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Abstract 
 
The rapidly evolving landscape of data science and computational modeling has prompted 
social scientists and humanitarian practitioners to reevaluate in what ways these new methods 
can impact planning, decision-making, and scientific advancement. In the field of forced 
migration, there is a need to understand the computational options available and limitations of 
each. In this article, agent-based modeling as a computational approach to refugee-related 
issues is summarized. Applications of agent-based modeling within this realm are reviewed 
and critiqued to explain the limitations of agent-based modeling for the interest of social 
scientists and practitioners. The critique centers around several themes which include 
timeliness, computational skills and resources, data access, and validation of models. 
Additionally, a set of guidelines is provided for social scientists and practitioners to consider 
in what manner these computational models might be useful for their particular needs. Finally, 
we suggest that computational modeling and in particular, agent-based modeling, is a powerful 
tool for forced migration research where multiple factors, as well as environmental and political 
contexts, interact to make complex, dynamic systems. To effectively use agent-based 
modeling, however, it is important to be knowledgeable of the limitations and considerable 
effort required to develop, test, and validate such models. 
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Introduction 

In his call for a cohesive sociological approach to forced migration research, Castles lists 
several factors related to a more formalized methodology including interdisciplinarity, 
historical context, comparative studies, holistic linking to broad social interconnections, 
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looking across levels of analysis (local, national, regional), and participatory research 
methods.3 In noting the policy-driven nature of forced migration research as well as the 
methodological weaknesses of many of studies in this field, Jacobsen & Landau suggest three 
such weaknesses that are of relevance here: 1) generalizability, potential for sampling bias, and 
difficulty testing causal relationships and hypotheses from data gathered in small samples; 2) 
difficulty of comparing cases across time and space; and 3) general reluctance in the field of 
refugee studies literature to describe study methodologies in enough detail to assess the policy 
implications.4 These are all legitimate critiques of methodology in forced migration research, 
broadly. Simulation modeling, though historically less often used as a methodology in forced 
migration research, may help to address some of these proposed weaknesses and serve to 
advance theory generation and policymaker communication in the field.  

Simulation modeling is not new. It has grown as a field largely in engineering and 
national defense, where the cost of experimentation is very high. In other words, it is much 
more cost-effective to first build a virtual airplane to test in a simulated environment than to 
build several real ones. In national defense, military decision makers adopted simulation as a 
way to run many varied scenarios to prepare for an unknown future operational environment. 
Now, simulation is also often used in training, from pilots to soldiers to nurses. Prediction is 
certainly one of the most common uses of simulation modeling and, as Edwards notes, has 
value in studying mass displacement.5 However, there are many other reasons to model that 
can contribute to the wide variety of research on forced migration from anthropological and 
ethnographic case studies to macro-level international burden-sharing and humanitarian aid 
response. Epstein argues that modeling serves other purposes including explaining the problem 
situation, guiding data collection, examining scenarios, exploring the robustness of theory, 
developing new research questions, training practitioners, and focusing policy dialogues.6 
These uses of modeling speak directly to the critiques offered by Castles7 and Jacobsen and 
Landau.8 

Simulation has been promoted and used across the social sciences, including in 
sociology and anthropology.9 This was part of a slow build-up of momentum arguably started 
with Schelling’s famous segregation model10 and subsequent works laying the ground for 
modeling of social processes.11 Over ten years ago, Scott Edwards argued in the Journal of 

 
3 Stephen Castles, "Towards a Sociology of Forced Migration and Social Transformation," Sociology 37, no. 1 
(2003). 
4 Karen Jacobsen and Loren B. Landau, "The Dual Imperative in Refugee Research: Some Methodological and 
Ethical Considerations in Social Science Research on Forced Migration," Disasters 27, no. 3 (2003). 
5 Scott Edwards, "Computational Tools in Predicting and Assessing Forced Migration," Journal of Refugee 
Studies 21, no. 3 (2008). 
6 Joshua M. Epstein, "Why Model?," Journal of Artificial Societies and Social Simulation 11, no. 4 (2008). 
7 Castles, "Towards a Sociology of Forced Migration and Social Transformation." 
8 Jacobsen and Landau, "The Dual Imperative in Refugee Research: Some Methodological and Ethical 
Considerations in Social Science Research on Forced Migration." 
9 Joshua M. Epstein, Robert Axtell, and 2050 Project., Growing Artificial Societies: Social Science from the 
Bottom Up, Complex Adaptive Systems (Washington, D.C.: Brookings Institution Press, 1996). G. Nigel Gilbert 
and Klaus G. Troitzsch, Simulation for the Social Scientist (Berkshire, England: Open University Press, 2005). 
Robert Axelrod, "Advancing the Art of Simulation in the Social Sciences," in Simulating Social Phenomena, ed. 
Rosaria Conte, Rainer Hegselmann, and Pietro Terna (Berlin, Heidelberg: Springer Berlin Heidelberg, 1997). 
Lawrence A. Kuznar, "High-Fidelity Computational Social Science in Anthropology," Social Science Computer 
Review 24, no. 1 (2006). 
10 Thomas C. Schelling, "Dynamic Models of Segregation," The Journal of Mathematical Sociology 1, no. 2 
(1971). 
11 Micromotives and Macrobehavior (New York, NY: W. W. Norton & Company, 1978). 
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Refugee Studies for more consideration of computational models to understand patterns of 
displacement.12 While a large number of modeling efforts have been undertaken since then, 
there still appears to be some unfamiliarity of computational simulation as a legitimate method 
to look at forced migration. Beyond Edwards’ persuasive argument about the role of modeling 
in characterizing the movement of people, simulation holds the power to look at any number 
of theoretical and practical challenges to advance the field of forced migration.  

