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ABSTRACT

Humanitarian logistics involve planning, acting and controlling situations in which vulnerable people are
involved. Simulation techniques can successfully represent the dynamics of disasters, characterized by
situations of complexity and uncertainties. This work aims to review papers that apply simulation techniques
to solve problems that arise in disaster situations. To accomplish this, we analysed 33 papers published
from 2010 to 2019, indexed in Scopus or Web of Science databases, that used simulation techniques
to solve humanitarian problems. The descriptive analysis conducted found out that there is a small but
increasing number of papers over time. Discrete events simulation and system dynamics are the most used
techniques. From the content analysis we find that most research focuses on short term decisions and
solving problems related to post-disaster response in unforeseen events. However, topics such as evacuation
and transportation of victims are still unexplored.

1 INTRODUCTION

Disasters cause situations of social, economic, and political uncertainty. When a disaster occurs, the goal
of organizations and authorities is to help the victims. This help is of vital importance, because many lives
depend on it. In these situations, quickly find an efficient way to help people can make a big difference.

Disasters can be natural as earthquakes or man-made as armed conflicts, economic crises, and others
(Van Wassenhove 2006). They can happen slowly or suddenly. Now, more frequently, sudden natural
disasters happen, due to disordered urban growth and climate change. According to the Center for Research
on the Epidemiology of Disasters, in the years 2004 to 2013, natural disasters have killed an annual average
of 99,820 people, and 199.2 million people are victims worldwide. Economic damage caused by natural
disasters was estimated at a ten-year annual average of US$ 162.5 billion (Guha-Sapir et al. 2015).

Optimization and simulation are the major tools to address and overcome logistics challenges. Simulation
in the area of humanitarian logistics is a methodology that is not yet widely used in comparison with others
from operations research (OR). Still the dynamic technological development in simulation techniques is
making its application grows in this area too.

In the humanitarian logistics literature, the paper of Hoyos et al. (2015) stands out. It provides a
review of the literature on stochastic operations research models, with a focus on the techniques used for
the solution, but literature reviews dedicated to the specific simulation method were not found.

For all the above, this work aims to examine the literature that applies simulation modeling to improve
logistics operations management in disasters. In this sense, five research questions were formulated:
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RQ1 Which types of disaster were addressed?

RQ2 Which life cycle stages of disaster were addressed?
RQ3 Which simulation techniques were applied?

RQ4 Which decision levels were addressed?

RQS5 How important is the use of simulation?

This paper is organized into six sections. The second section presents a theoretical framework. The
third section presents the methodological approach. We follow with the results and discussions sections.
In the final section, we present the main conclusions.

2 BACKGROUND

Humanitarian logistics correspond to the processes of planning, implementing and controlling the efficient,
cost effective flow and storage of goods and materials, as well as related information, from the point
of origin to the point of consumption for the purpose of alleviating the suffering of vulnerable people.
Some differences between the business logistic and humanitarian are the need for flexibility to overcome
unexpected situations and the uncertainty of demand, even in the long term (Van Wassenhove 2006).

The framework adopted by Leiras et al. (2014) was adapted to classify the papers for this study. As
the present study only refers to papers that use simulation, the categories problem type, optimization type,
and coordination perspective do not apply. The categories used in this work are presented below:

e General paper information: journal title, publication year, authors and countries of affiliation.

e Disaster type: disasters were divided into natural or man-maid. Both can also be are classified
as sudden-onset or slow-onset. Natural sudden-onset concerns to earthquakes or tsunamis, for
instance. While terrorist attacks are examples of man-made sudden-onset. Natural slow-onset
disasters consider situations of famine and drought. Man-made slow-onset includes political and
refugees crisis (Van Wassenhove 20006).

e Disaster life cycle stage: it is divided into mitigation, preparedness, response, and recovery.
Mitigation and preparedness are different because mitigation corresponds to the measure of risk
and reduction of the onset of a disaster by authorities; while the second, concerns to training and
methods to quickly respond to disasters. Response are the actions taken to try to maintain the
physical and social structure of the community. Recovery are the procedures that seeks to stabilize
the community in the long term, after the disaster (Altay and Green 2006).

e Research method: two categories were considered. Simulation techniques papers are inside the
analytical researches category, according to Natarajarathinam et al. (2009). Analytical papers can
be empirical or applied. Empirical researches evaluate collected data or observations. Applied
researches are the ones that contain case studies or interviews.

o Geographical perspective: the location of the analyzed area used in the case study papers.

e Decision level: the papers are divided into strategic, tactical and operational. Strategic decisions
are those that have a planning horizon of more than one year, that is, long-term decisions. Tactical
and operational levels present, respectively, medium and short-term decisions (Ballou 2004).

e Stakeholder perspective: we divide into government, organizations (private or non-profit) and
victims. The papers were fitted according to the users for which the solution was designed.

