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Abstract 
Relief distribution (RD) after a natural disaster 

is conducted under conditions of deep uncertainty 
(DU). The dynamic context is characterized by 
limited and often conflicting, ever-changing 
information flows, as well as interrupted material 
flows, even when response operations are well-
prepared. RD decision making (RDDM) is thus 
challenging. In this paper, we draw upon concepts 
of Black Swan Event (BSE) to understand how DU 
challenges (DUC) can be mitigated. By revealing 
known and unknown consequences of BSEs during 
operations, decision-makers can identify and 
evaluate critical points in relief distribution 
management steps. We analyzed the relief efforts 
during the “2007 Sidr Cyclone” case in Bangladesh 
to identify and understand potential DUCs and 
related BSEs. Then we verified the concepts through 
two cases, the “2015 Gorkha Earthquake” in Nepal 
and the “2018 Sulawesi Earthquake” in Indonesia.  
Based on our findings, we propose a BSE-informed 
DUC-tackling framework for more effective RDDM 
in practice. 

  
Keywords: black swan events, decision-making 
support, deep uncertainty contexts, disaster response, 
humanitarian relief distribution. 

1. Introduction  

Natural disasters can cause loss of life and 
widespread destruction to infrastructure. Survivors 
rely on immediate humanitarian assistance. Decision-
makers must act quickly to distribute essential relief 
goods amidst the uncertainties stemming from limited, 
conflicting, and ambiguous information. They must 
manage numerous situational demands and 
operational surprises involving many possible or 
unknown future scenarios. Since little relevant 
information is available to grasp the relationships 
between corresponding outcomes in those scenarios 
during disaster response, planning, and implementing 
functional responses in such dynamic environments 

becomes a deeply uncertain problem (Yakubu et al., 
2024). 

Furthermore, inaccurate and unreliable 
information creates knowledge gaps, while excessive 
new information renders current knowledge 
inconsistent and insufficient (Rahman et al., 2019). In 
the context of relief distribution (RD), the occurrence 
of a disaster can be known (e.g., a cyclone forecast), 
but its impact remains a mystery. All we know is that 
a disaster may have serious consequences. Thus, in 
disaster management, the future is primarily uncertain, 
unpredictable, surprising, or probably uncontrollable. 
Our collective experiences are unlikely to equip us 
with effective responses. 

Consider the recent flood in Bangladesh in 2022 
as an example to understand how flood victims and 
responders faced the severe consequences of deep 
uncertainty challenges (DUC). Although heavy 
rainfall forecasts were issued and flooding on major 
rivers in the Sylhet district occurred gradually, it 
caught the inhabitants and authorities (local, regional, 
and national) unprepared. According to various online 
news portals, the inhabitants suffered due to 
disruptions in the transportation system (limiting 
access to help centers and other emergency facilities), 
and particularly the inaccessibility of healthcare 
services (resulting in increased suffering, such as 
pregnant women giving birth on boats and preventable 
deaths). Within a matter of hours, the already poverty-
stricken inhabitants lost their valuables (even their 
lives), and the authorities became helpless to protect 
them. Although numerous private organizations, non-
governmental organizations, and governmental 
agencies were active in the RD process, there was 
limited communication or coordination among them. 
As a result, survivors in remote areas remained 
disconnected from the RD initiatives. Clearly, from 
the perspective of the victims and the authorities, the 
events were unexpected, as they lacked sufficient 
experience and reason to respond effectively to the 
disaster.  

We can see the essence of Black Swan Event 
(BSE) when we try to understand the situation. Masys 
(2012) defined BSEs as novel and extreme events that 
always catch us unprepared to handle them. These 
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events are observer-specific, according to Taleb 
(2007), who provides a metaphor of a turkey that was 
fed and raised by farmers to be enjoyed on 
Thanksgiving. While such an event is expected for 
humans, it is a BSE for the turkey. Figure 1 illustrates 
how disaster victims and responders experience BSEs 
during ongoing relief work and evacuation at a given 
time during the disaster. We emphasize here that we 
do not define events in a disaster as BSEs per se, but 
rather apply this concept to inform the operational 
level of relief distribution under deep uncertainty 
(DU). We do so based on Heinonen and Ruotsalainen 
(2011) and Krausmann and Necci (2021), who stated 
that recognizing and addressing black swans 
simplifies navigation through DU conditions. 

 
Figure 1: BSEs during disaster response and 

evacuation (adapted from Aven, 2015) 
 

 We aim to conceptualize DUCs through the lens 
of BSEs. Hence, our research question is: What are the 
roles and implications of Black Swan events in 
tackling deep uncertainty in relief distribution 
operations?  

