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ABSTRACT 

EXPLORING FORCED MIGRATION THROUGH OPEN-DATA AND SYSTEM 

DYNAMICS MODELING 

Troy Douglas Curry, Ph.D. 

George Mason University, 2021 

Dissertation Director: Dr. Arie Croitoru 

 

Over the past decade there has been a dramatic increase in forced migration of 

populations that are impacted by state instability failure, which is often characterized by 

an increase in violence and human rights violations. A prominent example of this type of 

migration is the most recent crisis in Syria, which has caused more than 50 percent of the 

population to be displaced both within the country and as refugee populations that have 

crossed into neighboring countries and continued to destinations such as the European 

Union (EU). While such forced migration is not a new phenomenon, advances in 

Information and Communications Technology (ICT) and increased online connectivity 

(e.g., through social media usage) have transformed the way migrant populations create, 

foster, and develop support networks during the three major stages of migration: pre-

migrant, post-migrant, and settled migrant. In conjunction, such advances have also led to 

the development of various centralized and crowdsourced migration-related data 
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collection efforts that now produce substantial amounts of openly available data. The 

confluence of these two trends is creating new opportunities for developing a better data-

driven understanding of forced migration. Within this context, this research seeks to 

address two key questions: first, can open and in particular social-media data provide 

reliable quantification during the three stages of migration; and second, can open data, 

both authoritative and crowdsourced, be used to model forced migration phenomena. 

Using the Syrian crisis (2012-2018) as a case study, this research addresses the first 

question by proposing a framework for characterizing and analyzing the utility of open 

data (and crowdsourced data) for understanding forced migration. To address the second 

question, a novel conceptual (causal) model for state instability-driven forced migration 

is proposed based entirely on openly available data. Based on such data, this model is 

then implemented, verified, and calibrated using a System Dynamics Modeling (SDM) 

approach, suggesting that the combination of open data and SDM is a valid approach for 

modeling forced migration. Furthermore, the research demonstrates that such an approach 

could be used to study the possible impacts of various policy changes (e.g., border 

closure) on the flow of migrants. 
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CHAPTER ONE: INTRODUCTION 

Recent political instability, globalization, and civil wars within many countries 

have resulted in the forced migration of many people from less developed to more 

developed countries. The migration trajectories can vary from being direct to a 

neighboring country to a complex path when seeking asylum in multiple countries. The 

recent trends in migration of Syrian refugees have shown that the neighboring countries 

are shouldering a large proportion of the burden though the influx of refugees that are 

often seeking passage to the European Union (EU) and other destinations in North 

America and the Middle East. The top hosting countries of refugees include Turkey (3.6 

million), Colombia (1.8 million), Pakistan (1.4 million), Uganda (1.4 million), and 

Germany (1.1 million) (UNHCR, 2021). Political maneuvering of security policy is 

adjusting to influxes of refugees that are transiting the Mediterranean from Africa or 

routes from Turkey to EU countries. While traditional studies of migration within the 

context of demography have relied on census information, surveys, registries, national 

and international government and NGO information, the current situation in conflict areas 

warrants new innovative methods to determine the flows of migrants and refugees. The 

spatial resolution of user supplied social media content could be a possible source to 

enable a more finite analysis of trends and spatial patterns in migration. Open source data 



2 

 

is another possible source of migration information that can be used to analyze trends and 

identify substantial migration events.  

In the past few years, a fundamental shift has occurred in the sharing of geospatial 

information within the open source community. There are many applications in which 

individuals and organizations can share open source data which include humanitarian, 

commercial and business locations, infrastructure, and cultural features. The underlying 

geometric representations are reflected as points, lines, and polygons (Rehrl & 

Gröchenig, 2016). There are also logical connections between database features that are 

called relations (Neis & Zipf, 2012). Recent literature has revealed that the user base for 

data including OSM is mainly located in Europe (Neis & Zipf, 2012; Yang et al., 2016). 

The proximity to the area of interest is beneficial to this research project on migration in 

that there is an abundance of information is currently available on refugee camps and 

infrastructure in several European and Middle East countries. The content that is 

available as open source data is populated by members of the public, humanitarian 

organizations, and migrants themselves. 

Michael Goodchild coined the term Volunteered Geographic Information (VGI) 

as largely untrained private citizens making or contributing Geospatial Information 

voluntarily (Goodchild, 2007). The user content generated by VGI can provide an 

suitable alternative to government and commercial mapping (Goodchild & Glennon, 

2010). The positional accuracy and attribute characteristics of VGI data have been 

analyzed in previous studies and found to have good spatial and thematic quality (Dorn et 

al., 2015; Haklay, 2010). The notion that VGI is created by a large number of individuals 
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has been investigated in recent studies with findings that a small percentage of users are 

providing a large amount of edits (Neis & Zipf, 2012; Yang et al., 2016). VGI services 

include sites OpenStreetMap (OSM) and WikiMapia (Crooks et al., 2015). These services 

enable individuals to contribute geospatial content that is instantly disseminated across 

the internet to other users. New web services such as Carto and TileMill are open source 

and available for users to upload or create content that can be shared publicly (Zastrow, 

2015).  

Within social media there have been examples of refugees posting user content 

upon arrival to the shores of a destination country (Ram, 2015; Sebti, 2016). As seen in 

Figure 1, this illustration of refugees as tech-enabled migrants often does not fit with 

traditional refugee migration where the stereotypical migrant is poor and underprivileged. 

In a study by Charmarkeh (2013), social media use by refugees was crucial for navigating 

migration trajectories by enabling refugees to preserve roots back home, learn options for 

the next stages of the journey, and connect with communities in country destinations. 

There is a new paradigm for modern migration in that the migrant is now a connected 

migrant where the social connections are preserved (Diminescu, 2008) and migrants are 

not only using information from open source in their migration trajectories, but actively 

participating in the posting of crowdsourcing content. 
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Figure 1: Refugees using smartphone technologies during migration trajectories harvested from Flickr (Flickr, 

2015). 

 

 

Migration routes have experienced a surge in activity due to the civil conflicts and 

political instability in the Middle East. The routes have included land, water, or a 

combination thereof of these transportation methods for refugees to seek asylum in 

perceived safe havens. For example, in 2015 at the peak of the European migrant crisis, 

the International Organization for Migration (IOM) estimated that 1,000,573 migrants 

used sea routes and 34,125 migrants used land routes which was significantly greater than 

216,000 migrants total in 2014 (BBC News, 2016a). The deaths that were attributed 

during migration trajectories have also surged with a peak in 2016 at 1,558 persons and 
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only recently decreased in 2020 and 2021 likely resultant from the pandemic (IOM, 

2021). The routes are navigated with the assistance of migrant networks, trafficking 

agents, or established networks. The routes can include border crossings or illegal entry 

points to an adjacent country and seeking passage to another destination via boat or 

selecting an intervening opportunity such as a refugee camp. In addition to surges in 

migration routes, there have also been demographic shifts in destination countries that 

have occurred simultaneously.       

Open source and in particular social media data could possibly provide a new 

conduit to measure migration and demographic changes that are occurring within a larger 

context due to the global nature of the data. The ability to acquire social media data from 

freely available streams such as the 1% Twitter public Application Program Interface 

(API) feed can enable the analysis of information such as gender, age, ethnicity based on 

spatial location (Sloan, 2013). Additional analysis of user content and profile information 

can also yield information on the occupation and social class (Sloan et al., 2015). In 

conjunction, user generated content from sources such as OpenStreetMap (OSM) data 

public accessible data can be used to infer changes that are taking place within many 

environments such as urban areas, along transportation networks, or infrastructure. In 

addition to open source data, there is open data which is generated by government and 

regional agencies. 

Open data is another movement that has gained traction over the past few years. 

The purpose of open data is to promote transparency in government and organizations by 

actively distributing collected data to encourage analysis and participation in the 
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community. The data is commonly shared within a non-proprietary format of CSV or 

JSON. Open data is not created by individuals as VGI or crowdsourced geospatial 

information. It has often been mandated by government policy such as the 2009 

memorandum on Transparency and Open Government (Thorsby et al., 2016). Open data 

contrasts with user generated content in that the data is created by government 

organizations which have traditionally provided geospatial information through physical 

maps or geospatial information.  

The influx of migrants presents a positive gain in population numbers that 

increases the population base for countries that would otherwise decline. There have been 

demographic changes that have taken place over the past few decades in more developed 

countries that have occurred within the backdrop of changes in fertility rates. The 

changes in demographics can be seen with increases in ethnic populations in countries 

such as the United States, Germany, and many other countries within the Organization 

for Economic Co-operation and Development (OECD) that currently have fertility rates 

that are below replacement level (Lundquist et al., 2015; Weeks, 2015). In countries that 

are experiencing an influx of migrants, there are inconsistent methodologies for 

quantifying the number of migrants.  

Methods of estimating the immigration and migrant component of populations 

have historically been carried out by census surveys and government registries (e.g., 

Eurostat, Office for National Statistics (UK), US Census Bureau). The aggregated data 

based on census surveys are shared at a country level or finer spatial resolution such as 

state, province, or census tract depending on the country. Newer methods of census 



7 

 

enumeration such as the United States Census American Community Surveys (ACS) 

which are carried out in smaller geographic areas between the census survey time 

intervals provide improved temporal and spatial resolution for analysis of population 

changes. The data are aggregated to preserve the anonymity of the household 

information. The census top-down approach and inconsistent definitions of migrants 

presents an opportunity for a new methodology especially where census are difficult to 

undertake. 

In the following subsections the motivation for this research is presented in 

subsection 1.1. After which subsection 1.2 and 1.3 illustrate the importance of the topic 

for forced migration as it relates to security, both national and economic respectively for 

nations. Next, the costs to governments are detailed. The final subsection is on policy 

which has been shifting to react to the sudden influx of forced migrants.    

1.1 Motivation 

Migration, which is inherently a spatial-temporal phenomenon, has become an 

ever-increasing component of demography and is gaining prominence on the other 

factors of mortality and fertility by dramatically changing the demography profiles of 

countries. World population numbers are continuing to increase with the largest increases 

expected in Africa, while India followed by China are projected as the most populous 

countries by 2050 (Sokolovsky, 2020). In the continent of Africa, there is already a 

substantial flow of migrants. Migration has transformed labor markets in the Gulf States 

(Rajan & Zachariah, 2013), brought monetary streams of currency back to countries of 

origin through remittances (de Haas, 2013), and increased the population bases of 
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countries with low fertility rates (Weeks, 2015). Benefits to migration include expanded 

diversity, infusion of new cultures and ideas, expanded economic development, filling 

labor shortages, and contributions to science and technology. Though there are many 

benefits to migration, many countries have concerns on national security, costs to 

government services, cultural clashes, and issues with assimilation that have surfaced 

over the past several years.   

This research presented here includes the potential to improve an early warning 

system developed by Clark (1989) to indicate that there might be a migration event, the 

timing, magnitude, and composition. Currently there are several humanitarian 

organizations (e.g., International Rescue Committee, Human Rights Watch), that are 

monitoring refugee issues and forced migration events worldwide with additional 

information that is supplied by the news media for covering high profile events such as 

migrant deaths in the Mediterranean or border events where migrants are crossing or 

prevented from crossing. The Syrian refugee crisis was brought to the forefront of news 

media by several high publicity events that were documented in social media and the 

news media during 2015 though the humanitarian crisis was growing since the Arab 

Spring uprisings in 2011 that occurred in the Middle East and Northern Africa. An early 

warning system for forced migration flows has the potential to alleviate the causes of the 

refugee flows and provide timely relief for humanitarian operations (Clark, 1989).    

Recent trends in migration have been documented by the United Nations (UN) 

Department of Economic and Social Affairs (DESA) Population Division in the 

International Migration Report 2019 (United Nations, Department of Economic and 



9 

 

Social Affairs, Population Division, 2019). The report showed an increase in the growth 

of migration from 1990 to 2019 of 105 million migrants with a larger percentage of 

migrants (76 percent) born in countries that are located in the “global South” which refers 

to less developed countries in Africa, Asia (excludes Japan), Latin America, and the 

Caribbean as shown in Figure 2. In regard to bilateral migration corridors, there were 

three identified that originated with Syria as the origin with Turkey, Lebanon, and Jordan 

as the destination country within the top ten bilateral migration corridors during the 

period of 2010 to 2019 (United Nations, Department of Economic and Social Affairs, 

Population Division, 2019). 

 

 

 

Figure 2: Number of international migrants by group. Source United Nations, Department of Economic and 

Social Affairs, Population Division (2019). 
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The data published online by DESA has a data currency up to 2019 with multiple 

gaps in data for earlier time periods. There are also many classification types that might 

vary in definition from country to country in the data set. The available options to the 

criteria of migration include residence, citizenship, and place of birth. There are possible 

country variations to the definition of a resident versus citizenship. There is also a 

coverage classification for foreigners, citizens, and both. The countries with the largest 

number of immigrants over the past three decades in the EU include France, Germany, 

Italy, Spain, and United Kingdom as shown in Figure 3 (UNHCR, 2017). The greatest 

variation appears with Spain with a dramatic increase up until the global financial crisis 

in 2008. After the financial crisis, Germany, Italy, and Spain sustained decreases in 

migration, though in the case of Germany the decrease was followed by a steady uptick in 

migration. Other countries such as France and the United Kingdom experienced high but 

stable levels in migration over the same time period.  

 

      

      
Figure 3: Immigrant yearly totals to France, Germany, Italy, Spain, and United Kingdom from 1991-2013 based 

on UN Migrant Stock annual totals (UNHCR, 2017). 
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1.2 National Security 

The issue of migration is increasingly becoming a national security issue in 

several developed countries. In 2017 the United Kingdom held a referendum coined 

“Brexit” that was largely motivated by the difference of opinion from other European 

countries on immigration policy and the movement of people within the EU. The UK 

desired to control the numbers of people who move to Britain from Europe (Hunt & 

Wheeler, 2017). European nations are building security barriers to international migrants 

as a method for preventing illegal migration in addition to changes in policy. For 

example, Spain erected several physical barriers and fences in the 1990s for deterring 

illegal migration from North African migrants into the Spanish enclaves of Ceuta and 

Melilla that were located in Morocco (Reuters, 2016). The building of walls has in many 

cases reduced the numbers of illegal migrants, but has also caused changes in tactics that 

migrants and smugglers use for seeking passage to European countries.       

Another example of security issues encountered was with the migrant camp 

Calais that was located in France near the Ferry terminal and Channel Tunnel to the UK. 

There were instances of migrants hiding within cargo vehicles that were entering the 

tunnel to gain entrance to the UK (BBC News, 2016c). An estimated 6,000-8,000 

migrants lived within the camp before being cleared out by the government to distribute 

the migrants to other camp locations across the country (BBC News, 2016c). 

Additional security measures have also been implemented in Baltic States to 

reduce the number of migrants crossing into Norway and Finland. The increased security 

measures included building border fences and tightening indentity controls in several 



12 

 

Eastern European countries such as Estonia, Latvia, and Lithuania (Sytas & Mardiste, 

2016). The implementation of building new fences along borders illustrates a 

government’s determination to stem the rising instances of illegal passage and smuggling 

operations.  

The issue of migration and irregular mass migration poses security challenges for 

maritime security in addition to traditional land borders. There has been an increase in the 

number of Mediterranean crossings from North African countries to Italy and crossings 

from Turkey to Greece. EU countries have initiated search and rescue operations in 

addition to more aggressive operations to stem the smuggling operations of human 

traffickers (European Commission, 2016).  

1.2 Economic Security 

Economic security is another consideration which has caused changes in policy 

and attitude towards migrants for many countries that have been impacted by and 

increase in migrants. In countries where migrant numbers have increased dramatically, 

there can be a strain on available resources and negative perceptions from local 

populations especially if there is an economic downturn, recession, or depression. This 

can be seen in both adjacent or distanced destination countries.  

The decision to migrate is an alternative to choices that could include other 

security implications. If one does not decide to migrate, the individual could try to change 

the socio-political environment, stay in place and wait for the situation to improve, or 

decide to participate in insurgency activities (Okamoto & Wilkes, 2008). At an individual 

level, the presence of social networks may impact the decision to stay versus flee and also 
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impact whether property seizure and destruction occur in the absence of social networks 

(Adhikari, 2013). With the abundance of social media data that can be mined and 

analyzed, there is ample opportunity for use in quantitative studies.    

1.3 Costs to Government Services 

Economic strain on government resources has been observed in the case of the 

Syrian crisis. In the neighboring countries of Turkey, Lebanon, and Jordan there have 

been dramatic increases in establishing camps and humanitarian support that have been 

necessary to cope with the surge in refugees that have fled from Syria. The lack of 

national resources have been supplemented with aid from humanitarian organizations and 

international efforts. 

The costs associated with refugees in other host countries in the EU and beyond 

are found in establishing housing and services. Services can include integration with the 

host country in the form of language, cultural, and technical training. Through the 

assimilation of migrants there also begins a benefit to government and the society.  

While there are costs that are associated with migrants, there are also financial 

contributions that offset the costs. Once migrants are participating in the labor force, in 

many cases there are taxes levied for healthcare, social security, federal, and local taxes. 

It has been found that migrants pay more than $1,800 USD in taxes than receive in 

benefits (West, 2011). In addition to taxes paid directly, migrants are also contributing to 

local economic activity with purchases of goods and services. The costs and benefits to 

governments are reflected in national policy that varies by country, region, and 

geography.    
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1.4 Policy 

The research area that has been identified on forced migration is a very fertile 

subject matter with relevant geopolitical developments that are constantly refining and 

changing migration policy both explicitly and implicitly through increased measures of 

border security, monitoring of coastal waters and the Mediterranean, and new bilateral 

and multilateral agreements with countries such as Turkey. Policy is changing with 

security in mind due to geopolitical security, social stability, production and 

accumulation of wealth (Rudolph, 2003; Seeberg, 2013). There are new opportunities to 

analyze the topic of forced migration through open source data and social media at a finer 

spatial-temporal resolution. These data sources provide new insight into the dynamics of 

forced migration along with modeling of the complex interactions that are involved with 

migration more rapidly than previously available which benefits national and economic 

security for nations. 

1.5 Organization of Dissertation 

The structure of the dissertation is as follows: Chapter 2 entitled ‘Background’ 

explores the theories of migration that have an important contribution towards forced 

migration. Several theories are routed in economic applications with a focus on the 

broader field of migration. This is followed by a section on migration including the 

decision factors, modeling of migration, and factors of refugee production. The section 

on migration concludes with a brief background on migration policy in the Mediterranean 

and human movement. The next section in the background introduces the modeling 

approach of System Dynamics Modeling (SDM) which is based on systems thinking. The 
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modeling approach is applicable to forced migration due to innovations in Information 

Communication Technologies (ICT). Open source data is then addressed to provide a 

context for the environment that a connected migrant is both navigating through and 

participating in their migration trajectory. Knowledge gaps close this background chapter. 

Chapter 3, ‘Research Opportunities’, delves into the research response to 

emerging trends that include the Syrian migration crisis and new technology 

developments. The intersection of these two trends enable a new methodology for study 

of forced migration that expands on previous quantitative studies that have provided 

insight into causation. 

In Chapter 4, ‘Model Development’, the conceptual model is introduced for using 

an SDM. A conceptual model is a visual language illustrating the links between causality 

and the variables. The relationships, stability, and instability factors are detailed in the 

conceptual model. This is followed by data sources in the following subsections. The 

SDM is then presented for application to the topic of forced migration.  

