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ABSTRACT 

 

Humans have fled environmental degradation for many millennia. Due partially to climate 

change, environments across the world have often degraded to the point that they can no longer 

securely sustain livelihoods. Entire communities and households have been displaced by extreme, 

rapid or creeping disasters; during their flight, they have left footprints across the globe that merit 

tracing. Sometimes this mobility is forced and at other times it is purely voluntary; for both, the 

mobility has roots in a changing environment. The footprint of environmentally influenced 

mobility (EIM) was traced through a series of three independent but related studies.  

 

The first study gained foundational perspective through an exploration of connections between 

climate drivers and natural and human impacts of climate change. This inquiry sought to answer 

the question, “How important is human mobility in the greater scheme of changing environments 

and changing climate?” Human mobility was one among 15 different climate drivers and impacts 

studied; the connections between all of them were examined to enable a quantitative comparison 

of system susceptibility, driving force, tight coupling and complexity.  While degradation was the 

most complex of all natural elements, mobility surfaced as the human system element exerting 

the greatest forcing on other elements within the coupled system.  

 

The next study focused only on human mobility to explore how scholarly literature portrayed the 

two possible directions of the link between mobility and degrading environments—with a 

particular focus on urbanization as one manifestation of the phenomenon. Type A links, in which 

human mobility triggers environmental degradation, are portrayed in the literature as often as 

Type B links, in which degrading environments trigger human mobility. Surprisingly, science has 
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not lent support to urbanization being a result of environmental change; plausible reasons for this 

are discussed. 

 

The final study canvassed expert opinion to examine why no scientific, humanitarian or 

governmental entity has succeeded in providing systematic support (e.g.., policy and 

interventions) to populations enduring environmentally influenced mobility.  Four very different 

discourses emerged: Determined Humanists, Benevolent Pragmatists, Cynical Protectionists and 

Critical Realists. The complexity these discourses manifest help explain the inaction—a stalemate 

between actors—while confirming the inappropriateness of one-sided terminology and linear 

quantifications of environmentally influenced mobility.  

 

The results of these three studies demonstrate that human mobility has unequivocally destructive 

force that can trigger non-linear effects, potentially casting the coupled system into an 

unprecedented state; that the visible lack of scholarly exploration of environmentally influenced 

urbanization (EIU) can be partially explained by high system complexity and disciplinary 

research; and most important, that despite diametrically opposed viewpoints, experts unanimously 

agree that human mobility has strong connections to environmental change.  Together, the results 

merge to confirm a “well-founded fear” on the part of those who dwell in degrading 

environments, and to highlight a pressing need to offer solutions both to those who remain in 

such environments as well as a name and protected status to those who flee them.  
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INTRODUCTION 

 
In its most recent Assessment Report, the Intergovernmental Panel on Climate Change 

(IPCC) stated that “the significance of climate change…lies in its interactions with other 

sources of change and stress” (IPCC 2007). Climate change significantly impacts 

environmental hazards (i.e., frequency and often intensity) which may become extreme 

events—both rapid and creeping disasters. One of the “other sources of change” is human 

migration.   In 2002, 185 million people—more than 2% of the world’s population—were 

estimated to have lived outside their country of birth for at least 12 months. The trends in 

countries of origin and destination, numbers of migrants and types of mobility (i.e., 

refugee, permanent or labor-driven occurring simultaneously in any given nation) are all 

on the rise (Castles et al. 2005). The interface of changing climate, degrading 

environments and populations with greater mobility than ever before join to create a 

visible and politically charged domain that is poorly understood to date. The present 

transdisciplinary research elucidates the links that characterize this domain while tracing 

the footprints of environmentally influenced mobility (EIM).   

 

I.  Environmentally Influenced Human Mobility 

Individuals have sought refuge from extreme environmental events for many millennia. 

Current estimates of environmentally influenced migration abound, based largely on 

back-of-the-envelope calculations and in-depth case studies in isolated areas across the 

globe. The International Federation of the Red Cross estimates that there are currently 25 
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million "climate migrants" (International Federation of the Red Cross 2001). While 

skeptics deny the existence of such  “climate migrants” because other drivers like 

economics dominate the push factor (Black 2001), ecologist Norman Myers proposes a 

“conservative” estimate of 150-200 million over the next fifty years, attributed primarily 

to global climate change (Myers 2002). Christian Aid has recently predicted one billion 

environmentally driven migrants by 2050 (McNamara 2007).  