3 RESEARCH METHOD

A systematic literature review means to identify, evaluate and interpret all available research relevant of an
area (Kitchenham 2004). According to Seuring and Gold (2012) and Carvalho et al. (2013) a systematic
review includes a descriptive, a bibliometric and a content analysis. A combination of bibliometric study
and content analysis allows the identification of the most important topics, approaches, and methods, as
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well as the most important definitions of the theme (Carvalho et al. 2013). The phases of the systematic
review developed in this research are summarized in the Figure 1.

33 papers
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Figure 1: Phases of the systematic review.

The papers were collected from Web of Science and Scopus databases. It includes papers written in
English. For this literature review, only papers published in the last decade (2010-2019) were considered. The
keywords used to search were: “humanitarian logistics” or “humanitarian supply chain” or “humanitarian
relief chain” or “humanitarian chain”. After the first review we included “disaster relief humanitarian” or
“disaster relief logistics”. Keywords such as “simulation” or “system dynamics” or “agent-based simulation”
were used to specify the techniques inside the main topic of study. We considered the filters “Article” and
“Proceedings paper” as “Document Types” during the search.

The search resulted in 111 papers from the Web of Science and 134 papers from the Scopus database.
A sample of 135 papers was analyzed, after the removing of duplicates. To define the sample, two criteria
were considered. The first exclusion criterion concerns the use of humanitarian logistics to solve healthcare
problems. The second exclusion criterion was the use simulation techniques. After this sorting process,
33 papers constitute the selected sample for the next phases of the systematic review.

4 RESULTS
4.1 Descriptive Analysis

For this analysis, the 33 selected papers were evaluated, of which three are conference papers. Was
Wassenhove, Luk N.V. was identified as the author with the higheest amount of publications in the area
of humanitarian logistics in which simulation is applied (3 papers, 9.1%). It is also possible to identify
International Journal of Humanitarian Logistics and Supply Chain Management (6 papers, 18.2%) as the
top source of publication of works related to the topic.

Figure 2 presents the distribution of the papers published per year. Despite some fluctuations, it is
possible to appreciate the constant increase in research related to humanitarian logistics and simulation.
It is thus confirming a recent relevance of the topic. The majority of papers 66.7% address to natural
sudden-onset disasters. Two papers analyzed more than one disaster type and both were applied to natural
and man-made sudden-onset disaster. From 2013 to 2019, in average, four publications per year use
simulation techniques and humanitarian logistics. It helps answer the (RQ1), presenting the number of
papers of each disaster type, according to its publication year. We can notice the predominance of natural
sudden-onset disasters, followed by papers that not specified the disaster addressed.
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Figure 2: Publications by year according to disaster type classification.

In Figure 3, note that the response stage is present almost every year, and this stage has the highest
number of occurrences over the years (63.6%). Preparedness was the second more studied stage, and
represents 9.1% of the sample. Five papers included more than one disaster stage in its content. They
included preparedness and response simultaneously. These information answer the (RQ2) and is consistent
with other literature reviews on humanitarian logistics (Leiras et al. 2014).
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Figure 3: Publications by year according to disaster life cycle stage.

System dynamics (SD) and simulation optimization (SO) were the techniques most applied to papers
of natural sudden-onset disasters. For the other classification of disaster type, the agent-based simulation
(ABS) was highlighted the method. The distribution of simulation techniques by disaster type is presented in
Figure 4. The hybrid simulation is a concept used by Balcik and Krejci (2015) to describe the methodology
of a paper that uses discrete-event simulation (DES) allied to ABS to create an approach to humanitarian
logistics. It was verified in three of the selected papers. Concerning to research question (RQ3), the use
of SD and ABS highlights, compared to the other techniques, with ten and nine publications each.