Chapter 5, ‘Model Experiments’, details the calibration of the SDM, sensitivity 

and extreme testing experiments that were conducted to ensure the validation of the 

model. The experiments verify the parameter values used within the SDM were 

appropriate for the model. Sensitivity tests were performed to determine the level of 

influence parameter values contributed to the simulation. Extreme tests were conducted 

to observe the model behavior with values outside of a normal range. 

Finally, in Chapter 6, ‘Discussion, Future Work, and Conclusion’, the aspects of 

data quality, data fusion, and additional characteristics important within the context of the 
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simulation model are discussed. This is followed by the limitation of approach that 

explores spatial and temporal aspects that are challenges in the modeling of forced 

migration. Future work follows with research opportunities that might compliment this 

research and offer further quantitative insight into forced migration. Finally, concluding 

remarks are presented for this research. 
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CHAPTER TWO: BACKGROUND 

This section first provides the background on the topic of migration including 

migration types and important considerations for analyzing migration such as scale and 

time. The literature review includes a synthesis of relevant scholarly articles that have 

been published on migration theory, forced migration, modeling techniques that will be 

used in this research, and other factors that are relevant to the study of forced migration 

such as policy and new developments in ICT. Migration has been widely studied with 

publications that date back over a century regarding theory and empirical research. 

Forced migration is a relatively newer topic in scholarly research, it is not as widely 

researched but can draw from insights that have been gathered from the broader 

migration literature. 

2.1 Theories of Migration 

There have been several theories that address migration over the past century. The 

first theory of migration was published by Ravenstein (1885). The main concepts 

introduced in his research were population absorption and dispersion, counter currents, 

importance of border towns in migration flow, female migration, and several “laws of 

migration” that were derived based on the results of two census surveys and registration 

data (Ravenstein, 1885). Four years later this same author expanded on his theory to 

include aspects of access and rival destinations (Ravenstein, 1889). Theories of migration 

have also been rooted in economics and have been described as neo-classical theories of 

migration. Migration in this instance has been observed with migrants traveling from 
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Europe to North America for land in the early development of the Americas and then 

higher wages later in the 20th century. This is an example of the push pull model of 

migration mentioned prior in the background. A third theory of migration was postulated 

by Stouffer (1940) termed “intervening opportunities” which sought to illuminate a 

relationship between mobility and opportunities. A fourth theory, social network theory 

reflects family reunion or the preservation of community ties with individuals that have 

migrated.   

The theories of migration have historically taken into consideration labor, wages, 

Euclidean distance, intervening opportunities, and personal networks of migrants. These 

theories may not entirely be applicable to refugees or individuals that are traveling due to 

forced migration, though it could be argued that the push factor could be violence, 

political instability, or conflict. There are five displacement scenarios in forced migration 

that have been identified by the United Nations (UN) that include violent conflict, 

submergence, environmental degradation, high risk areas, and hydrometeorological 

situations (Guterres, 2009).   

There are several categories within a push-pull theory that influence migration. 

These categories include economic, demographic, political, environmental, obstacles, and 

social (West, 2011). The themes are explored below.  

Economic factors include wage, country Gross domestic product (GDP), labor 

market, perception of opportunities, economic downturn, or economic boom. Historically 

the pull factor within North America included the opportunity for an immigrant to 

acquire land parcels in the early settle history. This pull factor transitioned after the 
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industrial revolution to wages that can be earned by an individual that could exceed those 

of the origin of the migrant. A country’s GDP reflects the purchasing power and 

economic strength of a country. Countries that have a strong GDP would entice migrants 

as a place where they could potentially earn more than the country of origin. A strong 

labor market and historic ties with former colonies or protectorates can attract needed 

labor to fill gaps in the labor supply.  The perception of opportunities has historically 

played into migration to the United States which was touted as the land of opportunity. 

Economic downturn in the country of origin can influence migrants to seek better jobs 

abroad and either move their entire family or spread risk by sending one family member 

to work and send remittances back to the family in the country of origin. Economic boom 

is another factor that entices migrants to seek opportunities abroad where wages could 

exceed those of the country of origin (Schiff & Özden, 2005).   

Demographic factors that could influence the decision to migrate include age, 

gender, level of education, race/ethnicity, and language. The age of the migrant has been 

found to influence the propensity of migration with a sharp spike in propensity during the 

age of early 20’s (Plane, 1993, Bernard, 2010). Several studies have found differences in 

gender in relation to propensity to migrate (Huber & Nowotny, 2013; Gabaccia, 2013). In 

the first published findings of a migration study, Ravenstein found that males were more 

likely than females to migrate over longer distances while females were more likely to 

migrate over shorter distances (Ravenstein, 1885). The level of education can influence 

the propensity to migrate with higher education levels affording more opportunity for 

those to migrate (Greenwood, 2005). Language is another factor that has an influence on 
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where a migrant will travel to with a preference for similar cultural and languages that 

might be found in formerly established relationships between countries due to prior 

shared political history or occupation (Messias et al., 2016).  

Both the origin and destination political environment of can have an impact on the 

decision to migrate. Policy for migration has greatly changed over the past century since 

World War I. Prior to World War I, there was not a formal policy for migration for 

Europe. The migration policy has evolved over the past several decades due to changes in 

economic and political unification with the EU (Fargues, 2004; Seeberg, 2013; Brunet-

Jailly & Wassenberg, 2020). Since 1999, the EU has established a common policy for 

immigration for Europe (European Commission, 2016). These rules apply to all 27 EU 

countries for immigration and visas.      

Immigration requires examination of the term refugee which has undergone 

several modifications during the 20th century. The most prominent definition is from the 

UN and originated from the 1951 Refugee Convention, Article 1. The official UN 

definition of a refugee is "A person who owing to a well-founded fear of being 

persecuted for reasons of race, religion, nationality, membership of a particular social 

group or political opinion, is outside the country of his nationality and is unable or, owing 

to such fear, is unwilling to avail himself of the protection of that country; or who, not 

having a nationality and being outside the country of his former habitual residence as a 

result of such events, is unable or, owing to such fear, is unwilling to return to it."  

(United Nations General Assembly, 1950). There are also additional persons that are 



21 

 

categorized as forcibly displaced people and stateless people that have population 

estimates of 65.3 million and 10 million respectively (UNHCR, 2019).  

The two types of refugees that have been cited in literature include anticipatory 

refugees and acute refugees (Kunz, 1973). The anticipatory refugee is one that has 

emigrated from a country before the complete deterioration of the military or political 

environment prevents an orderly departure. In some cases the anticipatory refugee might 

appear as having the same characteristics of an economic migrant but can be 

differentiated by historical findings that point to a reason of departure due to the political 

environment of the anticipatory refugee. The acute refugee is found in the mass 

movement or bursts of displaced persons that are due to the political changes or military. 

The model presented for the dissertation research that follows in Chapter 4.2 is within the 

acute type of refugee as characterized by Kunz.  

In another theory of migration termed network theory, “interpersonal ties reduce 

cost of migration” (Messias et al., 2016). Network theory is based on the individual 

migrants’ social network which is based on previous contact via family, relatives, or 

social connections. The individual makes decisions based on information that is obtained 

through this network that assists with the three stages of migration. Social connections 

therefore reduce the barriers to migration that might exist by enabling the individual to 

obtain information, plan, select a migration path, and assimilate within a destination. 

In a modified version of the push-pull theory in migration, as related to forced 

migration, an added kinetic variable was added in research literature to include pressure. 

The variable of pressure was described by Kunz as a factor that was created by the 
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country of asylum that is created by a limitation of funds or resources, ability to provide 

an environment for shelter, and the ability to offer assistance of passage (Kunz, 1973). 

 

2.2 Migration 

The issue of migration can be studied at various scales including the local, 

regional, and international level. Migration can be internal within a country or 

international from one country to another. At the local level, the migration can be from a 

rural area to the nearest urban environment within the same country. During the 20th 

century, rural to urban migration has been one of the most common forms of population 

migration and will be addressed in the urbanization section of this literature review. 

Regional level migration can be from a state to state, province to province, or cross-

country migration. At the international scale, migration is from country to country and 

can include variations on the type of move from a rural to rural, rural to urban, urban to 

rural, or urban to urban location. During the past two centuries migration has shifted 

towards a rural to urban pattern due to the industrial revolution, improvements in 

efficiency in agriculture, and economic opportunities within urban centers.     

Migration can also have a temporal component in that the immigrant can seek 

employment opportunities during seasonal prospects in labor (Weeks, 2015). This 

migration is commonly observed in migrants working on agricultural plantations or 

construction. Examples of seasonal migration include migrants from Mexico to 

California to work on agricultural farms to pick produce. Migrants can also seek 

temporary employment in other industries such as petroleum, healthcare, domestic 

household support, or many additional fields through periodic travel to other countries.  
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Labor shortages that are found in demographically challenged countries can 

influence migration. Migrants from South Asia to Gulf States for work in the oil 

extraction and refinement industries are an example of economic migration (Rajan & 

Zachariah, 2013). In the Philippines, the government has instituted formal policies and 

methods to attract prospective migrants to train and emigrate to other countries to fill 

labor shortages in healthcare, petroleum, and domestic household support. The incentive 

for emigration by the Philippines government is money sent back from the migrant 

worker to family through remittances that generate approximately 5.2 percent of the 

Philippine Gross National Product (GNP) (O’Neil, 2004).  

Migration can be modeled through the use of deterministic modeling by knowing 

the origin and destination of the migrant worker and is demonstrated below in equation 1 

(Dorigo & Tobler, 1983). Net migration is the difference of arrivals from departures 

within a measured temporal interval (Weeks, 2015). A variation of a net migration model 

is shown below in equation 2 (Dorigo & Tobler, 1983). Migration studies have used 

bilateral migrant flows to assess change over time (DeWaard et al., 2012; Messias et al., 

2016; Zlotnik, 1992).  

 

 

𝑀𝒾𝒿 =  
𝑅𝒾 + 𝐸𝒿

𝑑𝒾𝒿
   𝑤ℎ𝑒𝑟𝑒 𝒾 ≠  𝒿  

Equation 1: Dorigo and Tobler (1983) deterministic model of migration 
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M is the magnitude of people migrating, R (repelling) is the push factor that 

include negative aspects of a location, E (enticing) is the pull factor that are attractive to 

migrants, i is the place of origin, j is the place of destination, and d is the Euclidean 

distance between place i and place j. 

 

 

𝑀𝒾𝒿 −  𝑀𝒿𝒾 =  
𝑇𝒾 − 𝑇𝒿

𝑑𝒾𝒿
    

Equation 2: Net migration model (Dorigo & Tobler, 1983) 

 

 

M is the magnitude of migration, T is the total exchange (e.g., two-way 

movement) at a place, i is the place of origin, j is the place of destination, and d is the 

distance between place i and place j. 

As scholars have noted, modifiable area unit problem (MAUP) can introduce 

statistical bias (Openshaw, 1984). The scale units in which migration rates and intensities 

are calculated can be problematic for comparison of different areas of the world based on 

nationally aggregated studies. The administrative boundaries of countries do not easily 

allow for comparison due to differences in land area, population location distribution 

within the country, or physical barriers such as impassible terrain, or other obstacles. The 

size of a country can have an impact on the movement distance when comparing 

migration intensities that might be similar in quantity (Bell et al., 2015). In another study 

it was shown that the difference in size down to the administrative unit of a county can 

influence the degree of migration and mobility (Makower et al., 1938). The use of zones 
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or grids to quantify population location and movements was detailed by Tobler et al. 

(1995). National surveys have been used to measure internal migration differences among 

countries by identifying the movers from non-movers and resulted in comparable patterns 

identified through census or register based statistics (Bell et al., 2015).    

Refugee estimates have also been measured in a variety of studies, national 

surveys, asylum applications, and news reports (Bernard et al., 2014; Eurostat, 2016;  

Rogers & Castro, 1981). The countries that have the largest numbers of refugees seeking 

asylum in Europe are Syria, Afghanistan, Iraq, Kosovo, Albania, Pakistan, Eritrea, 

Nigeria, Iran, and Ukraine (Eurostat, 2016). The number of refugees from Syria in 

Turkey is an estimate 3.6 million (UNHCR, 2021c). In Pakistan, there are an approximate 

1.4 documented refugees plus an estimated 1 million undocumented refugees that have 

sought refuge from Afghanistan since the Soviet Union invaded the country in 1979 (The 

Economist, 2016a). During the recent refugee crisis in Europe and in the border with 

Mexico and the United States, there has been a rise in asylum seeking children and 

unaccompanied children (Wainwright, 2016).       

In demographic research and mathematical modeling there are mortality and 

fertility schedules that can be used within empirical studies. In migration studies, the use 

of model schedules has been developed using multi-exponential functions due to a good 

fit with empirical data to model age profiles (Rogers et al., 2005). The age of an 

individual can impact the potential rate of migration (Rogers & Castro, 1981). Migration 

rates first peak for infant ages, during the labor force peak, during the post-labor force or 

retirement age, and finally peaking at a lesser rate and taper off during the oldest ages 
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(Greenwood, 1985; Rogers et al., 2005). Example explanations for the peaks include 

children that are moving with their parents, individuals that are migrating for labor 

opportunities and in western countries the post retirement population migrating to more 

ideal climates. 

2.2.1 Decision to Migrate Due to Economic Factors 

In review of the literature on the Ravenstein’s (1885) push-pull theory, which is a 

theory that provides the explanation for incentive to move to a destination or the 

motivation to migrate from a place of origin, the prominent reasons cited include 

economic, labor, or wage for prompting a move. Motivations could include economic 

downturns which push individuals away from an origin or economic booms that pull 

individuals to a destination. Combinations of these economic forces can also affect 

migration flows as has been seen along the Mexico border before and after the Great 

recession that started in 2008 (Rendall et al., 2011). Prior to the recession, there was a 

greater flow of immigrants that were migrating north. Once the economy took a 

downward turn, the migration flow decreased with a few exceptions due to violence, 

gang activity, or drug trafficking that potentially influenced migrants’ decisions to cross 

the border to the United States. Additional stressors included a drought in Central 

American countries that resulted in a humanitarian crisis of unaccompanied minors that 

travelled through Mexico to the United States border (Markon & Partlow, 2015). 

The considerations for push-pull factors do not have equal weight and can 

potentially have a crucial combination in addition to the household’s life course (Stimson 

& Minnery, 1998). The life course of a household revolves around socioeconomic events 
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and could include schooling, marriage, retirement or other categories that involve a time 

period during which an individual lives. In a study by Stimson and Minnery (1998), there 

were internal relationships among factors that were uncovered by conducting interviews 

and focus group studies that were related to house tenure and previous exposure to a 

destination location.  

Education is another facet within migration that has been cited as a factor that can 

influence migration and can increase the migration propensity (Greenwood, 2005). There 

could be several underlying factors behind education that include the ability to process 

information more efficiently to identify the potential opportunities to migrate, increased 

employment choices and qualifications, more risk taking, and a larger network of peers 

from other locations based on the school exposure to diversity.    

The level of unemployment has been documented to have an inverse relationship 

with the volume of migration where there is a tendency to remain in place even during 

times of general economic depression (Makower et al., 1938). In a more recent study, 

there was a reversal in trends in the United States with migration changing during the 

1970s where migrants were travelling from the Northeast and Central North to the South 

and Southwest due to economic recessions and manufacturing centers closing in the 

places of origin (Greenwood, 2005). This was a departure from previous migration that 

was characterized as moving from East to West that predominately took place during the 

settlement of the country up to the mid-1900s. 

New economic theory of migration has sought a basis for an individual’s decision 

to migrate based on the household level (Stark & Bloom, 1985). This can be witnessed in 
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the case of the Philippines where migration is sought for economic opportunity that is 

absent within the country. By sending a member of the household to work in a different 

country, the economic risk exposure of the household is spread in that wages are remitted 

back to the family from the worker living abroad to ensure the family financial position is 

improved.    

The propensity of an ethnic group to migrate can vary. Measures to explore the 

variation in migration rates included calculating the effectiveness as it relates to the 

redistribution of ethnic populations, connectivity between places that have a non-zero 

flow, and calculating location quotients based on ethnic populations (Stillwell & Hussain, 

2010). 

2.2.2 Modeling Migration 

The modeling of migration has occurred through the development of equilibrium 

and disequilibrium models. The equilibrium approach is based on the premise that wage 

differentials are not a factor between locations and enticing amenities are the drivers of 

migration (Greenwood, 2005). In economic applications, disequilibrium models have 

been used for the macro modeling of labor supply and demand by using location specific 

wages as an explanation for perceived opportunities for migration between different 

locations by migrants (Weeks, 2015). Models have typically been created to analyze past 

empirical data for forecast migrant flow (Stillwell & Congdon, 1991).  

Gravity models are another method that has roots in economics where migration 

between two locations is inversely related to the distance between the locations squared 

(Greenwood, 2005). Gravity models have provided the theoretical foundations for 
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migration research by using Euclidean distance as a factor to influence the gravitational 

force of a destination. Further developed gravity models contained additional variables 

added to refine the model to reflect increased importance on other factors that potentially 

drive migration (Greenwood, 2005; Stillwell et al., 2016).     

Recent research into forced migration modeling has not focused on the traditional 

push-pull dynamics that center on economic variability but has focused on quantification 

of factors such as human rights violations, generalized violence, intervening variables, 

foreign military intervention, ethnic rebellion, and other root causes (Schmeidl, 1997; 

Weinstein & Pillai, 2016). In economic and gravity models the decision to migrate is 

based on the individual or household unit. Within the definition of a refugee by the UN 

(United Nations General Assembly, 1950), forced migration has propelled individuals or 

groups of people to seek refuge based on a common political opinion, nationality, or 

religion.  

Models that use multiple scales could provide better insight into the dynamics of 

migration. For example, in analyzing urban patterns, analysis using multiple scales is 

required due to the nature of the complex system; and transfer entropy is an analytical 

tool able to capture the effects of scale (Murcio et al., 2015). At the macro level much 

effort has been placed into the formation of theory during the past two centuries. Macro 

level theories have included neoclassical economics such as Ravenstein’s “laws of 

migration”, push-pull models of migration, dual labor market theory, theory of 

intervening opportunities, and network theory (Dorigo & Tobler, 1983; Lee, 1966; 

Massey et al., 1993; Ravenstein, 1885; Stouffer, 1940; Weeks, 2015; Zipf, 1946). The 
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formation of new theories for very fine spatial scales is a challenge when using highly 

detailed data on the movement of individuals (Batty, 2013). 

Agent-Based Modeling (ABM) has been applied to conflict regions that have 

experienced forced migration. The FLEE model forecasted refugee movements that were 

validated using UNHCR reference data on a small scale for the simulation (Groen, 2016). 

Parameters for the model were derived from existing refugee camps, conflict data from 

the Armed Conflict Location & Event Data (ACLED) project, and Bing road data for the 

network. While the FLEE model provided estimates that were calculated to be within 

75% of UNHCR arrival data (Suleimenova et al., 2017), the model did not include 

several data sets that have been attributed in forced migration literature as causal factors 

for refugee production. 

2.2.3 Factors of Refugee Production 

Three main causes have been attributed in forced migration literature for 

producing refugee flows. The causes include multinational conflicts, implosion of the 

state, and revolution (Keely, 1996). Multinational conflicts are observed within a country 

based on the idea that a country contains two or more nations that are composed of 

characteristics that define a nation such as ethnicity, language, religion, or numerous 

other characteristics. Implosion of the state can be caused by the government institutions 

no longer able to support citizens. Revolutions include the political changes in the 

government such as moving from one government structure to another (e.g., Socialism, 

Communism) 
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Over the past century there have been several examples of refugee flows that fall 

within the three causes mentioned above. In the World War II era there was a changing 

geopolitical makeup of European countries that caused massive flows of refugees such as 

Jewish populations into other countries. There were also mass population flows following 

the British decision to partition the country of India into geographical separate countries 

that centered on majority populations of Hindu and Muslim that created the countries of 

Pakistan, India, and East Pakistan (later named Bangladesh). During the cold war era 

there was a refugee flow that was mainly characterized by an East to West flow of 

political refugees that sought refuge from communist countries in Western nations (Heinz 

& Rainer, 1994). The flow of political refugees was limited due to the restrictive nature 

of the communist countries in allowing individuals or groups to migrate out of the 

borders. In the post-cold war era, the refugee flow has been characterized as being from 

developing countries to developed countries (Keely, 1996). 