 

From 1958 to 2009, at least 500 authors wrote hundreds of documents to propose specific 

causes of the links between human mobility and the environment (Erway Morinière 

2009).  Debate is raging on the forces driving this mobility, with each discipline favoring 

a different driver.  Economists have long touted purely monetary influences at both origin 

(poverty or unemployment) and destination (job opportunities, utility and profit 

maximization) of mobility (Mougeot 1992). Natural resource managers consider 

environmental degradation the major trigger (Doos 1994). Humanitarians and disaster 

risk scientists contend that natural hazard events (floods, storms, drought, etc.) are among 

the most forceful drivers (UNOCHA and IDMC 2009). Climatologists explain large 

portions of the phenomenon by changes in temperature, precipitation and sea level rise 

(IPCC 2007). Development workers point to mega-projects such as dams that displace 

entire communities (Saxena 2008).  
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Most researchers concede that, whatever the specific driver or status, probability is high 

that human mobility will accelerate. To date, however, no recognized data set exists to 

monitor environmentally influenced mobility. 

 

This transdisciplinary
1
 analysis draws on many theories. Understanding the tenets of this 

wide set of relevant theories permits a more complete understanding of the environment-

mobility nexus. Starting with the most holistic, these theories are drawn from human and 

political ecology, climate change, anthropology, demography, complexity science, 

migration and urbanization. Each of these is briefly described in the appendices, in light 

of environmental drivers of human mobility. A fusion of these perspectives is vital to a 

full understanding of environmentally influenced mobility. 

 

II.  Research Goals and Objectives 

The goal of this research was to trace the footprint of environmentally influenced human 

mobility in order to determine if fear of environmental change is sufficiently “well-

founded
2
” to place environmentally mobile populations on the global map. 

 

                                                 
1 The use of the word “transdisciplinary” insists on the fusion, rather than the mixing, of disciplines and theories 
with a result that exceeds the simple sum of each (Lawrence and Després 2004). 
2
 The definition of “refugee” , first provided under Article 1A of the 1951 UN Convention Relating to the Status of 

Refugees, and amended by the 1967 Protocol, has four key parts: 

� the person must be outside their country of nationality or former habitual residence;  

� the person must fear persecution;  

� the fear of persecution must be for reasons of one of the five convention grounds (race, nationality, 

religion, membership of a particular social group or political opinion); and 

� the fear must be well-founded. 
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Past research has inventoried a minimum of 13 different names for those who become 

mobile at least partially for environmental reasons (Erway Morinière 2009). The most 

common term, “environmental refugee,” first appeared in 1984 (IIED 1984). A term 

defended initially by interest groups, “climate refugee”, appeared more recently (FOE 

2006). The use of the term “refugee” has incurred substantial debate because since 1951, 

this word has been officially reserved for those crossing an international boundary with 

“well-founded fear” of political persecution. Some call any use of the term “legally and 

institutionally unfounded” (McGregor 1994); others insist that the official definition be 

widened (Richmond 2001). Most scholars currently agree, however, that a good 

proportion of contemporary human mobility occurs within national borders (often 

resulting in urbanization or, more generally, “internally displaced persons”, IDPs). 

Unprotected by a UN resolution—or any consensus on what to call them—the 

environmentally mobile are at best insufficiently supported by governmental policy, at 

worst neglected or completely invisible. 

 

In this study, footprint constitutes any link between an aspect of the physical environment 

to any form of physical human mobility. When the link is found to start in the 

environment—even if it is only one of a complex set of drivers—the resulting footprint 

serves to confirm the forcing on human mobility. Tracing the footprint will cast greater 

insight on the interface between man and the environment.   
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Natural ecosystems—particularly when productive capacity is intensively or 

inappropriately used—may exert a push on human beings, driving them away from their 

homelands when that capacity becomes insufficient (Rees 1996). Such pushes can arise 

suddenly, as in the case of geological events (e.g., earthquakes or volcanic eruptions) or 

meteorological / hydrological events (e.g., storms or floods). They can also arise slowly, 

as in the case of the long-term processes of degradation, desertification, drought or sea 

level rise. Another important push is scarcity of natural resources, such as fresh water or 

arable land. Development and conservation projects often drive populations from their 

homes near waterways (i.e., dams) or within newly protected areas. The above are very 

different pathways with a similar result: an environmentally influenced footprint.       

 

Human mobility within this research is entirely geographic; it does not entail any vertical 

movement between social or economic classes. Mobility encompasses purely voluntary 

migration, forced displacement and every step of the continuum between these extremes. 

Human mobility has many forms, including but not limited to migration stocks (total 

number in a place at a given time), refugee flows (those arriving and departing) and 

urbanization. Mobility can entail successful adaptation, the failure to adapt, a temporary 

coping or survival strategy, or even last-minute flight. Most often, households with the 

scantiest resources (e.g., economic and social capital) are left behind in degraded 

environments, unable to even consider mobility. In this respect, the most vulnerable are 

excluded from the present discussion.  
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In order to achieve this research goal, I pursued the following research objectives: 

• Determine the importance of human mobility compared to other human and 

natural impacts in the greater scheme of a changing climate;  

• Identify the level of support—scholarly or practitioner literature—that exists for a 

link between environmental change and urbanization; 

• Discover and examine the discourses developed and upheld by coalitions of 

experts at the interface of environment and mobility.      