To answer the research question, we analyzed 
three natural disasters that occurred in three different 
regions at three separate times: the 2007 Sidr cyclone 
in Bangladesh, the 2015 Gorkha earthquake in Nepal, 
and the 2018 Sulawesi earthquake in Indonesia. 
Before introducing these cases in Section 4, we present 
the conceptual development of this research in Section 
2 and the research methodology in Section 3. We then 
present our analytical results in Section 5. After 
discussing the application of the reported findings, we 
propose the BSE-informed DUC-tackling model in 
Section 6. Finally, Section 7 concludes the paper by 
outlining the research limitations and implications for 
future research and practice.  

2. Concept Development  

2.1. Deep Uncertainty Contexts 

Deep uncertainty refers to situations where the 
relevant actors either do not know or cannot agree on 
several crucial issues. According to Walker et al. 
(2013), these issues encompass (a) the likelihood or 
plausibility of various future states, (b) the functioning 
of the system (or how it should function), and (c) how 
to assess the various outcomes of interest. Lempert et 

al. (2003) noted similar issues in system modeling, 
where stakeholders cannot agree on the relationships 
and mechanisms present in the systems, as well as the 
criteria for evaluating future system states. The 
situation worsens in a disaster-like dynamic 
environment, where systems fail to produce effective 
outcomes due to insufficient available or accessible 
information and an inadequate understanding of the 
connections between many potential outcomes 
(Marchau et al., 2019). 

Deeply uncertain contexts are widely studied, 
conceptualized, and explored in disciplines related to 
climate change, business, organization, environment, 
and agriculture, where iterative and longer-term 
planning strategies are common over time. This 
process typically utilizes structured data to produce 
controlled outcomes, where the quality of available 
information can sometimes be compromised (Rahman 
et al., 2019). In contrast, the timeframe of 
humanitarian operations is relatively short and 
dynamic. Decision-makers in this area cannot wait 
long to achieve better iterative results for distributing 
crucial relief goods. The operational contexts and 
approaches to problem-solving vary significantly and 
sometimes work in opposing directions (Kovács & 
Spens, 2007). They cannot process demand and supply 
in a business-like, structured manner (Altay & Green, 
2006); maintaining information quality for 
unidirectional material flow is crucial in this context 
(Rahman et al., 2019). 

Since humanitarian actions are beneficiary-
centered and mostly encompass relief distribution 
operations (Rahman et al., 2022), RD decision-making 
requires simultaneous practical solutions for rapid 
disaster responses that are both crucial and precarious 
(Widera et al., 2013). Due to the diverse perspectives 
and aims of many actors and stakeholders, the 
probabilities of acceptable outcomes become 
uncertain, and such uncertainties can severely impact 
operational decision-making when required 
information is unavailable or inaccessible in a 
dynamic disaster environment (Comes et al., 2015). 
Moreover, the acceptance of practical outcomes also 
fluctuates if decision-makers face pragmatic 
limitations in expressing their knowledge of complex 
adaptive systems and associated policy problems 
(Ansell & Boin, 2019). Thus, navigating through this 
process requires understanding how unexpected 
events can arise and how they can be managed. An 
appropriate lens to gain this understanding is BSEs.  

2.2. Black Swan Events 

Black swan events are unpredictable occurrences 
that sometimes happen and cause significant damage 
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(Ansell & Boin, 2019). Once witnessed, such BSEs 
shift people's mindsets, revealing something 
previously deemed unimaginable (Elahi, 2011). A 
single observation can challenge our understanding of 
the world by highlighting our failure to learn from the 
past (Heinonen & Ruotsalainen, 2011). Unlikely 
events seem impossible when they are situated in the 
unknown or the future. However, when they occur, 
people create their own explanations and incorporate 
them into their worldview (Taleb, 2007).   

By nature, BSEs cannot be predicted using 
standard statistical methods, such as correlation, 
regression, standard deviation, or return periods 
(Nafday, 2009). Expert opinions are also limited in 
their utility, as their experiences are influenced by 
biases and constrained by the finite human lifespan 
(Ansell & Boin, 2019). Consequently, despite all the 
preparations that may have been made, BSEs can still 
catch the community or the authorities off guard, 
leaving little time for them to react. Thus, BSEs are 
considered game-changers for those involved or 
affected by them (Green, 2011) - they create a new 
normal that necessitates becoming more resilient and 
adaptive to the incident (Hajikazemi et al., 2016). 
Combining the knowledge that affected individuals 
have with the events they experienced, four types of 
BSEs can be categorized: known knowns, known 
unknowns, unknown knowns, and unknown unknowns 
(Aven, 2017; Perera & Higgins, 2016). Brief 
explanations of these types are in Figure 2. 