There are several factors that have been identified in literature for the potential 

causes of refugee production and mass movement of refugee populations. Destabilizing 

factors could be present within a nation that could serve as root conditions and provide 

the fertile ground for creating an environment that could facilitate further steps that could 

lead to refugee production. Poverty, hunger, overpopulation, ethnic animosity, and 

resource scarcity are examples of several root causes (Zottarelli, 1998). 
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Figure 4: Factors that potentially cause refugee production and mass movement based on identified factors 

detailed by Clark (1989) and Zottarelli (1998). 

 

 

 

A second set of factors includes proximate conditions that are present that are 

temporally close to the forced migration event. Human rights violations, generalized 

violence events, and political conditions are examples that have been identified in 

literature as being proximate conditions for forced migration (Schmeidl, 1997; Zottarelli, 

1998). Human rights violations include torture, killings, disappearances, detention, and 

other like violations that have been shown to occur prior to refugee flight (Apodaca, 

1998). For example, generalized violence in Syria has included aerial bombardments, 

fighting, and neighborhood arrests in majority Sunni areas (United States Commission on 

International Religious Freedom, 2013).  
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A third set of factors is termed intervening factors which either facilitate or inhibit 

the crossing of international borders. Examples of intervening factors include 

transportation and communication systems (Zottarelli, 1998). Clark (1989) cited several 

intervening factors that could prompt migration flows which include: alternatives and 

obstacles to international flights or other transportation methods, expected country 

reception, and seasonal factors.  

A final factor in the production of refugees is the triggering event which is the 

catalyst for the refugee migration. A trigger event has been cited as either a push factor or 

a change in an intervening factor that is the final variable change that convinces a 

population to migrate (Clark, 1989).  

Additional considerations that have been identified in literature include the 

geographic scope of the conflict and location of the fighting within the country (Melander 

& Öberg, 2004). Geographical scope in this case refers to the amount of land that is under 

conflict within a country and number of urban areas that are contained within the conflict 

area. 

2.2.4 Migration Policy in the Mediterranean region 

Migration issues and policy is not a new topic for countries such as Turkey and 

EU countries. Mass migration events have occurred in the recent past and include 

industrial revolutions, post-World Wars and other turbulent geopolitical events such as 

the fall of the Iron Curtain. Countries not only develop policy for their own migration, 

but have also coordinated with neighboring countries and groups of governments. 
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Migration has possibly been influenced by the Union for the Mediterranean 

(UfM) which was previously termed the Barcelona Process (Fargues, 2004). Membership 

in this union is between EU countries and also includes countries around the 

Mediterranean from North Africa and the Mashreq. A possible outcome of the free trade 

from this union is migratory pressure that is brought on by disruptions in the economies 

of the Mediterranean bordering countries in the South and East due to less competitive 

markets (Fargues, 2004).   

Increased free trade has not resulted in less restrictive migration policy between 

the UfM countries (Fargues, 2004). The policy for immigration to EU countries is 

defined in the Treaty on the Functioning of the EU with immigration and visa rules that 

are common throughout the EU countries (European Commission, 2016). 

There have been recent changes which came into effect on March 20, 2016 to 

migration policy for the EU through a pact with Turkey to stem the number of migrants 

that are transiting to Greece and cap the number of Syrian migrants that are resettled from 

Turkey to the EU (BBC News, 2016b). Current immigration policy prohibits illegal 

migrants crossing into Greece who are to be returned to Turkey if they do not apply for 

asylum or it is not accepted. In addition to returning migrants to Turkey, there is a further 

action taken for every migrant returned. For example, a Syrian already in Turkey will be 

resettled into the EU with a maximum number set to 72,000.   

The process for applying for asylum in the EU is defined within the Common 

European Asylum System (CEAS) that has existed since 1999 and is consistent within all 

EU countries. There have also been several legislative measures that have been 
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implemented over the past 15 years to create a framework for countries to address the 

issue of asylum and migration. Such common framework is necessary due to the absence 

of internal borders within EU countries with the adoption of free movement of people. 

Within Directive 2013/32/EU of the European Parliament and of the council legislation in 

Section III, Article 35, the process and guidance for asylum is reflected in the common 

procedures. Under the Dublin Regulation, the process of asylum in the EU requires that 

the applicant’s first country of arrival is the location where the applicant is required to 

apply for asylum (Directive 2013/32/EU OF The European Parliament and of the 

Council, 2013).   

Within the EU, the countries that are hosting the largest number of international 

migrants during the past two years include Germany, UK, France, and Spain (United 

Nations, Department of Economic and Social Affairs, Population Division, 2016). In 

2015, Germany committed to an open-door migration policy where it accepted an 

exceptionally large number of migrants which coincided with the EU migrant crisis 

where other EU countries were being overwhelmed by migrant movements on existing 

infrastructure.    

2.2.5 Human Movement 

Technological advances have enabled the quantification of human movement over 

the past few decades. Studies have documented the use of big data for providing insight 

into urban environments through the analysis of mass transit “oyster” and other smart 

cards in London and Singapore (Roth et al., 2011; Zhong et al., 2014). Social media data 

from Twitter have been documented to provide a proxy for predicting and tracking 
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movement of individuals (Jurdak et al., 2015). By analyzing the locations identified as 

places lived by users in Google+ within their user profile, migration clusters and flows 

for up to three places lived were examined (Messias et al., 2016). More recently there 

have been developments with location-based social network simulations which provide 

both large scale and high-fidelity data sets (Kim et al., 2020).      

Social media data provide a new method for examination of flows within a logical 

network and physical space. Network analysis provides insight into communities of 

shared interest and pathways of information flows (Boyd et al., 2010; Lotan et al., 2011). 

Social media and open source data also provide situational awareness and a method of 

early warning to communities (Cassa et al., 2013; Chatfield et al., 2013; Goodchild & 

Glennon, 2010; Stefanidis et al., 2013). While social media has shown some promise for 

use in analyzing human movement, the use of social media for locating migrants has 

shown in some studies that there is a high rate of false positives (Armstrong et al., 2021). 

In the next section, the notion of using an SDM is explored, starting with the 

background on the use of this modeling approach and systems thinking which is the 

underlying premise in an SDM. There are many benefits to using this methodology in the 

application of forced migration, especially with the emergence of ICT and open source 

data. A more connected migrant that relies on this convergence of these technologies 

exemplifies a new paradigm for analyzing forced migration.          

2.3 System Dynamics Model 

 

An SDM is a collection of key factors and connections that enables one to create 

feedback loops that illustrate the flow, dynamics, and interconnections between many 
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factors. The design of a SDM does not support a linear cause and effect, but instead 

utilizes many factors that can be analyzed using connections and feedback mechanisms to 

investigate where cause might also have a relationship to the effect (Choucri et al., 2007). 

System Dynamics (SD) can be used to model “what if” scenarios that can yield insight 

into policy making decisions that could alter future outcomes (Cruz-Cantillo, 2014). In 

terms of a mathematical equation, the SDM is a nonlinear set of first order equations (see 

Equation 3). The stock values are represented by X, the parameters are represented by P, 

the vector valued function is F, and dt represents the simulated time discrete intervals 

(Borshchev, 2013). 

 

 

𝑑(𝑋)

𝑑𝑡
 =   𝐹(𝑋, 𝑃)    

Equation 3: SDM underlying mathematical equation.
 
 

 

 

SDMs have been created for a variety of applications including the analysis of 

migration, population demographics, societal aging, pension systems and retirement age, 

urban growth, and humanitarian logistics. Migration in the context of flows between 

Mexico and the United States were studied using SD to determine migration effect on 

economic and social welfare (Chávez et al., 2011). Demographic change to an aging 

population was modeled using SD to forecast possible policy option recommendations to 

stabilize older population ratios in a developed country (Auping et al., 2015; Sutrisno & 

Handel, 2012). In another SDM that analyzed demographic changes in a population, SD 
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was used to create scenarios for Exploratory Modeling and Analysis (EMA) for 

identifying policies that could improve the economic situation for demographically aging 

nations (Pruyt et al., 2011). Through a combination of SDM and ABM simulations of a 

pension system were explored for the purpose of formulating policy for retirement age, 

pension legislation, and financial growth (Lychkina & Morozova, 2014). SDM has also 

been integrated with cellular automata to model urban growth in both areal change and 

spatial distribution, and compare the projected growth to official planned urban growth 

city plans (Han et al., 2009). In addition, SD was used for the analysis and forecasting of 

critical supplies during a humanitarian disaster event using multiple sub-systems that 

integrated information from a GIS (Cruz-Cantillo, 2014). SD has been applied for 

modeling allocations of aid (Taylor & Masys, 2018) and creating immigration projections 

through alternate futures for the Syrian refugee crisis (Taylor, 2020). 

Modeling of forced migration does not fit traditional economic models of 

migration due to the trait that refugees do not decide to migrate of their own will due to 

fear of persecution (Weinstein & Pillai, 2016). A review of literature has pointed to 

possible causes for creating the environment for refugee increase (Pitterman, 1984; 

Weinstein & Pillai, 2016) which facilitates the design of a system dynamics approach to 

create a conceptual model that illustrates the complex interactions for forced migration 

modeling. A system dynamics approach is particularly suitable for modeling forced 

migration due to the many complex interactions and feedback loops that exist between 

key factors of the topic. 
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2.3.1 Systems Thinking 

The underlying premise behind an SDM is systems thinking. Systems thinking is 

built upon several concepts that provide an advantage for analyzing quantitatively the 

topic of forced migration. There are several major concepts that have been attributed to 

systems thinking including non-linearity, interconnectedness, relationships, causality, 

feedbacks, and synthesis (Acaroglu, 2021).  

Non-linearity within a systems thinking approach is that the output is not a direct 

proportion to the input. In linear systems, there is a lack of a complex system 

environment in that there is potentially only one parameter which has an influence on an 

outcome. In prior empirical analysis of forced migration, the variables for potential 

causes of forced migration were used as predictors for estimating refugee stock and 

magnitude of refugee flows (Schmeidl, 1997) and were found to be effective in this 

research for inclusion in a systems thinking approach and will be discussed in Chapter 

four.     

Systems thinking is applied in various disciplines including biology, ecology, 

psychology, and sociology due to the existence of complex environmental systems that 

have multiple connections and are interconnected and interdependent (Hammond, 2002). 

Within a system thinking framework the variables are not isolated but are in fact 

connected with other variables in which symbiotic relationships and synthesis can be 

created.      

Relationships between the variables in systems thinking are essential for a 

complex system. Variables in a complex system are not isolated and commonly interact 
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between one another. Changes in one variable can have an impact on another variable. 

For example, in social sciences the change in a root condition of poverty can also have an 

effect on another root condition of hunger. The relationships between variables in a 

systems are reflected in causality and illustrated through the use of causal diagrams in 

system dynamics modeling. 

The causality between variables can be shown through the connections that are 

positively and negatively related in effect. Causality is a property that is intrinsic in a 

systems thinking approach. Causal diagrams in systems dynamics are utilized to illustrate 

the connections between variables as a cause and effect. Increases in one variable can 

increase the effects in another variable and vis-versa. There can also be an effect in an 

opposite direction where a variable increases and has an effect of decreasing another 

variable. The effect of one variable on another is shown through a feedback mechanism 

in systems thinking. 

A feedback in a systems approach shows the modification in one variable that 

results from a change. The feedback can be reinforcing or balancing in a system. The 

feedback property is an important aspect of a systems approach in that there can be 

exponential growth that results from feedback. For example, the predator-prey model that 

was applied in system dynamics modeling shows the feedback influence on the resultant 

stock from an increase in natality of a population of prey can have a reinforcing positive 

effect on the stock of the prey and also the stock of predators (Swart, 1990).           

  Synthesis is a characteristic that has been attributed to a systems approach. In a 

systems thinking approach, the parts of a system are combined to form a more complex 
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whole that would not have come to fruition without the interaction of the variables. This 

attribute is beneficial for both natural and social sciences.  

These characteristics of a system thinking approach are crucial for the selection of 

the system dynamics modeling methodology which is explored in this research. Though 

systems thinking has been around for several decades, the use of the systems thinking 

approach is even more relevant now than in the past due to the volume of data (e.g., open 

source, crowdsourced data) that is available for analysis and advances in ICT.      

2.4 ICT Development Opportunities 

New methods of distributing necessities to refuges via technology marks a 

paradigm shift starting with the latest refugee crisis in Syria. Organizations have changed 

their methods of assisting refugees in obtaining necessities such as food. The World Food 

Programme has begun a new method for distributing food aid by instituting the method of 

a debit card that has an allotted amount that is transmitted to the account. The recipient is 

notified via a text alert when the account is deposited with new money for the purchase of 

goods that were previously distributed as physical allotments. This new method of 

distribution is occurring in neighboring countries of Syria including Turkey, Jordan, and 

Lebanon and reaches approximately 1.1 million refugees (The Economist, 2016b). This 

new means of acquiring food is a paradigm shift to using technology to reach refugees 

that are outside of formal refugee camps (which amounts to just under 4 million refugees; 

3.96 million) (The Economist, 2016b). 

There have also been significant changes in the use of telecommunications to 

enable banking systems in less developed countries that have historically been 



42 

 

underserved by traditional methods of banking. Examples are found in several African, 

Southeast Asian countries, and India countries. Technology has rapidly filled missing 

segments of the economy and has been implemented quickly due to leap frogging and 

building new infrastructure that is adapted by businesses without the inertia of previous 

systems and methods.  

The impact of ICT technology potentially affects different populations unequally 

and could further stratify based on socio-economic status. In an Internet study of 

marginalized populations, researchers found that the Internet facilitated the development 

of diverse and multiple personal networks, but the users were not benefited equally across 

social demographic profiles and can add to existing social stratification (Park & Yang, 

2017). The use of ICT is vital for populations that are forced into displacement and have 

been shown to be life-saving tools for refugees and tools for state surveillance, activism, 

and humanitarian efforts (Bloch & Dona, 2019). 

Technology is providing a novel method to analyze social structures such as 

networks through what has been termed as big data. Data are increasingly being supplied 

through users willingly based on services received. Transit smart card data and social 

media user content are examples of data that are being generated and have enabled 

analysis of network connectivity and centrality (Zhong et al., 2014). Big data has 

dimensions that include volume, velocity, variety, and veracity (IBM, 2013). A fifth 

dimension that has been added to the characterization is viniculation, which is a suffix 

variation of vinculate, meaning to bind together or trait of interconnectedness 

(MacEachren, 2017; Richardson et al., 2012). Big data analytics are currently evolving 
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for migration applications and analysis within the three phases of migration including the 

journey, the stay, and the return (Sîrbu et al., 2020). 

2.5 Open Source Data 

During the past decade there has been a fundamental shift in how information is 

produced and shared online between individuals and the online community. Several 

applications have been developed for compiling, displaying, and disseminating 

information and geographic data that is termed user-generated content and Volunteered 

Geographic Information (VGI) respectively. VGI is created by sometimes untrained 

private citizens contributing geospatial content based on open source information such as 

satellite or aerial imagery (Goodchild, 2007). One such application is OpenStreetMap 

(OSM) (Neis & Zipf, 2012). OSM has made digitizing user content mainstream that is 

derived from GPS, aerial, and satellite imagery. The application is easy to learn and 

rapidly deployable. Applications include humanitarian uses, commercial and business 

locations, environmental, and physical information about infrastructure, cultural, and 

economic features that are shared as geometric representations including points (also 

called nodes), lines and polygons which are called ways (Rehrl & Gröchenig, 2016). 

Additionally, OSM data includes a database feature called “relations” that contain a 

logical relationship between the database objects (Neis & Zipf, 2012). 

An advantage of OSM data includes the currency and velocity of information 

generated by the users contained in the map site and service. OSM content can be 

continuously updated by users and edited for distribution. National maps that are 

produced by the United States and other countries have currencies that range from years 
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to decades. The user content that is generated by VGI can provide a suitable alternative to 

government and commercial mapping products (Goodchild & Glennon, 2010). Positional 

and attribute accuracies of VGI data have been analyzed in studies and found to have 

good spatial and thematic quality (Dorn et al., 2015; Haklay, 2010). Contributor edits are 

reviewed by other users and can be modified or deleted for quality control. The editing 

and publishing of user generated content is rapid when comparing map content that has 

been generated by organizations and government mapping agencies.   

OSM data is not without disadvantages which include the potential for 

inaccuracies in spatial, attributes, and omission. The edits in OSM are completed by 

volunteers that might not be formally trained in image interpretation or digitizing. In 

addressing the disadvantages of potential inaccuracies, the completeness of OSM has 

been assessed as being similar to commercial and government data production (Neis & 

Zipf, 2012).  

Several studies showed that the user base for OSM was mainly in Europe (Neis & 

Zipf, 2012; Yang et al., 2016). Individuals that are collecting and digitizing data in their 

proximate environment may be an indicator of more accurate collection of the OSM data. 

The proximity of users to centers of migration flows and refugee infrastructure 

potentially influences the abundance and veracity of the geospatial content generated by 

the open source community. There are several instances where users have digitized the 

refugee infrastructure within rural and metropolitan areas in OSM. The area of interest in 

this dissertation research coincides with abundant geospatial data that is currently 

available on refugee camps and infrastructure in European and Middle East countries.  
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OSM data has been analyzed by creating a conceptual framework to analyze the 

mapping activities of the user base for modeling VGI contributions, estimating 

completeness, and developing a change detection method (Rehrl & Gröchenig, 2016). A 

study by Haklay investigated the positional accuracy of OSM and found “very good 

spatial data quality” and with positional accuracies less than 6 meters when comparing 

against survey positions (Haklay, 2010). Other potential areas where OSM data could be 

analyzed include logical consistency, temporal quality, and usability element based on 

ISO 19157 quality evaluation standards (ISO, 2013). OSM data has been found to be 

generated by a small percentage of users that make a majority of the contributions (Yang 

et al., 2016).   

Additional applications that enable user content to be generated both explicitly or 

unknowingly include Wikipedia, blogs, Twitter, YouTube, Flickr, Panoramio, and other 

content generated on social media sites. The user content is in the form of text, digital 

photos or images, and video depending on the application or site. The term Ambient 

Geospatial Information (AGI) has been coined to describe geographic information or 

other information such as opinion, socio-cultural hotspots, or situational awareness that is 

collected by social media platforms that is provided by users explicitly or implicitly via 

location services on mobile or smart phones and is shared through social media sites 

(Stefanidis et al., 2013). The process of creating this user content is known as 

crowdsourcing geospatial data (Neis & Zipf, 2012).  

Crowdsourcing has provided another example of an ICT paradigm shift in that it 

has uprooted prior models of generating multimedia, graphical, and technology content in 
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fields such as graphic design, business market places, and software development (Howe, 

2006). It has enabled programmers to develop applications that were previously in the 

realm of software engineer company developers. Crowdsourcing applications such as 

OSM, Wikimapia, and MapStory are platforms where individuals’ separate efforts 

combine to create geospatial information content (Lamprianidis et al., 2014; Newberg, 

2014). 

