate
concise comment summaries for each factor that re ected the range of expert feedback.

Participants received an updated version of the same survey in the second round. This
revised survey included each factor's average score from round one and the accompany-
ing thematic summary of participant feedback. The intent was to inform and provoke
thoughtful reconsideration rather than drive forced agreement. By reviewing their peers'
collective perspective and rationale, respondents had the opportunity to reassess and, if
desired, revise their original ratings in light of new insights. This structured feedback loop
enabled a richer and more considered judgment, often leading to a tighter convergence of
opinions on contentious or ambiguous factors.

The guiding principle behind this iterative approach was not to impose arti cial consensus
but to facilitate re ective, evidence-informed alignment. By encouraging participants

to engage with the perspectives of others, the process supported a more nuanced and
democratic prioritization of the factors under evaluation.

The Delphi study resulted in a ranked list of critical factors, each accompanied by its
nal average score and supported by qualitative rationale. This ranked output provides a
prioritized roadmap for practitioners and a deeper understanding of why certain factors
are consistently valued across diverse operational settings. Factors such as stakeholder
coordination, logistics adaptability, and infrastructure readiness emerged as consistently
top-rated, while others showed more variability depending on the expert's background or
regional focus.

This nal ranking played an integral role in shaping the subsequent analysis presented in
the Results Chapter. It served as a validated framework for interpreting real-world HSC
performance and guiding the design of targeted interventions. Moreover, the consensus-
driven output allowed for the identi cation of universally agreed-upon priorities and areas
where perceptions diverged critical insights for tailoring recommendations to specic
stakeholder needs or regional contexts.

Importantly, this information was combined with the best practices associated with each
critical factor. These best practices, drawn from a combination of eld documentation,
operational guidelines, and practitioner literature, enabled the formulation of concrete rec-
ommendations. They provided actionable guidance for improving supply chain resilience,
coordination, resource allocation, and operational e ciency in humanitarian settings. The
resulting framework supports strategic planning and practical implementation across var-
ied humanitarian contexts by linking expert consensus with applied knowledge.
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Many NGO where invited to collaborate to our research from an initial list of over forty
organizations, nine consented to engage in our research. The following organizations were
the one who agree to participate to our research:

1. World Food Programme (WFP)

2. International Red Cross and Red Crescent (IRC) This includes the In-
ternational Committee of the Red Cross (ICRC) and the International
Federation of Red Cross and Red Crescent (IFRC) , with the former focus-

ing on natural disasters and the latter on armed con icts.
Oxfam (OX)
Médecins Sans Frontiéres (MSF)

Logistics Cluster (LC)

o o ~ w

Direct Relief (DR)
7. Action Aid (AA)

8. Emergency (EE)

4.1. HSC Analysis

By synthesizing the insights from experts and the wealth of knowledge in academic papers,
we can construct a comprehensive view of the current state of the HSC. This approach,
which encompasses the primary procedures and mechanisms, ensures a thorough under-
standing of the subject under examination.

4.1.1. Humanitarian Supply Chain Evolution

Over time, the de nition of classical HSC has broadened into HSCM, re ecting the real-
ization that its scope extends beyond transportation and inventory management. Rather



52 4| Discussion

than simply moving food or medicine into a disaster zone, HSCM now encompasses:
Coordinated the planning of procurement,

Partnerships with suppliers and manufacturers,

Inventory pre-positioning in strategic hubs,

Real-time data visibility of shipments,

Distribution to bene ciaries,

Reverse logistics (e.g., disposal of unwanted donations),

Performance management is conducted through metrics such as lead times, cost
e ciency, and |l rates for critical goods and services.

Major organizations, including the IRC, the WFP, and various NGOs, have taken signi -
cant steps to formalize HSCM frameworks. These e orts, which involve the development

of standardized processes for needs assessment, sourcing, warehousing, last-mile distri-
bution, and performance feedback, serve as a testament to the eld's progress and the
commitment of these organizations to enhancing humanitarian logistics and supply chain
management.

Historically, humanitarian operations were often run with minimal formal processes and
sometimes lacked technical tools. Many agencies had small administrative structures
or relied on volunteers, local sta, and ad hoc decision-making to meet urgent needs.
Over time, as large-scale disasters became more frequent both because of actual disaster
occurrences and the global media coverage that ampli ed awareness relief organizations
realized that e ective logistics was not merely a back-o ce function. Instead, logistics
could be a signi cant determinant of the speed and impact of relief.

4.1.2. Collaboration Model

The analysis of the data from the questionnaires shows that cooperation between NGOs,
governments, local authorities and private actors is a fundamental pillar for the e ective-
ness of rescue operations. In particular, small NGOs, which often face budget and sta ng
constraints, can benet greatly from the expertise and transport networks provided by
larger organisations. This synergistic approach avoids duplication, maximises the use of
available resources and improves the impact of aid, especially in situations where rapid
response is essential to contain damage. The pap@ihe Applicability Of Commercial
SC Models In HSC Relief Operations'[9] emphasizes that the adoption of classic supply
chain models, such as SCOR, is only bene cial when accompanied by constant information
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sharing practices and a exible governance structure. The humanitarian context, in fact,
makes the presence of agile collaboration networks crucial, capable of reacting promptly
to the sudden changes in the scenario typical of crises. Regional and global partnerships
often emerge, such as the Logistics Cluster (LC), led by the WFP, which coordinates ship-
ments from multiple NGOs onto the same cargo planes or helps establish shared storage
facilities in disaster zones. The goal is to pool resources, reduce duplication, and enable
agencies to leverage each other's capabilities. Yet, forming and sustaining these collabo-
rative supply networks can be challenging. Agencies compete for donor attention, have
di erent organizational mandates, or rely on sta with varying professional experience.
Moreover, di erences in technology platforms and data standards hinder the integration of
information ows. In this sense, the concept of network orchestrators can facilitate the
coordination of the overall HSC, with one lead actor assuming responsibility for aligning
processes, ensuring transparency, and enforcing speci ¢ communication or data-sharing
standards.