 
Figure 2: Categorization of BSEs (adapted from 

Aven, 2017, and Perera & Higgins, 2016) 

2.3. Related Works 

Integrating BSEs and DUCs on the same 
operational platform for humanitarian relief 
distribution is relatively new and challenging. 
Although there are some disagreements regarding the 
framing of deep uncertainties as black swan problems, 
most authors who have studied deep uncertainty have 
identified BSEs in the operational process (see, for 
example, Aven, 2013; Buurman & Babovic, 2016; 

Mishra, 2020). Heinonen and Ruotsalainen (2011) 
suggested considering BSEs in disaster response 
issues to generate further insight into the relationship 
between humans, nature, and technology. Masys 
(2012) proposed that mitigating black swans can 
uncover operational uncertainties. If such reflections 
are absent from the project lifecycle and analyses are 
conducted without consideration of all relevant 
aspects, Hajikazemi et al. (2016) warned that BSEs 
will materialize. Thus, by conceptualizing BSEs in the 
process, Mishra (2020) encouraged policymakers to 
focus more on managing DUCs than on identifying 
and managing procedural risks. 

In literature, DUCs are a generalized term that 
encompasses the bigger picture, excluding minor 
anomalies and surprises (Kozeniauskas et al., 2014). 
These slight irregularities are BSEs that are always 
present in reality but are seldom taken into account in 
the decision-making process. Since analyzing those 
inconsistencies is absent in identifying uncertainties or 
unknowns, tackling DUCs remains an unmet 
challenge. To address those inconsistencies, 
humanitarian decision-makers rely heavily on their 
experiences, which are significantly influenced by 
psychological shocks from unforeseen events 
(Kowalski-Trakofler et al., 2003; Rahman et al., 
2022). Therefore, functional decision-making tends to 
be subjective and constrained by short-term 
perspectives (Ansell & Boin, 2019). To mitigate the 
effects of DUCs, related BSEs must be uncovered, 
traced, and resolved. DUC is present in all phases of 
disaster response – demand identification, decision 
analysis, and response management.  

As stated earlier, RD decision-making is complex 
and presents numerous challenges when responding to 
BSEs. Deep uncertainty in the operational response is 
the primary reason for this. In this paper, we propose 
examining BSEs and DUCs together in an integrated 
manner, enabling humanitarian responders to make 
efficient and effective decisions regarding relief 
distribution.  

3. Methodology  

We conducted a collective case study (following 
Schoepf & Klimow, 2022) that enabled us to analyze 
three distinct real-world cases (in Bangladesh, Nepal, 
and Indonesia) to gain a deeper understanding of the 
challenges identified and how they were addressed in 
relief distribution operations. Our research consisted 
of two stages (Figure 3 on the following page). First, 
we studied the literature and analyzed the first author’s 
firsthand experiences with relief distribution during 
the “2007 Sidr Cyclone” in Bangladesh to identify 
DUCs and related BSEs in this operation and (ii) then 
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we conducted qualitative interviews with responders 
of two other disasters -  the “2015 Gorkha 
Earthquake” in Nepal and the “2018 Sulawesi 
Earthquake” in Indonesia to verify and generalize the 
identified DUCS and BSEs generated in the first stage. 

 
Figure 3: Two-fold research approach 

 In stage two, we interviewed six global experts 
(in 2018) whose profiles are presented in Table 1. The 
last expert (E6) listed was not directly involved in 
those disaster responses but had extensive experience 
in related research through fieldwork and consultancy.  

Table 1. The anonymized profile of each expert 

ID Experts’ affiliations Responding         
contribution 

Years 
of                
experie
-nce 

Category 

E1 Kathmandu Living Labs 
(KLL), Nepal GE15* 12 

Practition
er/ 
researcher 

E2 WeRobotics, Switzerland GE15* & 
SE18** 18 Practition

er 

E3 
Tilburg University, NGOs and 
Civil Protection organizations, 
The Netherlands 

GE15* & 
SE18** 8 

Academic
/ 

researcher 

E4 

National disaster mitigation 
agency (BNPB) and 
Mohammodia  disaster      
management, Indonesia 