Open source data can be created by a variety of applications. Technology 

companies such as Amazon web services, Facebook, Twitter, Uber, Google Trends 

generate and distribute this data which consumers/users then compile. An example of 

open source data that has been compiled by journalists and humanitarian organizations 

includes the Migrants’ Files which has migrant death events that have been documented 

and sourced for numerical reference (IOM, 2017; The Migrants’ Files, 2014). Another 

example of open source data created by journalists includes the unaccompanied asylum 

seeking children shared dataset created and maintained by the BBC News service which 

was compiled from United Kingdom Council government offices (BBC News, 2016a). 

Academic organizations such as the Minnesota Population Center at the University of 

Minnesota provide population and demographic datasets (Minnesota Population Center, 

2015). 

2.5.1 Open Data 

Open data and the movement to create freely available data by governments and 

organizations have grown over the past few years. Through creating and hosting open 

data, governments promote transparency, encourage participation, and foster usage within 
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the community. Open data is different from open source data such as OSM in that 

organizations rather than individuals create the data; these organizations have also been 

historically responsible for providing geospatial or statistical information. The policy 

behind the creation of open data was the 2009 memorandum on Transparency and Open 

Government (Thorsby et al., 2016). The file format for sharing open data is usually a 

non-proprietary format (e.g., CSV or JSON). In order to minimize barriers to access and 

usage there are a variety of types of open data that include but are not limited to 

statistical, environmental, financial, and socio-economic.     

In relation to this work, numerous sources of open data include humanitarian and 

disaster relief organizations such as Relief Web, UNHCR, UN Children’s Fund. NGO 

sources of open data include the IOM, World Bank, World Tourism Organization, 

Population Reference Bureau, The Quality of Government Institute, and Transparency 

International. Government sources of open data include Eurostat, UN, OECD, Oak Ridge 

National Laboratory (ORNL), International Labor Organization (ILO), Joint Research 

Centre on Epidemiology of Disasters (CRED), and the European Commission. 

2.5.2 Social Media 

Historically migration has been analyzed empirically by using aggregated data 

that is collected at various time intervals. The collection of census data is costly and there 

is a time lag between the collection, analysis, and interpretation of the data. Census data 

has a limitation for capturing the migration movements of individuals, especially if the 

individual is moving in stages, has lived in multiple locations within the time period, or 

returned to the origin within the time period (Greenwood, 2005). Methods to capture the 
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migration movements have included the use of microdata sets but with new technological 

improvements such as open source and social media, there is a potential to view under a 

different lens the issue of migration.  

Social media is inherently noisy, voluminous, biased, uncertain, and 

inhomogeneous (IBM, 2013; Laney, 2012), yet with these characteristics, social media 

has many advantages. Coverage of social media is global with many users sharing 

information and ideas in various forums. Social media analysis can reveal networks and 

links between individuals and groups. Several social media platforms provide access to 

data via an application program interface (API), which enable developers to query and 

access user generated content. The analysis of social media and their respective social 

networks when available can provide insight into thoughts, ideas, movements, and 

events.  

The user population and popularity of social media has dramatically increased 

over the past decade. While the demographics of social media users initiated with 

younger tech savvy populations, the market is steadily growing in older populations and 

socioeconomically disadvantaged populations (Murthy et al., 2016). Today accessing 

social media does not require access to a desktop or laptop computer as many mobile 

devices (e.g., so called “smart phones” and tablets) provide access to social media 

through mobile apps.   

Mobile phone technology in combination with social media applications has 

revolutionized methods of communication for populations worldwide. Through a 

combination of affordable mobile computing and communication technology and social 
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media users can preserve social bonds, create new connections and communities, 

consume and produce user content, and communicate instantaneously. Social media 

platforms have also emerged as an alternative form of communication when access to a 

more traditional forms of communication are blocked or become scarce. For example, 

during the early 2000s, mobile phone users in the Philippines and Moldova turned to 

mobile Short Message Service (SMS) to circumvent government censorship and spread 

information via social networks (Shirky, 2011). New mobile applications such as 

Refunite were created to assist refugees in locating family relatives and has reconnected 

more than 38,000 family members as of May 2017 (Weiss-Meyer, 2017).  

Within the field of GIScience, there has been a fundamental shift from the use of 

computers that run standalone software to mapping applications that are available online 

(Sui & Goodchild, 2011). Social media has increasingly become spatial through the 

development of location based services, increased markets in mobile computing, 

incorporation of GPS technology with smartphones, and expanded cellular and wireless 

connectivity and networks. The shift to using locational based services has increased the 

importance of place from social media. Sui and Goodchild (2011) have identified an 

absence of theory within GIScience that relates to place, while in the past theory relating 

to space has been guided by Euclidean geometry. 

2.5.3 Evolution of Social Media in Developed Countries 

Social media has experienced several iterations of development over the past 

decades. The first instance of online communications via newsgroups was the 

introduction of Usenet in 1979. This provided a forum for individuals to post and 
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disseminate information around news topics. In the 1980s, the ability to chat between 

users was introduced by Compuserve. This was further expanded by additional services 

such as file and link sharing. By the late 1990s, blogs were being used by individuals and 

organizations for posting information and experiences.  

Major changes in the ways that individuals interacted with one another occurred 

in the early 2000s. The change from a Web 1.0 to a revolutionized Web 2.0 occurred with 

shifts in principles of online platforms for communication and services (O’Reilly, 2007). 

Online communities were enabled to posting and update information content through 

services that pioneered user generated content. The first instance was with Wikipedia in 

2001. Wikipedia was introduced as an online encyclopedia that was populated and edited 

with content generated by online users. In the following year, a social media application 

named Friendster enabled users to meet new individuals and expand their social network. 

The ability to share content such as photos, status updates, and create user groups was 

developed by Hi5.   

In 2003, an application called MySpace was launched that allowed users to post 

user content, private messaging, and a forum for public messages that was posted to an 

individual’s user profile. This format was further expanded by applications such as 

Facebook and Orkut in the following year. 

Several social media applications were launched in 2004 that included Facebook, 

Orkut, and Flickr. The user base community for these applications greatly expanded from 

the initial launch. Facebook and Orkut reached different audiences and gained a user 
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bases across the globe. The Flickr application was more of a niche community that 

enabled users to share photo content that could be geolocated.   

Functionality that included video upload and sharing was developed by YouTube 

in 2005. This type of functionality was later incorporated into other social media 

platforms such as Facebook. 

Another social media platform that was released in 2005 was Reddit. Reddit is 

centered on entertainment and social networking. This application allows a user 

community to upload text content or links related to entertainment that are then 

rated/voted by the user community for a ranking position on the website. 

The advent of blogging and microblogging became more prevalent with Web 2.0. 

The microblogging social media application Twitter was introduced in 2006. This 

platform centers on conversations between individuals and the online community. The 

format was initially limited to 140 characters and later expanded to 280 characters, within 

a question and answer format. Another microblogging application called Tumblr 

launched in 2007 with the capability of posting live streaming and other multimedia 

content.  

Social media applications have grown in popularity due to the ability to connect 

users to a larger community and generate user content. The community includes and 

individuals known social network in addition to a larger network that is acquired through 

contacts and topics that are circulating within the social media sites.   

The evolution of social media has gone through many transitions in the developed 

world, but within less developed countries there is a tendency to leap frog on 
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technologies and ICT infrastructure. There are numerous examples of this phenomenon 

from mobile cell phone use in Africa to social media outlets in China such as WeChat 

(Mohale, 2020). Less developed countries can implement technological advancements 

that have been established in other countries to replace ageing infrastructure or ICT. 

In some cases, the advancements are able to evolve in the less developed 

countries more quickly than would otherwise occur in developed countries. Mobile 

banking in Africa and Asia has evolved at a more rapid pace than in the western 

economies due to the lack of established financial institutions and embracing innovation 

(Ngugi et al., 2020). Social media outlets in China, specifically WeChat, are able to 

entice users to utilize social media applications for everyday purchases in grocery stores 

or taxi service. These advancements in less developed countries show that there is 

potentially a greater potential to integrate social media into daily life activities. This will 

only continue to expand with further development of the Internet of Things (IoT).   

Approximately 197 social networking sites are available with varying user 

populations and requirements based on age, employment, invitation, and geographic 

location as well as 20 now defunct social media sites and services (Wikipedia, 2021). In 

the Table 1 below, the most popular social media services are listed with the launch date 

and the number of active users. Companies in both the United States and China dominate 

the top ten most popular social media services. 
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Table 1: Social media services with the number of active accounts as of March 2021 according to Wikipedia.org 

(2021). 

Social Media Service Date Launched Estimated Users  

Facebook 2004 2.8 billion 

YouTube 2005 2 billion 

WhatsApp 2009 2 billion 

Facebook Messenger 2011 1.3 billion 

WeChat 2011 1.203 million 

Instagram 2010 1 billion 

TikTok 2016 800 million 

Tencent QQ 1999 659 million 

Weibo 2009 550 million 

QZone 2005 517 million 

Telegram 2013 500 million 

Pinterest 2009 459 million 

Snapchat 2011 433 million 

Reddit 2005 430 million 

Douyin 2016 400 million 

Kuaishou 2011 400 million 

Twitter 2006 330 million 

Skype 2003 300 million 

Tieba 2003 300 million 

Viber 2010 260 million 
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2.5.4 Network Analysis of Social Media 

Networks based in both social and geographical space provide the structure that 

enable social communication for all three stages of migration which includes pre-

migration, post-migration, and settled migrant (Hiller & Franz, 2004). Social networks 

spread information for the purpose of moving from one place to another, preserving 

community ties between migrants and the point of origin, and providing information that 

would guide others in their decision to migrate (Mabogunje, 1970). The internet and 

social media provide new alternatives for delivering, increasing the rate, and frequency of 

information dispersal. Social networks encompass a complex web with relationships 

between family, friends, and communities that influence migration decisions and 

outcomes (Boyd, 1989).    

Networks that were previously constrained to local and regional scale have now 

evolved with the developments of social media and the internet to expand to a global 

scale that enables almost instantaneous communication. Refugees that are arriving at the 

shores of European and African countries are carrying smartphones with applications that 

are sharing their status, documenting ordeals, assisting with navigation, finding legal 

resources and social services, and sharing selfies that document arrival to family and 

friends back home (Ram, 2015; Sebti, 2016; Weiss-Meyer, 2017). ICT is not only 

connecting migrants with other migrants, but also connecting migrant to non-migrants 

and organizations that provide humanitarian assistance, support systems to find 

settlement communities, financial support for food and supplies, and a means for 

assimilating to new destinations (Ram, 2015) is becoming self-sustaining (Boyd, 1989). 
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Social media has become a crucial tool for refugees to navigate migration 

trajectories, learn of options for the next stage of their journey, and connect with 

communities from the point of origin (Charmarkeh, 2013). Social networks provide a 

new conduit for migrants to seek information on destinations such as employment or 

existing communities and other pull factors that include amenities, such as environmental 

conditions, cultural, and social support infrastructure. Migrants are increasingly using 

social networks for preserving social ties and address weak ties that are identified during 

the planning process (Komito, 2011). Social networks are also being utilized for the 

establishment of new infrastructure of previously latent ties and can be a source for 

insider knowledge (Charmarkeh, 2013; Dekker & Engbersen, 2014; Hiller & Franz, 

2004).  

The analysis of social network data can reveal links, relationships, and 

associations between individuals and groups to provide insight into thoughts, ideas, 

movements, and events. Networks have a potential to provide insight into migration 

dynamics due to the unprecedented level of data that is now available, new data mining 

techniques, and computational capabilities (Sîrbu et al., 2020).  

Social networks provide not only the ability to connect with communities at the 

point of origin, but also reinforce family and community connections with monetary 

assistance such as remittances. In 2016, the World Bank estimated that 442 billion United 

States dollars was being remitted from migrants back to low and middle income countries 

(Ratha, 2016).  
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Networks can provide support to communities and households that are seeking a 

calculated risk leveraging strategy to increase the chances of success in transiting, 

navigating terrain, and providing assimilation assistance at new destinations (M. Boyd, 

1989). News media reports and scientific literature show that refugees are using 

smartphone with navigation assistance, messaging, and social media applications during 

migration trajectories (Brunwasser, 2016; Sebti, 2016; Alencar, 2020; Noori, 2020; 

Merisalo & Jauhiainen, 2020).    

The information that is shared through social networks on path destinations could 

potentially be seen in geographical space with open source data, such as OSM. GPS 

coordinates shared by smartphone users on their migration trajectories could correspond 

to coordinates of refugee settlements that are positioned along transiting roads and major 

nodes of crossing (Brunwasser, 2016). Refugee settlement camps are digitized within 

open data sets by the UNHCR and Department of State. These data sets contain detailed 

information on the location, operational status, and descriptive information of the refugee 

camps in countries surrounding Syria. Additional refugee camp locations and 

communities are also documented on OSM that could be used within a network analysis 

to explore transit routes being used by migrants.    

Social networks could be quantitatively analyzed in the context of forced 

migration. There are many measures that can be calculated for a network including 

centrality (betweenness centrality, clustering centrality, and closeness centrality), center 

index/accessibility of the network or page rank, degree of network node, shortest path, 

community detection and structure, cluster analysis, vertex similarity (Freeman, 1977; 
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Newman, 2006; Zhong et al., 2014). The measure of betweenness centrality was used to 

identify a “hub” that acts like a spatial bridge between two areas to connect spaces 

(Zhong et al., 2014). This centrality can be used to rank how well an area is connected by 

assessing the number of paths that travel through to a node to arrive at a destination node. 

2.5.5 Demographics of Social Media Users 

Demographic information on social media users in previous studies has focused 

on population distributions, gender, and race/ethnicity (Mislove et al., 2011). The study 

compared Twitter data to United States Census population information and found that 

there was a spatial disparity, male bias, and geographically-dependent race/ethnicity 

(Mislove et al., 2011). Another study was able to infer the age, occupation, and social 

class of social media users based on the user profile description (Sloan et al., 2015). 

Language analysis of text postings by a social media user in conjunction with the 

information on the online profile has enabled the identification of social media user’s age 

(Schwartz et al., 2013). In more a more recent study, the refugee demographics were 

analyzed in regard to type of social media used, active times, duration of accounts, and 

purpose (Nachrin’ et al., 2020). 

The geo-locational aspect of the social media post can be utilized within 

geospatial analysis through the acknowledgement of certain assumptions and 

understanding of limitations. Information on population demographics can be determined 

through user supplied information and inferred through the analysis of text, grammar, and 

facial recognition of the user profile picture (Mislove et al., 2011; Sloan, 2013). User 

supplied information include the location services geographic location, the user reported 
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location (e.g., city, country, or unique location), and geographic descriptive information 

contained within the social media text. The user supplied information range in accuracies 

based on the subjectivity of the user and the precision and accuracy of the user input.  

Limitations of demographic information based on census include an aggregated 

static snapshot, coarser scale, low periodicity, limitation of nighttime or daytime, fixed 

locations, and lack of information on the mood (Crooks et al., 2015). The use of social 

media could potentially provide information that could supplement information from 

census surveys that could increase temporal understanding. Additionally, locational 

information would be generated on a subset of the users that would vary given the data 

sources. The geo-locational information is usually available for 1% to 3% of Twitter 

Tweets and can potentially be extended to 30%-40% by mining additional information 

from the attributes, user location, and geographic text names in the Tweet. Merisalo & 

Jauhiainen (2020) found through surveys of forced migrants that 83% used social media 

and greater than 50% used social media for their migration trajectories and migration 

decision making. 

Several methods using language analysis have been developed to determine 

demographic characteristics based on the profile, descriptive text, or social media 

postings. Studies have used Linguistic Inquiry and Word Count (LIWC) and open 

vocabulary analysis methods such as Differential Language Analysis (DLA) to study 

social media behavior in relation to gender and age (Schwartz et al., 2013). The language 

within a posting or profile description can be analyzed using the Language Detection 
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Library for Java (LDLJ 2012) to categorize the language into 53 different languages 

(Sloan, 2013).  

Social media sites (e.g., Twitter) enable the user to set a language preference for 

their preferred language setting for the social media website. The language setting has 

been found not to be representational of the social media postings most likely due to the 

global nature of social media where one can interact within the global community in 

many languages (Sloan, 2013).  

2.5.6 Selectivity Bias 

Social media data users are not uniformly distributed across the demographics of 

all internet users or the population in general. Several issues of bias have been identified 

in previous studies. A first bias includes having a sample of only individuals that are 

actively using social media at the time of collection (Stefanidis et al., 2013). While an 

internet user might have a social media account, the user might not be actively using the 

service during the time of collection. Another possibility exists that the user does not 

share their spatial location through location-based services, user identified location, or 

location identified within the social media content. Other examples of non-representative 

sampling of a population could include factors such as multiple user accounts by single 

users, bots, and social media users that do not post user content and only consume (Boyd 

& Crawford, 2012). Additionally, the rate of social media penetration among the 

population is not uniform with a bias towards younger populations.       

The contribution level and spatial disparity are additional biases that are found in 

open source and social media data. Studies have found that there is a small percentage of 
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users that are contributing a large proportion of user generated content (Li et al., 2013; 

Yang et al., 2016). Spatial disparity has also been documented in research literature for 

user contribution of open source data (Yang et al., 2016) and social media (Mislove et al., 

2011). 

Spatially referenced user generated content created by AGI is not always 

intentionally provided by users. AGI data is not necessarily geographic information, but 

could be references to opinion at locations, identify socio-cultural hotspots, or provide 

situational awareness within social media (Stefanidis et al., 2013). With ambient 

geospatial information, the actual percentage of locations that have precise geospatial 

locations can vary between 1% and 16% providing sparse coverage as a data source (Li et 

al., 2013; Stefanidis et al., 2013; Tucker et al., 2021). There is a spatial disparity bias that 

is potentially introduced with AGI due to the lack of spatially explicit information or 

content.   

Another potential bias for social media is provided by the Twitter or social media 

website API, which disseminates the collected user content. Studies have analyzed 

differences between the 1%, 10%, and 100% fire hose and found that the 1% Twitter feed 

was representational to the full Twitter stream for patterns of sentiment and retweet 

network characteristics (Valkansas et al., 2014). Other studies have found that the use of 

structured methods for keyword queries using the API sampled stream are necessary for 

maximizing returned results (Morstatter et al., 2013). An example of selectivity bias 

could include the first tweets after an impact or event, the sample could be constrained 
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and possibly inaccurate for analyzing the spread of information along a social network 

using a 1% sample. 

2.5.6 Ambient Populations 

Exploiting social media digital content has been documented as a method to 

create an ambient population that could be used for applications in criminal risk 

(Malleson & Andresen, 2015b). The use of ambient populations has been explored as an 

alternative to using census data in the determination of population risk for crimes include 

auto theft and burglaries (Malleson & Andresen, 2015a).   

An ambient population dataset developed by the Oak Ridge Laboratory includes 

LandScan for estimating population counts within a grid cell area (Dobson et al., 2000). 

This dataset has utility for humanitarian and modeling applications for calculating the 

number of people within a defined area. The dataset has been created using a variety of 

government sources of information including national population surveys, ancillary 

information such as transportation networks, and satellite imagery for deriving population 

estimates in a grid format. Ambient data provides a measure of the population present 

during daytime hours in contrast to census data. An example of a worldwide data set for 

population that is based on census inputs along with additional spatial layers is WorldPop 

(Lloyd et al., 2019). Census data is representational of a population tied to residential 

addresses and therefore is a better representation of nighttime population location. 

