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ABSTRACT: Emergencies, disasters, and catastrophes require urgent attention from communities and
governments to both prevent and mitigate their impacts. Disaster management is a field of academic
research and practical application that encompasses a comprehensive range of activities divided into
three main phases: pre-disaster (preparedness and mitigation), response, and recovery. The pre-disaster
phase includes efforts such as risk assessments as well as emergency planning and preparedness, while
the response phase includes activities such as aid delivery. In this paper, the authors analyze how pre-
disaster and response activities impact societies differently when facing various kinds of catastrophes.
Specifically, scientific articles and official disaster management reports were reviewed to develop a
document analysis that focuses on the pre-disaster and response operations performed in four different
types of catastrophes: nuclear power plant accidents, volcanic eruptions, hurricanes, and landslides
with distinct features around the world. Next, the study presents an experts’ survey and compares the
findings with the document analysis. The results show that adequate and sufficient efforts in pre-
disaster activities have a more significant impact on preserving lives and reducing the economic
impact of catastrophes than response activities. Nevertheless, both pre-disaster and response activities
are essential in confronting catastrophes and should be carried out. Operations managers working in
humanitarian logistics should direct efforts and resources toward developing effective pre-disaster
strategies in areas vulnerable to these risks.

RESUMEN: Emergencias, desastres y catastrofes son problemas que requieren de la atencion tanto de
las comunidades y los gobiernos para prevenir y mitigar sus impactos. La gestion de desastres es un
campo de investigacion y aplicacion practica que estudia actividades que comprenden tres areas
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principales: pre-desastre (preparacion y mitigacion), respuesta y recuperacion. La fase de pre-desastre
incluye esfuerzos como evaluacion de riesgos y preparacion ante emergencias, mientras que la frase de
respuesta incluye actividades como entrega de ayudas. En este articulo, los autores analizan como las
actividades previas al desastre y de respuesta tienen diferentes impactos en la sociedad cuando se
enfrentan a distintas catastrofes. Para ello, se realizé una revision de articulos cientificos y reportes
oficiales para construir un andlisis documental centrado en las operaciones previas al desastre y de
respuesta en los siguientes tipos de catastrofes: accidentes de plantas nucleares, erupciones volcanicas,
huracanes y deslizamientos de tierra alrededor del mundo. Posteriormente, se presentan los resultados
de una encuesta hecha a expertos para comparar los hallazgos con el andlisis documental. Los
resultados muestran que las actividades de mitigacion y preparacion realizadas adecuadamente tienen
un impacto mas significativo que las actividades de respuesta. Sin embargo, ambos tipos de
actividades son esenciales y deben ser realizadas para enfrentar catastrofes. En consecuencia, los
planeadores de operaciones en logistica humanitaria deben concentrar esfuerzos en establecer
estrategias de pre-desastre efectivas especialmente en areas vulnerables.

1. Introduction

Emergencies, disasters, and catastrophes are events that require the attention of humanitarian agencies,
communities, private companies, and governments to prevent and overcome them, while minimizing
human suffering. As pivotal elements of human history, these events provide valuable lessons that
enhance our resilience and better prepare societies to handle future challenges. For example, in 2017,
the United States was affected by a series of hurricanes Harvey, Irma, and Maria being the most severe.
In the same year, the economic impact triggered by those and other natural disasters in the United
States was estimated at US$306.2 billion [1]. In addition, in 2022, 18 natural disasters in the US
resulted in at least US$1 billion in damages [2].

Disaster management aims to minimize the negative impacts of these types of events. [3] defines
disaster management as ‘“the management of risk in order to protect life and property through a
comprehensive effort that involves activities tied to mitigation, preparedness, response, and recovery.”
Current research presents multiple variations of this definition, breaking it into activities and/or phases.
According to [4], [5], two phases of disasters exist: pre-disaster and post-disaster. However, the study
lists pre-disaster but separates post-disaster into response and reconstruction activities. In another
example, [7] present preparedness, response, recovery, and evaluation as activities. Moreover, [8]
summarize the information flow in the mitigation, preparation, response, and rehabilitation phases of a
disaster. Due to this lack of agreement, a standard definition of disaster management is yet to be agreed
upon. As [9] explains, the phases of a disaster play a key role in the disaster management field for both
researchers and practitioners. In addition, [9] presents eight key ideas that should be considered in
defining the disaster phases.
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Regardless of how we choose to define disaster management, disasters pose a continuous threat to the
world. By studying them, researchers and policymakers can better understand their causes, impacts,
and patterns, which can lead to the development of effective mitigation strategies [10].

While defining a disaster management funding strategy, decision-makers need to allocate resources to
multiple activities. Naturally, when there are limited monetary resources, they need to decide how
much to invest in pre-disaster activities versus post-disaster activities. Studies show that for every US
dollar spent on mitigation (part of pre-disaster activities), between US$4 and US$7 can be saved when
a disaster strikes [11]. The validity of this estimation has been criticized and opposing results have been
found in [12]. The effectiveness of pre-disaster activities is highly uncertain due to the unpredictable
nature of a disaster’s location, timing, type, and severity. On the other hand, response activities
oftentimes are only effective if they are performed within 72 hours after the disaster occurs [13].

This article examines the societal impacts of conducting pre-disaster and response activities. We
compared eight disasters—two nuclear power plant accidents, two volcanic eruptions, two hurricanes,
and two landslides—by analyzing their pre-disaster and response activities to draw managerial
conclusions. The decision to focus solely on pre-disaster and response activities while excluding other
activities in the disaster management cycle, such as recovery or rehabilitation, is justified by the
following reasons. First, the study aims to provide specific and targeted policy recommendations for
improving the development of pre-disaster and response mechanisms. Second, the information
provided in the scientific literature on disaster management and other sources usually focuses primarily
on these types of activities. Last, there is practical relevance in understanding how communities,
governments, and organizations can better prepare for and respond to disasters. This is particularly
important since each activity has different costs, benefits, risks, and requirements for the agencies and
groups affected by the disaster. Although other activities like rehabilitation also significantly impact
societies, their long-term nature makes it more challenging to assess their effects and gather data on
their outcomes. Thus, we propose that future research focus on the rehabilitation stage of the disaster
management cycle.