SE18** 12 Practition
er 

E5 World Food Program (WFP), 
Indonesia SE18** 11 Practition

er 

E6 
Federal University of Rio de 
Janeiro, humanitarian 
consultancy, Brazil            

fieldworks 33 
Academic

/ 
researcher 

*GE15:GorkhaEarthquake2015;**SE18:SulawesiEarthquake2018      

The interviews began with a set of semi-
structured questions and concluded with open-ended 
discussions on disaster response. Although they were 
mainly asked about their experiences with relief 
distribution challenges and how they mitigate or tackle 
those challenges, conversation-related questions were 
asked on the fly. To transcribe the audio-recorded 

interviews, we adapted the gisted transcription method 
proposed by Evers (2011). This method involves 
comparing notes taken during the interview with the 
understanding gained while listening to the tape, 
enabling necessary corrections, modifications, and 
updates to be made to the detailed notes. Next, we 
coded the gisted transcript by adapting the steps 
proposed by Andrade (2009): (i) creating and 
assigning categories, (ii) exploring connections 
between them, and (iii) concluding with an integrating 
core. While transcribing and coding, we carefully 
listened to the recorded interviews and took necessary 
notes to reflect on their tone and emphasis on specific 
decision-making factors (Moe et al., 2017). These 
notes helped us interpret the experts’ thoughts to draw 
reasonable conclusions. To confirm our 
interpretations, we listened to the interviews several 
times and systematically searched for quotes (Moe et 
al., 2017). 

4. The Cases 

4.1.  The 2007 Sidr Cyclone  

The mighty cyclone “Sidr” struck the Bangladeshi 
coast on November 15, 2007. It affected 8.7 million 
inhabitants across 30 districts (IFRC, 2010). Four 
coastal districts (Bagerhat, Barguna, Patuakhali, and 
Pirojpur) were severely impacted. Sidr unleashed 
strong winds and floods, causing widespread 
devastation to infrastructure, including houses, roads, 
bridges, communication networks, and the electricity 
grid (Reliefweb, 2008). A response team, comprising 
the first author and eight others, organized a relief 
drive in Pirojpur District. As a small, standalone, ad-
hoc volunteer response team of nine, our group faced 
numerous uncertainties and challenges during 
operations due to the lack of verified and updated 
information. Initially, we struggled to determine what 
to bring, how to organize the operation, and where to 
distribute the relief goods. The lack of proper 
integration of relevant information regarding supply 
and demand, technological advancements, 
information systems, and logistics left us unaware of 
the need for supplies, demand points, transportation, 
and logistical arrangements. No central relief demand 
forecast was available, and we lacked access to real-
time data from the field regarding needs. Through the 
team’s network, we contacted the Bangladesh Army, 
as they typically collaborate with the government’s 
disaster management activities. Based on their 
informal information, we created a provisional relief 
list to procure clothing, blankets, dry foods, and basic 
medicines for distribution. This entire procurement 
took place in Dhaka, the capital of Bangladesh, before 
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being transported to Pirojpur. However, the 
distribution points remained unknown until the 
Bangladesh Army instructed and assisted us in 
distributing the relief goods at Zia Nagar in Pirojpur. 

Since inventory warehousing support was 
unavailable, we planned to complete the relief 
distribution by the evening of the same day we arrived 
at Zia Nagar with heavy boxes of relief goods. This 
limited our response to nearby affected areas, as other 
teams could have already approached these locations. 
Political biases, local preferences, and the fear of relief 
vehicles being looted were additional reasons for our 
choice of deployment in the selected distribution 
points. Consequently, beneficiaries in some areas 
received excess relief goods, while those in remote 
areas received little or none. We also encountered 
dissatisfaction from recipients regarding the types of 
relief goods being distributed, as they expected items 
that we did not carry. 

Finally, the absence of logistical support from the 
local government made relief distribution in targeted 
areas more challenging, as road links were washed out 
and blocked in some regions by debris. We had to 
arrange the necessary logistics ourselves, which took 
valuable time away from the relief deployment, 
causing delays in physical distribution. Furthermore, 
we were unable to plan transportation arrangements 
and scheduling due to insufficient information on road 
networks and vehicle availability. We had to wait for 
boats, negotiate fares with boatmen, and convince 
them to assist us in reaching the distribution points of 
their preferences. This limited contextual information 
adversely affected the relief supply chain, hindering 
our ability to identify necessary decision factors. 
These previously unknown decision factors hindered 
deployment, resulting in our return with various 
undistributed relief goods. 

4.2. The 2015 Gorkha Earthquake  

The powerful earthquake struck Kathmandu and 
its surrounding areas in Nepal on April 25, 2015, with 
a magnitude of 7.8, resulting in 8790 deaths, 22300 
injuries, and at least 7 billion USD in economic loss. 
It caused enormous destruction, although 
seismologists had predicted it about 50 years ago. It 
toppled city structures, triggered landslides, and 
initiated avalanches in the Himalayas. The 
government sought international assistance in the 
early hours following the earthquake. Over 60 
countries responded with humanitarian aid and 
emergency relief. However, distributing relief goods 
proved challenging in this mountainous nation. 
Responding teams faced numerous obstacles, 
including the region's geography, political instability, 

inaccessibility to the affected areas, limited logistical 
support, issues of discrimination, a lack of 
coordination between response teams, and customs 
clearance problems at Kathmandu Airport 
(Baharmand et al., 2016; Paul et al., 2017). 