Figure 5 shows the occurrences of disaster stages to each disaster type. Crossing the information of
disaster life cycle stages and disaster types, it is possible to note that the primary use of simulation was
to conceive solutions to respond and prepare for disaster. Six papers did not define the disaster type for
which apply, and all these papers use empirical analytical research method.
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Figure 4: Simulation techniques applied to each disaster type.
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Figure 5: Paper occurrences of some disaster stage for each disaster type.

When we examine the techniques applied and life cycle stages simultaneously, no pattern can be defined.
SD is more present in response stage. ABS is applied to response and recovery stages, while SO is applied
to response and mitigation stages. This result is shown in Figure 6.

We also crossed information about the technique applied and the decision level and it is presented in
Figure 7. Answering the research question (RQ4), the operational decisions were the most applied in the
sample, followed by tactical and strategic ones. Papers with operational decisions often apply ABS and
SD, whereas papers with strategical decisions mostly apply SO. Tactical level decisions present a more
uniform distribution of simulation technique employed. However, to this decision level, there is a small
number of publications per technique.

4.2 Bibliometric Analysis
4.2.1 The Keyword Network

The keyword network was used to identify concepts associated with humanitarian logistics and simulation.
This network includes keywords that have at least two co-occurrences. One publication in which two
keywords occur together in the title, abstract, or keyword list counts as co-occurrence of two keywords.
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Figure 7: Occurrence of simulation techniques for papers according to their decision level.

This analysis reveals main connections between humanitarian logistics and supply chain management,
humanitarian logistics and emergency services, disaster prevention and emergency services, and simulation
and emergency services (Figure 8).

The keyword “emergency services” is highlighted by this analysis and it is consistent with the RQ2
response, i.e. the papers are mainly concerned with the response stage. This network classified the keywords
into three clusters of the most representative keywords for this work. The green cluster presents keywords
directly related to the term “humanitarian logistics,” the blue cluster is made up of keywords associated
with the word “management,” and the red cluster gathers keywords related to the word “disaster.”

4.2.2 The Co-citation Network

The co-citation network can reveal the common interest of research groups. It shows references cited by
the papers of the sample. To be included in the co-citations network an author had to be cited by five
papers. The size of the node is proportional to the frequency of a cited reference author.

This analysis also defines three clusters (Figure 9). The cluster illustrated in green is composed of
authors that explore the concept of humanitarian logistics. The blue cluster presents authors that work
with simulation techniques. Finally, the red cluster shows authors of operational research and simulation
papers, mostly with stochastic problems.
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Figure 9: Co-citation network.

4.3 Content Analysis

In this analysis, the 33 papers are classified according to the simulation methodology presented.

4.3.1 Discrete-event Simulation

The DES approach was used by Mohan et al. (2013) to improve the efficiency and productivity of a food
recovery center that plays the central role of purchasing and assembling food for distribution. The city
of Pikini, Senegal, was studied by Green et al. (2013). They determined whether emptying latrines in
a flood-prone urban slum would be a sustainable business for the local population and profitable for the
private sector. Iakovou et al. (2014) created a methodology that quantifies the impacts of risk mitigation
strategies on the humanitarian logistics supply chain. D’Uffizi et al. (2015) used DES to help to plan
different action strategies to be applied by rescue teams in emergency and risk situations.
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4.3.2 System Dynamics

Besiou et al. (2011) illustrates the adequacy of the SD methodology as a tool for decision-makers to
understand the effect of their decisions on humanitarian operations. They analyze field vehicle fleet
management and find that the SD can accurately represent the dynamic complexity of humanitarian
operations and is, therefore, an appropriate tool for studying these systems. Peng et al. (2014a) introduce
two uncertain factors (information delay and road condition) to analyze the effectiveness of response actions
in a post-seismic disaster. To validate the model, the authors use data from the 2008 Wenchuan earthquake.
Kunz et al. (2014) modeled the delivery of therapeutic feed items ready for use during a phase of immediate
response to a disaster and analyze the performance of different preparation scenarios. Besiou et al. (2014)
applied SD to model vehicle supply chains (VSCs), incorporating three different structures of VSCs that
International Humanitarian Organizations operate. Peng et al. (2014b) simulated variables to predict the
post-seismic road network and analyze the behavior of the relief supply chain in the event of an interrupted
disaster.