While pre-disaster activities can be methodically planned and coordinated with communities and
stakeholders over an extended period, the assessment of disaster impacts often remains unclear,
ambiguous, and fraught with significant uncertainties. Conversely, response activities require rapid
planning and execution under constrained resources, usually with some understanding of the disaster
victims’ locations and specific needs.

Further, it is crucial to examine the relationship between the different phases of a disaster and their
societal impacts. Understanding this relationship can lead to a more effective allocation of financial and
human resources. In this paper, we first provide fundamental definitions to contextualize the reader.
Then, we analyze the pre-disaster and response activities that were carried out during nuclear power
plant accidents, volcanic eruptions, hurricanes, and landslides. We study eight cases—two catastrophes
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of each type in different regions of the world—and analyze the impacts of pre-disaster and response
activities. The analysis includes a survey given to experts about each case, detailing the fatality rate and
total costs of damages for each disaster broken down by pre-disaster and response activities. We use
these indicators, which are the most common measures in databases such as The International Disaster
Database [14] for estimating the outcomes of disaster management. Thus, we acknowledge the study’s
limitation in obtaining other measures to evaluate the impacts of disaster management operations in
other dimensions. The contribution of this article is twofold. First, the paper presents a document
analysis that provides insights about the societal impacts of pre-disaster and response activities on
disaster outcomes.
Second, the paper presents an
experts’ survey that validates the importance of pre-disaster and response activities.

The rest of the article is organized as follows. Section 2 presents the definitions of key terms used
extensively in the document. Section 3 introduces the methodology. Section 4 presents the document
analysis of the eight catastrophes analyzed. Section 5 presents the main results of the research, and
section 6 provides the conclusions and suggests future research work.

2. Theoretical Framework

The following are the fundamental definitions that were used to create our document analysis and
experts’ survey. These concepts are sometimes used interchangeably in the scientific literature. Thus,
we need to provide a standard definition that we use throughout our document analysis and survey
application.

2.1. Disaster

The United Nations Office for Disaster Risk Reduction [15] defines disaster as “A serious disruption of
the functioning of a community or a society involving widespread human, material, economic or
environmental losses and impacts, which exceeds the ability of the affected community or society to
cope using its own resources.” Additionally, according to [16], the literature identifies two types of
disaster definitions. The first attributes the cause of disasters to physical hazards. The second, as [16]
highlights, emphasizes a strong connection between politics and disasters.

2.2. Catastrophe

According to [17], catastrophes are events with significant and severe consequences that result in
extensive and debilitating effects, severely hindering the affected society's capacity to respond. These
events vary in magnitude, from situations where the affected country can manage independently to
those requiring external assistance at a regional or global level. [18] identifies six key points that
represent the differences between disasters and catastrophes. First, catastrophes cause significant
damage to local infrastructure. Second, emergency teams face challenges in performing their duties.
Third, the availability of basic resources is diminished. Fourth, normal community routines are
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interrupted. Fifth, the presence of news associations rises. Finally, the situation’s management becomes
politicized.

2.3.  Disaster management cycle

As mentioned above, the literature identifies different disaster management phases. In this article, we
refer to the disaster phases: mitigation, preparedness, response, and recovery proposed in [19]. We
group the mitigation and preparedness phases as pre-disaster activities. In particular, we consider pre-
disaster activities as those that involve reducing or eliminating the risk or the likelihood of the disaster
happening. For example, radiation monitoring and early warning systems at nuclear facilities are
essential pre-disaster activities. According to [20], implementing a disaster risk reduction strategy,
including an early warning system for extreme weather events, is crucial as a planning tool and
instrument for managing and mitigating higher risks. As another example, land use planning and
zoning are considered pre-disaster strategies for volcanic eruptions. Conversely, response activities are
defined as those that occur immediately after a disaster strikes, aiming to address immediate needs and
reduce the harm to communities. The final phase of disaster management—recovery, which focuses on
activities that help the affected community adjust to its new normality, was not considered in this
research.

3. Methodology

3.1.  Document analysis methodology

After agreeing on the fundamental definitions, we reviewed the literature with the aim of characterizing
the pre-disaster and response activities developed in each studied catastrophe. Figure 1 summarizes the
document analysis methodology followed in this study. Based on previous results, nuclear facilities,
hurricanes, volcanic eruptions, and landslides were selected for analysis. This is because sufficient
information was available for the analysis. Next, we identified two specific catastrophes for each
disaster type based on two criteria. First, the catastrophe must have a significant number of deaths and
economic losses compared to the annual mean values for these outcomes. Second, the catastrophe
must have documentation of the response and pre-disaster activities.

o0ee



Revista Facultad de Ingenieria, Universidad de Antioquia, No.xx, pp. X-XX, XXX-Xxx 20xx

D. M. Rodriguez-Coca et al.; Revista Facultad de Ingenieria, No. xx, pp. X-X, 20xx

Literature review of academic
databases

v

Identification of official reports
and newspaper articles

v

Selection of types of disasters
with most information available

Selection of two representative
catastrophes of each type

v

Information classification

v v

Pre-disaster Response
activities activities

Figure 1 Document analysis methodology

The selected catastrophes were Chernobyl - Ukraine and Fukushima - Japan (nuclear facilities), St.
Pierre - Martinique and Armero - Colombia (volcanic eruptions), Katrina — United States and Andrew —
United States (hurricanes), and Mocoa - Colombia and Vargas - Venezuela (landslides). Finally, we
classified and analyzed the pre-disaster and response activities for the eight selected catastrophes.