4.3. The 2018 Sulawesi Earthquake  

The last half of 2018 was devastating for 
Indonesia. The inhabitants of Lombok, Mataram, and 
Sulawesi faced a series of earthquakes and numerous 
aftershocks, with magnitudes reaching 7.5 from July 
to December. It went unmapped, despite being just 
under 30 kilometers away from the city center. Since 
it was impossible to predict, the Indonesian people and 
authorities could not have been warned of the 
impending earthquake and were thus caught 
unprepared to deal with its consequences. According 
to statistics, this catastrophic series of earthquakes 
resulted in 2,664 deaths, 5,984 injuries, and at least 
$910 million in economic losses. Through the AHA 
Centre, the National Disaster Mitigation Agency of 
Indonesia received assistance offers from 55 
international humanitarian organizations to support 
the 2.4 million affected people across nine cities in 
Central Sulawesi (AHA, 2018). Jointly formed 
response teams led by the hosting governments were 
deployed for rescue, evacuation, and RD operations 
(HCT-Indonesia, 2018). The responding teams faced 
many challenges in deciding on and executing faster 
relief distributions, such as assessing damage, impact, 
and demand; accessing the affected areas; limited 
community participation; rumors; lack of coordination 
between responding teams; and the need for medical 
and psychological support (AHA, 2018; IFRC, 2018). 

5. Findings 

5.1 Coding  

The recognition of BSEs was initially conducted 
through an analysis of relief distribution in response to 
the “2007 Sidr Cyclone.” Although it occurred several 
years ago, this case provided a solid foundation for 
examining BSEs and DUCs in disaster contexts. It 
involved a comprehensive relief operation, where the 
first author was directly engaged from the initial 
planning to the final execution, from procurement to 
distribution. He observed firsthand how relief 
distribution operated in a completely unstructured 
environment, where coordination and cooperation 
were virtually nonexistent. Subsequently, the 
interviewees provided vital qualitative data on 
responding to two other disasters (the “2015 Gorkha 
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Earthquake” and the “2018 Sulawesi Earthquake”) 
and proposed future research avenues from a practical 
perspective.  We analyzed the events that surprised the 
responding teams during the relief distribution 
operations. Their accumulated experience with 
teamwork and consulting did not adequately prepare 
them for these events. Initially, we identified these 
occurrences as outliers. However, upon closer 
examination, we recognized that these events 
exhibited three characteristics of BSEs: rarity, extreme 
impact, and retrospective predictability. It is important 
to note that this mapping of DUCs is primarily 
observer-specific; individuals outside the relevant 
entity may not recognize these challenges (Ansell & 
Boin, 2019; Krausmann & Necci, 2021). With this 
caveat in mind, we employed the concept of BSEs to 
gain a deeper understanding of why such challenges 
arise. We identified four BSEs, which we describe 
below. Later in section 5.3, we present arguments to 
justify why we frame these challenges related to deep 
uncertainty as BSEs.  

5.2. Identified BSEs  

5.2.1. BSE1: Reaching beneficiaries. The geography 
of the affected areas—riverine in Pirojpur, 
mountainous in Gorkha, and islandic in Sulawesi—
along with a lack of landing facilities and inadequate 
transportation support, made deployment difficult. 
Consequently, the response teams were unable to 
reach the remote areas where relief support was 
urgently needed. Moreover, due to the lack of 
warehousing support, the teams had to return some 
undelivered relief goods. Thus, the disorganized 
deployment of relief goods to unfamiliar areas with 
insufficient logistical support would significantly 
hinder relief distribution operations for any type of 
team—local, national, or international. Some 
challenges in accessing affected areas were 
recognized, but the full extent of these difficulties 
remained unknown to the relief distribution teams.  

5.2.2. BSE2: Serving the need. Inefficient or poorly 
conducted needs assessments not only lead to 
shortages in relief distribution but can also result in 
surpluses. In some instances, individuals at 
distribution points for the “Sidr” response informed 
the responding team that they had received enough 
food (which was also provided at that time) to sustain 
themselves. However, they lacked support for 
rebuilding their destroyed homes. Consequently, 
despite significant efforts, delivering unnecessary 
relief goods left the actual needs of the affected 
unaddressed. Thus, the consequences are clear: such 
factors can create unrest and competition among 

communities, leading to increased social tension, 
some of which were also observed in the “Sulawesi” 
case. Similar issues arose in the “Gorkha” case at the 
national level, where delays and mismanagement in 
the customs clearance of relief goods at the 
Kathmandu airport were reported. This situation 
resulted in a substantial backlog of undelivered goods, 
hindering further essential support from international 
humanitarian organizations. This demonstrates that 
executing a successful relief operation can sometimes 
be challenging due to discrepancies in the supply and 
demand relationship. 

