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[bookmark: _8a0l2om6r1az]Supplementary Material 1 (SM-1): Systematic Review Search Protocol

Caption: This Systematic Review Search Protocol outlines the main aim and objectives. It also presents the key search terms (shown in Protocol Table 1) and the search strategy for this review, including the inclusion/exclusion criteria which have also been formatted into a Screening Checklist tool (shown in Protocol Table 2) for the screeners. We have also added details on the bibliographic databases searches (shown in Protocol Table 3). The conceptual framework for this review, as shown in the article, is also included as part of the Review Protocol.

Working title: Exploring migration pathways, labour migration and modern slavery using agent based modeling: a systematic review

Key words: migration, modern slavery, trafficking, child labour, dynamic modelling, network analysis, agent based modeling 

Authors: Alys McAlpine (AM), Ligia Kiss (LK), Cathy Zimmerman (CZ) and Zaid Chalabi (ZC).

Aim: To review the use of agent based modeling in research exploring migration pathways, labour migration and all forms of modern slavery to assess the applications of these methods of research on these topics and lessons learned, as well as identify the appropriateness and opportunities in these methodologies going forward. 

Objectives:
1. To inventory the use of agent based modeling methodologies in research on topics pertaining to migration and modern slavery; (research topics outlined in Table 1)
2. To conduct a focused review of any research aims, research questions or analysis indicators pertaining to migrants entry into work, labour exploitation, modern slavery, or migrant workers’ health outcome;
3. To summarize the applications of the methods used in the included studies;
4. To outline the lessons learned and articulated in the results and discussions;
5. To assess and summarise the gaps, opportunities and limitations of these methods as identified by the authors of the included studies and the authors of this systematic review.
[bookmark: _vzf63sj1c5sc]Systematic Review Methodology:
We will follow the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The search strategy will be a two-concept search (with the use of NOT terms). We will run the search in 5 bibliographic databases (PubMed; Scopus ; Web of Science; MathSci Net; ACM Digital Library). Protocol Table 1 outlines the key search terms. Protocol Table 2 outlines the inclusion criteria for the screeners (AM + LK).
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	[bookmark: _n9igr5nq81zc]Protocol Table 1: Final Search Terms 

	Concept 1: migration;  low-wage or hazardous labour; labour recruitment; modern slavery or human smuggling 
	Concept 2:  complex system simulations; network analysis

	1: MIGRATION
migrat* OR migrant*
immigrat* OR immigrant*
emigrat* OR emigrant*
refugee*
assylum 
“internal* displace*” 
(displace* NEAR/4 people* ) 
(displace* NEAR/4 population*)
humanitarian 

2: LOW-WAGE OR HAZARDOUS LABOUR
“low-wage” 
“low-skill” 
(occupation* NEAR/4 (health OR safety))
“trade union*”

3: LABOUR RECRUITMENT
labo$r recruit*
 labo$r broker*
 lab$or agent
 labo$r intermediar*
“labo$r market*”
“labo$r supply”


	4: MODERN SLAVERY
(human NEAR/4 traffick*)
(human NEAR/4 smuggl*) 
(migrant* NEAR/4 traffick*)
(migrant* NEAR/4 smuggl*) 
(refugee NEAR/4 traffick*) 
(refugee NEAR/4 smuggl*) 
“modern slave*”
“forced labo$r*” 
 “forced work*”
“child labo$r*”   
“child work*” 
 (child NEAR/4 traffick*)
“bonded labo$r*”
“bonded work*”
“debt bond*” 
“unfree labo$r” 
“labo$r NEAR/4 (exploit* OR abus*)"
“early marriage*” 
“child marriage*” 
“child bride*” 
 “forced marriage*” 
“forced bride*”
(bride NEAR/4 traffick*)
“forced conscription”
“child soldier*”
“rebel wives”
	Check with Zaid:

Dynamic:
“agent-based model*”
“individual-based model*”
“stochastic-dynamic model*”
“computational agent*”
“cellular-automata*”
“social simulat*”
microsimulat*
(“machine learning” NEAR/4 “dynamic system*”)
(system* NEAR/4 “interact* object*”)
“system dynamics” 
“complex system* simulation”
“complex system* model*”
“discrete-event simulation”
“discrete-time Markov chains” 

Static:
“network analysis”
“network data”
“network model*”
“bayesian network” 



	NOT :(cancer* OR tumo$r* OR protein* OR gene OR genetic OR genomic* OR oncolog* OR immunolog* OR “earth-system* model*” OR “oceanic-migration*” OR “bird NEAR/4 migrat*” OR “fish-migration” OR species OR “cell-migrat*” OR breed* OR molecul* OR bacteria* OR particle* OR "cell-cell" OR tissue OR larva* OR ecosystem* OR egg* OR predator* OR sedement*)


 



	Protocol Table 1: Inclusion Criteria + Reviewer Screening Checklist

	Inclusion Criteria
	Reviewer Screening Checklist
	Yes/No

	1: DOCUMENT TYPE: Peer reviewed articles
Excluding: reviews; conference abstracts; books or grey literature 
	Is this a peer-reviewed article?
	[Y]  [N]

	2: PUBLICATION DATE:  Between 1 January 1999 and the dates of the database searches (described later in this protocol) 

	Was this study published on or after January 1, 1999 and search dates?
	[Y]  [N]

	3: METHODOLOGY: 
Phase 1: Must describe use of either a complex systems modelling approach or network analysis (phase 1 inclusion) and then agent based modeling only for extraction (phase 2 inclusion).
Including: ABM, IBM, SDM, cellular-automata, microsimulation, dynamic system modeling, bayesian network analysis, discrete-event simulation, discrete-time Markov chains, diffusion models, machine-learning, or any form of network analysis or simulations.

Phase 2: Must present an original agent-based model and use the ‘agent-based modeling’ terminology to describe the methods. 


Note: 
1. Any methodology that you think might be relevant or included please include at the abstract screening stage and the co-reviewers can discuss and iterate the methodology inclusion criteria before full article screening. 
2. The final yield will then be divided by dynamic and static studies to extract separately and write up as 2 papers. 
	Phase 1: Does the study use either complex systems simulations or network analysis methods? 

Phase 2: Does the study use agent based modeling?


	[Y]  [N]





[Y]  [N]

	4: RESEARCH QUESTIONS:
The article or review must address at least one of the following topics in the simulations or network analyses described:
· Migration corridor trends, migration patterns and drivers of migration (including: short/long term, seasonal, permanent resettlements, internal or international, rural to urban, economic migrants, student migrants, distress migrants (refugees/asylum seekers/internally displaced persons) and migrant workers of any work type or wage level. 
· Rural to urban migration
· Migrant social networks relevant to involved in migration planning, implementation or job/earning seeking at destination 
· Migrant workers and work outcomes, including work recruitment
· Migration policy or broader policy areas impact on migration
· Safer labour migration or migrant worker health interventions  that have individual or migrant specific outcomes (not NGO service network)
· Remittance flow
· Return migration 
· Modern slavery or child labour (including child soldiers)
*Examples of excluded topics below. 
	Does this study address relevant research question(s) or analysis relevant to migration mechanisms or modern slavery? 


	[Y]  [N]

	Total number of ‘No’ answers?  0=include; 1+=exclude
	# of N?