3.2.  Experts’ survey methodology

For the experts’ survey, we asked humanitarian logistics experts to assess the pre-disaster and response
activities of the eight catastrophes based on their own knowledge of the event. To do so, we created a
survey (presented in Appendix 1.a.) asking them to score the performance of pre-disaster and response
activities in each catastrophe using the scale presented in Table 1.

Table 1 Scale for pre-disaster activities and response activities

Score Description
0 Nonexistent
1 Ineffective
2 Moderately Effective
3 Effective
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The survey was self-administered, and no economic compensation was provided for participating. We
contacted experts who participated in the III Symposium on Humanitarian Logistics & Disruptive
Supply Chains and alumni of the Fire Emergency Management Program at Oklahoma State University
via mail with a link to the survey. A total of 12 experts responded to the survey. According to [21],
[22], conducting interviews within homogeneous groups, such as experts in humanitarian logistics,
does not require a large number of interviews. Therefore, we believe that the survey can provide
valuable insights into the pre-disaster and response activities of the catastrophes under study.

4. Document Analysis

4.1.  Nuclear catastrophes

We chose two examples of large nuclear facility accidents from the literature: Chernobyl (1986) and
Fukushima (2011) [23]-[25]. Here, we present an analysis of both nuclear accidents from the
perspectives of pre-disaster and response activities, followed by concluding remarks.

4.1.1. Chernobyl

On April 26, 1986, during a technical test at Reactor 4 of the Chernobyl Nuclear Power Plant, a nuclear
accident occurred [26]. According to the report “Chernobyl: the true scale of the accident” from the
World Health Organization [27], approximately 4,000 people died from direct radiation exposure.
Moreover, 350,000 people were relocated out of the affected area. Notably, [25] and [28] concluded
that the principal cause of the Chernobyl catastrophe was a design error. Other researchers suggest that
lack of knowledge and training was the main cause of the accident [25], [28]-[30]. Moreover, [24]
mentions that both human error and technical problems contributed to the nuclear accident.

The literature identifies safety systems and construction codes as pre-disaster measures for a nuclear
plant, and the International Atomic Energy Agency (IAEA) [29] highlights that Chernobyl had these
safety systems in place. However, [25] indicates that safety systems are not capable of overcoming all
possible situations. As part of the response phase of the Chernobyl accident, activities such as
evacuation, reactor protection using special materials [29], [31] are considered adequate response
measures.

4.1.2. Fukushima

On March 11, 2011, a 9.0 magnitude earthquake struck Japan, triggering a tsunami that inundated and
flooded the Fukushima Daiichi nuclear power plant. It caused the failure of several systems that led to
nuclear meltdowns, oxy-hydrogen gas explosions, and the release of radioactive contamination [26].
According to [32], most of the 1,914 deaths at the Fukushima prefecture at that time were attributable
to the nuclear accident. In addition, [33] reports that approximately 164,000 people were evacuated
from nearby areas. Moreover, [25], [34], [35] concluded that human errors caused the Fukushima
nuclear accident. Regarding the safety systems and construction codes as pre-disaster measures for a
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nuclear plant, [34] highlights the inclusion of designs resistant to seismic activity. On the other hand,
[25], [34], [35] note the lack of tsunami-related pre-disaster activities at the Fukushima plant.
According to [34], the Fukushima catastrophe response phase was inadequate. In addition, [34]
attributes the inadequacies of response activities to the deficiencies in crisis management and
leadership, as well as the improper application of safety regulations.

4.1.3. Remarks

Notably, [36] concludes that the consequences of a radioactive accident could be reduced with better
pre-disaster activities. For example, [37], [38] suggest choosing an optimal location for a nuclear plant,
and [30] suggests using simulators for nuclear processes. Evidently, both the Chernobyl and
Fukushima catastrophes had pre-disaster and response activities in place. However, research has
revealed problems with the activities implemented in both phases. A significant factor contributing to
these issues is the lack of understanding about potential disaster scenarios.

4.2.  Volcanic eruptions

The International Disaster Database of the Centre for Research on the Epidemiology of Disasters
(CRED) identifies the volcanic eruptions in Saint-Pierre, Martinique (1902) and Armero, Colombia
(1985) as the two most deadly between 1900 and 2013 [39]. As a result of the volcanic eruptions,
approximately 29,000 people died in Martinique and 21,800 in Colombia [31], [39], [40]. In addition,
[41] indicates that Central America and Colombia are among the regions with the highest population
density near dangerous volcanoes. Here, we present an analysis of both volcanic eruptions from the
perspectives of pre-disaster and response activities, followed by concluding remarks.

42.1. Armero

On November 13, 1985, the Nevado del Ruiz volcano, located in the area of Tolima, Colombia, erupted
causing devastating damage to nearby towns and destroying the Armero municipality [42]. This
volcanic eruption was one of the deadliest catastrophes in the region, causing approximately 22,000
deaths and affecting an estimated 230,000 people [39], [43]. Given the known location of the volcano,
it is best practice for the surrounding populations to have an emergency plan. Implementing these
emergency plans can be considered as a pre-disaster activity, according to the literature. A key
component of this plan is the timely alerting of people when evacuation is necessary. Recognizing the
imminence of a dangerous situation is essential for this to be effective. Notably, in Armero, authorities
informed residents that evacuation was not necessary [44].