5.2.3. BSE3: Handling political interferences and 
local biases. The lack of adequate logistical support 
from the local authority did not stop local politicians 
from trying to influence how the relief distribution 
would be carried out. Even the boatmen involved in 
the “Sidr” case intentionally directed the deployment 
to their neighboring areas or the places where they 
lived. The responding team observed that they were 
bypassing some areas where affected individuals were 
desperately crying out for assistance. In contrast, the 
affected individuals at some locations where they were 
taken were utterly unaware of our relief efforts. After 
reaching the distribution points, they went door-to-
door in the surrounding area to inform residents about 
the relief distribution. When certain roads or areas 
became inaccessible in the “Sulawesi” and the 
“Gorkha” cases due to liquefaction and landslides, 
respectively, a similar situation arose in response 
efforts. Thus, political leaders and locals often 
influence or mislead the deployment. The extent of 
such mismanagement remained unknown, and its 
consequences came as a surprise to the responding 
teams. 

5.2.4. BSE4: Ensuring safety and security. Looting 
of relief goods is prevalent in disaster-stricken areas 
due to the breakdown of law and order. The likelihood 
of looting increases when accessing distribution 
points, which involves crossing rivers using manual 
boats in the “Sidr” case, navigating alternative and 
insecure roads with smaller vehicles in the “Sulawesi” 
case, and even employing human or animal carriers in 
the “Gorkha” case. As previously mentioned, political 
instability and influences exacerbate response 
operations by compelling teams to adhere to directives 
set by local leaders. It would be unsafe for responders 
to continue their deployment if any misunderstanding 
were to occur with locals or the followers of those 
leaders. Additionally, beneficiaries would also be at 
risk if they had to walk long distances home after 
sundown. Therefore, both responders and 
beneficiaries become increasingly vulnerable to safety 
and security risks. 
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5.3. Analysis  

At first glance, the BSEs described above may not 
appear to be BSEs. However, upon closer 
examination, when taken in combination, the 
interrelationship between them creates unexpected and 
potentially rare situations that exhibit the 
characteristics of BSEs. 

The first three BSEs identified in the “Sidr” case 
were also observed and were highly relevant to the 
“Gorkha” and the “Sulawesi” cases. The earthquakes 
in Nepal and Indonesia created access and logistical 
challenges for relief distribution due to the areas’ 
topographies (mountainous and islandic, 
respectively), fragile social infrastructures (remote 
regions that can be easily disconnected), and economic 
instability in rural areas. Soil liquefaction in Indonesia 
and severe landslides in Nepal made relief distribution 
significantly more difficult than in flatter countries. 
Since accessing the affected area and distribution 
points (BSE1) was problematic and a needs 
assessment (BSE2) was not conducted properly, the 
beneficiaries’ discontent (BSE2) was high. Although 
no specific issues were raised other than food and 
clothing for BSE2 in the “Sidr” and the “Gorkha” 
cases, special medical and psychological support for 
survivors was provided in the “Sulawesi” case. 
Providing medical support was not new, but offering 
psychological assistance had recently become part of 
humanitarian actions. 

Bangladesh, Nepal, and Indonesia experience 
political unrest, corruption, ethnic disagreements, and 
poverty (BSE3); they also have remote regions with 
limited accessibility. In many cases, these factors 
significantly affect relief operations. For instance, 
economic instability delays disaster responses and 
causes chaos, social tension, and a desperate search for 
relief goods. Nepal and Indonesia's governmental and 
non-governmental authorities recognized that 
accessibility to affected areas and the faster 
distribution of appropriate relief goods (especially 
food) directly impact safety and security (BSE4) for 
relief convoys and aid workers. One interviewee (E4) 
noted, “one day without food triggers panic that led to 
looting the relief trucks.” To mitigate this, the 
authorities utilized helicopters (in both cases), small 
planes (in Indonesia), and specialized ships (in 
Indonesia) for distributing relief goods, thereby easing 
BSE3&4 somewhat in both the “Gorkha” and the 
“Sulawesi” cases. Although “free transportation” of 
relief goods was the primary demand, it rarely 
materialized, resulting in the need for costly private 
transport services. This led to unexpected delays in the 
delivery of relief goods. According to the 
interviewees, the distance between warehouses and 

distribution points was not a problem if access to the 
affected areas was relatively easy. 