2.5.7 The Digital Divide 

With increased development and adaption to using ICT, there is still digital dive 

which separates those who have access to the internet via computing technologies and 
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those who do not. A digital divide can be seen in many populations with regard to social 

media and ICT. There is a digital divide based on age, socioeconomic status, and political 

environment. The technologies involved with social media require that a user have access 

to either a computer or a mobile phone with internet capability, either via SMS text or 

internet connectivity. The ability to interact online requires a minimum technological 

understanding. Certain segments of society have been exposed at a greater frequency and 

have access to technology (e.g., affordable cost, norms) to this technology, especially 

younger and sometimes more affluent individuals. 

In developing countries, the digital divide is narrowing with the introduction of 

ICT that is more affordable to populations and is more readily available for connectivity. 

There are locations in Africa and South Asia where the introduction of ICT is 

substantially less than traditional forms of communication, such as a landline telephone 

line (Pew Research Center, 2014). This enables one who might even be located within a 

slum to connect to social media outlets and generate user content. Though more users are 

able to access ICT, there is still a bias associated with user content. 

2.6 Knowledge Gaps and Future Areas Identified 

The discussion in a study by Zottarelli (1998) stated that additional statistical 

methods could be utilized for greater understanding of the factors in refugee production 

in a nation state and further investigation into the complex interactions between factors. 

In the work of Zottarelli (1998), several proximate and root cause factors were 

investigated while the intervening and trigger factors were not considered. Future studies 
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could consider these factors within an SDM environment to provide insight into 

migration movements.  

A research gap identified by Neumayer (2005) includes seeking an explanation 

for the reason why some destination countries are more attractive to asylum seekers and 

result in a disproportionately higher number of asylum seekers than other countries. 

Additional areas include explanation of changes over time in Western European countries 

and spatial disparity in destination countries (Neumayer, 2005). In the study conducted 

by Neumayer (2005), the annual number of asylum seekers was modeled using UNHCR 

data from 1982 to 1999 to analyze international migration to Western European 

countries. Empirical modeling of asylum migration has not been recently analyzed in 

literature (Frater & Orchard, 2017) and has only been statistically analyzed using 

descriptive methods by organizations such as the UNHCR, United Nations Department of 

Economic and Social Affairs Population Division, and Eurostat. This provides a 

potentially fertile ground for analyzing refugee empirical data within a new SDM 

approach. 

In review of the literature associated with migration and forced migration, the 

quantitative analysis of empirical data has favored the broader study of migration while 

only several studies have focused on quantitatively analyzing forced migration 

(Neumayer, 2005; Schmeidl, 1997; Zottarelli, 1998). The quantitative studies on forced 

migration have analyzed data from the time period of 1960 through 2002 (Frater & 

Orchard, 2017). The quantitative  studies have examined research questions focused on 

finding determinants of migration (Neumayer, 2005), explore the root causes and 
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proximate conditions that influence the flow and magnitude of migrants for early warning 

purposes (Schmeidl, 1995, 1997; Zottarelli, 1998), and analyze the spatial variation in 

asylum acceptance by destination country (Ochreiter, 2016).        

Another empirical gap in the quantitative studies on forced migration is the flow 

from different level of country development. The flow of refugees has recently been 

characterized as a directional flow from developing to developed countries or 

alternatively known as global South to North countries (Keely, 1996). Empirical analysis 

of South to South migration data was identified as a research gap in the broader migration 

research literature (Ruyssen & Rayp, 2014). The forced migration of Syrian refugees has 

disproportionately affected adjacent countries which are characterized as developing 

countries.     

Research on SD and applications of that methodology to forced migration has 

only recently been explored (Taylor, 2020). The closest studies have included using SD 

for analyzing economic migration between Mexico and the United States (Chávez et al., 

2011). Other applications using a SD models have included migration as a sub-system for 

use in a broader SDM (Cruz-Cantillo, 2014; Pruyt et al., 2011; Sutrisno & Handel, 2012; 

Lychkina & Morozova, 2014) but have not included forced migration within the sub-

system. 

This research seeks to quantitatively analyze forced migration empirical data 

between 2012 and 2018. A potential application outcome of the research could include an 

analysis of the success of forced migration policy on the asylum stock that is located in 

both the destination and origin countries. The area of interest in this study contains both 
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asylum number caps and no caps with a diversity of immigration strategies that have been 

implemented to deter or pull migrants to destination countries. During the identified 

period of study, countries such as Germany have altered their migration policy for 

accepting larger numbers of migrants while several countries have tightened border 

security to prevent entry of asylum seekers and forced migrants.  

This research also seeks to investigate mitigation measures that are productive in 

countering the flows or inhibiting the flight of refugees from countries of origin. The 

methodology will incorporate an SDM approach to investigate and analyze the 

interconnections and feedback mechanisms between several key factors that have been 

identified. An outcome of this line of inquiry will be a new data-driven modeling 

approach for analyzing refugee production. The modeling method of an SDM is chosen 

due to the valve property of a SDM approach where policy at the country level can be 

simulated to expand or contract the number of persons that are seeking entry.           
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CHAPTER THREE: RESEARCH OPPORTUNITIES 

This research responds to two emerging trends: on one hand the increase in forced 

migration due to the Syrian conflict and with it the need to better understand and model 

forced migration; and, on the other hand the emergence of open and crowdsourced data 

as a new lens through which forced migration can be studied. Gaps in recent quantitative 

analysis regarding forced migration (Frater & Orchard, 2017) as well as a review of 

literature that did not reveal an SDM with forced migration focusing on the root and 

proximate causes of forced migration. Open source data and social media availability can 

potentially be harnessed within an SDM and potentially yield insight that could benefit 

the study of forced migration.   

The research presented here seeks to address questions that are focused on using 

open source data and social media to analyze forced migration patterns and spatial 

variation through quantification of migration during the three stages which include pre-

migration, post-migrant, and settled migrant. When a migrant first decides to seek a 

destination for moving, there will be a period of information seeking in regard to possible 

destinations of interest and optimal environment for employment and a variety of pull 

factors that can vary depending on the individual. Pull factors may include political, 

cultural, physical amenities, social, environmental, and absence of obstacles. Push factors 

may include underlying root conditions, proximate conditions, intervening factors, and 

triggering events (Clark, 1989). The individual might try to migrate based on a support 

network that may exist that is based on social and family ties. In the post-migrant phase, 
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the individual will further seek to expand social ties both within the new community and 

preserve connections to the origin. The social ties are increasingly preserved with 

advances in ICT (Komito, 2011). Social media and the internet have been found to 

facilitate international migration through maintaining strong social ties, addressing weak 

ties that are found during the planning, establishing new infrastructure of latent ties, and a 

source for insider knowledge (Charmarkeh, 2013; Dekker & Engbersen, 2014; Hiller & 

Franz, 2004).    

A first research question is whether open source data and social media can be 

used to improve detection and monitoring of forced migration events. In recent world 

events such as the Arab Spring, social media provided a discussion forum for 

communities to interact, spread information, and reach audiences outside of their country 

to provide updates. Further examples of using social media for situational awareness 

include natural disasters and public health. Social media combined with citizen 

participation has been found as an effective means for disseminating early warning 

information to populations after a natural disaster event (Chatfield et al., 2013).   

A second research question includes whether socially marginalized populations 

can be accounted for using open source data and social media. Working groups such as 

the Humanitarian OpenStreetMap Team (HOT) are coordinating mapathons and 

populating geospatial databases for applications including disaster management, public 

health, community resilience, and humanitarian (Humanitarian OpenStreetMap, 2016). 

Open source is becoming a forum where mapping communities can create content that 
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did not exist before for disadvantaged countries and populations. The created content 

includes infrastructure such as buildings, roads, and other base map data. 

A third research question in this research is to what extent an SDM provides 

analytical insight on forced migration using open source and social media data. The SDM 

approach utilizes information that is captured from open source and social media sources 

to compare model results of refugee counts simulated with authoritative data sources such 

as official census surveys. The dissertation research includes creating an SDM to 

conceptualize and quantify the interconnected components of forced migration based on 

modeling techniques pioneered by Forrester (1993). The methodology in the following 

section details the approach for this research, data sources that are publicly available, and 

a working model that has been created. Within this research the scale of the analysis will 

be on a national scale due to the prevalence of aggregated data that has been derived from 

various organizations. There are instances where event data and locational information is 

recorded at a finer scale. 
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CHAPTER FOUR: MODEL DEVELOPMENT 

The methodology of this research includes aspects of creating a model that uses 

available open source and open data for input into the SDM, statistical analysis, time 

series comparison of the modeled results and historical observations, and future scenario 

projections under different parameter settings that reflect policy shifts or changes in 

nation state actions. The model is based on the creation of an SDM using a new typology 

for the understanding of factors in migration (Curry et al., 2019) with model verification 

and validation to support the logic, assumptions, and feedback mechanisms.  

4.1 System Dynamics Model Approach 

The forced migration of populations is a complex phenomenon that encompasses 

aspects of social, political, economic, environmental, vulnerability and community 

resilience dimensions that can shape and reshape the flow of a population from one 

location to another. This study applies an SDM approach to the issue of migration 

because of the many complex interactions and feedback loops that exist between key 

elements of the topic (Forrester, 1993; Pruyt et al., 2011; Auping et al., 2015). SDM can 

enable a forecasting of stocks and flows which can be used to model migration events in 

time, analyze causal dependencies, and also provide insight into political decisions before 

implementation. 

The process of modeling using a system dynamics model includes four elements: 

stocks, variables, flows, and links. The topic of forced migration lends itself to the 

development of using SDMs due to the available data that is aggregated and distributed at 
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the national or country level via organizations such as the UNHCR and national statistical 

agencies such as Eurostat. Model granularity in the SDM is shown through the stock 

level versus an individual level. A more granular approach is suitable for the application 

of forced migration given the regional nature of the phenomenon. The estimates for 

refugee applications, internally displaced persons (IDP), and other categories of forced 

migrants are aggregated to a stock count by country of origin and/or country of 

destination.    

A benefit of using SDM is that the modelling technique can be used to analyze 

internal feedback loops and time delays (Forrester, 1993). With forced migration there 

are several key elements including root conditions, proximate conditions, intervening 

factors, and trigger events that have been identified in literature that potentially cause or 

increase the rate of forced migration (Clark, 1989; Schmeidl, 1997; Zottarelli, 1998).  

Forced migration does not easily lend itself to traditional models of migration due 

to the fundamental property that refugees are not migrating voluntarily. Fear of 

persecution is one of the primary drivers and not wage differentials or economic gain 

which is prompting the migration (Weinstein & Pillai, 2016). Literature has cited possible 

causes for refugee increase (Pitterman, 1984; Weinstein & Pillai, 2016) which facilitates 

the design of a system dynamics approach in creating a conceptual model which 

illustrates the many complex interactions for conflict-driven migration. The goal of this 

research is to quantify population movement for determining the potential for forced 

migration due to an event. 
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Human migration is characterized by the movement or flow of persons from one 

location to another. There are numerous factors that can be incorporated for decisions that 

are based on push or pull factors to move from a point of origin to a destination. The 

complexity of the situation requires a model that is more multifaceted than a simple linear 

model with one cause and effect of refugee movement. An SDM therefore enables one to 

analyze the relationships between key elements in the system based on a well understood 

modeling framework. 

There are several advantages to using an SDM in the particular application of 

forced migration studies. An SDM can provide a framework for empirical model 

grounding that can be used to formulate policy alternatives and developing strategy 

(Choucri et al., 2007). Additionally, the empirical data can be applied to the complex 

model to test and verify key element relationships. The conceptual framework can 

prompt additional questions that are relevant to the SDM structure to enable further 

explanation of feedbacks within the system and key element interactions (Mabogunje, 

1970). The SDM enables one to depart from a static conceptualization and have the 

ability to analyze flows of people that are influenced by other flows and relationships of 

elements (Boyd, 1989). 

However, the SDM approach is not without limitations including complexity 

which is inherent in the multifaceted methodology. The creation of a SDM requires 

extensive knowledge of the underlying key factors. This can be supplemented by 

knowledge from subject matter experts and investigation into numerous data sets for 

several countries to properly determine the connections and relationships (Choucri et al., 
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2007). Prior models for migration have only included a few key factors such as 

economic, education, wage differentials, or amenities for modeling movement of 

populations (Stillwell & Congdon, 1991).     

In a SDM that was created for state stability in relation to insurgent activities 

(Choucri et al., 2007), there are similarities in key factors that can be applied to the topic 

of forced migration. Key factors in state stability that were identified by Choucri (2007) 

include regime legitimacy, regime force and violence, anti-regime activity, dissident 

institutional capacity, demographic and socio-political cleavages, state institutional 

capacity, insurgents, socio-political mobilization, economic performance, and civic 

capacity and social liberties. The ongoing refugee crisis in Syria has involved several of 

these key elements during the past 8 years of civil conflict in addition to several key 

factors that are related to forced migration. 

4.1.1 Conceptual Model 

An SDM for conflict-driven migration can utilize particular insights found in 

published models that were created for other applications with additional key elements 

that are unique to migration of refugees. Four elements can be incorporated from the 

SDM created by Choucri et al. (2007) which include socio-political mobilization, regime 

force violence, and regime legitimacy. Several additional key elements beyond previous 

SDM models published that are applicable to forced migration include probable human 

rights violations, civil war, and intervening opportunities. Additional key elements that 

are related to root causes of discontent include various environmental or socio-economic 
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issues specific to a location. Root causes might vary in importance between locations 

contained within the same country. 

This research proposes an SDM for conflict-driven migration to include key 

elements that provide stability and instability factors as shown in the conceptual model in 

Figure 5. A key element that provides stability is regime legitimacy. Key elements that 

provide instability include human rights violations, civil war, regime force violence, and 

socio-political mobilization. Within the SDM there can be directional flow between the 

key factors that reflect relationships and associations. Key elements can have a positive 

or negative impact on another key element. The key elements and polarity are commonly 

illustrated using a causal loop diagram (CLD) in system dynamics modeling. A CLD 

shows graphically the elements, links, polarity, and feedbacks within a system. 
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Figure 5: System dynamics conceptual model for conflict-driven migration. 

 

 

 

There are positive and negative symbols in the CLD that indicate how a change in 

the first key element will impact a second key element based on a previously published 

SDM (Choucri et al., 2007). A plus symbol (+) indicates a positive change (or positive 

reinforcement) in the same direction while a minus symbol (-) indicates a negative 

change (or negative reinforcement) in the second key element. For example, a plus 

symbol could signify that increased regime force violence would result in increased 

human rights violations. A minus symbol example could indicate that increased civil war 

would decrease economic security for the country (See Figure 6).    
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Figure 6: Causal loop diagram (CLD) for regime force violence influence on human rights violations which is a 

positive relationship; civil war influence on economic security which is a negative relationship. 

 

 

 

The implementation of a CLD can include behavior on feedback that is 

reinforcing or balancing. The reinforcing within a loop can be either positive or negative 

but will yield a result that is potentially exponential in growth. A balancing feedback can 

have components that are positive and negative similar to the reinforcing loop, except 

with a balancing loop there are an odd number of negative links which can cause a 

system to reach a plateau.       

A final feature with an SDM is a delay that can be built into the model. A delay 

will prevent an action within the system for a specified unit of time. Delays can be useful 

with modeling in changes in policy or other variables that could influence the behavior 

within the system. 

The data sources were diverse within the SDM created in this research. In the 

following section, the data sources for implementation of the model are illustrated. 
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4.1.2 Data Sources for Implementation 

Open source and open data acquired in the format of Excel spreadsheets, 

published reports, and web GIS provide the data necessary for model implementation. 

The SDM can utilize several data sets that have overlapping temporal and spatial 

properties. The potential data sources and descriptions that correspond to key elements in 

the SDM can be found in the Table 2 below. 
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Table 2: Data themes and sources that can be utilized for a forced migration SDM. 

Key Element Theme Description Source 

Economic security Gross Domestic product (GDP) United Nations Statistics Division; The World Bank 

 Projected GDP PricewaterhouseCoopers 

 Unemployment International Labor Organization (ILO) 

 Wages International Labor Organization (ILO) 

 Income distribution and poverty Organisation for Economic Co-operation and Development 

(OECD) 

 Economic performance index Brookings Institute 

 Human development Index United Nations Development Programme 

 Remittances The World Bank 

Civil war Global conflict risk index Joint Research Centre of the European Commission 

Regime legitimacy Corruption index Transparency International 

Regime force violence 

and anti-regime activity 

Armed Conflict Database International Institute for Strategic Studies (IISS)  

 Historical battle data Peace Research Institute Oslo (PRIO) 

Human rights violations Human rights violation events The CIRI Human Rights Data Project 

Institutional capacity Operational risk The Economist Economic Intelligence Unit 

Country Risk Rating System by (IHS) 

 Quality of government Quality of Government Institute 
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The steadily increasing amount of open source and open data that is published by 

local, national governments, and organizations allows the general public to gain access to 

data sets and statistical information that can be fusion with other data, analysis, and data 

journalism. Recently there has been a movement by governments and organizations to 

publish data without restrictions to demonstrate transparency, encourage analysis, and 

participation in the community. Open data has been mandated by law in some countries 

and has been widely embraced worldwide for disseminating raw data that can be 

processed in common formats such as CSV or JSON.  

Additional datasets have been inventoried for potential use in this research. The 

following data sources can be used for comparison of simulated refugee production 

results, analysis of political events that influenced refugee production or decisions, and 

possible use within the simulation to augment or replace parameter values that are used 

within the SDM. 

4.1.3 Migrant Deaths 

The Migrants’ Files (The Migrants’ Files, 2014) is an open source dataset that has 

been compiled from published accounts of migrant deaths over the past 16 years. The 

information contained in the dataset includes the location of the event, number of dead or 

missing, and the cause of the death.  Additional information is contained in the database 

that details the route of the migrant, source of death information, description of the event, 

and source URL for fact checking the death information. A consortium of journalists 

populated the data via an open sharing license with the purpose of providing a complete 

and reliable database that was based in open-source intelligence (OSINT).  OSINT is a 
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method of obtaining intelligence through analysis of the news media, government, and 

any other publicly available source of data to provide insight on an issue or topic. The 

Migrants’ Files data set was discontinued in June 2015 and another organization 

continued the effort of providing reliable migrant death geospatial information. The 

International Organization for Migration (IOM) has initiated an open source geospatial 

data set that is similar to the Migrants’ Files with an additional field for verification that 

has the option for verified or partially verified (IOM, 2017). A verification field is 

important for understanding the reliability of crowdsourced migration data.  

4.1.4 Refugee Camps 

The location of Syrian refugee sites is hosted by the Humanitarian Data Exchange 

which is managed by the United Nations Office for the Coordination of Humanitarian 

Affairs (OCHA). The data is compiled by the U.S Department of State (DoS), 

Humanitarian Information Unit (INR/GGI/HIU) and includes the location, name, and 

status of the refugee site (U.S Department of State, 2015). The refugee camps provide a 

physical network component of the refugee infrastructure that is available for displaced 

persons outside the country boundaries of Syria. At these locations refugees are provided 

humanitarian assistance by relief organizations such as UNHCR and NGOs. 