The creation of hazard maps is also regarded as a pre-disaster measure [19]. [45] acknowledges that a
hazard map existed before the Armero catastrophe. However, Armero was not marked as a dangerous
area on that map [45]. It should be noted that this location had experienced the same natural disaster in
1595 and 1845, as reported by [46]. In addition, [47], [42], [45] suggest the placement of multiple
pieces of equipment to monitor the activity of the Armero volcano as another pre-disaster measure.
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However, not all of this equipment was in place before the eruption. Further, [45] reports that there was
no communication between the authorities ahead of the catastrophe. In fact, [48] reports that the
disaster could have been avoided or mitigated had communication taken place. In addition, [44] further
presses the point that there was no communication between authorities even after the volcano erupted,
which means that any response activities that may have taken place were not coordinated. Moreover,
[16] suggests that a lack of coordination was one of the most significant factors contributing to the
inadequate response activities following any type of event.

4.2.2. Saint-Pierre

In May 1902, Mount Pelée erupted multiple times, causing a violent pyroclastic current that overtook
the city of Saint-Pierre, Martinique. This catastrophe is considered the deadliest volcanic eruption of
the last century [40]. According to [49], the pyroclastic current destroyed the city, killing nearly all of
its 29,000 citizens. As noted before, one crucial activity in the pre-disaster phase is to alert people when
evacuation is necessary. As with the Armero disaster, Martinique authorities told the citizens of Saint-
Pierre that evacuation was not necessary [S0]-[52]. However, the research of [51] and [53] does point
out that resources were sent to nearby towns as part of the response phase, which saved those citizens
affected by the disaster from starvation.

4.2.3. Remarks

The total number of casualties from the Martinique and Armero catastrophes was approximately 51,800
people. The principal reason for the high death toll is that authorities did not carry out evacuation
activities before the eruption. Therefore, we believe that pre-disaster activities could have saved lives in
the areas where the volcanoes erupted, whereas the response activities did not.

4.3.  Hurricanes

Hurricanes Andrew and Katrina struck the United States in 1992 and 2005, respectively. [54]
acknowledges that Hurricane Katrina was a catastrophe. Similarly, the National Weather Service
identified Hurricane Andrew as a catastrophe [55]. Here, we present an analysis of both hurricane
catastrophes from the perspectives of pre-disaster and response activities, followed by concluding
remarks.

4.3.1. Andrew

In August 1992, a category 5 hurricane named Andrew impacted Florida and Louisiana in the United
States, as well as the Bahamas. According to [56] and the National Centers for Environmental
Information [57], the hurricane caused 65 deaths and left 250,000 people homeless. The work of [58]
notes that pre-disaster activities, such as the pre-location of relief supplies, were necessary to prepare
for Hurricane Andrew. Additionally, both Sirkin [58] and the National Weather Service [55] emphasize
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that pre-disaster activities, including warning systems and the evacuation process, were correctly
implemented before Hurricane Andrew struck.

Conversely, [58] identifies the lack of effective and efficient response activities carried out after the
hurricane as a major factor contributing to the severity of the catastrophe. In addition, [59] concluded
that communication between relevant stakeholders was a primary concern during the response phase.
Furthermore, [58] indicated that the lack of appropriate equipment was another issue during the
response phase. Lastly, [58] noted that it was impossible for local emergency agencies to operate from
their headquarters after the hurricane occurred.

4.3.2. Katrina

In August 2005, a category 5 hurricane named Katrina impacted multiple states in the United States
(mainly Louisiana, Mississippi, and Alabama), and other countries such as the Bahamas and Canada.
The impacts were primarily due to high winds, flooding, and a storm surge. According to a U.S.
Congressional Research Service report [60], an estimated 700,000 people were acutely affected by the
hurricane. A study by Welch and Taylor [51] reports 1,833 deaths attributed to the Katrina hurricane.
Additionally, [61] indicates that Hurricane Katrina affected emergency management facilities,
suggesting that authorities engaged in pre-disaster activities in the impacted area. Examples of these
activities include the pre-location of supplies and agreements with emergency suppliers. However, the
authors emphasize that these measures did not function as intended.

On the response side, [62] highlights the lack of response activities as a major factor contributing to the
severity of the catastrophe. Similarly to the response to Hurricane Andrew, [63], [54] identify the
breakdown in communication between authorities as one of the biggest issues during the response
phase. Additionally, [54] identifies the lack of equipment as another problem contributing to this
catastrophe. Further, according to [62], disaster agencies were heavily impacted by the hurricane and
were not able to operate from their headquarters.

4.3.3. Remarks

The works of [64], [58] suggest developing pre-disaster activities as a requirement for mitigating the
societal effects of hurricanes. As part of these pre-disaster activities, the National Weather Service [55]
recommends the implementation of building codes to reinforce structures in areas vulnerable to
hurricanes. It is important to note that the report limits the implementation of these building codes to
the coast. In addition, the report mentions that pre-disaster policies are needed. Notably, multiple
agencies developed pre-disaster and response activities for Hurricane Andrew and Hurricane Katrina.
However, these agencies were not able to communicate after the hurricanes struck their headquarters,
which created significant communication issues during the response processes. One way to avoid this
issue might be for agencies to build their headquarters in areas that are not likely to be affected by the
disaster.
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4.4. Landslides

The United States Geological Survey (USGS) defines landslides as “movements of a mass of rock,
debris, or earth down a slope under the direct influence of gravity” [65]. Landslides include five modes
of movement: falls, topples, slides, spreads, and flows. We study two recent landslides the 2017
Mocoa-Colombia landslide and the 1999 Vargas-Venezuela landslide. Here, we analyze them and
provide concluding remarks based on their pre-disaster and response activities.