Over the past decade, new forms of collaboration have emerged among humanitarian
organizations to address persistent coordination gaps. Some notable examples include:

A

Consortia or Alliances:  Groups of agencies sign agreements to jointly implement
programs, share overhead costs (like warehousing), and submit consolidated funding
proposals. This can streamline logistics but also requires high levels of trust.

Pooled Funds: Under these arrangements, donors pool money into a common fund
managed by a central body (often administered by the UN), which then disburses
grants to agencies based on assessed needs. This can reduce competition among
agencies and provide a more equitable distribution of resources.

Shared Services Initiatives:  Agencies collaborate on services, such as joint pro-
curement of relief items to secure bulk discounts or share cargo space on chartered
ights. The Logistics Cluster is a prime example of this principle in action.

Public-Private Partnerships: Partnerships with global logistics rms, technol-
ogy companies, or manufacturers can boost e ciency and innovation in relief supply
chains. When well-structured, such collaborations reduce duplication, leverage pri-
vate sector expertise, and speed up the ow of goods.

In many humanitarian crises, the private sector also steps in, driven partly by corporate
social responsibility (CSR) goals and partly by recognizing that functioning communities
and stable markets serve long-term commercial interests. Examples include logistics rms
like DHL or UPS o ering pro bono air transport or warehousing services to humanitarian
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agencies in the aftermath of disasters, such as in the case of LC. Partnerships may also
arise with technology giants that donate information systems or manufacturers recon g-
uring production lines to produce relief items. This synergy can bolster the resilience and
capacity of humanitarian supply chains, bringing specialized expertise and resources at
critical moments. These public-private partnerships require deliberate planning so that
corporate involvement does not merely become a short-lived public relations e ort but
leads to a meaningful and sustained impact. Aligning corporate timelines, which are of-
ten oriented toward quarterly results, with the humanitarian context, which frequently
demands months or years of investment, is challenging. However, successful cases demon-
strate that when private partners are given a clear operational role and remain committed
beyond the initial response, humanitarian supply chains can be strengthened through the
infusion of commercial best practices.

4.1.3. Phases of HSC

The phases of the HSC, intricately linked to the concept of disaster management, can
be categorized into four stages: preparedness, response, recovery, and mitigation. This
categorization, supported by various resources, highlights the importance of understand-
ing the evolving nature of supply chain priorities and challenges over time. While these
phases may overlap, viewing them as distinct stages provides a structured approach to
understanding the dynamic nature of the eld and the evolving challenges it presents.

Humanitarian logistics are involved in all phases of the disaster management cycle, encom-
passing preparedness, immediate response, recovery, and mitigation. The preparedness
phase involves stocking pre-positioned inventory in strategic locations, developing strong
coordination channels among agencies, and creating contingency plans. Immediate re-
sponse, which typically begins in the rst hours to days following a disaster, is where
rapid mobilization of supplies and resources is critical to prevent further loss of life. The
recovery phase encompasses a longer timeframe, supporting communities transition-
ing from emergency relief to restoring their infrastructure and livelihoods. Ultimately,
mitigation seeks to reduce vulnerabilities and prevent or mitigate the impact of future
disasters.

Logistics and supply chain requirements di er in each phase. Preparedness may emphasize
robust forecasting and pre-positioning of inventory. The immediate response phase focuses
on rapid transport, last-mile distribution, and ad hoc problem-solving. Recovery e orts
require longer-term planning, cooperation with local institutions, and, in many cases,
more stable supply routes. Thus, the end-to-end humanitarian supply chain must adapt
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uidly to distinct goals throughout the cycle, which revolve around meeting bene ciaries'
needs in timely, e cient, and ethically and culturally sensitive ways.

Modifying the Resilience Core Function Model [3] can also illustrate these four phases. On
the y-axis, rather than indicating the performance level, we can represent the Disaster
Entity, a percentage ratio of the actual damage relative to the maximum damage a

disaster can inict. In this example, we show an earthquake.

Figure 4.1: Resilience Core Function Models

1. Preparedness Phase

A

Risk Analysis and Forecasting:  Humanitarian organizations identify high-
risk regions and potential threats using data on weather patterns, historical
events, and vulnerability assessments.

Pre-positioning of Goods: Agencies often store emergency relief
items, such as tents, medical kits, blankets, and water puri cation
units, in strategic warehouses near  disaster-prone regions.

Partnerships and Training: Humanitarian logisticians collaborate with lo-
cal governments, commercial transporters, and community-based organizations
to clarify roles and responsibilities.

Coordination Mechanisms:  Many organizations sign memoranda of under-
standing with each other or form clusters to facilitate rapid mobilization.
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2. Immediate Response Phase

N

Rapid Deployment of Relief: When a disaster strikes, humanitarian ac-
tors activate their plans to deploy emergency teams, supplies, and equipment.
Speed is critical to prevent further loss of life and su ering.

Transportation and Distribution Challenges: Damaged infrastructure
complicates the movement of supplies. Organizations may rely on air cargo
drops, sea, or ad hoc road routes.

On-the-Ground Coordination: Agencies establish emergency operations
centers or utilize cluster-based approaches to streamline information sharing,
including the location of distribution sites and prioritized needs.

Scaling Up or Down: The volume of relief materials can rise sharply within
days of an event. For example, in a large-scale earthquake, thousands of tons
of relief cargo may ood airports, creating congestion and backlogs.

3. Recovery Phase

A

Transition from Relief to Rehabilitation: Supply chain processes shift

from the urgency of life-saving interventions to supporting medium-term needs,
including rebuilding homes, restoring livelihoods, and re-establishing local mar-
kets.