Diaz et al. (2015) propose improvements in building materials inventory management in a post-disaster
perspective. They use theoretical data to simulate the reconstruction of houses considering scenarios with
different time periods until the adjustment of the stock level. An alternative disaster management model for
East Java was created by Octavia et al. (2016), to reduce the response time to recurring natural disasters
in the region. They suggest to include a non-governmental organization to assist in the critical operations
raised, as current there is only government data. Diedrichs et al. (2016) present a discrete model of
mathematical SD to study the role of communication and logistical coordination between actors in an
emergency disaster response operation. They measure its impact on the number of lives saved and cost.

Berariu et al. (2016) present a model that allows simulating the deployment of resources to meet the
growing needs of products, such as food and other consumables, during disaster situations. The focus is on
managing a suddenly increased demand for an affected population under restricted transport conditions. Of
all papers selected of SD, only the paper of (Octavia et al. 2016) is applied to a case study. The remaining
papers focus on creating a tool that can be replicated in cases of similar disasters, either to mitigation,
preparedness or response stages.Yorvarak et al. (2017) aim to optimize the supply water of disaster relief,
they modeled the disaster relief logistics network using similarity to the electrical circuit.

4.3.3 Agent-based Simulation

Altay and Pal (2014) present the importance of information exchange and the role of cluster leaders
to encourage a better information flow. The application of ABS showed that clusters, if used properly,
encourage a better information flow and facilitate the effective response to disasters. The process of
donating, receiving, and allocating goods was modeled by Sudrez Moreno et al. (2016). They presented
insights for coordinating donations between warehouses in a post-disaster situation. Ochoa et al. (2017)
uses an agent-based approach to model and simulate dynamic human crowds, but introduces the use of
specific anthropometric and socio-cultural aspects that impact individual and group behavior.

Aros and Gibbons (2018) studied the effect of using different forms of communication between
organizations on the response time to occurrences. Liu and Suzuki (2018) analyzes the effect of information
exchange on relief goods supply chains, in order to evaluate the effect of the regional BCP (Bussines
Continuity Plans) on disaster response. A prototype was generated by Wang and Zhang (2019), to check
the gap between demand and supply in areas affected by disasters, given a limited time window. They used
the case of the earthquake in Sichuan province to validate the model. Abualkhair et al. (2020) consider
strategies for managing spontaneous volunteers in disaster relief centers affected by the convergence of
volunteers and materials. Gore et al. (2019) to characterize the well-being of newcomers (i.e., refugees
seeking asylum) in the context of asylum logistics using Schwartz’s theory of values.
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4.3.4 Hybrid Simulation

Hybrid modeling is the combination of various simulation techniques described above (Thomé et al. 2016).
The analysis performed by Cohen et al. (2013) examines both the success in the transport of aid (performance
model) and the success in affecting the satisfaction of the population (model of population behavior). The
models were created using DES and SD, respectively.

Balcik and Krejci (2015) present a conceptual framework for a model to be used to study decision-making
and the behaviors of humanitarian logistics actors. They determine if certain coordination mechanisms
allow for better efficiency and effectiveness of the relief chain over time. The ABM component of the
hybrid model allowed the representation of heterogeneous agents (donors, international NGOs, and local
NGOs), while the DES component captured the flow of relief supplies. Widera et al. (2017) designed
multiple method simulation environments for the logistical configuration of humanitarian supply chains to
support the decision-making process. The distinct components (for example, suppliers or logistic centers)
are represented as ABM and DES elements are used for disaster modeling and the constraints of multiple
events within the procedures of a humanitarian supply chain.

4.3.5 Game and Participatory Simulation

Bruzzone et al. (2016) developed a “modeling, inter-operable simulation and serious game” simulator to
help decision makers to preview and evaluate time, cost and effectiveness of actions taken in disasters that
create demand by IDP (Internally Displaced Persons) and refugees.