	*Examples of excluded topics: 
· Disease spread through migration 
· Migrant population health at destination (unless specific to migrant workers or slavery) 
· Humanitarian coordination or service delivery broadly (will include safer labour migration research)
· Disaster preparedness or short term emergency evacuation 
· Residential or local migration (for example, urban sprawl, neighborhood choice, etc)
· Urban sprawl without focus on migration as driving force
· Ethnic diversity at destination (without exploring migration mechanisms/networks that led to this diversity)
· Immigrant integration at destination or immigrant networks at destination (except where relevant to job or earning searches as described above)
· Animal migration 
· Tourism 
· Low-wage or hazardous occupation research without dissagraption by migrant status 

*NOTE: We will not apply any exclusion criteria based on the data source (quantitative, qualitative, secondary, theoretical, etc.), study type (cross-sectional, longitudinal, trial, etc.), quality of the study, language or journal.


[bookmark: _xgvjj8mkuq7h]
[bookmark: _yr4ueyo0g156]Protocol Figure 1: Systematic Review Conceptual Framework
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This systematic review includes 5 bibliographic databases. The search strategy was developed and tested on the bibliographic database with the largest source list, Web of Science, to ensure relevance of search terms and revise any issues with phrases, truncation, proximity functions or boolean operators. 

Protocol Table 3: Bibliographic Database Search Scripts
	1) Web of Science:

TERM 1: (migrat* OR migrant* OR immigrat* OR immigrant* OR emigrat* OR emigrant* OR “internal* displace*” OR (displace* NEAR/4 people* ) OR (displace* NEAR/4 population*) OR refugee* OR asylum* OR humanitarian OR  “low-wage” OR “low-skill” OR (occupation* NEAR/4 (health OR safety)) OR “trade union*” OR labo$r recruit* OR labo$r broker* OR lab$or agent OR labo$r intermediar*  OR “labo$r market*” OR “labo$r suppl*” OR “work* stirke*” OR “labo$r strike*” OR (human NEAR/4 traffick*) OR (human NEAR/4 smuggl*) OR (migrant* NEAR/4 traffick*) OR (migrant* NEAR/4 smuggl*) OR (refugee NEAR/4 traffick*) OR (refugee NEAR/4 smuggl*) OR “modern slave*” OR “forced labo$r*” OR “forced work*” OR “child labo$r*” OR “child work*” OR  (child NEAR/4 traffick*) OR “bonded labo$r*” OR “bonded work*” OR “debt bond*” OR “unfree labo$r” OR (labo$r NEAR/4 (exploit* OR abus*)) OR “early marriage*” OR “child marriage*” OR “child bride*”  OR  “forced marriage*” OR “forced bride*” OR (bride NEAR/4  traffick*) OR “forced conscription” OR “child soldier*” OR “rebel wives” OR “manpower compan*” OR “foreign labo$r*” OR “foreign work*” OR “seasonal labo$r*” OR “seasonal work*”) 

TERM 2: AND (“agent-based model*” OR “individual-based model*” OR “stochastic-dynamic model*” OR “computational-agent*” OR “cellular-automata*” OR “network analysis” OR “network data” OR “network model*” OR “social simulat*” OR microsimulat* OR (“machine learning” NEAR/4 “dynamic system*”) OR (system* NEAR/4 “interact* object*”) OR “system dynamics” OR “bayesian network” OR “complex system* simulation” OR “complex system* model*” OR “discrete-event simulation” OR “discrete-time Markov chains”) 

TERM 3: NOT (cancer* OR tumo$r* OR protein* OR gene OR genetic OR genomic* OR oncolog* OR immunolog* OR “earth-system* model*” OR “oceanic-migration*” OR “bird NEAR/4 migrat*” OR “fish-migration” OR species OR “cell-migrat*” OR breed* OR molecul* OR bacteria* OR particle* OR "cell-cell" OR tissue OR larva* OR ecosystem* OR egg* OR predator* OR sediment*)

Search Date: 09 June 2019 YIELD= 1165 

Filters:
Document Type: Articles; Reviews 
Years: 1999-2019
Language: All

	2) PubMed:

TERM 1: (migrate OR migrant OR migration OR immigrate OR immigrant OR immigration OR emigrate OR emigrant OR emigration OR “internal displacement” OR “internally displaced” OR “displaced people” OR “displaced population” OR refugee OR asylum OR humanitarian OR “low-wage” OR “low-skill” OR “occupational health” OR “occupational safety” OR “trade union” OR “labour recruitment” OR “labor recruitment” OR broker OR intermediary OR intermediaries OR “labour market” OR “labor market” OR “labour supply” OR “labor supply” OR “workers strike” OR “human trafficking” OR “human traffickers” OR “human smuggling” OR “human smugglers” OR “modern slavery” OR “forced labor” OR “forced labour” OR “child labor” OR “child labour” OR “child work” OR “child workers” OR “bonded labor” OR “bonded labour” OR “bonded work” OR “bonded workers” OR “debt bondage” OR “unfree labor” OR “unfree labour” OR “labor exploitation” OR “labour exploitation” OR “labor abuse” OR “labour abuse” OR “early marriage” OR “child marriage” OR “child bride” OR “forced marriage” OR “forced bride” OR “forced conscription” OR “child soldier” OR “rebel wives” OR “manpower company” OR “manpower companies” OR “foreign labor” OR “foreign labour” OR “foreign work” OR “foreign workers” OR “seasonal labor” OR “seasonal labour” OR “seasonal work” OR “seasonal workers”)

TERM 2: AND (“agent based model” OR “agent based modeling” OR “individual based model” OR “individual based modelling” OR “stochastic dynamic model” OR “stochastic dynamic modeling” OR “computational agent” OR “cellular-automata” OR “network analysis” OR “network data” OR “network model” OR “social simulation” OR microsimulation OR “machine learning” OR “dynamic system” OR “interaction object” OR “system dynamics” OR  “bayesian network” OR “complex system simulation” OR “complex system model” OR “complex system modeling” OR “discrete event simulation” OR “discrete time Markov chains”)

TERM 3: NOT: (cancer OR cancerous OR tumor OR tumour OR protein OR gene OR genetic OR genomics OR oncology OR oncological OR immunology OR “earth-system” OR “oceanic-migration” OR “bird migration” OR “fish migration” OR species OR “cell-migration” OR breed OR molecule OR molecular OR bacteria OR bacterial OR particle OR "cell-cell" OR tissue OR larva OR larval OR ecosystem OR egg OR predator OR sediment OR sedimentary)

Search Date: 09 June 2019 YIELD= 402

Filters:
Document Type: Classical Articles; Reviews 
Years: 1999-2019
Language: All

	3) SCOPUS:
TERM 1: (migrat* OR migrant* OR immigrat* OR immigrant* OR emigrat* OR emigrant* OR "internal* displace*" OR (displace*  W/4  people*) OR (displace*  W/4  population*) OR refugee* OR asylum* humanitarian OR "low-wage" OR "low-skill" OR (occupation*  W/4  health) OR (occupation*  W/4  safety) OR "trade union*" OR labo*r recruit* OR labo?*r broker* OR lab*or agent OR labo*r intermediar* OR "labo*r market*" OR "labo*r suppl*" OR "work* stirke*" OR "labo*r strike*" OR (human  W/4 traffick*) OR (human  W/4  smuggl*) OR (migrant*  W/4  traffick*) OR (migrant*  W/4 smuggl*) OR (refugee  W/4  traffick*) OR (refugee  W/4  smuggl*) OR "modern slave*" OR "forced labo*r*" OR "forced work*" OR "child labo*r*" OR "child work*" OR (child  W/4  traffick*) OR "bonded labo*r*" OR "bonded work*" OR "debt bond*" OR "unfree labo*r" OR (labo*r  W/4  exploit*) OR (labo*r  W/4  abus*) OR "early marriage*" OR "child marriage*" OR "child bride*" OR "forced marriage*" OR "forced bride*" OR (bride  W/4  traffick*) OR "forced conscription" OR "child soldier*" OR "rebel wives" OR "manpower compan*" OR "foreign labo*r*" OR "foreign work*" OR "seasonal labo*r*" OR "seasonal work*")