Focus on Local Procurement:  Wherever feasible, agencies should source
rebuilding materials and goods from local or regional suppliers to stimulate the
local economy, reduce lead times, and lower transportation costs.

Longer-Term Infrastructure Projects: Partners collaborate with local au-
thorities to restore roads, bridges, and other critical logistics enablers. The
supply chain has evolved to handle bulk construction materials and specialized
equipment.

Scaling Back External Actors: As local capacity improves, global agencies
often wind down direct service provision and hand over responsibilities to local
or national entities. An example of this can be the USAID situation.

4. Mitigation Phase

A

Investing in Risk Reduction: Ideally, stakeholders incorporate lessons
learned from the previous phases to reinforce infrastructure, improve build-
ing codes, or enhance early warning systems.
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"~ Strengthening Community Resilience: Long-term investment in community-
led approaches such as training local relief committees, establishing micro-
insurance programs, or developing livelihood diversi cation can mitigate fu-
ture vulnerability.

" Monitoring and Evaluation: Evidence-based studies and after-action re-
views inform the development of improved disaster preparedness strategies.

4.1.4. Type of NGOs

Humanitarian supply chain operations vary greatly depending on the type of disaster or
crisis at hand. Disasters are broadly categorized into natural and arti cial categories,
although many crises share overlapping features. Natural disasters include earthquakes,
hurricanes, oods, tsunamis, droughts, and volcanic eruptions. Arti cial disasters involve
armed con icts, technological accidents (e.g., nuclear meltdowns), industrial hazards (e.qg.,
chemical spills), or terrorist attacks. Some protracted crises, such as prolonged civil
con icts, may blend characteristics of both.

Each disaster type presents distinct challenges for humanitarian supply chains:

1. Sudden-Onset vs. Slow-Onset Disasters: Sudden-onset events (e.g., earth-
quakes) yield immediate, unpredictable spikes in demand for relief goods and can
severely damage infrastructure. Slow-onset events (e.g., droughts) develop grad-
ually, allowing for earlier detection and longer lead times. While slow-onset crises
might seem easier to manage, they can strain resources over time, especially if donors
or the media lose interest.

2. Complex Environment: Multiple simultaneous threats such as violence, po-
litical unrest, and displacement complicate logistics and operations. Examples
include civil wars, famine, or an epidemic outbreak amid ongoing con ict. Coordi-
nation and security become paramount in these scenarios, as supply lines may need
armed escorts or rely on secure air corridors.

3. Technological: In accidents such as major industrial facility explosions, nuclear
power plant failures, or large-scale chemical spills, humanitarian organizations often
collaborate with government agencies and specialized teams. This requires special-
ized logistics capabilities, including transporting protective equipment and estab-
lishing quarantine or decontamination stations.

By recognizing the type of disaster and its context, humanitarian organizations can an-
ticipate speci ¢ supply chain needs. For example, large-scale ooding may require boats
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or amphibious vehicles for last-mile delivery, while armed con ict might necessitate secu-
rity coordination with military units. As a result, agencies often develop scenario-speci c
contingency plans and pre-position certain goods or assets.

A further important aspect, which emerged during the analysis, concerns the classi ca-
tion of NGOs according to size, resources and scope of intervention. Large international
organizations (think, for example, of WFP or DR) have substantial nancial and logisti-

cal resources, often supported by rigorous and standardized procedures, as well as by the
presence of warehouses already located in strategic areas. Medium-sized NGOs, on the
other hand, are oriented towards a speci c sector (e.g. health or education) or a limited
geographical context, while relying on external sources of funding and collaborations with
national governments or regional authorities. Finally, small NGOs, or grassroots asso-
ciations, focus on small communities and, despite limited budgets, ensure an agile and
targeted response thanks to in-depth knowledge of the territory and local needs. These
di erences are directly re ected in the organisational structure: larger companies tend to
favour hierarchical structures, while smaller ones often show greater exibility and a more
horizontal approach to decision-making.

The rst di erence is in their structural approaches to governance. Some adopt a central-
ized model, where headquarters makes decisions on procurement, inventory levels, and
distribution strategies and then directs eld o ces to implement them. Others take a
decentralized approach, giving signi cant autonomy to regional or national o ces, which
can adapt their supply chain strategies to local conditions.

Centralized Model:

A type of organization where the entire supply chain is managed by a centralized o ce,
with smaller o ces in other countries better to handle the nal stages of the supply chain.

" Advantages: Standardization of procedures, economies of scale in procurement, clear
lines of authority, and easier global coordination.

" Disadvantages: A slower response if the headquarters is far removed from the dis-
aster zone, limited exibility, and potentially lower buy-in from local partners.

In this category, we have NGOs such as Emergency, WFP, LC, DR, and MSF, some of
which have additional o ces worldwide. However, the primary decision and veri cation
regarding the start or continuation of operations is made by a central headquarters.

Taking the example of MSF, when a disaster occurs, the team begins assessing the situ-
ation on-site, evaluating the disaster's impact, determining if a squad is already present
in that country, and verifying whether the government has the necessary capabilities and
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tools to respond. All this information is considered and sent to a review team in Brussels,
which determines whether to act and the required level of e ort.

Decentralized Model:

Each regional or country o ce determines its own operations and supply chain manage-
ment, but a central o ce controls and coordinates all smaller o ces as needed.

" Advantages: Quicker decisions are closer to the point of demand, there is higher
adaptability to local contexts, and local ownership is fostered.

" Disadvantages: There is a risk of inconsistencies, duplication of e orts across eld
o ces, and di culty achieving cross-country coordination or knowledge sharing.

This type of governance is employed by organizations such as the IRC and AA, which
have various regional o ces that make decisions for their respective areas of competence,
primarily countries. When necessary, they seek assistance from headquarters, which co-
ordinates with other o ces to provide the required materials and personnel.