4.1.5 Refugee Count 

Currently, one of the most authoritative sources for refugee statistics is from the 

UNHRC. This organization has existed since 1950 for the purpose of assisting Europeans 

after World War II (UNHCR, 2021a). The organization has a footprint in 126 countries 

with a mission to assist and protect refugees globally. Since 2000, this organization has 
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published reports annually on the trends that are observed with relation to asylum 

applications (UNHCR, 2015, 2016). In addition to reports, the organization also 

distributes data in the format of an interactive web service that has historic data 

visualized from 1951 until 2020 (UNHCR, 2021c). The data that is provided by this 

organization can yield information on past trends but is limited by time constraints in that 

the data have to be compiled, analyzed, and aggregated which takes several months 

before publication. The organization has an information sharing portal that provides more 

recent asylum application information with a time lag of several months (UNHCR, 

2021b). Asylum applications for the years of 2015 and 2016 are shown in Figure 7 

highlighting the majority of asylum applications filed for Germany in relation to other 

EU countries. Germany and Greece experienced increases in asylum applications from 

2015 to 2016, while other EU countries had decreases. 
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Figure 7: EU Asylum applications recorded in 2015 (blue) and 2016 (orange) (UNHCR, 2016). 

 

 

 

The UNHCR collects information on the number of refugees based on registration 

systems, NGO information, and government reporting systems. There are challenges in 

data collection that include varying government definitions of a refugee, refugees that do 

not encounter formalized institutions, and skewed information that is provided with 

political interests (Frater & Orchard, 2017). The data is not always provided in a 

disaggregated form to the UNHCR for inclusion into their database. This provides 

another type of challenge to understand the demographics of age and sex as it relates to 
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the number of refugees. An example illustrating the global number of asylum 

applications is illustrated in Figure 8 based on data obtained from the UNHCR portal. 

 

 

Figure 8: Syrian Asylum applications compiled from other government sources by UNHCR from 1999-2018 

(UNHCR, 2021) 

 

 

 

During the past few years of the Syrian conflict, there have been both similarities 

and differences in the demographics observed for persons displaced. From 2011 to 2014, 

the number of total male and female were similar. After 2014, as illustrated in Figure 9 

there was an increasing number of total males displaced versus total females. In 2018-

2019, the difference in the total males versus total females was 465,821 and 448,031 

respectively (UNHCR, 2021c). In comparing the age breakdown of males and females 
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that are displaced, there were similar trends with the most displaced both male and 

female in descending order of 18-59, 5-11, 0-4, 12-17, and over 60 years of age as 

illustrated in Figure 10 and 11. 

 

 

Figure 9: Syrian displacement demographics UNHCR between the years of 2001-2019 (UNHCR, 2021) 
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Figure 10: Syrian displacement demographics (Male) by age group between the years2001-2019 (UNHCR, 2021) 

 

 

 

 
Figure 11: Syrian displacement demographics (Female) by age group between the years 2001-2019 UNHCR 

(2021) 
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4.1.6 OpenStreetMap 

The OSM data was acquired for the refugee camp locations in the neighboring 

countries of Syria. The vector data for the points, polylines, polygons, and relationships 

were downloaded as .osm files that were converted into ArcGIS Geodatabases for review 

of attributes and additional geospatial processes that will be conducted in the future. The 

point files for the refugee camp locations had varying degrees of completeness that 

ranged from some geospatial points with little attribution to refugee camps that had rich 

attribute information including descriptions of shops that had services related to 

computers, mobile phones, kiosks and other services that were located within or near 

refugee camps.  

The humanitarian community (Humanitarian OpenStreetMap, 2016), in addition 

to OSM users, created the OSM data. The features that are captured for infrastructure 

include roads, buildings, mosques, madrassas, and facilities within refugee settlements. 

An example OSM data depicting a refugee camp in Jordan that is near the Syrian border 

is illustrated in Figure 12. 
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Figure 12: OSM data for Za'atari refugee camp located in Jordan. 

 

 

 

The features captured in the OSM data were created using imagery and open 

source information and were populated by OSM registered users. Humanitarian groups 

such as the Humanitarian OpenStreetMap Team (HOT) coordinated efforts with mapping 

communities for populating the geospatial database for applications in support of disaster 

management, public health, and community resilience (Humanitarian OpenStreetMap, 

2016).    
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4.1.7 Political Stability 

A Political stability factor in the SDM model includes regime legitimacy. Within 

the SDM model, this research incorporates regime legitimacy in the SDM for the 

purposes of establishing political stability and fusing the data with other various open 

sources to create population estimates from stock and flows. Within available open 

source and open data, there are numerous indices that are available for providing 

parameter inputs that can be modified to adjust to different national regimes or 

adjustments in national policy. Available indices include the index created by 

Transparency International, social progress index, Geni index for social inequity, and 

Human Development Index to name a few widely recognized examples.     

An index model is created in a similar method to a ranked suitability. The index is 

created from several variables and based on statistical methods or weighted mathematical 

operations. An initial step in creating the index is the standardization or normalization of 

the variables. A weighted function can place more importance on one variable than 

another variable. The resulting index shows a final ranking that is reflected in a ratio 

measurement or number to quantify and compare in this case countries with one another. 

4.1.8 Environmental Stability 

A potential future extension of the SDM into other areas that have been 

investigated in this research include the use of an ABM modeling sub-system for 

environmental stability. ABMs have been created for the exploration and modeling of 

environmental pressures that influence migration of populations through changes in the 

climate (Entwisle et al., 2016; Kniveton et al., 2011). Currently the official UN definition 
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of a refugee does not include persons that are fleeing based on environmental or climatic 

conditions that have changes such as sea level rise, drought, desertification, or natural 

disasters that impact a population. There are other organizations such as the IOM that 

have included this instance in their definition of an environmental migrant, climate 

migrant, and climate refugee (International Organization for Migration, 2007).       

4.1.9 Bias 

There are several sources of bias potentially derived from news media, open 

source, open data, and social media. The bias can be in the form of selectivity, coverage, 

omission, and spatial disparity. Both open source and social media have been 

documented to have large contributions by a small percentage of users (Li et al., 2013; 

Yang et al., 2016).  

Another bias could potentially be introduced with social media APIs which can 

have varying amounts of information which is freely available to the public. Examples 

can be found in social media APIs such as the Twitter 1% and 10% sample data feed. 

Researchers have analyzed the samples to determine if analytical processes are affected 

by using samples of the full 100% firehose data and found that there were similar patterns 

of sentiment and retweet network characteristics (Valkansas et al., 2014).   

Bias could be introduced with news media that could impact the use of open 

source data that was created based on observations of migration events or deaths. Several 

types of errors in news reporting can be found in factual information, location, omission, 

context, misquotations, assessments, emphasis, misleading information, metrics, and 

magnitude. The bias found in news reporting and content can subsequently produce a bias 
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in data that is generated based on the news. The bias could influence an incorrect number 

of events detected, frequency of reporting, scale of reporting, and information currency,  

A bias could result from the definitions used within open source and open data. 

Government and organizations often do not have the same definitions at a national, 

regional, or international level. Differences in definition and standards could impact the 

ability to merge and integrate geospatial information within an analysis.      

The SDM methodology incorporates both verification and validation into the 

process to mitigate bias, ensure model consistency, and suitability. The following 

sections examine model verification and validation. 

4.2 Creation of an SDM 

The software used for testing the applicability of using a system dynamics model 

approach was AnyLogic 7 Personal Learning Edition (PLE) 7.3.6 Windows version 

(AnyLogic, 2020). PLE allows up to 200 variables in a system dynamics model and 

serves as the simulation environment for modeling potential refugees based on several 

variables that are based in forced migration literature and state instability. The variables 

are exploratory in nature but are based on acquired database values and calculated indices 

based on quantitative based forced migration research variables that can be obtained in 

open source data. The SDM is illustrated in the below Figure 13. Simulation model time 

units are in months. The data updating rate is set to 0.001, which increases the accuracy 

of model performance during the simulation due to estimating the model more frequently 

(Wilensky, 1999).  
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Figure 13: A view of the forced migration SDM that was created in AnyLogic. 

 

 

 

AnyLogic enables the connection of key elements and factors to stocks and 

dynamic modeling using flows and parameters for calculation of derived stocks. One of 

the benefits of using an SDM includes the ability to model demographic variables such as 

birth and mortality rates with specific age cohorts such as age range 0-14, 15-44, 45-64, 

and 65 and older (Sutrisno & Handel, 2012). The age cohorts can flow into one another 

as well as accumulate to the total population or total deaths. AnyLogic can model user 

specified parameters to be applied to the flow rates or calculation of stock values.  

There are two major limitations to using SDM for this specific application of 

forced migration. These include a spatial and temporal component. The bulk of the data 

that is available for modeling in migration is aggregated at a national level based on 
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statistical information that is published by organizations and compiled for distribution by 

for example the UNHCR on asylum applications, or health statistics including mortality 

and birth rates in a country by Eurostat (Eurostat, 2016; UNHCR, 2016). Given the data 

is at a national level, the use of an SDM could be warranted for the purposes of modeling 

various scenarios based on changes in migration policy, increased obstacles, or political 

environment in the country of origin or country of destination. A second limitation is 

through temporal resolution. The inputs for the SDM are aggregated monthly values that 

are used to calculate the rate of change for projected stocks. The subsequent modeling is 

run for approximately seven years through a microsimulation based on the SDM in this 

research. While some of the data is based on higher temporal resolution, this is reduced 

from a daily to monthly sum for the purposes of creation in a dynamic table input to the 

model. The use of the SDM is a top-down approach used in this research to analyze the 

refugee population changes and potential scenarios based on various changes in key 

elements of the model. 

4.2.2 Model Verification 

There are several techniques implemented to verify the SDM identified in 

modeling literature such as checking the units, analyzing logical construction, and 

checking dependencies (Cioffi-Revilla, 2014). Verification of the model includes first 

ensuring that the correct units are used for flow constraints and model parameters. The 

units for the model could include different levels of measurement such as nominal, 

ordinal, interval, or ratio scales. Secondly, the model is checked to ensure it is logically 

correct in the structural design of interconnections between key elements, flows, links 
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and parameters. A third check is performed through examination of the dependencies and 

relations to ensure that the SDM model is correct in assumptions and linkages.  

The model units for the SDM are in persons for the stocks that are potential 

refugees. The model units for other parameters are in units that are based on index values 

that have been created from a variety of individual items and ranked in a common 

magnitude for comparison and inclusion in the model. Index values and ranking have 

been included in GIS analytical processes such as cross-country mobility analysis to 

provide insight into the cost of movement across a surface based on a diverse input of 

feature layers such as elevation, slope, soil, vegetation, and hydrologic features. An index 

value is ratio measurement with a nominal value relative to other values in the data array. 

The ratio scale provides a method for analyzing the value of one area or feature in 

relation to other values or features. This aspect of the ratio scale offers a reliable 

comparison within a quantitative analysis. Additionally, the ratio has a property including 

a value of zero which indicates an absence of the quantity of an area or feature.     

4.2.3 Model Validation 

Model validation provides a method to ensure that data is integrated at a high 

quality, relevant, accurate, timely, and credible. There are two methods of validation 

which include structural and behavioral validation. Structural validation includes both 

empirical and theoretical components such as the correctness of equations, assumptions 

of the model, and units (Cioffi-Revilla, 2014). In regard to behavioral validation, 

examples can be found in modeling literature where time series analysis is compared 

between the simulation and historic observations that are within a database to ensure that 
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the model is performing appropriately (Han et al., 2009; Auping et al., 2015). The model 

validation is discussed in Chapter 5.1 Model Calibration. 

Within the SDM another method for validation is to use extreme tests. 

Experiment variables can be modified to large amounts in an extreme test to see the 

impact on the model results. The model is further validated if the results are within well-

defined tolerances.  

Additionally, the model could be run on individual sub-systems in a parameter 

sensitivity test to analyze how parameter values shift model results to determine if 

outputs are realistic and logical (Sutrisno & Handel, 2012).  

4.3 Statistical Analysis 

The ability to geolocate social media enables one to perform several approaches 

for characterizing descriptive and inferential statistics. The time, place, and attributes 

enable the calculation of spatial mean, nearest neighbor analysis, and cluster distance 

analysis. Spatial pattern analysis can reveal central tendency and dispersion of the point 

locations. Standard distance and standard deviation ellipses are additional statistical tools 

that can be applied to point data to analyze directional bias (Myint, 2008).   

In a report on the trends in quantitative geography, the focus of study has changed 

from a global to local spatial analysis and statistics that seek to measure the spatial 

variation that is present in certain systems (Fotheringham, 1997).  Fotheringham presents 

several examples where assumptions of stationarity can be misleading due to random 

sampling variations, differences in relationships across space, or issues with a modeled 
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variable. The shift is seen in applying spatial analysis tools such as global weighted 

regression (GWR) to local indicators of spatial association (LASI).      

In a research study on forced migration by Zottarelli (1998), countries that 

produced refugees were associated with countries with human rights violations and level 

of autocracy using the Pearson Chi-Square statistical test. The human rights data included 

in this study were acquired from Amnesty International with an ordinal scale value of 1 

through 5 for worldwide countries and the measure of state autocracy was from the 

Jaggers and Gurr Polity III Dataset (Zottarelli, 1998).    

Several studies have explored dependent and independent variables in explanation 

of forced migration factors, root causes, and proximate causes as shown in Table 3. A 

summary of the studies identifying the explored variables and the statistical methods used 

to find relationships between variables are documented. 



95 

 

Table 3: Research studies that have utilized statistical tests for forced migration. 

Author/Study Dependent Independent Statistical Test 

Echevarria and 

Gardeazabal (2016) 

UN refugee Persons of 

concern (counts of 

asylum applications 

and those in a refugee-

like situation) 

Log population 

Conflict 

Civil liberties 

Log GDP 

Log Distance 

Contiguous 

Common language 

Colonizer 

Pooled Regression; pre-sample 

mean generalized method of 

movements (PSM-GMM) 

Neumayer (2005) Annual number of 

asylum seekers  

GDP per capita 

Average annual growth rate 

Index of economic discrimination against 

ethnic minorities 

Political oppression 

Human rights violations 

Dissident violence 

Civil and ethnic wars 

Genocide and politicide 

External armed conflict 

Natural disasters 

Net food production per capita 

Percentage of Christians in country of origin 

Aid and trade in per cent GDP 

Number of tourist arrivals 

Former colony 

Distance to Western European country 

Asylum stock lag 

Population size 

Urbanization rate 

Binomial Regression 
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Melander and 

Öberg (2004) 

Net Count of refugees 

and IDP 

Number of years w/ forced migration 

Number of years w/o forced migration 

Intrastate war 

Intrastate minor armed conflict 

Geographical scope of ethnic fighting 

Geographical scope of revolutionary fighting 

Interstate war 

Interstate minor armed conflict 

Regime type 

Regime transition 

Regime collapse 

Genocide 

Log of GDP per capita 

Log of population 

Binomial Regression 

Zottarelli (1998) Refugee Number Human rights violations 

Level of autocracy 

Energy consumption 

Arable land 

Urban population 

Population density 

Net prior migration 

 

Pearson Chi-Square; 

T-Test; 

Multivariate analysis 

Schmeidl (1997) Refugee Number Energy consumption 

Log of population density 

Civil rights index 

Genocide and politicide 

Ethnic rebellion 

Correlates of war 

Cross border minority and majority groups 

Physical obstacles 

Pooled time-series analysis; 

Ordinary least squares (OLS) 

regression 
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The use of regression analysis was performed by the Joint Research Centre (JRC) 

for creating global conflict risk index (GCRI) using open source data. The research 

supported an early warning framework for the European Union Conflict Early Warning 

System (EWS). The model integrated data for political, socio-economic, environmental, 

and security for variables into the statistical model. The output was a statistical model for 

assessing potential future conflicts. The use of these variables in the conflict risk index 

are similar to the model variables that have been selected for this research.  

The statistical analysis within this research project compares the simulation 

results to authoritative refugee counts that are contained within national aggregated 

datasets. The datasets were tested to find similarities between the simulation projected 

results and asylum applications, national registration, and open source datasets.   

The use of the Z-score was employed in this research for the purpose of 

comparing the diverse data sets with one another. The Z-score measurement enabled the 

exploration of relationships between the variables in the model as well as within the data 

set. The Z-score can enable the visualization of a data point along a normal distribution 

curve. The Z-score formula used is indicated in Equation 4, where x is the value, μ is the 

mean of the population, and σ is the standard deviation within the population. 

 

 

𝑍 =  
𝑥 −  𝜇

𝜎
 

 

Equation 4: Z-score mathematical equation 
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4.4 Network Analysis 

 

The abundance of social media data that is freely available provides an 

opportunity to apply data mining strategies and network analysis techniques towards 

analyzing the topic of forced migration. An example is illustrated in Figure 14 from a 

sample data collection that was performed in support of exploratory analysis using social 

media for the dissertation research. The Twitter API 1% data feed was queried with a 

keyword search of “refugee” to observe the amount of social media traffic, user provided 

content, and characteristics of the social media data. The data was analyzed for retweets 

to observe the various communities that were discussing the topic of refugees (Boyd et 

al., 2010). A sample of 100,000 geolocated tweets was collected over a one-week period, 

with approximately 13,000 retweets to explore the use of social media for use forced 

migration. The retweets were then plotted and connected to observe the spatial 

connections of the various communities. The results of the analysis show that there is 

ongoing discussion using Twitter and a presence of international relief organizations 

using Twitter for communication purposes. Additional technical methods of data analysis 

could involve network analysis such as calculating centrality for closeness and clustering, 

retweet analysis, sentiment analysis, community detection and structure, temporal 

analysis, trend detection, and information propagation (Stefanidis et al., 2013; Zhong et 

al., 2014). 
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Figure 14: Social media retweet analysis on "refugee" using Twitter data that was acquired in 2016 during one-

week time period. 

 

 

 

The number of retweets by country was also explored to conduct a test on 

correlation with number of retweets with observed migration flow. The retweet count by 

country is illustrated in the Figure 15. The countries that were observed to have the most 

retweets included Greece (164), Libya (161), Italy (141), and Syria (121). The purpose of 

running this network analysis test was to explore the possibility of using social media as a 

basis for input into the SDM model for social influence. In migration studies social 

networks have been found to impact all stages of migration (Mabogunje, 1970; Boyd, 

1989). The retweets follow a pattern where several countries have experienced increases 

in refugee flows and transit.  
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Figure 15: Number of retweets by country.  
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CHAPTER FIVE: MODEL EXPERIMENTS  

The purpose of the SDM in this research is to produce comparable counts of 

predicted refugee numbers that are influenced by several factors of refugee production 

that have been cited in literature (Clark, 1989; Zottarelli, 1998). AnyLogic modeling 

software enables the ability to generate graphs which contain the resultant simulation 

values in a chart format and generate an exportable database table that can be imported 

into Excel for additional statistical analysis. The model runs within specific calendar 

dates from a start time to finish time and has various options for time intervals from 

minutes, weeks, months, or years. The simulation was run for 84 months from January 

2012 until December 2018.  

The data sources used in the modeling simulation were derived from authoritative 

sources such as national population totals for the “TotalPopulation” parameter value. This 

parameter value was used as the input to the “PotentialRefugees” stock. The 

“RefugeeRate” flow rate was calculated using factors of regime force violence, human 

rights violations, civil war, anti-regime activity, socio-political mobilization, and 

intervening opportunities. The values behind these refugee production factors were based 

on open source data that were accessed through a created function in AnyLogic that 

would iterate through the table values for corresponding monthly values for the variables. 