4.4.1. Mocoa

The landslide of Mocoa, Colombia in 2017 is one of the deadliest catastrophes of recent Colombian
history. On the night of March 31, 2017, and into the early hours of April 1, heavy rains in the
Putumayo region caused the Mulata, Sangoyaco, and Mocoa rivers to overflow. This caused multiple
landslides that vastly affected the urban area of Mocoa, killing 332, injuring 330, and causing the
disappearance of more than 100 [66]. In addition, the landslide displaced 22,000 people and 17
neighborhoods [66], [67]. There are many pre-disaster measures to take to mitigate the effects of a
landslide, including installing structures such as pile or retaining walls, modifying the slope geometry,
or grouting rock joints. Notably, [68] concluded that pre-disaster measures were absent in Mocoa prior
to the catastrophe. Moreover, [69] and [70] note that this region had a history of challenging
socioeconomic conditions and had been deeply marked by the Colombian civil conflict, which
contributed to the lack of pre-disaster efforts. On the other hand, [68] describes the response activities
as significant. Shelter facilities were set up to provide assistance to the most affected families in
surrounding neighborhoods. According to a Colombian Red Cross situation report [71], the response
phase included significant search and rescue efforts, the installation of shelters and tents, providing
potable water, improvements to medical facilities, and the reestablishing of telecommunications.

4.4.2. Vargas

Another set of deadly landslides occurred in Vargas, Venezuela in 1999. On that occasion, a heavy
storm began on December 14 and ended on December 16, causing devastating landslides and floods in
the State of Vargas, Venezuela [72]. The Vargas tragedy is considered one of the deadliest catastrophes
in Venezuelan history. It took the life of an estimated 19,000 people, and left thousands injured and
missing [73]. Other studies such as [74] estimate the number of casualties to be between 15,000 and
50,000. According to [75], there were little to no pre-disaster measures in place. In particular, [75]
highlights the lack of adequate hydraulic infrastructure, early warning systems, evacuation plans, and
the absence of pluviometric stations as fundamental factors that contributed to the severity of the
catastrophe. Notably, [76] reports that 18 similar events had been recorded between 1942 and 2017 in
the same location. Additionally, [76] explains that the morpho dynamic activity in Vargas increases the
risk to the communities settled on it. Knowing this, it would be prudent for authorities to put structural
and non-structural pre-disaster solutions in place. Regarding the response phase, [74] mentions that
there were not enough technical or methodological resources to face an emergency of this magnitude.
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Moreover, [77] reports that the Venezuelan CUFAN (Comando Unificado de las Fuerzas Armadas
Nacionales) oversaw the response phase, while the local and regional authorities were ignored. In other
words, the Venezuelan army had full control over the response phase. According to [78], this led to
human rights violations, as well as poor coordination and logistic inefficiencies among international aid
agencies. Unlike the Mocoa, Colombia catastrophe, in which most of the people affected were victims
of the civil conflict who had challenging economic conditions, those affected by the Vargas landslide
came from all economic levels. This is an important distinction to make because [77] reports that
during the response phase of the Vargas landslide, two groups of victims were identified. The first
group, consisting of individuals with sufficient financial resources, found provisional shelter and
housing with relatives or friends in Caracas or other parts of the country. In contrast, the second group
lived for months in improvised shelters at military barracks.

4.4.3. Remarks

In both landslide catastrophes, pre-disaster activities were almost nonexistent. The absence of
methodologies to measure and assess the severity of heavy storms resulted in no evacuations prior to
the landslide. In addition, the literature indicates that the lack of active early warning systems,
inadequate disaster risk reduction measures such as the installation of piles or walls, and the absence of
evacuation plans contributed to the high number of casualties in both catastrophes.

4.5. General document remarks

The findings from the landslide analysis align with those of previous catastrophes, indicating that pre-
disaster activities have a more significant impact on communities compared to extensive response
activities. To summarize the impact of each catastrophe, Table 2 presents the total death toll and the
number of affected individuals for each catastrophe and calculates the case fatality rate. This concept,
adapted from epidemiology, measures the ratio of deaths to the number of affected individuals [79]. In
this study, the case fatality rate is used to assess the death toll in relation to the number of affected
people. Additionally, Table 2 includes the total estimated damages in adjusted value.

As shown in Table 2, the volcanic eruption in Saint-Pierre, Martinique has the highest case fatality rate.
This is likely because the eruption occurred in 1902, a time when pre-disaster activities were nearly
nonexistent. In contrast, the Vargas landslides of 1999, which have the second-highest case fatality
rate, are harder to explain due to deficiencies in both pre-disaster and response activities. It is important
to note the significant difference of 0.7 points between the two highest case fatality rates, suggesting an
evolution in the disaster management field.

Table 2 Death tolls and numbers of affected people, case fatality rates, and total estimated damages for

each catastrophe.
| Catastrophe |Year| Country | Death toll / Estimated | Case | Total estimated |
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number of people affected | fatality | damages (in USD
rate ‘000 adjusted value)
Chernobyl | 1986 | Ukraine (former 4,000 / 350,000 [27] 0.011 $6,922,056 [39]
Soviet Union)
Fukushima | 2011 Japan 1,914 /164,000 [32], [33] 0.011 $187,000,000 [80]
Saint-Pierre | 1902 Martinique 28,998 /29,000 [49] 0.999 Not available
Armero 1985 Colombia 21,800 /230,000 [39], [43] 0.096 $2,519,086 [39]
Andrew 1992 United States 61/250,000 [56], [57] 0.0002 $51,174,936 [39]
Katrina 2005 United States 1,833 /700,000 [60], [61] 0.002 $173,439,092 [39]
Mocoa 2017 Colombia 332/22,000 [66] 0.015 $110,546 [39]
Vargas 1999 Venezuela 19,000 /90,000 [73], [81] 0.211 $5,140,412 [39]

5. Survey Analysis

As mentioned above, the survey’s main objective was to ask humanitarian logistics experts to assess
the pre-disaster and response activities of the eight analyzed catastrophes. Table 3 presents frequencies
and average scores for pre-disaster and response activities.