To better understand this typology, it is helpful to analyze how the IRC functions. They
have various country groups that activate when a disruption occurs. If this group can
manage the disruption, it operates like an independent organization. If it lacks the means
to handle the situation, it can seek assistance from the ICRC for non-con ict events or
from the IFRC for con ict-related events to receive aid from other country groups.

There is another critical di erence in how various NGOs structure their approach to
providing humanitarian assistance during an operation. The interview revealed three
primary ways to deliver the necessary aid:

Direct Structure Only: This type of NGO typically has a central warehouse or a
few warehouses in strategic areas. When they arrive at the disaster area, they establish a
camp hospital or a distribution center for aid materials to the population, utilizing minimal
warehouse space; the materials are stored directly at the camps. In this category, there
are organizations like Emergency.

Complex Supply Chain:  These NGOs establish a complex supply chain to support
their target populations. When they arrive at the designated area, they have already
prepared a plan to create warehouses on multiple levels, ensuring materials' resilient and
timely delivery. In this scenario, the most prominent NGOs operating worldwide, such as
MSF, WFP, and AA, are involved.

Supply and Coordination Support: This type of NGO is either the smallest or part
of a larger organization. This organization provides coordination support, meaning it
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organizes all the NGOs operating in the area or supplies materials to send to those NGOs
in the region. None of these NGOs maintain warehouses or camps in the country where
the disaster occurs, but they have warehouses in strategic locations worldwide. In this
category, NGOs like LC for coordination and DR send materials from their warehouses
in the USA.

4.1.5. HSC Common Stakeholders

It is also essential to consider the plurality of stakeholders operating within the HSC,
whose roles can be complementary or sometimes overlapping. In addition to NGOs, gov-
ernments play a decisive role, responsible for authorizations and political choices; military
and peacekeeping forces, which ensure the security of humanitarian corridors; donors and
sponsors, who are increasingly demanding transparency and specic reporting on the
funds disbursed; and local communities, valuable sources of information and manpower.
Private providers, on the other hand, have the task of providing transport, technology,
infrastructure and support services that are essential for the e ective distribution of aid.
Investigations show that mutual trust between these actors, fueled by constant and trans-
parent communication, is a key factor for the success of the humanitarian mission: overly
complex bureaucratic procedures or lack of clarity can in fact dramatically slow down the
arrival of aid, to the detriment of the timeliness of operations:

~

International NGOs:  Often large and well-funded, they bring global reach, tech-
nical expertise, and specialized programs. They may send teams from abroad to
manage response e orts. Their role also includes partnering with local actors to
scale up interventions. For example, LC, which we discussed earlier, o ers its orga-
nization to other NGOs.

Local NGOs and Community-Based Organizations (CBOs): These entities
possess intimate knowledge of the local area, culture, language, and power struc-
tures. They can access remote communities more e ciently and tailor interventions
to local needs. However, they might lack the technical capacity or robust funding
that large international NGOs possess.

Government Agencies (Local and National): Depending on the context, gov-
ernments may lead the entire response operation or be limited in capacity. Ideally,
the government's role is to facilitate regulatory approvals, ensure security, and pro-
vide strategic oversight. Government authorities coordinate the emergency response
in stable contexts, working with national and international actors.

Donors (Institutional and Individual): O cial donors (e.g., governments and
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large philanthropic foundations) often set conditions on how funds are used, shaping
the types of interventions. Individual donors frequently provide in-kind donations,
which can be bene cial if they meet actual needs; however, they can also cause
logistical strain if the donations are inappropriate or arrive unplanned.

Military Forces:  In speci ¢ high-security environments or where heavy-lift capac-
ity is required (e.qg., large cargo aircraft or helicopters), the military may signi cantly
transport relief supplies. Their engagement can raise questions about neutrality and
impartiality; therefore, organizations must establish clear guidelines for using last
resort military force.

Private Sector: Companies can o er expertise in supply chain technology, data

analytics, logistics services, or nancing. They may provide pro bono assistance un-
der corporate social responsibility (CSR) initiatives or become contracted vendors.
This is very important because many ONGs request help from private warehouse
owners to stock materials during their operations.

These actors have unique incentives, accountability mechanisms, and governance struc-
tures. While bridging them in a uni ed e ort remains challenging, collaborative ap-
proaches can generate comprehensive, well-informed solutions that leverage each stake-
holder's strengths.

4.1.6. From Supply Chain Management to Humanitarian Sup-
ply Chain Management

To tackle these complexity, even though it may be di cult to achieve, there is potential in
leveraging the model developed for the commercial supply chain. Similar to SCOR Models,
Balanced Scorecards, and Maturity Models, this can be accomplished by modifying the
models to adapt them to the new context of humanitarian supply chains, which share
many traits with the original supply chains. For instance, one could begin with a Lee
Matrix g. 4.2, considering the market's characteristics, demand, and supply, and then
determine the type of supply chain.

While it is tempting to assume that supply chain management is supply chain manage-
ment everywhere, the humanitarian context modi es fundamental assumptions about
stability, funding, consumer choice, and competition. Companies typically forecast de-
mand using sales history, competitor analysis, or market research in commercial supply
chains. Demand in humanitarian operations depends on the severity and location of sud-
den disasters, population displacement, or disease outbreak. Similarly, commercial supply
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chains are nanced by investor capital and operating revenues, whereas humanitarian sup-
ply chains rely heavily on donations that can be unpredictable or earmarked.

Additionally, many humanitarian organizations rely on volunteer labor and sta who
rotate frequently, resulting in high turnover that hinders institutional memory and conti-
nuity. Sta turnover is usually lower in commercial settings, and supply chain knowledge
can accumulate within organizations. Finally, the bene ciary's role not a paying cus-
tomer in the usual sense also sets humanitarian supply chains apart from commercial
ones. Organizations must serve individuals in dire situations without the typical price
signals or brand di erentiation that might help shape demand or manage inventory.