4.3.6 Simulation Optimization

Seven papers apply SO. Stauffer et al. (2018), Dufour et al. (2018), and Ghasemi et al. (2019) apply the
simulation as a tool to calculate parameters of the mathematical model, which were affected by uncertainty.
Whereas, Ertem et al. (2010), Ertem and Buyurgan (2011), Swamy et al. (2017), and Fikar et al. (2018)
adopt simulation techniques as tools to evaluate solutions obtained through optimization.

S DISCUSSION

The research questions 1 to 4 are answered directly from the results presented in the previous section. To
answer the RQS5 it is necessary to access some previous researches.

Simulation is an important tool in humanitarian logistics, due to its ability to represent disaster situations
and build possible scenarios. It was possible to see the use of SD and ABS linked to non-linear problems
and DES applied with operations research to manage stochastic distributions, which are frequent in disaster
situations, due to the complexity and uncertainty that these generate. Though these advantages, the sample
of simulation papers covering humanitarian problems is small. It was also perceived by Diaz et al. (2013)
and Mishra et al. (2019).

From the results, it was possible to verify that around 45.5% of the studies focus on the response
stage, as on natural sudden-onset disasters. Few works were found focusing on slow-onset disasters. This
occurrence may indicate a scope of use of these techniques. The authors usually justify the choice of these
techniques by the ease of inserting complexity, stochastic parameters and representing the decision making
process. However, it is not clear from this study whether other types of disasters are widely studied; nor
is a comparison made between the frequency of application of simulation techniques and other methods
of solving similar problems. Just as Leiras et al. (2014) points out, drought, and disease epidemics can
cause long time damage to huge populations and simulation techniques are appropriate tools help with
these problems. Another overlooked topic was inventory management of distribution or local relief centers.
These problems can be successfully addressed with simulation techniques. Also, research has been limited
to the organizations and government perspective.
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The application of simulation techniques is mainly present in the response stage. This result was
also verified in the works done by Leiras et al. (2014) and Mishra et al. (2019). The use of simulation
techniques as training tools to analyze hypothetical situations and to analyze the impact of decisions with
easy parameter changes, makes this tool useful at all stages of the disaster life cycle. The formation of
task forces to act in disaster situations may justify further exploration of preparedness and response stages.
While, the recovery stage requires continued attention to disaster cases and mitigation requires historic
data and forecast for further studies exploring these situations.

The charts presented in Descriptive Analysis and Content Analysis sections give us insights about the
technique applied and decision level; however, it is not clear if the variables analyzed are related. We
hypothesize some exogenous characteristics that can contribute to these results. For instance, the techniques
applied can be biased by the interest or knowledge of the authors; the problem definition (stage and type
of disaster) can be biased by the region (city or country) where the researchers live; or, the contact of
research groups with certain NGOs may lead to studies focusing on regions where these NGOs are present.
Despite the insights provided by the information gathered, it is not possible to reach conclusions only with
the sample analyzed. It would be necessary to evaluate the literature on humanitarian logistics in order to
fully understand the differential presented by the application of simulation in this area of research.

6 CONCLUSION

The systematic literature review in this article consists of three parts: descriptive, bibliometric, and content.
After searching keywords in two relevant databases, 33 papers form the sample of analysis for this research.
Through the distribution of papers over the years, it was possible to perceive an increase in the number
of researches containing humanitarian logistics and simulation techniques, thus confirming the current
relevance of the topic.

From the descriptive and bibliometric analyses we conclude that response, preparedness and mitigation
stages were the most studied until now, respectively. It is consistent with other literature reviews about
humanitarian logistics. Most part of the papers apply simulation techniques to help with natural sudden-onset
disasters. However, slow-onset disaster cause major impacts in the long term if not addressed properly. A
recent example is the scenario caused by COVID-19 pandemia, for which simulation becomes an useful
tool to solve logistics challenges. Nevertheless, these challenges are more related to healthcare problems,
a topic that was not included in our research.

System dynamics and agent-based simulation were the most applied techniques in the analyzed papers.
It is possible to note that these two techniques are applied for operational decisions, while optimization
simulation is more related to strategic decisions.

A limitation of this study, given its methodology, is that it is not possible to compare the performance
of simulation techniques applied to similar conditions. Therefore, we can not conclude which approach is
the most appropriate for each type of problem. It is a topic that can be addressed in further research.
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