To expedite practical relief distribution, 
interviewees mentioned seeking military support; 
however, a lack of communication and coordination 
(BSE2) at every decision-making level (ranging from 
international to local organizations) was consistently a 
hindrance. Interviewees from both cases reported that 
rules and regulations within the domestic country 
often complicated administrative processes and 
hindered international responders from reacting 
swiftly to disasters. Thus, the administrative 
management of humanitarian organizations (BSE3) is 
rarely aligned with their field activities. 

The documents we examined, observations, and 
interviews revealed some improvements regarding 
BSE2,3, and 4. According to the interviewees, social 
tension (BSE2) mainly arose due to discrimination 
issues between beneficiaries in the “Gorkha” case and 
discrepancies in the supply-demand relationship in the 
“Sidr” case. At the same time, rumors contributed to 
this BSE in the “Sulawesi” case. Due to the geography 
of the affected areas, social tension was considered 
less relevant in the prior case and somewhat higher in 
the latter case. Although it was more significant in the 
“Sidr” and the “Gorkha” cases, political interference 
and local biases (BSE3) were reported as less relevant 
in the “Sulawesi” case, as the initial disaster response 
was conceptualized as social capital activities (E3 and 
E4). People from neighboring regions were 
encouraged to take immediate action for evacuation 
and relief support. E4 remarked, “neighbors can 
respond immediately to the requests before support 
arrives from NGOs, national and international 
organizations.” 

While safety and security issues (BSE4) showed 
some improvement in the “Gorkha” and the 
“Sulawesi” cases compared to the “Sidr” case—
perhaps due to technological advancements—BSEs 1, 
2, and 3 were still viewed as significant sources of 
surprise for respondents in some instances. They 
struggled with accessibility to affected areas and 
distribution points (BSE1), faced substantial 
challenges in conducting appropriate demand 
assessments (BSE2), and encountered immense 
complexities concerning logistical support and 
transportation (BSE1) for distributing relief goods. 

The findings were significant when comparing the 
three cases. The outcomes from the literature review 
and the interviews were impressive, with their overall 
alignment with our firsthand observations (the “Sidr” 
case) ranging from 60% to 100%. This combined 
evaluation of BSEs’ implications in DUCs can 
produce generalized guidelines for addressing 
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challenges.  The mapping of our study to BSE 
concepts is presented in Table 2.  

Table 2: Relevance mapping of the BSEs 
BSEs Type SC07*** GE15* SE18** 

BSE1: Reaching 
beneficiaries 

known 
unknown high high high 

BSE2: Serving the need unknown 
known high high/low high/medium 

BSE3: Handling political 
interferences and local 
biases 

unknown 
unknown high high high/medium 

BSE4: Ensuring safety 
and security 

known 
unknown high medium medium 

*GE15:GorkhaEarthquake2015;**SE18:SulawesiEarthquake2018; 
***SC07:SidrCyclone2007 

6. Discussion 

In this section, we examine the impact of BSEs in 
addressing DUCs, specifically enhancing the six-step  
model proposed by Rahman et al. (2019). The model 
compared thirteen deep uncertainty tackling 
approaches (covering traditional, adaptive, robust, and 
adaptive robust categories) for processing relief 
distribution under DUC. The model proposes time-
bound iterations of humanitarian actions that 
encompass several key factors (ranging from 
contextual understanding to managing social tension) 
across different operational steps. We posit that many 
of these crucial factors align with the BSEs reported in 
this study. Therefore, we framed these factors as BSEs 
and assessed their applicability in three of the six 
steps: step 1, problem conceptualization; step 2, 
uncertainty identification; and step 4, scenario 
generation. Addressing BSEs in these steps will 
influence the remaining three steps (3, 5, and 6) since 
they rely on previous steps. Figure 4 depicts the 
enhanced version of the relief distribution operation 
model. This extended model emphasizes the roles and 
implications of BSEs in addressing DU in the dynamic 
field of disaster response, which we elaborate on next.  