It is worth noting that within the broader supply chain discourse, lean approaches aim

to minimize waste, reduce costs, and maximize e ciency. In contrast, agile approaches
emphasize responsiveness, exibility, and the ability to handle signi cant variations in
demand. In practice, many organizations blend these two paradigms into an agile strat-
egy that leverages lean when predictability is high and agile when demand is variable.
Humanitarian organizations can also bene t from applying lean principles during more
stable phases, such as preparedness or routine replenishment, and agile principles during
unpredictable phases, like the immediate aftermath of a disaster. This thesis will focus
on the agile aspect, as it is critical, with rapid and e cient decisions leading to a more
signi cant number of lives saved.

Figure 4.2: NGOs Lee Matrix

As was predictable, the result is that the best model for a humanitarian supply chain is
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Agile due to the high uncertainty in supply and demand, as was also evidenced in the
previous sections. Although not surprising, this result o ers the opportunity to introduce
another model from Lee. Thée'Triple-A Supply Chain" [17] notion is often invoked to
capture three essential characteristics agility, adaptability, and alignment that enable
companies to respond e ectively to various market challenges. Over the past decade,
humanitarian scholars have examined whether these concepts can be applied to humani-
tarian operations, albeit with some modi cations.

1. Agility:  In a disaster environment, demand can spike without warning, supply

routes can be destroyed, and local partners may be overwhelmed or displaced.
Aqility refers to a humanitarian supply chain's ability to mobilize resources and
respond rapidly to unexpected changes. For instance, if a signi cant earthquake
strikes a region, agile humanitarian agencies can quickly divert pre-positioned goods
from other locations or organize airlifts. This requires exible logistics plans, close
collaboration with transportation providers, and real-time visibility of inventory
data. In humanitarian contexts, agility is further challenged by political barriers,
ight permissions, or customs regulations that can delay shipments.

. Adaptability:  While agility focuses on short-term responsiveness, adaptability en-
sures that the supply chain evolves in response to long-term shifts. Adaptability
may involve recon guring facilities in commercial supply chains as new consumer
markets emerge. In humanitarian operations, adaptability might involve establish-
ing permanent regional warehouses in disaster-prone areas, training local sta to
handle logistics tasks, or forging long-term partnerships with community-based or-
ganizations. These actions enable humanitarian agencies to transition from one-o
responses to a sustained capacity for managing recurring or protracted crises, such
as long-term refugee situations.

. Alignment: In the commercial context, alignment aims to ensure that all supply
chain partners suppliers, manufacturers, distributors, and retailers share com-
mon incentives, thereby preventing local decisions from undermining overall chain
performance. In humanitarian supply chains, alignment is arguably more challeng-
ing due to the multitude of di erent actors NGOs, donors, governments, and local
communities all with distinct organizational cultures, objectives, and constraints.
For example, donors often have strict guidelines on spending money, which may not
align well with local preferences or the operational realities agencies face. Achieving
alignment in HSCs thus requires transparent communication, clearly agreed-upon
objectives, exible funding mechanisms, and the establishment of inter-agency co-
ordination bodies.
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Adapting the triple-A framework to humanitarian settings involves balancing speed, cost,
and alignment with humanitarian imperatives, such as impartiality and neutrality, while
collaborating with diverse stakeholders across multiple phases of a crisis. For example, an
organization that excels at rapid response but struggles to collaborate with local partners
will face chronic alignment issues that hinder overall e ectiveness.

Overall, the transition from the traditional supply chain to that of the HSC implies a
paradigm shift, where e ciency partly gives way to criteria of e ectiveness in saving lives
and ensuring rapid support for those most in need. Careful planning, strong coordination
between the di erent stakeholders and the adoption of exible management approaches
are essential factors to promptly address the challenges that emerge in di erent crisis
contexts. The following sections will focus speci cally on some operational proposals and
recommendations for the improvement of emergency management, integrating the results
that emerged from this analysis with the main theoretical orientations and experimental
evidence provided by NGOs, with the aim of outlining a strategy capable of combining
local needs and available resources in the best possible way. always in the name of the
speed, e ectiveness and humanity of the intervention.
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4.2. Ranking

Following the generalHSC analysis, we now proceed with the selection of the most
signi cant cases through the application of theAHP (Analytic Hierarchy Process). This
well-established methodology for addressing complex decisions enables structuring the
selection process by systematically comparing both qualitative and quantitative variables.
As previously mentioned, the application of theAHP was carried out using two separate
matrices: one focused on natural disasters and another speci cally concerning con icts.

The matrices used for the evaluation allow assigning di erentiated weights to the consid-
ered variables, re ecting the relative importance attributed by experts in the humanitarian
response context.

Natural Disasters Matrix:

Indicator Fatalities IDPs Area Newspaper Articles Damage Cost
Indicator 1 0.75 0.25 3 2 0.5
Fatalities 1.33 1 1 2 2 1.25
IDPs 4 1 1 3 2 1
Area 0.33 0.5 0.33 1 0.75
Newspaper 0.5 0.5 05 1.33 1 1
Articles
Damage 2 0.8 1 1 1 1
Cost
TOTAL 9.17 4.55 4.08 11.33 8.75 5.75

Table 4.3: Input Matrix for Natural Disaster

Con ict Matrix:

Indicator Fatalities IDPs Area Newspaper Articles
Indicator 1 1 1 5 2
Fatalities 1 1 1 5 2
IDPs 1 1 1 5 2
Area 0.2 0.2 0.2 1 2
Newspaper Articles 0.5 0.5 0.5 0.5 1
TOTAL 3.7 3.7 3.7 16.5 9

Table 4.4: Input Matrix for Con ict
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In the matrix concerning natural disasters, the priority given toIDPs , the number of
Fatalities , and the Logistics Indicator clearly emerges. These are followed, in decreas-
ing order of importance, by theDamage Cost , the media coverage of the event, and,
lastly, the geographical extent of the a ected area. Although the latter might initially
appear intuitively signi cant, its impact proves to be lower because a vast geographical
expanse without high population density does not necessarily entail signi cant logistical
or operational complexities for the humanitarian response.