 
A Case for Simulation Modeling in Forced Migration Research 
 
Simulation modeling, and agent-based modeling in particular, holds a considerable amount of 
potential as an emerging methodology in the study of forced migration. As a way of thinking 
about problems, simulation can help to consolidate social science theories, identify gaps in data 
to develop future data collection efforts, and develop new research questions. The computer 
simulation model allows exploration of multiple variables, factors, and socio-political and 
economic interactions at varying levels—from individuals to institutions and states—to 
encompass a complex, dynamic system that can then be “set in motion” to see ripple effects 
through the system of policy decisions or environmental or social changes. Simulation 
modeling, once the model is instantiated in a computer, provides an experimental space to 
explore assumptions of theories, sensitivities of those assumptions, and scenarios related to 
policy options. 

Since simulation modeling is inevitably input as code into a computer, there is a process 
of conceptualizing the system and environment in question, operationalizing the terms and their 
measurements, and conveying the observed dynamics in a distilled form. A simulation model’s 
job is not to be reality, but rather to represent a part of reality that allows you to test the 
underlying assumptions, prevailing theories, and watch the dynamics set into motion. We are 
not advocating for simulation models in place of statistical models, ethnographic rich narrative 
descriptions, or other more established methodologies. Instead, we propose simulation 
modeling as complementary to the scientific research endeavor within forced migration. Let us 
take some of Epstein’s points13 and apply them to qualitative forced migration research as a 
way of thinking about the merits of simulation modeling in the field.  

First, modeling can be used to explain a problem situation and develop new research 
questions. Conceptualizing a model that will later be implemented in a computer requires both 
operationalizing terms and defining the actors in the system, factors that affect their decision-
making, and mechanisms that constrain their environment. Often these are conveyed as causal 
loop diagrams, with which many sociologists are familiar. In our experience, qualitative 
researchers often find this process of communicating their research to modelers—without yet 
arriving to a working computer model—to be illuminating both for realizing where they have 
been conceptually vague, where more data is needed, or to look at their data in ways they had 
not thought of before.14 The rigorous dialogue required to conceptualize the model itself 
arguably adds to the rigor of any type of study.  

 
12 Edwards, "Computational Tools in Predicting and Assessing Forced Migration." 
13 Epstein, "Why Model?" 
14 Michael D. Fischer, "Introduction: Configuring Anthropology," Social Science Computer Review 24, no. 1 
(2006). Jose J. Padilla et al., "Model Co-Creation from a Modeler’s Perspective: Lessons Learned from the 
Collaboration between Ethnographers and Modelers," in Social, Cultural, and Behavioral Modeling, ed. Robert 
Thomson, et al. (SBP-BRiMS 2018. Lecture Notes in Computer Science. Springer International Publishing, 
2018). 
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Second, modeling can be used to “discipline the policy dialogue.”15 Just as 
conceptualizing the model can enable researchers to explore their own data and topic area in a 
new way, a model—even just a conceptualization (not computer code) of a model—can help 
to ground discussions with policymakers.16 In one of the authors’ experiences working with 
municipality representatives, tourism board representatives, humanitarian aid workers, and 
refugees to understand the aid response in Lesbos, Greece, having a conceptualized model 
allowed everyone to focus on the question at hand, rather than veer off towards a particular 
agenda. This focused not only the policy discussions, but also focused the data collection 
efforts as researchers and policymakers all worked towards one goal. Additionally, a simulation 
model can be repeatedly run (unlike the ethical implications of experimenting on the real-world 
population) to account for a number of potential scenarios. For instance, a model of 
displacement could examine the impact of conflict on flight patterns looking at instances of 
conflict to the north, then south, then west of a major city to see to where people might flee. In 
response to Jacobsen and Landau’s criticisms that lack of methodological rigor can lead to poor 
policy recommendations,17 simulation could help to allow qualitative small sample studies to 
demonstrate the depth of that data and ground a dialogue that might help arrive to more robust 
policy recommendations, as well as test scenarios to facilitate the exercise of exploring 
alternative options.   