Table 3 Experts' survey responses

Pre-Disaster Activities
Individual  Group
Disaster/Score 0 1 2 3 Average  Average
Chernobyl 4 6 2 0 0.83 1.00
Fukushima 1 8 3 0 1.17 '
Saint-Pierre 12 o 0 O 0.00 025
Armero 6 6 0 0 0.50 ’
Andrew 0 1 4 7 2.50 1.84
Katrina 0 10 2 0 1.17 ’
Mocoa 5 7 0 0 0.58 0.50
Vargas 7 5 0 0 0.42 {
Response Activities
Individual  Group

Disaster/Score 0 1 2 3 Average  Average
Chernobyl 1 5 4 2 1.58 1.63
Fukushima 1 2 9 0 1.67 ’
Saint-Pierre 9 3 0 0 0.25 0.63
Armero 2 8 20 1.00 ’
Andrew 0 5 7 0 1.58 1.41
Katrina 1 7 4 0 1.25 ’
Mocoa 0 0 4 8 2.67 1.59
Vargas 7 4 1 0 0.50 )

As observed in Table 3, hurricanes have the highest average scores for pre-disaster activities. This was
expected since technology exists that allows for the early identification of this natural phenomenon.
With regard to pre-disaster activities, one expert mentioned that, “Pre-staging of supplies was located
in the [hurricane] disaster area for the most part, which is not conducive to effective emergency
response and recovery.” From response activities, hurricanes did not obtain the highest average score.
One expert mentioned that “The confluence of historic development, poverty, racial tension, politics
and media amplification resulted in an almost complete (response) failure.” A different expert
highlighted that, “Communication is typically a major failure point in response.”

o0ee



Revista Facultad de Ingenieria, Universidad de Antioquia, No.xx, pp. X-XX, XXX-Xxx 20xx

D. M. Rodriguez-Coca et al.; Revista Facultad de Ingenieria, No. xx, pp. X-X, 20xx

Nuclear facility catastrophes obtained the highest response activities average score. However, experts
provided remarks about issues with response activities for these catastrophes, such as “The concept of
cascading disasters was poorly understood” and “Socio-political factors were also significant.” With
respect to pre-disaster activities, experts point out that, “Due to the nature of operations at the
Chernobyl site, contingency measures should have been implemented to counteract issues resulting
from human error.” “With regard to both mitigation and response: an all-hazards approach to crisis
management and leadership was not utilized, thus providing additional vulnerability to seismic activity
resulting in a tsunami.”

2:5 Mocoa

Chernobyl Fukushima
Andrew

Armero Katrina

Martinique

0.5 Vargas

Average score of Response activities

.

(S
il

0 0.5 1 133 2
Average score of Pre-disaster activities

Figure 2 Analysis of catastrophes by pre-disaster and response activities scores, and case fatality rate.

Analyzing individual scores, there are two outliers. First, the landslide in Mocoa, Colombia scored
highest for response activities but received a low score for pre-disaster activities. One expert
highlighted the “interesting disparity between mitigation and response.” Second, the Saint-Pierre,
Martinique volcanic eruption obtained a 0.0 score for pre-disaster activities. An expert commented that
“Looking back 120 years, [pre-disaster activities] may be difficult given the infancy in seismology
research and communications.” The relationship between the experts’ survey results and the fatality
rate is presented in Figure 2. The size of each bubble corresponds to the case fatality rate for each
catastrophe. Different conclusions can be drawn from the information in Figure 2. First, we identify
three cases—the Vargas landslide, the Mocoa landslide, and the Fukushima nuclear accident. The
Vargas landslide is characterized by a large fatality rate after little to no pre-disaster or response efforts.
The Mocoa landslide is characterized by a significant set of response activities that did not improve the
fatality rate. Finally, the Fukushima nuclear accident had several pre-disaster activities and substantial
response activities, which could be responsible for a lower fatality rate than other catastrophes.
Additionally, the high fatality rate in the Armero volcanic eruption can primarily be attributed to the
lack of pre-disaster activities, such as the failure to evacuate the population, as authorities had informed
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residents that evacuation was not necessary. In general, we surmise that higher case fatality rates are
present in catastrophes with nonexistent or few and ineffective pre-disaster activities. The case fatality
rate seems to decrease when pre-disaster activities were carried out. For response activities, there is no
apparent influence on the fatality rate indicator. However, these activities are crucial in the aftermath of
catastrophes to save lives and improve the well-being of victims.

These findings are consistent with the document analysis, where pre-disaster activities are more
effective in saving lives than response activities. Consequently, there is evidence to suggest that pre-
disaster activities have a profound impact on the outcome of a catastrophic event. Meanwhile, response
activities help to alleviate human suffering after a catastrophe, but their effectiveness is limited by the
complexity of the disaster and the need to be performed within a specific timeframe.
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Figure 3 Analysis of catastrophes by pre-disaster activities, response activities, and damages adjusted
by cost.

Figure 3 illustrates the relationship between the damage caused by each catastrophe from a cost
perspective and the results of the experts’ survey. The size of each bubble represents the damage-
adjusted total cost of each disaster. The figure shows no clear trend between the pre-disaster and
response scores and the total estimated damages. The economic value of the damages is influenced by
various factors, including location, type, and intensity of the disaster. Consequently, we conclude that
for the studied cases, mitigation and response activities were more focused on protecting lives rather
than infrastructure.