The matrix regarding con icts shows a similar hierarchy of variables to that of natural
disasters, albeit with a noticeably more balanced distribution of weights. The variables
IDPs , Fatalities , and the Logistics Indicator share equal importance, mirroring the
uniform consideration attributed to these elements in assessing the severity of a con ict.
Media coverage, while slightly lower in weight, remains a relevant factor for evaluating
global perception of the event and the consequent international mobilization.

After rigorously applying the AHP , the following weighted average values were computed:
Natural Disasters (Consistency Ratio = 0.066):
"~ Indicator: 0.153
" Fatalities: 0.205
" IDPs: 0.261
" Area: 0.096
" Newspaper Articles: 0.115
" Damage Cost: 0.169
Conicts (Consistency Ratio = 0.0795):
" Indicator: 0.267
" Fatalities: 0.267
" IDPs: 0.267
" Area: 0.089
" Newspaper Articles: 0.109

The values obtained for both matrices display @&onsistency Ratio below the criti-
cal threshold of 0.1 established by Saaty, con rming the methodological coherence and
reliability of the assessment.
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To nalize the ranking, the nal scores were calculated and normalized on a scale from

71

0 to 100. Subsequently, the cases were divided into three groupdust Have , Should

Have , and Won't Have

, as described in section 2.1.4. Below are Tables 4.5 and 4.6 for
natural disasters and con icts, respectively. The row colors indicate each entry's category:

green forMust Have , yellow for Should Have , and red for Won't Have

4.2.1. Natural Disaster Ranking:

Disaster Type Year Country Score - Norm
Floods 2022 Pakistan 100.00
Earthquakes 2023 Turkiye, Syria 86.49
Floods 2020 Bangladesh, India, Pakistan 72.61
Floods 2019 India, Bangladesh 53.69
Floods 2020 Honduras, Nicaragua, 51.58

Guatemala, USA, Cuba
Earthquakes 2015 Nepal 49.28
Floods 2016 Philippines, China 43.75
Floods 2020 China 43.74
Floods 2015 India 36.32
Floods 2018 China, Philippines 35.45
Floods 2016 USA, Cuba 34.12
Floods 2021 Philippines, Vietham 33.67
Floods 2022 China, Pakistan 30.81
Floods 2022 Nigeria 30.12
Floods 2017 Cuba, USA 29.08
Floods 2019 China, Philippines 27.78
Floods 2021 China 27.13
Earthquakes 2017 Mexico 26.21
Floods 2018 India 26.11
Floods 2021 India 26.10
Earthquakes 2015 Afghanistan 26.09
Floods 2020 Philippines, Vietham 25.80
Earthquakes 2023 Afghanistan 25.19
Earthquakes 2021 Haiti 25.02
Earthquakes 2022 Afghanistan 23.41
(Continued on next page)
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(Continued from previous page)
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Disaster Type Year Country Score - Norm
Earthquakes 2023 Morocco 22.63
Earthquakes 2017 lIran 21.47
Earthquakes 2023 Nepal 20.08
Earthquakes 2018 Indonesia 18.26
Volcanic eruption 2019 Papua New Guinea 17.90
Volcanic eruption 2021 Dem. Rep. of Congo 17.77
Earthquakes 2018 Indonesia 16.38
Earthquakes 2016 Ecuador 16.01
Earthquakes 2019 Albania 15.85
Wild res 2023 Canada 15.04
Earthquakes 2018 Papua New Guinea 13.99
Volcanic eruption 2010 Indonesia 11.89
Wwild res 2020 Syria, Israel and Palestine 11.58
Volcanic eruption 2020 Philippines 11.28
Earthquakes 2022 Indonesia 11.27
Earthquakes 2016 Indonesia 10.37
Earthquakes 2021 Indonesia 10.28
Volcanic eruption 2018 Indonesia 10.09
Earthquakes 2016 Iltaly 8.35
Earthquakes 2024 Japan 8.05
Wild res 2018 United States of America 6.00
Earthquakes 2023 China 5.95
Wild res 2018 Greece 5.34
Earthquakes 2020 Greece, Turkiye 5.34
Wild res 2021 Greece 3.09
Wild res 2019 United States of America 2.79
Wwild res 2022 United States of America 2.29
Earthquakes 2016 Taiwan 0.60
Wild res 2019 Spain 0.00

Table 4.5: Natural Disaster Ranking
4.2.2. Conict Ranking:
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Event Name Year Country Score - Norm
Afghanistan war 2001 Afghanistan 100.00
Iraq ISIS war 2011 Iraq 88.88
Russian-Ukrainian War 2014 Ukraine 75.77
Kivu con ict 1990 Democratic Republic of the 72.02

Congo

Sudan Civil War 2013 Sudan 66.72
Yemen Civil War 2014 Yemen 65.43
Somalia civil war 1991 Somalia 60.10
Syrian civil war 2011 Syria 58.57
Tigray War 2020 Ethiopia 51.86
South Sudan Civil War 2011 South Sudan 19.66
Civil Con ict (FARC) 1960 Colombia 16.24
Boko Haram Insurgency 2009 Nigeria 14.68
(Nigeria)

2016 Burkina Faso 14.64
Israel-Palestine Con ict 1948 Palestine 0.00

Table 4.6: Con ict Ranking

4.3. Case Studies

4.3.1. Nepal Earthquake 2015

Event

In 2015, Nepal was hit by two violent earthquakes. The rst, on April 25, had a mag-
nitude of 7.8 and had its epicenter in the Gorkha region, about 80 km northwest of the
capital Kathmandu. The second earthquake, with a magnitude of 7.4, occurred on May
12, with its epicenter near the city of Lamjung, about 80 km northeast of Kathmandu.
Both earthquakes were characterized by strong seismic intensity, followed by numerous
aftershocks in the following days.