Third, modeling could be a way to test the robustness of theories, both new and old. 
Many of the sociological, anthropological, and forced migration theories we rely on to frame 
and analyze our data were developed through small samples in very specific time/space 
contexts. Developing a simulation model creates a virtual representation of the research topic 
and theory. In that virtual environment, one can vary parameters to explore under what 
conditions the outcome aligns with the existing (or new) theory.18 For instance, imagine that 
there is a model of refugees in camp-based contexts.19 One could explore whether and how 
much contact with the host population might lead to shifts in place-based identity as described 
in anthropologic work among two populations of refugees in Tanzania.20 The simulation 
provides a space to explore the limits of existing theories and study findings, generate potential 
new directions of research from these insights, and communicate complex research findings 
with policymakers in a dynamic, visual way. This process, however, comes at the cost of 
potential misspecifications leading to false conclusions from the modeling process.21 To 
mitigate these impacts, it is imperative that modelers work collaboratively with forced 
migration scholars to develop models grounded in theory and data.  

There are many ways to build simulations depending on the type of question, level of 
analysis, and type of data available. Three main paradigms are system dynamics modeling 

 
15 Epstein, "Why Model?" 
16 Olivier Barreteau et al., "Our Companion Modelling Approach," ibid.6, no. 1 (2003). 
17 Jacobsen and Landau, "The Dual Imperative in Refugee Research: Some Methodological and Ethical 
Considerations in Social Science Research on Forced Migration." 
18 Michael W. Macy and Robert Willer, "From Factors to Actors: Computational Sociology and Agent-Based 
Modeling," Annual Review of Sociology 28 (2002). 
19 Erika Frydenlund, J. J. Padilla, and David C. Earnest, "A Theoretical Model of Identity Shift in Protracted 
Refugee Situations," in Proceedings of the Symposium on Modeling and Simulation of Complexity in 
Intelligent, Adaptive and Autonomous Systems (Virginia Beach, VA, USA: Society for Computer Simulation 
International, 2017). 
20 Liisa Malkki, Purity and Exile: Violence, Memory, and National Cosmology among Hutu Refugees in 
Tanzania (Chicago, IL: University of Chicago Press, 1995). 
21 Christopher Poile and Frank Safayeni, "Using Computational Modeling for Building Theory: A Double 
Edged Sword," Journal of Artificial Societies and Social Simulation 19, no. 3 (2016). 
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(often for macro-level processes and dynamics like international burden-sharing and 
humanitarian response), discrete event simulation (for queuing systems like determining how 
many asylum processing officers are needed in a particular center), or agent-based modeling 
(for looking at how individual-level behaviors collectively manifest as system/community-
level phenomena). Here, we introduce agent-based modeling as it has perhaps the most direct 
appeal to those conducting qualitative research among forced migrants and host communities. 
This is just one aspect of simulation modeling that could have an impact on methodological 
advances in forced migration research.  
 
An Introduction to Computational Modeling and Agent-Based Modeling 
 
Computational simulation modeling is the process of designing and replicating a real-world 
system for the purpose of either understanding the behavior of the system, or exploring the 
influence of various strategies on the system.22 This phenomenon allows for problems which 
occur in reality to be solved by means of virtual investigation of real-world systems.23 This is 
especially beneficial when exploration and analyses of such systems is expensive, dangerous, 
or highly complex in reality. Computational simulation modeling encompasses various 
approaches, of which agent-based modelling (ABM) is the most recently developed.   

In its simplest form, ABM entails a system of autonomous and interacting agents that 
make decisions based on a set of rules.24 This approach allows for the capture of a large amount 
of detail which is typically not achievable when employing other simulation modeling methods. 
It suggests a bottom-up development approach that initiates an investigation into an agent and 
its behavior, rather than the system in its entirety. In other words, the global characteristics of 
the system are not defined in ABM and the focus is rather on the agent behavior specified at 
an individual level.25 An agent represents an entity such as a person, a company, an animal, an 
object and the like. Agents may also be modelled to represent an aggregate of individuals based 
on homogenous characteristics, such as demographics, in order to account for a higher level of 
abstraction.26 Within ABM, agents are embedded in a dynamic environment where they may 
interact with one another as well as their environment. The global behavior of a system is 
therefore a result of collective individual decisions made by agents.27 

A broad span of ABM applications exists and the discipline in which they are applied 
varies. Within the study of social behavior and interactions, such as studies in forced migration, 
ABM derives a set of assumptions from the real-world scenario in order to produce simulated 
data which can then be analyzed.28 Social systems, such as within the forced migration realm, 
can therefore effectively be modelled using ABM as it simulates the interaction of individuals 