6. Conclusions

In this article, we examined four types of catastrophes to gather lessons learned and identify significant
differences and similarities among them. We reviewed documents analyzing nuclear facility accidents,
volcanic eruptions, hurricanes, and landslides. The research aims to assess the impact of pre-disaster
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and response activities across various catastrophes. We recognize that the effectiveness and efficiency
of these activities differ in each case and depend heavily on the risk assessment and the available
resources and technology for disaster relief efforts.

According to the catastrophes we analyzed, those with significant pre-disaster activities had better
outcomes than those with little to no pre-disaster measures in place, and where authorities relied mostly
on response activities. There are many pre-disaster activities that can be put in place to mitigate the
societal effects of future catastrophes. For instance, first responder trainings in technical topics as well
as in disaster management can significantly reduce these impacts. In addition, evacuation plans should
be put in place in every area that could be affected by a disaster. Additionally, practitioners and
government agencies should learn from past experiences. In particular, disaster management agencies
should build their headquarters in strategic locations, near but not in disaster-prone areas.

In addition to the document analysis, we used an expert survey to assign scores for pre-disaster and
response activities. We then correlated these scores with the case fatality rate for each catastrophe.
From the analysis we can conclude that catastrophes with higher scores on pre-disaster activities result
in smaller case fatality rates. Nevertheless, it is important to highlight that it is impossible to predict
every disaster and its consequences, meaning that authorities must also focus on preparing response
activities. As [82] points out, “There can be no experience for some of the future disasters we may
expect.”

One limitation of our study is the amount of available information on catastrophes that occurred many
years ago, especially before the year 2000. For these cases, documentation providing disaster relief
operations is scarce [83]. For more recent events, while there is more readily available information,
some official reports only provide incomplete data and the details of logistic operations are oftentimes
vague. For these cases, research about the location of the disaster is required.

For future research, it would be valuable to consider additional aspects. First, researchers might study
how the differences between a disaster and a catastrophe could affect the conclusion of this study.
Second, the learning and return-entry processes should be analyzed by comparing multiple events. For
instance, [84] studied what motivated municipalities in Norway to learn from disasters and how they
implement these lessons. Lastly, it may also be important to assess how new technologies, such as
unmanned aerial vehicles, autonomous vehicles, robots, internet-of-things, social networks, and other
disruptive technologies, are changing the societal impacts of disaster mitigation and response
operations.
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Appendix A.

A.1. SURVEY

We are analyzing mitigation and response teams’ activities for nuclear facilities, volcanic eruptions, hurricanes,
and landslide catastrophes. Based on your expertise in the following situations, could you assess the mitigation
and the response activities of these catastrophes using the scale below?