TERM 2: AND (“agent-based model*” OR “individual-based model*” OR “stochastic-dynamic model*” OR “computational-agent*” OR “cellular-automata*” OR “network analysis” OR “network data” OR “network model*” OR “social simulat*” OR microsimulat* OR (“machine learning” W/4 “dynamic system*”) OR (system* W/4 “interact* object*”) OR “system dynamics” OR “bayesian network” OR “complex system* simulation” OR “complex system* model*” OR “discrete-event simulation” OR “discrete-time Markov chains”) 

Search Date: 09 June 2019 YIELD= 148 

Filters:
Document Type: Article; Review
Years: 1999-2019
Language: All

	4) ArXiv

TERM 1: (“human trafficking” OR migrat* OR migrant OR immigra* OR refugee OR asylum OR slavery)

TERM 2: AND “agent based” OR “individual based” OR “stochastic dynamic” OR “cellular-automata” OR “network analysis” OR microsimulat* OR “system dynamics” OR bayesian OR “discrete-event” OR “discrete-time”

TERM 3: NOT: cancer OR cancerous OR tumor OR tumour OR protein OR gene OR genetic OR genomics OR oncology OR oncological OR immunology OR “earth-system” OR “oceanic-migration” OR “bird migration” OR “fish migration” OR species OR “cell-migration” OR breed OR molecule OR molecular OR bacteria OR bacterial OR particle OR "cell-cell" OR tissue OR larva OR larval OR ecosystem OR egg OR predator OR sediment OR sedimentary 

Search Date: 18 Sept 2019 YIELD= 127

Filters:
Document Type: Article; Review
Years: 1999-2019
Language: All

	5) MathSciNet

TERM 1: (human trafficking or migrat* or migrant or immigra* or refugee or asylum or slavery)

TERM 2: AND ("agent based" or "individual based" or microsimulation or automata or dynamic or network)

Search Date: 18 Sept 2019 YIELD= 74

Filters:
Document Type: Article; Review
Years: 1999-2019
Language: All
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[bookmark: _46qe41gq4p1g]Supplementary Material 2 (SM-2): Articles that implicitly describe agent-based modeling methods 
Caption: This additional material provides an overview of relevant studies not included in this systematic review’s data extraction. 

This review first included only studies that reported an original agent-based model and used this ‘agent-based modeling’ terminology to describe it. We identified 8 studies that described modeling techniques justifiably relevant to this review but did not meet the criteria of clearly defining the model as an ‘agent-based model’. The table below inventories those eight articles.

	First Author
	Year
	Article Title

	Biondo
	2012
	Return Migration After Brain Drain: A Simulation Approach

	Bocedi 
	2012
	Uncertainty and the Role of Information Acquisition in the Evolution of Context-Dependent Emigration

	Camacho
	2019
	A model in continuous time and space to study economic migration

	Demurger
	2009
	Migrants as second-class workers in urban China? A decomposition analysis

	Li
	2017
	The influence of migration speed on cooperation in spatial games

	Marchiori 
	2011
	The impact of migration on origin countries: a numerical analysis

	Schweitzer
	2012
	Optimal migration promotes the outbreak of cooperation in heterogeneous populations

	Werpachowska
	2016
	Microsimulations of demographic changes in England and Wales under different EU referendum scenarios






Supplementary Material 3 (SM-3): Full data extraction table 

Caption: An additional Excel CSV file has also been submitted with this article which includes an aggregated data extraction table presenting the same content found in Tables 4-8 in the Article text for the option to review the extracted data for one article across all five tables. 
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UMBRELLA THEMES:

1) Migration mechanisms/pathways

2) Labor migration

3) Modern slavery and labor exploitation

ROUND 1 INCLUDED METHODS:

1) Dynamic Systems Modeling
2) Network Analysis.

FINAL INCLUDED METHODS:

Agent Based Modeling