 
22 Robert E Shannon, "Systems Simulation; the Art and Science," (1975). 
23 Andrei Borshchev and Alexei Filippov, "From System Dynamics and Discrete Event to Practical Agent 
Based Modeling: Reasons, Techniques, Tools," in Proceedings of the 22nd International Conference of the 
System Dynamics Society (Oxford, England: System Dynamics Society, 2004). 
24 Eric Bonabeau, "Agent-Based Modeling: Methods and Techniques for Simulating Human Systems," in 
Proceedings of the National Academy of Sciences 99, no. suppl 3 (2002). 
25 Borshchev and Filippov, "From System Dynamics and Discrete Event to Practical Agent Based Modeling: 
Reasons, Techniques, Tools." 
26 Elmar Kiesling et al., "Agent-Based Simulation of Innovation Diffusion: A Review," Central European 
Journal of Operations Research 20, no. 2 (2012). 
27 Li An, "Modeling Human Decisions in Coupled Human and Natural Systems: Review of Agent-Based 
Models," Ecological Modelling 229 (2012). Andrei Borshchev, The Big Book of Simulation Modeling: 
Multimethod Modeling with Anylogic 6 (AnyLogic North America Chicago, 2013). 
28 An, "Modeling Human Decisions in Coupled Human and Natural Systems: Review of Agent-Based Models." 
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and groups, as well as how these individuals or groups adapt based on interactions or changes 
in the environment.29 It is, however, important to understand what the process of developing 
an agent-based model entails. 
 
Developing an Agent-based Model in the Social Sciences 
 
While we have talked mostly about qualitative social science research, all types of data can be 
used to construct models.30 Often, quantitative measures are much easier to communicate 
across disciplines for conversion into models. The advancement of simulation modeling, 
including in particular the development of ABM, has opened the door for any number of data 
types to be considered as the basis for a computational simulation model.31 Significant work 
has been done to incorporate ethnographic and narrative data into simulation using Grounded 
Theory,32 guide data collection through semi-structured interviews to develop ABMs,33 inform 
historical analytical approaches,34 utilize participant observation data,35 and facilitate 
collaborative model-building with stakeholders.36 These various modeling efforts each serve 
to illustrate the potential for modeling in forced migration research: utilizing a wide array of 
data types, holistic thinking across levels of analysis and varying levels of social processes, 
inclusion of participants and stakeholders, the potential experimentation and testing of theories 
for robustness and transferability to other contexts, and formalizing (and uniting) disparate 
theories and data types in ways that can engage policy-makers and decision-makers. Regardless 
of the type of data or the research question, the authors believe that one key feature of model 
building must be that those who know the data, context, and theory closely and iteratively 
coordinate with the computational modelers.  

Building an agent-based model is said to be more of an art than a science. Gilbert 
describes the various steps to follow in developing an agent-based model, especially within the 
social science realm.37 An adapted version of the seven steps is illustrated in Figure 1. The first 
step is to clearly define the objective of the study and form a primary research question. This 
primary research question may lead to the formulation of further, more specific questions 
which should be interpreted as the main elements to be modeled. The second step is to create 

 
29 Charles M Macal and Michael J North, "Tutorial on Agent-Based Modelling and Simulation," Journal of 
Simulation 4, no. 3 (2010). 
30 Marco A. Janssen and Elinor Ostrom, "Empirically Based, Agent-Based Models," Ecology & Society 11, no. 
2 (2006). Lu Yang and Nigel Gilbert, "Getting Away from Numbers: Using Qualitative Observation for Agent-
Based Modeling," Advances in Complex Systems 11, no. 2 (2008). 
31 Bruce Edmonds, "Using Qualitative Evidence to Inform the Specification of Agent-Based Models," Journal 
of Artificial Societies and Social Simulation 18, no. 1 (2015). 
32 Ozge Dilaver, "From Participants to Agents: Grounded Simulation as a Mixed-Method Research Design," 
ibid. Martin Neumann, "Grounded Simulation," ibid. Bruce Edmonds, "A Context- and Scope-Sensitive 
Analysis of Narrative Data to Aid the Specification of Agent Behaviour," ibid. 
33 Amineh Ghorbani, Gerard Dijkema, and Noortje Schrauwen, "Structuring Qualitative Data for Agent-Based 
Modelling," ibid. 
34 Franco Malerba et al., "History-Friendly Models: An Overview of the Case of the Computer Industry," ibid.4, 
no. 3 (2001). 
35 Tayan Raj Gurung, Francois Bousquet, and Guy Trebuil, "Companion Modeling, Conflict Resolution,  and 
Institution Building: Sharing Irrigation Water in the Lingmuteychu  Watershed, Bhutan," Ecology and Society 
11, no. 2 (2006). Yang and Gilbert, "Getting Away from Numbers: Using Qualitative Observation for Agent-
Based Modeling." 
36 J. Gary Polhill, Lee-Ann Sutherland, and Nicholas M. Gotts, "Using Qualitative Evidence to Enhance an 
Agent-Based Modelling System for Studying Land Use Change," 13, no. 2 (2010). 
37 Nigel Gilbert, "Computational Social Science: Agent-Based Social Simulation,"  (2007). 
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a conceptual design of the model, which could be achieved by using mind maps, diagrams, or 
pseudo code, to encourage the conceptual thinking behind the model. An effective strategy is 
to initially construct a simplified version, without losing any pertinent detail, and to gradually 
increase the complexity and features of the model as the modeler gains a better understanding 
of the dynamics and intricacies of the system. The third step is to consider existing theory or 
models relating to the primary research question which may assist as comparable phenomena 
in the development process. Before progressing to the next step, it is essential to clearly state 
the assumptions and limitations of the model. 