 
Figure 4: BSEs in tackling DUCs (adapted from 

Rahman et al., 2019) 
 

To conceptualize problems to be addressed (step 
1), the model establishes the operating stage by 
defining success based on decision objectives, 
variables, and constraints. According to Rahman et al. 
(2019), achieving the expected outcomes in this step 
largely depends on understanding the operating 
contexts for accessing the operating fields (BSE1) and 
assessing the relief demand (BSE2). Once analyzed 
and distribution points are finalized, potential 

uncertainties in distributing the necessary relief goods 
must be identified (step 2). These external factors in 
this step can be correlated with BSE1 and BSE3. The 
process then emphasizes scenario generation to find 
decision alternatives and their applicability in 
prioritizing relief demand (step 4). Security, safety, 
political issues, as well as distribution network 
unavailability, societal tension, and community 
engagement, significantly influence such operations. 
All these factors can be mapped to the last three BSEs 
(BSE 2, 3, and 4). We emphasize addressing such 
BSEs in this step, as their occurrence could hinder the 
production of appropriate scenarios that may mislead 
decision-making, alternative identification, and 
operational implementation. This illustrates the roles 
and implications of BSEs in addressing DUCs in 
humanitarian contexts, particularly in deciding relief 
distribution during disaster response. 

Planning and executing such crucial and extensive 
operations are challenging. To mitigate surprises, the 
experts we interviewed confirmed that decision-
makers typically rely on their past experiences and 
professional opinions when determining the 
deployment of relief distribution. Our firsthand 
experience in relief distribution revealed that 
responders must pragmatically navigate many 
situational aspects and operational surprises to 
minimize uncertainty in deployment. The experts 
interviewed offered several strategies to address the 
reported BSEs. Table 3 summarizes the experts' 
suggested strategies for alleviating black swans in 
relief distribution operations.  

Table 3: Summary of the experts' suggestions 
BSEs Suggestions for alleviating BSEs 

BSE1: Reaching 
beneficiaries 

-Information Systems supported mapping 
-Technology-supported workforce 
-Shared logistics 
-Local procurement 
-Different types of vehicles 

BSE2: Serving the 
need 

-Information Systems supported forecasting 
-Applying the social capital concept 
-Technology-supported communication  
-RD ecosystem actualization  
-Agility in the RD process 
-Prioritization of affected areas and relief items                
-Finishing the distribution as soon as possible 
-Applying the crowdsourcing concept 
-Involving community leaders and key stakeholders  
-Standardized relief package distribution 

BSE3: Handling 
political interferences 
and local biases 

-Discussion and negotiation with politicians/locals  
-Prior setup of RD practicalities 
-Prior setup of RD practicalities  
-ICT-supported administration 
-Trustworthiness between co-workers 

BSE4: Ensuring 
safety and security 

-ICT-supported vehicles and drivers 
-Suitable timing and placement of RD  

Based on this overall understanding, we 
integrated DUCs and BSEs concepts to construct a 
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generalized model for disaster response, as illustrated 
in Figure 5. The model includes three entities at three 
operational levels, which we briefly elaborate on here: 
(i) the demand entity at the beneficiary end, (ii) the 
functional entity in the disaster field, and (iii) the 
supplies entity at the organizational end. The response 
process begins at the demand entity, where the need is 
identified (step 1). This need is further analyzed at the 
functional entity (step 2) and then forwarded to the 
supply entity (step 3). The functional entity is 
positioned at the center of the model to establish 
critical connectivity between the first and third entities 
within a dynamic operational environment 
characterized by deep uncertainty and disaster. It 
employs the DUCs tackling model proposed by 
Rahman et al. (2019) to generate essential decision 
alternatives at steps 2 and 5, supporting relief 
distribution. The supplies entity gathers support from 
all responding sources, including private, non-
governmental, national, and international entities. The 
response retraces the same pathway (steps 4, 5, and 6) 
with relief goods returning to the beneficiaries. 

 
Figure 5: BSEs-enabled process model  

7. Conclusion 

In this paper, we identified four BSEs in relief 
distribution operations and explained their roles and 

implications in addressing DUCs that hinder decision-
making for such operations. Different types of BSEs, 
specifically known unknowns, unknown unknowns, 
and unknown knowns, require various measures for 
appropriate resolution. Our findings suggest that 
emergent BSEs require immediate attention; if 
neglected, the relief distribution processes may 
become unstable, resulting in delayed disaster 
responses for affected individuals. BSEs are critical 
points in the disaster response process, and addressing 
them can significantly influence outcomes, whether 
positively or negatively. Overlooking them can 
paralyze the entire operational system. 

Like any research, our work has limitations, 
which also suggests opportunities for future studies. 
First, the identification of the BSEs was based on cases 
with similar empirical settings regarding overall 
context, economic, and societal infrastructures. The 

identified BSEs and the proposed model may reflect 
bias from the Asian context of those countries. 
Researchers can validate the findings of this study in 
different geographical regions. Second, in this study, 
we focused on the functional aspect of relief 
distribution, without exploring the demand and 
supplier aspects in greater depth. Future research 
could investigate the roles of these two aspects and 
their interaction with the functional aspect. 
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