The parameter values and sources of data used in the SDM are detailed in Table 4. 
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Table 4: List of parameter values based on authoritative and open source data used in the SDM 

 Name Range of 

values 

Default Model 

value 

Source 

Stocks Potential 

Displaced 

0-

100x106 

20,442,541 The World Bank, 2019 

 Displaced 

Persons 

0-

100x106 

5,391,603 Model prediction 

Parameters Regime 

legitimacy 

0 - 100 74 - 87 Transparency 

International, 2020 

 Human rights 

violations 

0 - 6298 1164 - 6298 Syrian Revolution Martyr 

Database, 2016 

 Conflict 0 - 10 10 Halkia et al., 2017; 

Gibney et al., 2020 

 Regime force 

violence 

0 - 10 0 - 10 Al-Maghafi, 2018 

 Sociopolitical 

mobilization 

0 - 100 56 Leenders and 

Heydemann, 2012; Clark 

& Regan, 2016 

 Intervening 

opportunities 

1.1 - 10 1.1 - 10 Weatherspark, 2021 

 Contact rate 0 - 100 30 Choucri, 2007 

 

  

The modeling parameters as shown in Table 4 enabled input for tables or 

characteristics to base the SDM on real world observations and data sources. There were 

seven parameters used that were based on authoritative and open source data. The 

parameters included regime legitimacy, human rights violations, conflict, regime force 

violence, sociopolitical mobilization, intervening opportunities, and contact rate.   

Regime legitimacy was a political stability variable detailed in the conceptual 

model in Section 4.1.1. This variable for Syria was obtained from the Corruption 

Perceptions Index (CPI) data set developed by Transparency International (2020). The 
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values in the CPI indicated increased perceived corruption at an aggregated national 

level. 

Human rights violations which were detailed in Section 2.2.3 ‘Factors of refugee 

production’ are one of the leading determinants of forced migration (Schmeidl 1997; 

Apodaca, 1998; Vogler and Rotte, 2000; Holzer, Schneider, and Widmer, 2000). 

Organizations including the Syrian Observatory for Human Rights (SOHR), Violations 

Documentation Center in Syria (VDC), and Damascus Center for Human Rights Studies 

documented human rights violations based on open source reporting and estimates 

publicly based on a network of activists and volunteers based in Syria. The monthly totals 

for human rights violations were acquired from the Syrian Revolution Martyr Database 

(2016) which provided event detail to a daily temporal resolution in addition to 

geographic location. 

The parameter for conflict, specifically civil war has been recognized as a state 

instability indicator (Choucri et al., 2006). Civil war in the SDM was based on the GCRI 

data set generated by the Joint Research Centre (JRC). The value for the parameter in the 

SDM contains an index value of 10 for Syria, which is the maximum possible conflict 

intensity value in the GCRI (Halkia et al., 2017).      

Within the SDM, regime force violence is a parameter that reflects a trigger event 

in the SDM. Throughout the Syrian crisis there have been instances of allegations by 

human rights organizations as well as the UN Commission against the Assad regime. 

Instances of regime force violence and events include civilian area bombing, cluster 

bombs, and chemical (e.g., chlorine gas, sarin gas) weapons on anti-regime forces and 
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civilians (Kimball, 2021). In total, there were 164 reports of chemical attacks during the 

model time period (al-Maghafi, 2018).  

Sociopolitical mobilization is a variable that is listed in the SDM conceptual 

model as an instability determinant. This parameter in the SDM is based on an estimate 

of propensity to protest. The Mass Mobilization Data project documented protests against 

governments from 1990 to 2020 (Clark and Regan, 2016). Syrian protest documentation 

in the data set showed high levels of mobilization for the 2011 Arab Spring, followed by 

smaller protests from 2014 to 2020.  

Dynamic values were used that referenced values that could vary by month within 

a year. This is useful for an intervening factor such as weather or seasonal factors for the 

purposes of modeling weather conditions throughout the year that would influence 

whether or not a potential refugee would be more likely to migrate during particular 

months or seasons. For example, summer months such as June, July, and August would 

likely be preferable to migrate over harsher conditions that are experienced during winter 

months. For Syria, the most opportune times are September and October in the Fall of 

2015 as illustrated in Figure 16. In other years, there was also a higher number of migrant 

events captured in the data set during summer months and spring for 2011 and 2015. 

During 2011 and 2012, there were multiple months throughout the year in which there 

were events captured. Figure 16 shows the counts of migrant events captured by The 

Migrants’ Files and IOM illustrate the months in which there are larger counts and 

migrant deaths. 
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Figure 16: Migrant deaths illustrating the counts by month per year using a natural break symbology. 

 

 

 

The intervening factor of weather illustrates a bi-modal effect that can be seen in 

the Figure 17. This could potentially be verified using authoritative data sources such as 

UNHCR refugee counts, asylum applications, and open source data such as “The 

Migrants’ Files” and IOM migrant deaths in the Mediterranean (Migrants’ Files, 2014; 

IOM, 2016a). Figure 18 illustrates the spatial distribution of migrant deaths that have 

been observed in open source data during the time period of study. The causes of death 

that are located in the Mediterranean include drowning or freezing, while locations on 

land have a variety of causes including vehicular accidents, suicide, police violence, etc.   
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Figure 17: Intervening opportunities score based on seasonal variability including precipitation, cloud cover 

observations, and tourism score (Weather Spark, 2021)  
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Figure 18: Migrant deaths from 2000-2017 (The Migrants’ Files, 2014; IOM, 2017) 

 

 

 

The last parameter in the model includes a contact rate based on an estimated 

frequency of contacts through social networks both in the digital and physical space. This 

parameter has been published in other state instability SDM models with a range of value 

from 5 to 50 (Choucri et al., 2007). This parameter is dynamic in nature and within the 

SDM provides feedback into the rate with a reinforcement loop resulting in a larger 

predicted refugee count. For example, a larger influence on the number of potential 

refugees will result as word-of-mouth spreads of a migration pathway and methods to 

transit during the migration trajectory. A parameter is used in the SDM instead of a data 
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source such as geolocated tweets due to a likelihood of undocumented migrants rarely 

posting a geolocation (Armstrong et al., 2021). 

Predicted results for the dissertation research include refugee population estimates  

at monthly intervals that are validated using UNHCR monthly reference data sets. The 

model predictions for refugees are created for several countries that are neighboring or in 

close proximity to Syria. The refugee paths that were calculated in the model are 

illustrated in Figure 19. 

 

 

Figure 19: Refugee paths quantified in model from Syria to Turkey, Greece, Lebanon, and Jordan. 
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Results of the SDM included monthly predicted counts of refugees that were 

displaced from Syria. The model time duration was 84 months. The cumulative monthly 

counts over the time duration are illustrated in Figure 20. In the model there are a few 

monthly ranges where the predicted number is below the UNHCR reference data set. The 

difference during the first four months is due to the actual refugee count already 

containing the accumulated refugees from the months prior to 2012. The SDM simulation 

starts in January 2012 due to the coinciding of open source data sets to this time frame.  

 

 

 

Figure 20: SDM predicted refugee counts (red) and UNHCR reference refugee counts (green) over 84 months 

  

 

Predicted refugee population estimates were compared to UNHCR monthly 

reference data sets for quantifying the SDM. An R2 of 0.92 showed a good fit for the 

model to actual refugee reference data sets. Figure 21 illustrates the results by a plot of 

the predicted refugee count and the UNHCR refugee count. The data sets were 
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comparable due to both aggregated at monthly counts. There are a few departures from 

the predicted to the reference data set. As addressed above, the model started at zero 

refugees, while the reference data set already accumulated refugees prior to 2012. There 

were also three periods in which the model under predicted the reference refugee count. 

The under prediction occurred in months 16-20, 25-29, and 37-41. This is potentially due 

to the intervening opportunities parameter values causing a reduction in the model 

predictions. During the same period (e.g., January to May) for two other monthly ranges, 

the intervening opportunities did not have an adverse effect on the refugee predictions.   

 

 

 

Figure 21: Predicted SDM refugee count plotted with reference UNHCR refugee count 

 

 



111 

 

 Several descriptive statistics were calculated for the SDM predicted and the 

UNHCR reference refugee monthly counts as shown in Table 5 below. The mean for 

both data sets was within 4,310 refugees. There was a higher standard deviation for the 

UNHCR reference data set which is most likely due to the methodology of the data 

collected by the UNHCR that contained values in the cumulative counts that decreased 

several times and therefore showed a negative count for several months over the entire 

84-month period. There were also larger monthly counts for several months (e.g., June 

2012, February 2014) that were four hundred thousand or more than other months right 

before or after the reported UNHCR refugee counts. These instances are also due to the 

methodology of the data set by UNHCR, which relies on statistics from national 

governments and agencies for compiling the refugee count. This would cause a larger 

spread or variability within the data set for the standard deviation and sample variance. 

The kurtosis in both the predicted and reference data sets were positive and had most of 

the data in the tails. In the case of the refugee monthly counts, there was a larger 

frequency of monthly counts that were less than 70,000 refugees for the predicted 

monthly count. For the UNHCR reference refugee monthly counts, there was similar 

positive kurtosis and a larger frequency for less than 80,000 refugees. Both the predicted 

and reference data sets were highly positive skewed with values that were both greater 

than 1 and were therefore asymmetric as observed in Figure 22 and Figure 23 

respectively. The minimum value for the predicted monthly refugee count was 6,488 

while the reference data set contained a few instances of negative counts that were 

addressed above in the standard deviation. In the maximum refugee monthly count, the 
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predicted value was 335,877 while the reference maximum count was 508,310. These 

maximum counts were within 3 months of both data sets which shows the potential for 

the model to predict higher refugee monthly counts based on the open source data. The 

maximum count in the reference data set was in February 2014 and the maximum for the 

predicted count was May 2014. There could be a lag in the open source data values which 

is reflected in the higher refugee count after a period of time. For instance, if a trigger 

even occurs such as a bombing, there would be a time period in which the displaced 

person would flee to the border or be displaced within the country.   

 

  

Table 5: Descriptive statistics for SDM prediction and UNHCR reference refugee monthly counts 

Descriptive Statistic SDM predicted Reference 

Mean 66451.83 62142.16 

Standard deviation 5957.64 9886.07 

Median 53965.66 41972 

Standard Deviation 54276.65 90066.35 

Sample Variance 2945954310 8111947828 

Kurtosis 6.48 11.22 

Skewness 1.97 2.91 

Range 329389.86 545754 

Minimum 6488 -37444 

Maximum 335877.47 508310 

Count 83 83 
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Figure 22: Frequency of SDM predicted monthly refugee counts 

 

 

 

   
Figure 23: Frequency of UNHCR reference monthly refugee counts 
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 The monthly refugee rate prediction was compared to the UNHCR monthly 

refugee rate reference data set using a two-sample t-test assuming unequal variances. 

This test was performed to determine if there was not a difference between the predicted 

and reference data set. Table 6 shows the statistics calculated including a t stat of 0.37, 

probability one-tail of 0.35, t Critical one-tail of 1.65, probability two-tail of 0.71, and t 

Critical two-tail of 1.98. The t Stat fell between the t Critical two-tail (-1.978 < 0.373 < 

1.978) which showed that the observed difference between the sample means (predicted 

= 66451.83 and UNHCR reference = 62142.16) were not convincing enough to say the 

predicted and UNHCR reference monthly counts differed significantly. Furthermore, the 

probability value was not less than 0.05, which showed that the null hypothesis could not 

be rejected that there is not a difference between the monthly two counts.  

 

Table 6: Two-Sample t-Test assuming unequal variances 

  Predicted Reference 

Mean 66451.83222 62142.15663 

Variance 2945954310 8111947828 

Observations 83 83 

Hypothesized Mean Difference 0  
df 135  
t Stat 0.373376736  
P(T<=t) one-tail 0.354726867  
t Critical one-tail 1.656219133  
P(T<=t) two-tail 0.709453734  
t Critical two-tail 1.977692277   
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The model included a border closure interactive event that triggers a decrease in 

the rate of flow based on user input. This was included to incorporate the impact of a 

policy decision to close or constrain the flow of displaced persons during a refugee crisis. 

The incorporation of a border closure has been applied in ABM models for forced 

migration (Suleimenova et al., 2020) but has not been investigated with an SDM. The 

event could be initiated several times (e.g., three border closure events for the North 

Route to Turkey from Syria) during the simulation. As shown in the graphs of Figure 24, 

the initiation of a border closure event subsequently resulted in the decrease in refugees 

per month for the respective route. Within an SDM this is comparable to turning off the 

flow in the system from the stock of refugees.   

 

  

 

Figure 24: Border closure events during simulation 
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5.1 Model Calibration 

The validation of the model was performed by thoroughly documenting the 

creation of parameter values based on open data and open source, and sensitivity 

experiments on the model parameters. During model calibration experiments the 

parameters for conflict, human rights violations, regime force violence, sociopolitical 

mobilization, and contact rate were tested individually shown below in Table 7. The 

calibration experiments included the UNHCR reference data set for refugees as the 

objective to minimize the difference between the predicted refugee estimate and 

reference data set. Experiments completed included a scalar calibration for fitting a single 

value and a data series to find a best fit for a data set. In the experiments run for the SDM 

calibration, a data series was deemed more beneficial for calibration in order to find the 

best fit along the historical monthly values for the UNHCR data set. The number of 

coefficients for the calibration test was set at 1.0 for each calibration experiment since 

one parameter was calibrated at a time. 

 

Table 7: Calibration parameters in SDM 

Parameter Simulation value Calibration recommended value 

Regime legitimacy Varies by month 100 

Human Rights 

Violations 

Varies by month 3,601 

Conflict 10 10 

Regime Force Violence Varies by month 0 

Sociopolitical 

Mobilization 

56 100 

Contact Rate 30 100 
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The calibration experiment was first tested on the regime legitimacy parameter to 

find a value that would best match the UNHCR historic values. The maximum value of 

100 was found to match best with the reference data set as shown in Figure 25. A larger 

number in this case references a less legitimate regime in the SDM. The value for the 

parameter that was used in the simulation varied by year based on data published by 

Transparency International for Syria. 

 

 

Figure 25: Regime Legitimacy parameter calibration through 100 iterations. 

 

 

 

Calibration tests were performed on the human rights violation parameter using 

the same methodology as the regime legitimacy parameter. In Figure 26, a value of 3,601 
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human rights violations was found to provide a best fit match to the reference data set. 

The range of values that were used in the simulation were based on open source data that 

was in the range of 1164 – 6298 human rights violations based on open source reporting. 

This could indicate that the simulation model could be adjusted to provide more weight 

for the human rights violations in determining the rate for the stock change to refugee.   

 

 

 

Figure 26: Human rights violations parameter calibration through 507 iterations. 

 

 

 

The calibration test for conflict showed that the value of 10 yielded results that fit 

closer to the historic values for the UNHCR data set. As seen in figure 27, the illustration 
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indicates that the value of 10 increases the best fit match for refugee prediction. The 

parameter for conflict used in the SDM was based on open source data which had a value 

set at 10 for Syria during the time period of study. This is the data set maximum value for 

the highest level of conflict. 

 

 

 

Figure 27: Conflict parameter calibration through 507 iterations. 

 

 

 

The fourth calibration test was performed on the regime force violence. The 

results of the calibration indicated that an optimal value of zero would best match the 

historic values of the UNHCR data set as seen in Figure 28. The simulation model was 
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based on an open source data set that ranged in values from 0 – 10 for the events that 

were detected in Syria. The parameter for regime force violence was an optimal candidate 

for a trigger event in that the Syrian regime was observed using chemical weapons 

several times during the civil war. Within the simulation using open source data the 

parameter value would change based on the observance of the chemical weapons during 

the month. There were many months during the simulation where there were no 

observances of the chemical weapons attacks. The significance of a value of zero is most 

likely due to the sensitivity of the simulation to this parameter. 
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Figure 28: Regime force violence parameter calibration through 507 iterations. 

 

 

 

The fifth calibration experiment was performed on the sociopolitical mobilization 

parameter. The results as illustrated in Figure 29 show that the best fit to the reference 

data set was 100 for a range that was between 0 and 100. The value used in the SDM was 

56. This value was determined based on research on the mobilization of the Syrian 

protests in Dar’a, Syria (Leenders & Heydemann, 2012). With Syria there was an 

environment that the regime had complete control over open protests, yet the 

mobilization became a movement through the dense social networks that were found in 

tribal communities.   
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Figure 29: Sociopolitical mobilization parameter calibration. 

 

 

 

The last calibration experiment was performed on the parameter for contact rate 

using the reference UNHCR data set. Figure 30 illustrates results of the calibration test 

showed that the optimal parameter for contact rate was 100. Based on a SDM model for 

insurgency dynamics, a contact rate of 30 was used in the model. The range of potential 

values for the contact rate was between 1 and 100. 
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Figure 30: Contact rate parameter calibration through 100 iterations. 

 

 

 

5.2 Sensitivity Testing 

Sensitivity experiments were explored to see how parameter values influence the 

simulation results of the of the predicted SDM refugee numbers. In a sensitivity 

experiment, there are many iterations used within a step increment for the testing of 

parameter values within a defined range for minimum and maximum values. While one 

parameter was tested individually, the other parameters were a fixed value to see the 

potential range of simulated predicted values that are dependent on the parameter. The 

behavior of the model was analyzed by performing sensitivity experiments. In further 

exploration of the suitability of the SDM for forced migration several sensitivity tests 
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were performed using AnyLogic Professional Edition Version 8.7.2. In similar methods 

used with the calibration, the sensitivity experiments were completed using the 

parameters of regime legitimacy, human rights violations, conflict, regime force violence, 

sociopolitical mobilization, and contact rate. Sensitivity results are shown in Table 8 for 

the SDM parameters. 

 

Table 8: Sensitivity experiments for parameters in the SDM. 

Parameter Simulation 

value 

Sensitivity Range within UNHCR values 

Regime 

legitimacy 

Varies by 

month 

Low-

Medium 

500-232,000 

Human Rights 

Violations 

Varies by 

month 

Medium-

High 

25,500-1,000,000+ 

Conflict 10 Low-

Medium 

900-417,000 

Regime Force 

Violence 

Varies by 

month 

Medium-

High 

40,003-1,000,000+ 

Sociopolitical 

Mobilization 

56 Low-

Medium 

500-232,000 

Contact Rate 30 Low-

Medium 

1-845,000 

 

 

The first sensitivity experiment was performed on the regime legitimacy 

parameter for the simulation. The range of values analyzed was between 0 and 100 with a 

step value of 10. The results of the sensitivity experiment illustrated in Figure 31 showed 

that the simulation had a medium-high sensitivity in regard to the regime legitimacy 

parameter. Changes in the regime legitimacy parameter caused a difference in the 

simulation output values from 500 to 232,000. 
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Figure 31: Regime legitimacy sensitivity experiment. 

 

 

 

The sensitivity experiments for analyzing the human rights violations was 

completed using a range of values for the parameter from 0 to 7,000 with a step value of 

1000. The results of the experiment revealed that the simulation was highly sensitive to 

variations in human rights violations as observed in Figure 32. The SDM simulation 

contains values for human rights violations that fluctuate monthly based on open source 

data and are not a constant value. This would be consistent with prior research that has 

found that human rights violations are one of the largest factors in forced migration. The 

model performed as expected and there were large variations that could be due to the 

extreme values used for the human rights violations parameter. 
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Figure 32: Human rights violations sensitivity experiment. 

 

 

 

The parameter for conflict was tested using the sensitivity experiments and 

showed that there was a moderate sensitivity in the simulation output. The range of 

values included 0 through 10 with a step value of 1 as shown in Figure 33. The 

simulation output was impacted by a range of 900 to 417,000 by differences in the 

conflict parameter. 
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Figure 33: Conflict sensitivity experiment. 