 
 

Figure 1: Steps in developing an agent-based simulation model. 
 

 
The Authors’ adaptation based on Gilbert’s model 

 
 
The design of the simulation model is captured in the fourth step. The agents that will 

be included in the model need to be defined; in other words, who or what are the individuals 
or organizations that will be represented by the agents. After finalizing the different types of 
agents, the attributes of each agent type need to be defined. An attribute is a characteristic or 
feature pertaining to the agent, for example demographic information such as age and gender 
of a person. Now that the agent and their characteristics are specified, the environment in which 
the agents exist needs to be considered. The environment could be of a spatial nature, where 
each agent has a specific location and the agents may move within the borders of the 
environment. The environment could also be of a network character, where the movement of 
the agents are not modeled, but are rather represented as the connections between agents. The 
defining of agents, their attributes, and the environment is an iterative process which forms the 
static design of the simulation model. Thereafter, model dynamics need to be incorporated. 
This entails the modelling of agents interacting with one another as well as their environment. 
Consider each of these interactions and the different actions that an agent can take. The final 
part of the simulation model design is to design the user interface of the model. It should include 



 
          ESPMI NETWORK 
           www.espminetwork.com                                        Refugee Review: Emerging Issues in Forced Migration 

 

60 
 

graphical components through which user inputs may be set (e.g. sliders, switches and buttons), 
as well as graphs to display the output of the simulation model to the user. 

The fifth step entails the verification of the simulation model built. The aim in verifying 
a simulation model is to test whether the model is built correctly, i.e. whether it reacts the way 
the modeler intended. It ensures that the model relates to the conceptual model and conveys 
the outlying theories and assumptions as described by social science.38 A series of tests should 
be performed in order to verify the simulation model developed. When the model is indeed 
working as expected, one can progress to the sixth step, which is the validation of the simulation 
model. Validation differs from verification in that it evaluates whether or not the model is a 
true representation of the actual system while having the primary research question in mind. It 
ensures that the simulation model and data generated from it corresponds to the real-world 
system of which it is an abstraction.39 This is followed by the final step, model analysis. 
Different scenarios could, for example, be played out in the simulation model and the output 
of these simulation runs may be analyzed with the aim of attempting to understand the 
intricacies of the underlying real-world system, or for making recommendations to the different 
stakeholders involved. 

Gilbert’s conceptualization of the model-building process40 is also captured in other 
disciplines, such as the Modeling & Simulation - System Development Framework (MS-
SDF)41  which aligns in many ways with how qualitative researchers think about data and 
analysis in their respective disciplines.42 Barreteau et al. propose a similar approach whereby 
researchers begin by defining a problem situation/research question followed by a discussion 
of the assumptions and constraints imposed by the data, existing theories, and other studies.43 
These ideas are then consolidated into a reference model that can later be implemented as a 
computer model. This is not a trivial process, as even researchers who have been working 
together on the same topic for a long time can find they disagree on the assumptions and 
limitations, or even the research question.44 Ultimately, however, it is critical to determine the 
research question and purpose of the model from the outset, as well as to delineate the 
assumptions and limitations, as different models and modeling paradigms work for different 
types of purposes.45 

Qualitative researchers, while possibly initially averse to the idea of modeling, are 
actually well suited to thinking like modelers due to their attention to systems, interconnections, 