The score ranges from 0 to 3 as follows.
° 0 Nonexistent

) 1 Ineffective

° 2 Moderately Effective

) 3 Effective

Score Brief
justification

Mitigation |Response | for your
score

Disaster

Chernobyl -
1986
Ukraine

Fukushima -
2011
Japan

St. Pierre -
1902

Martinique

Armero -
1985
Colombia

Andrew -
1992
United States

Katrina -
2005
United States

Mocoa -
2017
Colombia
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	2. Theoretical Framework
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	3. Methodology
	3.1. Document analysis methodology
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	Figure 1 Document analysis methodology
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	3.2. Experts’ survey methodology
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	4. Document Analysis
	4.1. Nuclear catastrophes
	We chose two examples of large nuclear facility accidents from the literature: Chernobyl (1986) and Fukushima (2011) [23]–[25]. Here, we present an analysis of both nuclear accidents from the perspectives of pre-disaster and response activities, follo...
	4.1.1. Chernobyl
	On April 26, 1986, during a technical test at Reactor 4 of the Chernobyl Nuclear Power Plant, a nuclear accident occurred [26]. According to the report “Chernobyl: the true scale of the accident” from the World Health Organization [27], approximately ...
	The literature identifies safety systems and construction codes as pre-disaster measures for a nuclear plant, and the International Atomic Energy Agency (IAEA) [29] highlights that Chernobyl had these safety systems in place. However, [25] indicates t...
	4.1.2. Fukushima
	On March 11, 2011, a 9.0 magnitude earthquake struck Japan, triggering a tsunami that inundated and flooded the Fukushima Daiichi nuclear power plant. It caused the failure of several systems that led to nuclear meltdowns, oxy-hydrogen gas explosions,...
	4.1.3. Remarks
	Notably, [36] concludes that the consequences of a radioactive accident could be reduced with better pre-disaster activities. For example, [37], [38] suggest choosing an optimal location for a nuclear plant, and [30] suggests using simulators for nucl...
	4.2. Volcanic eruptions
	The International Disaster Database of the Centre for Research on the Epidemiology of Disasters (CRED) identifies the volcanic eruptions in Saint-Pierre, Martinique (1902) and Armero, Colombia (1985) as the two most deadly between 1900 and 2013 [39]. ...
	4.2.1. Armero
	On November 13, 1985, the Nevado del Ruiz volcano, located in the area of Tolima, Colombia, erupted causing devastating damage to nearby towns and destroying the Armero municipality [42]. This volcanic eruption was one of the deadliest catastrophes in...
	The creation of hazard maps is also regarded as a pre-disaster measure [19]. [45] acknowledges that a hazard map existed before the Armero catastrophe. However, Armero was not marked as a dangerous area on that map [45].  It should be noted that this ...
	4.2.2. Saint-Pierre
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	4.2.3. Remarks
	The total number of casualties from the Martinique and Armero catastrophes was approximately 51,800 people. The principal reason for the high death toll is that authorities did not carry out evacuation activities before the eruption. Therefore, we bel...
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	Hurricanes Andrew and Katrina struck the United States in 1992 and 2005, respectively. [54] acknowledges that Hurricane Katrina was a catastrophe. Similarly, the National Weather Service identified Hurricane Andrew as a catastrophe [55]. Here, we pres...
	4.3.1. Andrew
	In August 1992, a category 5 hurricane named Andrew impacted Florida and Louisiana in the United States, as well as the Bahamas. According to [56] and the National Centers for Environmental Information [57], the hurricane caused 65 deaths and left 250...
	Conversely, [58] identifies the lack of effective and efficient response activities carried out after the hurricane as a major factor contributing to the severity of the catastrophe. In addition, [59] concluded that communication between relevant stak...
	4.3.2. Katrina
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	4.4. Landslides
	The United States Geological Survey (USGS) defines landslides as “movements of a mass of rock, debris, or earth down a slope under the direct influence of gravity” [65]. Landslides include five modes of movement: falls, topples, slides, spreads, and f...
	4.4.1. Mocoa
	The landslide of Mocoa, Colombia in 2017 is one of the deadliest catastrophes of recent Colombian history. On the night of March 31, 2017, and into the early hours of April 1, heavy rains in the Putumayo region caused the Mulata, Sangoyaco, and Mocoa ...
	4.4.2. Vargas
	Another set of deadly landslides occurred in Vargas, Venezuela in 1999. On that occasion, a heavy storm began on December 14 and ended on December 16, causing devastating landslides and floods in the State of Vargas, Venezuela [72]. The Vargas tragedy...
	4.4.3. Remarks
	In both landslide catastrophes, pre-disaster activities were almost nonexistent. The absence of methodologies to measure and assess the severity of heavy storms resulted in no evacuations prior to the landslide. In addition, the literature indicates t...
	4.5. General document remarks
	The findings from the landslide analysis align with those of previous catastrophes, indicating that pre-disaster activities have a more significant impact on communities compared to extensive response activities. To summarize the impact of each catast...
	As shown in Table 2, the volcanic eruption in Saint-Pierre, Martinique has the highest case fatality rate. This is likely because the eruption occurred in 1902, a time when pre-disaster activities were nearly nonexistent. In contrast, the Vargas lands...
	Table 2 Death tolls and numbers of affected people, case fatality rates, and total estimated damages for each catastrophe.
	Total estimated damages (in USD ‘000 adjusted value)
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	Death toll / Estimated number of people affected
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	Catastrophe
	Ukraine (former Soviet Union)
	0.011
	4,000 / 350,000 [27]
	1986
	Chernobyl
	0.011
	1,914 / 164,000 [32], [33]
	Japan
	2011
	Fukushima
	Not available
	0.999
	28,998 / 29,000 [49] 
	Martinique
	1902
	Saint-Pierre
	$2,519,086 [39]
	0.096
	21,800 / 230,000 [39], [43]
	Colombia
	1985
	Armero
	$51,174,936 [39]
	0.0002
	61 / 250,000 [56], [57]
	United States
	1992
	Andrew
	$173,439,092 [39]
	0.002
	1,833 / 700,000 [60], [61]
	United States
	2005
	Katrina
	$110,546 [39]
	0.015
	332 / 22,000 [66]
	Colombia
	2017
	Mocoa
	$5,140,412 [39]
	0.211
	19,000 / 90,000 [73], [81]
	Venezuela
	1999
	Vargas
	5. Survey Analysis
	As mentioned above, the survey’s main objective was to ask humanitarian logistics experts to assess the pre-disaster and response activities of the eight analyzed catastrophes. Table 3 presents frequencies and average scores for pre-disaster and respo...
	Table 3 Experts' survey responses
	As observed in Table 3, hurricanes have the highest average scores for pre-disaster activities. This was expected since technology exists that allows for the early identification of this natural phenomenon. With regard to pre-disaster activities, one ...
	Nuclear facility catastrophes obtained the highest response activities average score. However, experts provided remarks about issues with response activities for these catastrophes, such as “The concept of cascading disasters was poorly understood” an...
	Figure 2 Analysis of catastrophes by pre-disaster and response activities scores, and case fatality rate.
	Analyzing individual scores, there are two outliers. First, the landslide in Mocoa, Colombia scored highest for response activities but received a low score for pre-disaster activities. One expert highlighted the “interesting disparity between mitigat...
	These findings are consistent with the document analysis, where pre-disaster activities are more effective in saving lives than response activities. Consequently, there is evidence to suggest that pre-disaster activities have a profound impact on the ...
	Figure 3 Analysis of catastrophes by pre-disaster activities, response activities, and damages adjusted by cost.
	Figure 3 illustrates the relationship between the damage caused by each catastrophe from a cost perspective and the results of the experts’ survey. The size of each bubble represents the damage-adjusted total cost of each disaster. The figure shows no...
	6. Conclusions
	In this article, we examined four types of catastrophes to gather lessons learned and identify significant differences and similarities among them. We reviewed documents analyzing nuclear facility accidents, volcanic eruptions, hurricanes, and landsli...
	According to the catastrophes we analyzed, those with significant pre-disaster activities had better outcomes than those with little to no pre-disaster measures in place, and where authorities relied mostly on response activities. There are many pre-d...
	In addition to the document analysis, we used an expert survey to assign scores for pre-disaster and response activities. We then correlated these scores with the case fatality rate for each catastrophe. From the analysis we can conclude that catastro...
	One limitation of our study is the amount of available information on catastrophes that occurred many years ago, especially before the year 2000. For these cases, documentation providing disaster relief operations is scarce [83]. For more recent event...
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	A.1.  SURVEY
	We are analyzing mitigation and response teams’ activities for nuclear facilities, volcanic eruptions, hurricanes, and landslide catastrophes. Based on your expertise in the following situations, could you assess the mitigation and the response activi...
	The score ranges from 0 to 3 as follows.
	● 0 Nonexistent
	● 1 Ineffective
	● 2 Moderately Effective
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