Aftermath

The earthquakes had devastating consequences, a ecting nearly a third of Nepal's popu-
lation, which at the time numbered about 28.2 million. The con rmed victims were over
8,700, to which are added thousands of injured and missing. The tremors a ected both
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Figure 4.3: Nepal 2015 Concept of Operations [20]

urban areas, including the capital Kathmandu, and vast rural and mountainous areas,
often di cult to reach. In addition to the collapse of homes and public infrastructure, the
earthquakes have caused landslides and avalanches that have isolated entire communities,
making rescue and assistance operations even more complicated. About 605,000 homes
were destroyed, and the total damage was estimated at over $7 billion.

Entire villages have been completely razed to the ground, leaving more than 2.5 million
IDPs, forced to abandon their homes and take refuge in temporary or outdoor camps.
Schools, hospitals and numerous public buildings have been destroyed or severely dam-
aged, compromising access to essential services. Agriculture, the main means of livelihood
for many local communities, has also su ered serious losses due to the destruction of elds
and irrigation infrastructure.

Necessity

The a ected population has been faced with a wide range of urgent and closely intercon-
nected needs. The immediate priority was to provide a safe haven for more than two and
a half million displaced people, many of whom had completely lost their homes and found
themselves living in tents, makeshift shelters or outdoors. From the outset, it was neces-
sary to ensure minimum protection conditions for the entire population, with particular

attention to access to security, health care and psychological support. At the same time,
the supply of food and drinking water has been a crucial need, essential for the survival
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of the a ected communities. The education system has also su ered a signi cant disrup-
tion: thousands of schools have been destroyed or declared uninhabitable, forcing children
and young people to temporarily give up education or continue it in improvised spaces.
Finally, the need to restore livelihoods has emerged strongly, particularly in rural areas
where agriculture was the main source of income. The loss of crops, tools and agricultural
resources has seriously compromised the ability of many families to provide for their basic
needs.

HSC

In the case of the earthquake in Nepal, managing the humanitarian supply chain was
confronted with numerous operational challenges. One of the main di culties was the
low level of logistics infrastructure in the country, which was strongly in uenced by both
limited economic development and the impervious nature of the territory. Nepal is in
fact characterized by a predominantly mountainous landscape, with many communities
located in isolated areas that are di cult to reach even under normal conditions. This
scenario has been further exacerbated by the severe damage caused by the earthquake to
existing infrastructure, including roads, bridges and airstrips, making many areas com-
pletely inaccessible. In addition, the imminent arrival of the monsoon season has increased
the risk of landslides and landslides, further complicating the transport of goods and the
organization of logistics operations.

In this extremely complex context, a fundamental role has been played by the local pop-
ulation. In particular, the inhabitants of mountain areas, including Sherpas and other
ethnic groups accustomed to moving in inaccessible environments, have actively collabo-
rated with humanitarian organizations for the transport and distribution of aid. In the
absence of viable communication routes, pack animals have often been used to reach the
most remote villages, making a decisive contribution to overcoming logistical barriers.

Aid was provided by numerous humanitarian organizations, but the management of lo-
gistics in its nal phase was centralized by the Nepalese government. To facilitate coor-
dination, a Logistics Cluster Coordination Cellhas been established in Kathmandu and
in the two main operational districts: Gorkha and Sindhupalchok. This structure was
tasked with supporting the general organization of logistical operations, facilitating the
exchange of information between the various actors involved, in particular NGOs. The pe-
riodic meetings of the Logistics Cluster made it possible to update and review operational
plans, share data, analyze emerging critical issues and identify the main bottlenecks.

The collaboration between the Logistics Cluster and the national authorities was also
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fundamental, in particular for the coordination between civilian and military actors. This
has made it possible to optimize the use of air resources (both national and international)
to reach the most isolated areas. To ensure e ective humanitarian action, the Cluster
collected, consolidated and shared information on ongoing activities, available infrastruc-
ture, customs procedures, access restrictions and storage and transport capacities in the
a ected areas. A GIS (Geographic Information Systems) capacity has also been activated
to map tra c restrictions and provide useful tools for the decision-making process.

Another important initiative was the activation of a Logistics Cluster base in Kolkata,
with the aim of facilitating the transit of aid from India to Nepal by land. A Humanitar-
lan Staging Area (HSA) has been set up at Kathmandu airport, connected to a network
of logistics hubs distributed in the a ected districts. To increase its operational capac-
ity, an additional storage center has been set up in Dhulikhel, in the district of Kavre,
useful for decongesting the capital and managing international air shipments before their
distribution.

At the regional level, several logistics bases have been created:

~

Deurali (Gorkha district): in support of operations in the western region, in partic-
ular air operations;

Chautara (Sindhupalchok district): to accelerate distribution in the eastern region
and also support local humanitarian ights;

Bharatpur (Chitwan district): for the management of overland ows from India,
acting as a hub for cargoes from Nepalgunj, Belaihya and Birgunj;

Birgunj (Parsa district): with the function of a rapid transit point for aid entering
from the Indian border.

Finally, numerous light logistics centres and temporary warehouses have been installed
in the vicinity of the a ected areas, to improve storage capacity and facilitate the nal
distribution of aid to the population.
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Positive elements

Negative elements

High cooperation of the local population:
Sherpas and pack animals

Weak infrastructure before the earthquake
and destruction of some of them after

High coordination of aid

Climatic di culties: arrival of the mon-
soon season

Activation of regional logistics hubs

Mountainous area: some remote areas r
mained inaccessible

Using MSU to manage the last mile

Single point of international powered ac-
cess: congestion

D

Rapid adaptation of logistics thanks to
well-trained sta .

Limited internal warehouse space manage

D

ment led to congestion.