 
38 R. G. Sargent, "An Overview of Verification and Validation of Simulation Models," in Proceedings of the 
19th Conference on Winter Simulation (New York, NY, USA: ACM, 1987). Uri Wilensky and William Rand, 
An Introduction to Agent-Based Modeling: Modeling Natural, Social, and Engineered Complex Systems with 
Netlogo (Cambridge, MA: The MIT Press, 2015). 
39 Sargent, "An Overview of Verification and Validation of Simulation Models." Wilensky and Rand, An 
Introduction to Agent-Based Modeling: Modeling Natural, Social, and Engineered Complex Systems with 
Netlogo. 
40 Gilbert, "Computational Social Science: Agent-Based Social Simulation." 
41 A. Tolk et al., "Reference Modelling in Support of M&S: Foundations and Application," Journal of 
Simulation 7, no. 2 (2013). 
42 Padilla et al., "Model Co-Creation from a Modeler’s Perspective: Lessons Learned from the Collaboration 
between Ethnographers and Modelers." 
43 Barreteau et al., "Our Companion Modelling Approach." 
44 Christopher Poile and Frank Safayeni, "Using Computational Modeling for Building Theory: A Double 
Edged Sword," ibid.19, no. 3 (2016). 
45 Riccardo Borero and Flaminio Squazzoni, "Does Empirical Embeddedness Matter? Methodological Issues on 
Agent-Based Models for Analytical Social Science," ibid.8, no. 4 (2005). 
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and relationships between observed individuals.46 In a truly interdisciplinary way, however, 
simulation modelers can facilitate the elicitation of models held within the data and analysis of 
all types of social science researchers.47 Social scientists, on the other hand, are necessary not 
only to provide insights about data and systems, but also to keep the model grounded in theories 
and real-world observations. Without grounding in theory, the model is in danger of becoming 
nothing more than an arbitrary thought exercise.48 Although communication between the 
modelers and the other stakeholders, i.e. qualitative researchers and social scientists more 
broadly, is often a challenge in the formulation of an agent-based model, participation is 
essential in developing a sound model that accurately represent the real-world system.49 Such 
collaboration could assist social scientists in explaining the non-linear dynamics and intricacies 
of the real-world system in new and innovative ways through novel insights about their data 
and theories they had not yet considered. The process may also offer insights into promising 
agendas for future research and data collection. The modeler would also gain valuable input 
that could strengthen the validity of the simulation model developed. 

 
A Review of Existing Refugee Models 
 
ABM could be an attractive methodology in the field of refugee studies for is its ability to 
model complex human systems while considering the individual and their heterogeneous 
attributes and behaviors within a population. Agent-based models, particularly in the field of 
forced migration, do exist in literature and the work is mostly published within the last decade. 
In one such study, Gulden et al. modelled the dynamics of internally displaced people specific 
to the Eastern Africa region with the aim of predicting displacement events as well as the 
associated timing and magnitude.50 They used ABM in conjunction with a hybrid spatial 
interaction approach which focused on the displacement of households between cities, where 
each household is represented by an agent. The use of ABM was effective in incorporating the 
individual agents’ decision about which city to go to, while also using the spatial element to 
map this flow. ABM also allowed “uncertainty” to be modeled, as each household would 
reexamine their choice once they have arrived at their temporary destination. Suleimenova, 
Bell, and Groen developed a widely publicized model that predicts refugee destinations based 
on relatively known pathways of flight in a simulation model called FLEE.51 This agent-based 
model takes a number of established data sources such as geospatial maps, the ACLED 
Database,52 and UNHCR’s database of forced migrant populations and locations. The FLEE 
model predicts distributions of arrivals based on locations of violence, locations of individuals 
and camps, and the routes and distances required to reach destination endpoints. De Kock 

 
46 Michael Agar, "We Have Met the Other and We're All Nonlinear: Ethnography as a Nonlinear Dynamic 
System," Complexity 10, no. 2 (2004). Senem Güney, "New Significance for an Old Method: Cas Theory and 
Ethnography," Communication Methods and Measures 4, no. 3 (2010). 
47 Padilla et al., "Model Co-Creation from a Modeler’s Perspective: Lessons Learned from the Collaboration 
between Ethnographers and Modelers." 
48 Rosaria Conte and Mario Paolucci, "On Agent-Based Modeling and Computational Social Science," Frontiers 
in Psychology 5 (2014). 
49 An, "Modeling Human Decisions in Coupled Human and Natural Systems: Review of Agent-Based Models." 
50 Timothy Gulden, Joseph F Harrison, and Andrew T Crooks, "Modeling Cities and Displacement through an 
Agent-Based Spatial Interaction Model" (paper presented at the Computational Social Science Society of 
America Conference, Santa Fe, NM, 2011). 
51 Diana Suleimenova, David Bell, and Derek Groen, "A Generalized Simulation Development Approach for 
Predicting Refugee Destinations," Nature, no. Scientific Reports (2017). 
52 See https://www.acleddata.com/    

https://www.acleddata.com/
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developed a more nuanced model that incorporates individual decision-making rather than 
specific routes to nearby camps.53 

Groen focused on the early stages of the North Mali conflict and developed a simulation 
model to understand and predict refugee movement.54 He argues that the use of such studies 
could inform governments and assist them in deploying border and/or immigration policies, 
while also assisting humanitarian support organizations to prepare for the influx of refugees. 
Others have modeled displacement using agent-based models of people’s influence over one 
another’s perceptions to move in Syria55 and migration in response to military surge.56 
Additional studies have used crowdsourced geographic information in conjunction with ABM 
to study the aftermath of natural disasters, such as earthquakes, and explore the reaction of 
people towards the distribution of aid.57 Kniveton, Smith, and Wood considered 
environmentally induced migration with the help of ABM to investigate a person’s response to 
variations in climate.58 