 

 

 

The sensitivity experiment for the parameter of regime force violence was 

completed using a range of values from 0 to 10 with a step of 1. The simulation was 

highly sensitive to this parameter. The simulation output seen in Figure 34 ranged in 

values from 40,000 to 13,385,000 based on the values of the regime force violence 

parameter. This parameter was based on open source data for chemical attacks by the 

regime. It fits the characteristic of a trigger based on the high impact of the event on the 

population. The monthly values for the open source data ranged from 0 to 10 but were 

rarely sustained at a higher level unlike the sensitivity experiment which would explain 

the extremely large number produced in the experiment output. In regard to the values for 

the parameter used within the simulation, while the events were not frequent, they 

affected the simulation with increased outputs during time periods in which there were 

historic increases in refugees. An interesting effect is observed in the maximum value 
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tested for regime force violence in that there is a drop-off after month 72 and month 80 

for the second highest value. This is due to the simulation exhausting the stock value for 

potential refugees. 

 

 

Figure 34: Regime force violence sensitivity experiment. 

 

 

 

The next parameter that was used in the sensitivity experiment was socio-political 

mobilization. The range of values was from 0 to 100, with a step of 10 as illustrated in 

Figure 35. The simulation output was moderately affected by a range of 500 to 232,000 

based on the values for the parameter. The parameter value used in the simulation was 

56. 
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Figure 35: Socio-political mobilization sensitivity experiment. 

 

 

 

The final sensitivity test was performed on the contact rate parameter which was 

utilized as a social media influence on the forced migration simulation. The parameter 

was given a range in the experiment from 0 to 100, with a step value of 10. The results 

showed as seen in Figure 36 that the contact rate parameter had a low sensitivity in the 

beginning of the simulation that gradually increased over the seven-year time period. The 

gradual increase is due to the reinforcement loop that is generating more social contacts 

based on the output stock of produced refugees. The range of the simulation output was 

affected by the contact rate parameter with a range of 1.12 to 845,000. 
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Figure 36: Contact rate sensitivity experiment. 

 

 

 

 

5.4 Extreme Testing 

The use of extreme tests provides a method to validate the model and observe 

how the model performs with parameter values that are outside of normal ranges. The 

goal is to validate the model by observing if the results are logical for parameters with 

extreme values. Extreme tests were performed on several variables to observe the extent 

of the increased range of a value and the effect on the model simulation. Experiments 

were run on the parameters for regime legitimacy, human rights violations, regime force 

violence, conflict and contact rate for the purposes of observing extremely small or large 

values on the model simulation results. In Figure 37, there was little change in the 

refugee predicted values for running extreme tests for a parameter value of 1 and 100 

which were at the far end of available parameter values. In the case of using extreme 

parameter values for human rights violations, Figure 38 illustrates that there were large 
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refugee predicted values when extremely improbable large values were used that were 

several thousand above the open source data values used in the SDM simulation. The 

extreme test for the human rights violations showed an underlying effect that is due to the 

intervening opportunities parameter. This is observed in the cyclical values for the 

predicted refugees over the seven-year period for the extreme value used for each month 

in the simulation experiment.   

 

 

Figure 37: Extreme test for Regime Legitimacy 
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Figure 38: Extreme test for Human Rights Violations 

 

 

 

The SDM model was tested through multiple methods to determine the 

appropriateness of the parameters via model calibration, sensitivity, and extreme tests. 

Each of these methods yielded information that reinforced the methodology for using the 

selected open source data as well as identify areas where the SDM requires additional 

considerations that can be achieved by refining the parameter of intervening 

opportunities.  
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CHAPTER SIX: DISCUSSION, FUTURE WORK, AND CONCLUSION 

The issue of migration has been explored in this project with a focus on forced 

migration from the Middle East to the European Union. There are also gaps that exist for 

studying the issue of migration within the African continent. By 2050, the three African 

countries of Nigeria, Democratic Republic of Congo, and Ethiopia are projected to be in 

the top ten most populous countries (Population Reference Bureau, 2015). The issue of 

forced migration has application in Africa due to the problems of conflict, health, and 

environmental pressures such as water shortage and food scarcity. According to the 

UNHCR (2021c), 67% of refugees originate from five countries that include Syria (6.6 

million), Venezuela (3.7 million), Afghanistan (2.7 million), South Sudan (2.3 million), 

and Myanmar (1.0 million).  

Migration will continue to be a fruitful topic due to the increasing connectivity on 

a global scale of individuals via social media and ICT. Migration studies have gone 

through several evolutionary stages with novel ideas brought about via academic fields 

such as economics, physics, statistics, and mathematics. A perfect model that fits all 

empirical data has not been obtainable via various applications due to human factors such 

as cultural and socioeconomic characteristics that are spatially variable. Changes in 

society such as the industrial revolution, information revolution, globalization, and 

urbanization have further complicated modeling efforts in that one model will fit for an 

era and geographic location, but after several decades, a model will be obsolete in that 

individuals will value amenities on a different scale. This can be seen through the 
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analysis and interpretation of United States census data which showed that migration 

dramatically shifted from early periods of development to the beginning of the 

information age. This is not necessarily only observed in the United States, but can be 

observed in the analysis of registry data and employment data in Britain and changes in 

interregional migration in India. 

The current progression for the past few decades has been a shift in populations 

moving to cities. The tipping point of when 50% of the global population was living in 

cities was reached in approximately 2007 (United Nations Population Fund, 2007). If the 

current trend of populations migrating to cities continues as can be currently expected 

due to the extreme efficiency of agricultural production, migration studies should shift in 

spatial focus from an aggregated spatial scale to a more finite scale to capture the spatial 

variation. 

6.1 Data Quality 

In this research, open source and social media data are utilized as inputs into the 

SDM. Data sets such as OSM and other crowdsourced data sets are not potentially 

equivalent to authoritative data sets in that there is a certain degree of potential 

inaccuracies and spatial variation that could be associated with the user generated data. 

There are many sources of inaccuracies that could include completeness, errors in 

quantitative and qualitative values in the attributes, generalizations to name a few. 

Though with these potential inaccuracies there has been a paradigm shift in how people 

are choosing to receive their news and information with a 62% majority receiving their 

news on social media (Gottfried & Shearer, 2016). User generated sources of information 
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and data are becoming a more trusted source of news and breaking news events compared 

with traditional media outlets.   

A benefit to using open source information is the currency of the information. 

Open source information is continuously being updated by users that are generating 

content. When using authoritative content there are limitations of the data currency with 

official census and national registries that are updated on a bicentennial frequency. The 

use of open source and social media could potentially supplement official numerical data 

for the purposes of exploring new trend developments in migration that could be detected 

with rapidly updated information on infrastructure and migration social actions which 

include the activities taking place along the infrastructure. 

6.2 Data Fusion 

There are many data sets utilized within this research and the requirements of data 

fusion (DF) guide the proper implementation of using disparate data sources. When using 

multiple sources of geospatial information that are created by varying organizations and 

individuals there are potential differences in scale, magnitude, thematic attribution and 

definition, temporal resolution, and spatial resolution. DF of census, demographic 

information, cellular records, and Smartphone application data with varying granularity 

have provided insight into public health interventions through input and model validation 

of ABM simulations (Laskowski et al., 2011). 

DF is using techniques such as digital signal processing, statistical methods, 

computational techniques and algorithms combine data from multiple sensors (Hall & 

Llinas, 1997; Raol, 2015). The process of DF has been applied in remote sensing 
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extensively with image processing techniques such as pan-sharpening which have inputs 

of multispectral and panchromatic imagery that have varying spatial, spectral, and 

radiometric resolutions. The creation of a pan-sharpened image integrates the image 

inputs to create a new image that has a perceived increased spatial resolution of the 

multispectral images but is due to the increased detail of textural and pattern 

characteristics of the panchromatic image that is collected at a finer spatial resolution 

than the multispectral image. This fusion of images provides an advantage over non fused 

data in that the photo interpretability of the fused image is greater than the original 

multispectral and panchromatic images. With the multispectral image, there is a lack of 

spatial detail and with the panchromatic image, there is a lack of spectral detail. 

This research utilized various data sets that have heterogeneous properties such as 

spatial, temporal, and thematic attributes. In order to fuse these data sets together within 

an analysis, the level of abstraction within the SDM model was aggregated to a national 

country level scale. The model was run on inputs that have been aggregated at a smaller 

scale than actual event data such as instances of individuals applying for asylum or 

detected events of social media use that are found within a retweet network. In the DF 

process, a weighted average is used as a fusion rule for deriving information from the 

different thematic categories of quantitative information that analyzed alone would not 

provide as much information as being combined with other sources of information (Raol, 

2015).  

The scale and dimensions of data such as the area boundaries can affect 

aggregated values for that area. This is observed with the modifiable area unit problem 
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(MAUP). This can have a statistical bias which can influence the results of the analysis. 

This occurs when point data such as asylum applications are aggregated to a larger 

administrative boundary which is usually a result of geopolitical processes and not a 

uniform area of measurement. 

6.3 Integrating Data 

The integration of the aggregated data sets that are available via open source and 

open data can effortlessly be integrated due to the common reference system that is found 

in the geographic coordinate system and aggregation at a national or sub-national 

administrative boundary. In the case of this research the monthly aggregation time 

periods were from the first of the month to the month end. 

Within geoprocessing workflows such as a country mobility and suitability 

analysis, geospatial layers are overlayed with one another and analyzed using methods 

such as map algebra to perform an analysis on the ability of an object to transverse terrain 

given physiographic characteristics such as slope, soil, vegetation, and water geospatial 

extents and attribution. With suitability analysis a similar geoprocessing procedure is 

used to combine different spatial layers into a common range. The output of the country 

mobility model is a calculation on the difficulty within a range to transverse the terrain 

based on numeric values associated with each geospatial layer. Certain layers might have 

more importance in the calculation such as slope given the capabilities of the object that 

is moving. Those characteristics that have greater influence can be given a higher weight 

in the map algebra equation to signify the importance of the variable. With a suitability 

analysis model, layers are combined such as aspect, slope, and hillshade to prioritize 
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criteria used within the analysis to find an optimal location for placement of a service, 

object, or entity. As with the mobility analysis, more important layers that meet a criteria 

can have a higher weight to create more of an influence on the suitability model.   

Within the SDM there are many variables that are incorporated into the model 

that have different weights and therefore a greater influence on the movement of refugee 

populations. Based on the literature reviewed, human rights violations and generalized 

violence have a large impact on the formation of refugee movements. Additional 

variables were explored in the model as detailed in the methodology sections 

aforementioned in this research. 

6.4 Normalizing Data 

The normalization of data occurs when comparing different values across many 

entities such as country administrative areas. The normalization of values can take into 

consideration the size of the administrative area, scale of the data, or total population 

number within the area to name a few examples. By normalizing data using a ratio, 

percentage, or quantile a potentially direct comparison can be initiated.    

6.5 Data Agility 

Crowdsourced data is constantly created, edited, curated, and available for 

download in many applications or APIs. The constant updates provide for data agility that 

can potentially be harnessed to supplement traditional authoritative data sources that are 

not temporally updated frequently by international, national, and regional organizations.  

The data could provide information that can be used for situational awareness, 
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monitoring of response to policy changes, planning, and resource allocation for forced 

migration movements across international borders. 

6.5 Limitation of Approach 

There are several limitations with using open source data and open data from 

governmental or other organizations. Data is not always continuously updated and can be 

distributed at irregular intervals by the agencies that are collecting or aggregating the data 

sets. There are numerous definitions that could potentially be used by various 

organizations that might have designations to a particular type of forced migration such 

as a refugee or internally displaced person. The methodology that agencies or 

organizations use to collect the data vary from events where an individual is detected as 

crossing to formal surveys within organized refugee camps to determine the appropriate 

dispersal of humanitarian aid. Government agencies with mandates of border control can 

also provide numerical counts that are double and triple counting border crossing events 

due to the circuitous nature of the migration trajectory and instances where detected 

illegal migrants are returned to prior countries when they had unsuccessfully found a new 

migration destination (Sigona, 2015).   

There are also spatial and temporal limitations with using an SDM within a forced 

migration application. The SDM approach is restrictive on the types of agents that are 

modelled. An SDM is not able to model heterogeneity in a population. In several models 

that were reviewed the population stocks were generalized for the whole population 

though there was an instance where the population stocks were subdivided into two 

populations for male and female, and there were different values that were used for 
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female versus male parameters including life expectancy, death rates, and average labor 

hours (Pruyt et al., 2011). Also, in another SDM published models there were stocks that 

were used to model demographic populations that were split into different age cohorts 

(Sutrisno & Handel, 2012). Several of the SD models in literature that modeled migration 

were generated on a national or global scale using data that was based on national 

statistics such as parameter rates or database values (Pruyt et al., 2011; Lychkina & 

Morozova, 2014; Auping et al., 2015). In order include a spatial component of distance in 

a SDM, one study used calculated distances captured from geospatial analysis as different 

parameters within a transportation subsystem (Cruz-Cantillo, 2014). The ability to 

incorporate spatial information into an SDM has been accomplished by integrating the 

outputs of the SDM into another modelling technique such as cellular automata (Han et 

al., 2009). 

SD modeling can be used to analyze how behavior of systems change through 

time with the use of parameters, feedback loops, and flow modification. The parameter 

values can be determined through the use of statistical analysis of time series information 

that is acquired at a national scale or database values (e.g., GDP) (Auping et al., 2015). 

The time component in a SDM can be utilized to analyze how present conditions arose 

and extend the model into the future for creating alternate futures that are based on policy 

adjustments (Forrester, 1993). The output of alternate futures can be in time units that are 

minutes to years (Cruz-Cantillo, 2014; Auping et al., 2015). 



141 

 

6.6 Future Work 

While this research provided the conceptual and simulation framework for 

implementing an SDM for forced migration based on causal variables that have been 

documented in quantitative studies, future work directions could benefit from a hybrid 

modeling approach. The simulation model presented in Chapter 4 was exclusively 

performed within a systems thinking based SDM. There are additional modeling 

techniques that could complement this research to further studies in forced migration. A 

hybrid model that combines aspects of an SDM with ABM could provide analysis to 

better model heterogeneous populations and analyze from a bottom-up approach. An 

ABM can also shed more information on a finer scale than was used within this research 

that focused on a national and regional level. While the SDM sets the parameters and 

causality links upfront, an ABM approach has the ability to set the behaviors, 

relationships, and interaction mechanisms which then enables the agents to interact with 

the environment. This could be a useful tactic for the refugee decision process or country 

reception once the displaced stock has been predicted at a national level with the SDM to 

then input a new calculated set of initial agents into an ABM. Simulations such as the 

FLEE ABM have been applied to forced migration that investigate policy decisions such 

as camp capacity changes and forced redirection (Suleimenova, 2020) and providing a 

simulation environment in which a user can define the simulation environment within a 

defined framework (Groen et al., 2020). 

A second area of consideration for future work could be the inclusion of other 

indicators or proxies for public sentiment and interest in the forced migration. Once such 
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proxy could include Google Trends as an input to the model. The incorporation of this 

indicator would be most appropriate in the route selection and calculation for flow rate. 

Google Trends is a service which enables users to measure normalized search popularity 

for topics on a ratio scale of 0 to 100 (i.e., peak popularity) back to 2004 (Google Trends, 

2021). The potential use of the search popularity could be used as a proxy for public 

interest in refugees and displaced persons. The trend search results depict search 

popularity that is geographically grouped to a country, subregion, and possibly metro area 

or city level if there is enough data to support the unbiased samples of Google searches. 

Figure 39 below illustrates the search popularity for the term refugee since 2004. There is 

a clear spike in the search popularity in December 2015 in which the Syrian Refugee 

crisis was gaining international attention. A second spike in 2017 occurred during the 

same period as both a large displacement of persons in South Sudan and restrictions on 

immigration policy in the United States (Alfred, 2017). 
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Figure 39: Search popularity for "Refugee" in Google Trends 

   

 

The SDM applied in this research on forced migration has focused on acute 

migrants during the Syrian crisis from 2012 to 2018. During the period preceding the 

Arab Spring and Syrian civil war, there were anticipatory migrants that can be observed 

through the annual statistics provided by UNHCR (2021c). In viewing the Syrian asylum 

applications from 2000 to 2020, there are several years leading up to 2011 where there 

were large increases in both the number of asylum applications and asylum decisions. For 

example, in 2007, there was a 29% increase from the prior year for the number of asylum 

applications as can be observed in Table 9. This year of substantial increase in asylum 

applications coincided with the election year of Assad in which there were no opposing 

candidates due to threats of imprisonment and intimidation (Black, 2007).  
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Table 9: Syrian asylum applications (2000-2020) reported by UNHCR (2021c) 

Year 
Number of asylum 
applications 

% Increase in asylum 
applications from 
prior year 

2000 6140 NA 

2001 5187 -18.37 

2002 4405 -17.75 

2003 4313 -2.13 

2004 4211 -2.42 

2005 5070 16.94 

2006 4709 -7.67 

2007 6640 29.08 

2008 6939 4.31 

2009 7043 1.48 

2010 8349 15.64 

2011 14212 41.25 

2012 35238 59.67 

2013 70565 50.06 

2014 174940 59.66 

2015 416865 58.03 

2016 357615 -16.57 

2017 125693 -184.51 

2018 126368 0.53 

2019 91273 -38.45 

2020 39712 -129.84 

 

 

6.7 Conclusion 

The research presented here has presented a new method of analysis for 

quantifying the number of persons within a forced migration scenario. Diverse sources of 

data including open source and open data were used within the modeling to determine the 
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rate in which the stock populations were subjected to influences such as regime 

legitimacy, human rights violations, civil war, regime force violence, socio-political 

mobilization, intervening opportunities, and a social media factor. The exploration of 

these data sets within the same model offer an advance in the understanding and 

interaction that can become symbiotic within a complex system. The use of an SDM 

provided a novel method to simulate within a non-linear environment refugee projections 

that could benefit many entities such as national governments, humanitarian NGO’s, and 

organizations that monitor conflict situations. The SDM was created and modified using 

information that was derived from forced migration literature as the main factors cited for 

causality. Causality is an important aspect of an SDM approach which differentiates the 

methodology in this research from other analysis such as multivariate analysis which is 

used for analyzing correlation.   

The presented simulation using an SDM methodology incorporated data that was 

explicitly tied to geographic locations on multiple scales. Human rights violations were 

captured through a crowd sourced method than captured the time and spatial location of 

the event. Regime force violence data was an open source data set that also detailed the 

geospatial locations to a coordinate level and day of the event. These data sets were 

aggregated to a national spatial scale for analysis in the model with the regime 

legitimacy, conflict, sociopolitical mobilization, and contact rate. The data at this point 

moved into an implicit geographic structure for the analysis in a top-down analytical 

approach used within the SDM. A benefit of aggregating the data to the national level 
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includes the generalization of the model to be applied to other countries and situations 

and also applicability to a regional scale of analysis. 

   Data sources used within the presented research have comparable inputs for 

other geographic locations. Several of the data sets which contained parameters for the 

SDM were derived from worldwide data sets for the regime legitimacy, conflict, and 

sociopolitical mobilization. There are also worldwide data sets for human rights 

violations and violence such as ACLED (Raleigh et al., 2010). In the case of Syria, 

ACLED data was not available until after 2017, and therefore an alternative open source 

data set was used within this analysis.  

The methodology presented in this dissertation research demonstrated a novel 

conceptual (causal) model for state instability-driven forced migration based entirely on 

openly available data. The model was implemented using a systems thinking approach 

which included factors shown in Chapter 2.2.3 that have a causal relationship with 

refugee production. Causal relationships are essential within an SDM and further 

demonstrate the utility of this application of an SDM for forced migration. The model 

was further implemented, verified, and calibrated using an SDM approach. Research 

presented within this dissertation explored forced migration through open-data and 

systems dynamic modeling as a further quantitative scientific contribution that built upon 

past forced migration and modeling research. 
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