Table 4.7: Nepal Case Elements

4.3.2. Pakistan Flood 2022

Figure 4.4: Pakistan 2022 Concept of Operations [22]

Event

In August 2022, Pakistan was hit by an exceptionally intense and prolonged monsoon,
which brought rainfall well above the seasonal average. The month of August saw a na-
tional average of about 390 mm of rainfall, an increase of 243% compared to the average
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of the last 30 years. In particular, the provinces of Sindh and Balochistan were the most
a ected, with rainfall increasing by 726% and 590% respectively compared to normal,
making August 2022 the wettest month ever for both regions. The wettest day of the
month was August 19, when Padidan (Sindh) recorded 355.0 mm of rain, also becoming
the wettest place with a monthly total of 1228.5 mm. The huge amount of water car-
ried by the monsoon, ampli ed by climate change that has contributed to the melting
of more than 7,000 glaciers in mountainous regions, has caused numerous rivers to over-
ow, including the Indus, Sutlej, Kabul and Chenab, submerging large areas of Pakistani
territory, including the major cities of Karachi, Hyderabad, Quetta, Sukkur, Multan and
Dera Ghazi Khan. In total, an area of about 85,000 kthwas ooded, equivalent to more
than twice the area of Switzerland.

Aftermath

Around 30 million people were a ected by the oods in August 2022, of whom 8 million
became displaced persons (IDPs). There were 1,760 con rmed victims, while over 2 million
homes were destroyed or severely damaged. Infrastructure, which is critical for emergency
response, has been severely compromised, with 436 bridges destroyed and more than
13,115 km of roads damaged, slowing down rescue operations. The total economic loss, of
more than $40 billion, is the largest estimate of damage ever made in history following a
natural disaster. Agriculture has also su ered enormous damage, with about 4.4 million
acres of crops and orchards submerged, and over 1.1 million head of livestock dead. The
resulting economic and humanitarian crisis has made recovery extremely di cult.

Several interventions were required to ensure the safety and survival of the population,
but one of the top priorities was to provide safe shelters for those who had lost their homes
or had been forced to ee the waters. Temporary shelters, such as tents and makeshift
structures, have become essential to protect people from harsh climatic conditions. The
supply of drinking water has been a crucial need, as oods have contaminated water
sources, exposing the population to serious health risks. Ensuring access to safe food and
clean water has been critical to preventing disease and ensuring survival. Health facilities
have played a key role in addressing diseases related to stagnant water and poor sanitation.
The crisis has also had a devastating impact on the education system: many schools have
been destroyed or declared unt for use, disrupting the education of millions of children.
Finally, the resumption of agricultural activities has been essential, particularly in rural
areas, where the loss of crops and the death of millions of livestock have compromised the
sources of income of many families.
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HSC

The emergency response in Pakistan in 2022 faced signi cant logistical challenges related
to the country's geography and climate. Pakistan is in fact exposed to oods due to the
presence of large rivers, such as the Indus, which cross large areas of the territory, and to
the heavy monsoon rains typical of its climatic zone. Although the logistical infrastructure

is of a decent level, it has proved to be partly unsuitable to withstand the intensity and
scale of the crisis, especially in the areas most a ected by the oods. The main entry
points for humanitarian operations were the ports of Karachi and Port Qasim, which are
crucial for the maritime ow of goods, as well as the international airports of Islamabad,
Lahore, Peshawar and Karachi, which ensured the air movement of urgent aid.

A crucial element in the coordination of aid was represented by the network of Humanitar-
lan Response Facilities (HRF), permanent structures strategically distributed throughout
the territory, in areas not directly a ected by the ood. These facilities are a joint ini-
tiative between WFP and the Government of Pakistan and have been instrumental in
ensuring the storage, sorting and rapid distribution of humanitarian goods. Their distri-
bution throughout the territory is illustrated in the following table:

Locality Size (m?2)
Muza argarh 3.200
Lahore 4.400
Sukkur 3.200
Hyderabad 2.160
Quetta 4.400
Peshawar-Jalozai 4.400
Muza arabad 1.960
Gilgit 960

Table 4.8: Pakistan Warehouse Location and Capacity

These structures have made possible a more widespread and e cient response, also sup-
ported by the availability of commercial warehouses in the main cities and industrial areas,
with spaces of various sizes, from prefabricated buildings to reinforced concrete ware-
houses, and uncovered courtyards. In parallel, WFP has operated additional own ware-
houses for the storage of food and essential materials, often equipped with temperature-
controlled units, distributed in centres such as Peshawar, Karachi, Quetta and Islamabad.
In addition, the cold chain has been ensured by the collaboration between Maersk and
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the Pakistani government, which is essential for the storage of sensitive medicines and
foodstu s.

The distribution of aid has encountered major obstacles in the "last mile delivery" phase,
i.e. delivery to the most remote or isolated areas. Destroyed roads, interrupted railways
and high water levels have required alternative solutions: among these, the use of boats has
proved decisive in reaching the villages surrounded by water. In some areas, light vehicles
and secondary routes, such as the Mehran Highway, were used to overcome roadblocks
and continue operations.

The Pakistani government has supported humanitarian intervention by exempting sup-
plies to the Prime Minister's Flood Relief Fund from customs duties and has established
the National Flood Response and Coordination Centre (NFRCC) to ensure uni ed and
e cient resource management. The European Union has also provided support by ac-
tivating the Civil Protection Mechanism (EUCPM) to send shelter, food, medicine and

heavy machinery.

Positive elements Negative elements

Humanitarian Response Facilities Neti Damage to infrastructure before and after
work the earthquake

WFP and Government of Pakistan collab-| Monsoon area and proximity to large
orate in logistics management rivers

E ective cold chain management through| Access restrictions in some areas due to se-
Maersk curity reasons or local political instability
Use of boats and alternative means for the Emergency extended over time due to con-
last mile tinuous rains

Table 4.9: Pakistan Case Elements
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