Simulation models and, in particular, agent-based models have been developed to 
model more than just the physical movement of people. Anderson et al. developed an agent-
based model investigating humanitarian assistance policies of governments and support 
organizations with respect to the health and safety of refugee communities.59 In another study, 
Hailegiorgis and Crooks used ABM to explore the spread of cholera in one particular refugee 
camp situated near the border between Kenya and Somalia.60 Similar to Gulden et al.,61 they 
utilized it in combination with a spatial element. The individuals were modelled as agents who 
are mobile, goal-orientated, and susceptible to disease. The daily activities of these agents were 
modeled, replicating the social behavior and movement of refugees in camps, which is a key 
component in the spread of cholera. Further, looking at the movement of refugees in camps, 
but with respect to safety and security, Frydenlund & Earnest (2015) modeled resource 
distribution sites within a camp where outside entities were trying to take resources from 
refugees to fuel conflict.62  

 
53 Christa de Kock, "A framework for modelling conflict-induced forced migration according to an agent-based 
approach" (Stellenbosch University, 2019). 
54 Derek Groen, "Simulating Refugee Movements: Where Would You Go?," Procedia Computer Science 80 
(2016). 
55 J. A. Sokolowski, C. M. Banks, and R. L. Hayes, "Modeling Population Displacement in the Syrian City of 
Aleppo," in Proceedings of the Winter Simulation Conference (Savannah, GA, USA: IEEE Press, 2014). 
56 Nils B. Weidmann and Idean Salehyan, "Violence and Ethnic Segregation: A Computational Model Applied 
to Baghdad," International Studies Quarterly 57, no. 1 (2013). 
57 Andrew T Crooks and Sarah Wise, "GIS and Agent-Based Models for Humanitarian Assistance," Computers, 
Environment and Urban Systems 41 (2013). 
58 Dominic Kniveton, Christopher Smith, and Sharon Wood, "Agent-Based Model Simulations of Future 
Changes in Migration Flows for Burkina Faso," Global Environmental Change 21 (2011). 
59 James Anderson, Alok Chaturvedi, and Mike Cibulskis, "Simulation Tools for Developing Policies for 
Complex Systems: Modeling the Health and Safety of Refugee Communities," Health Care Management 
Science 10, no. 4 (2007). 
60 Atesmachew Hailegiorgis and Andrew T Crooks, "Agent-Based Modeling for Humanitarian Issues: Disease 
and Refugee Camps" (paper presented at the Computational Social Science Society of America Conference, 
Santa Fe, NM, 2012). 
61 Timothy Gulden, Joseph F Harrison, and Andrew T Crooks, "Modeling Cities and Displacement through an 
Agent-Based Spatial Interaction Model" (ibid.2011). 
62 Erika Frydenlund and David C. Earnest, "Harnessing the Knowledge of the Masses: Citizen Sensor 
Networks, Violence and Public Safety in Mugunga," in World Politics at the Edge of Chaos: Reflections on 
Complexity and Global Life, ed. Emilian Kavalski (Albany, NY: SUNY Press, 2015). 
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Though there is a growing body of work related to simulation—specifically ABM—
and forced migration, the vast majority still speak broadly to planning and scenario-based 
policymaking. Without more investment from social scientists who study forced migration 
from a wide variety of perspectives, lenses, and methodological approaches, we have yet to tap 
the full power of simulation to advance forced migration theory, practice, and policy.  

 
Limitations of Simulation Modeling in Refugee Studies 
 
Just as all research methodologies have limitations, so does simulation modeling. These 
limitations fit broadly into four categories which we will briefly discuss here: timeliness, 
learning curve, data, and validation. First, models take a considerable amount of time to 
developed, from a few months to a few years. Certainly, prototype models can be generated in 
much shorter periods of time but given the iterative nature of model development in 
coordination with social scientists (and potentially participants and stakeholders), this is not as 
straightforward as many other computational approaches such as statistical analysis. The 
timeline for developing a simulation model is an important consideration at the stage of 
defining the model’s purpose. Not all problems are best solved with simulation models. 
Sometimes qualitative analysis or statistical analysis are the best fit for the research question 
and model purpose. When there is benefit to be gained from experimentation, varying the input 
variables to see how well the policies or theories hold, or viewing an analysis “set in motion” 
rather than as a static instance in data-collection time, then perhaps it is worth the time 
investment to develop a simulation model. These are all considerations necessary to confront 
before beginning the model development process.  

While anyone can (and likely does) model—whether by drawing diagrams of social 
processes on paper or developing mental constructs of their data analysis process—it does take 
a particular skill set to instantiate these ideas as formalized computer models. The barriers to 
entry for this are being reduced considerably over time with technological advances. The 
OpenABM/CoMSES Network website63 has a wide variety of educational resources to help 
new modelers get started, as well as openly published model code that social scientists and 
others can adapt to easily get started building their own models. Additionally, if one works 
with computer programmers who already possess the requisite skills, there is the matter of 
communicating ideas across disciplines which can be challenging, but very fruitful.64 An 
ongoing effort between York University’s Centre for Refugee Studies and Georgetown 
University has brought together data scientists, computer scientists, and social scientists to 
predict factors of forced migration,65 that has begun to assemble best practices to bridge 
disciplinary divides.66  

The idea of effectively communicating across disciplines also leads to the problem of 
having access to the “right” kinds of data. As discussed above, all kinds of data can be 
informative when building models. However, when working interdisciplinarily, these types of 
data may not always be accepted by the respective parties (or disciplines) involved. Early in 
the model development discussions—when formulating the research questions, outlining 

 
63 https://www.comses.net/  
64 Padilla et al., "Model Co-Creation from a Modeler’s Perspective: Lessons Learned from the Collaboration 
between Ethnographers and Modelers." An, "Modeling Human Decisions in Coupled Human and Natural 
Systems: Review of Agent-Based Models." 
65 Susan F Martin and Lisa Singh, "9 Data Analytics and Displacement: Using Big Data to Forecast Mass 
Movements of People," Digital Lifeline?: ICTs for Refugees and Displaced Persons  (2018). 
66 As presented in their talk at the IASFM 2018 Conference in Thessaloniki, Greece at which both authors were 
present.  
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assumptions, and deciding the model’s purpose—it should be made very clear what data is 
necessary to develop the desired model and achieve the model’s purpose. This process of 
communication can be very difficult, and there are currently no known best practices for 
arriving to a compromise or plan.  

Finally, there is the matter of verification and validation, discussed very briefly above. 
This is a topic wide open in the debate in computational social sciences and social science 
modeling. Given the hot debate in whether, when, and how to verify models of social processes, 
we cannot cover this ground thoroughly here. Most often, social science ABMs with a 
considerable amount of quantitative data have more straightforward methods of validation, 
such as that described in Bianchi et al.67 There are a considerable number of barriers if this is 
not the case, as in many qualitative or context-specific studies, and there are no clear answers 
except to perform a battery of tests and examinations to ensure the model is specified well and 
can add some knowledge about the real-world system.68 
 
Moving Forward 
 
Simulation modeling has much to offer forced migration research both as an innovative 
methodology and a potential means to communicate more effectively with policymakers. 
While studies using simulation modeling to explore forced migration research topics exist, 
there is still much work to be done. There is still no clear path on how to make the 
interdisciplinary collaboration between social scientists and modelers, as well as the disparate 
data types and simulation software options, and how they run smoothly and effectively. These 
efforts are still relatively ad hoc and often unique to particular research teams. Further 
documentation and exploration of these types of interdisciplinary research teams will add 
considerably to best practices in facilitating collaborative model development. Additionally, 
there is still work to be done to develop clear standards on whether, when, and how to verify 
and validate social simulation models. The debate on the issues around verification and 
validation will benefit from having more social scientists involved in simulation modeling 
drawing their own research needs and expectations into the larger conversation. The authors 
believe that the benefits of modeling, however, far outweigh the challenges and limitations. As 
more social scientists begin to embrace simulation modeling as a methodological tool, we will 
expand the breadth of modeling beyond those of movement and prediction in order to answer 
the challenges posed by contextualized, place/time specific research questions, increased 
demands by theorists and policymakers to test our data and assumptions, and the wide variety 
of data being collected globally. Forced migration has much to gain from this approach as it 
attempts to unite scholars, practitioners, policymakers, other stakeholders, and forced migrants’ 
voices into the larger body of work that contributes to our policies, practices, and theories 
related to refugee and migration studies.  
 
 

 
67 Carlo Bianchi et al., "Validating and Calibrating Agent-Based Models: A Case Study," Computational 
Economics 30, no. 3 (2007). 
68 R. B. Whitner and O. Balci, "Guidelines for Selecting and Using Simulation Model Verification Techniques," 
in Proceedings of the 21st Conference on Winter Simulation (Washington, D.C., USA: ACM, 1989). Franziska 
Klugl, "A Validation Methodology for Agent-Based Simulations," in Proceedings of the 2008 ACM symposium 
on Applied computing (Fortaleza, Ceara, Brazil: ACM, 2008). Paul Ormerod and Bridget Rosewell, "Validation 
and Verification of Agent-Based Models in the Social Sciences," in Epistemological Aspects of Computer 
Simulation in the Social Sciences, ed. Flaminio Squazzoni, Lecture Notes in Computer Science (Springer Berlin 
Heidelberg, 2009). 
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