 

III. Research Summary 

I pursued these objectives in a series of three separate but interrelated manuscripts which 

are ready and currently in various stages of submission to peer-reviewed journals. They 

are included in this document as appendices. I was the main author of all of the 

manuscripts (co-authors were invited to join me based on their interest and availability) 

and the unique compiler and provider of theoretical and methodological contributions. 

 

The first article (Appendix A), “Climate Impacts: A meta-analysis of connections in a 

coupled human and natural system”, explores the many direct and indirect connections 

that can occur between 15 climate drivers and impacts. The second article (Appendix B), 

“Environmental influences on urbanization: Footprints bound for town?”, assesses to 

what extent scholarly literature defends the environment as a forcing on human mobility 

into urban centers. The third article (Appendix C), “Environment and mobility: a view of 

the footprint from four discourses”, dissects expert subjectivity—socially constructed 
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discourse—on environmentally influenced mobility to examine the reasons for the scant 

progress to date in providing policy that protects populations who confront extreme 

environmental change.   Appendix C was co-authored by Prof. Mohamed Hamza, of the 

Stockholm Environment Institute (SEI).  

 

Combining insight from these three studies, I have repeatedly confirmed the footprint of 

environmentally influenced mobility and have established tools to help quantify and 

describe complex non-linear coupled systems. Through this work, I have furthered 

scientific understanding both on the role of the environment in catalyzing human mobility 

and on the institutional or political gaps and weaknesses that fuel the debate without 

attenuating the plight of those barely surviving on or fleeing degrading homelands. 
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PRESENT STUDY 

 

I. Summary of Findings 

The detailed methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the most important findings 

in this document:  

 

Appendix A: Climate impacts: A meta-analysis of connections in a coupled human and 

natural system 

(Note: this manuscript will be submitted to Global Environmental Change)  

 

To determine the prominence of one climate impact over another it is essential to find a 

way to measure them. The IPCC recognizes that the significance of both climate change 

and environmental change lies in interactions (IPCC 2007b) with other components in a 

coupled human and natural system. To understand the importance of human mobility, this 

study explored 210 connections linking 15 elements. 

 

This analysis meets the call for more empirically based reviews of coupled human and 

natural systems (CHANS), untangling some of the complexities while serving to breach 

disciplinary boundaries. Further, this analysis advances the study of connections by 

inventorying the numerous ways in which they can be characterized (causal and 

indicative with all of their variants). It proposes and applies a new approach to 
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quantifying issues that have long escaped quantification: system susceptibility (inbound 

forcings), driving force (outbound forcings), couplings (feedback loops) and complexity 

(number of connections). This simple mechanism to inventory links between elements of 

a coupled system adds insight to the study of complexity and the exploration of 

connections.   

 

The outbound force of climate elements (rising temperature, increased or decreased 

precipitation) and to a lesser extent, natural elements (extreme events and slow-onset 

phenomena), is what compels us to call them “drivers”. It is paramount, however, to 

understand that other elements, such as mobility in the human system, can also be 

forceful drivers of harmful impacts. 

 

Humanitarian agencies must redefine the term disaster to include slow processes as well 

as rapid on-set events. Degradation (including all forms of erosion, deforestation and 

desertification) is shown by this analysis to be the most complex, most tightly coupled, 

and second most forceful of all impacts in the coupled system. However, it rarely, if ever, 

figures in humanitarian discourse. A humanitarian focus on degraded environments will 

be a major contribution to disaster risk reduction. 
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Appendix B: Environmental drivers of urbanization: Footprints bound for town?  

(Note: this manuscript will be submitted to Urban Studies)  

 

The majority of human mobility occurs inside national borders (UNDP 2009). People 

must cross an international boundary to be considered refugees; those remaining inside a 

nation’s borders are considered “internally displaced persons”, or IDPs. It is estimated 

that half of the world’s IDPs make urban centers their destination (Davies and Jacobsen 

2010). This study sought to examine the level of support given the phenomenon of 

environmentally influenced urbanization by scholarly literature.         

 

Large bodies of scholarly literature explicitly, but separately, address urbanization and 

environmental degradation. Although there is gray literature on the link between 

degrading environments and human mobility, peer-reviewed literature documenting a 

clear link between these two elements is less common. 

 

The link between environments and mobility is bi-directional: Type A links occur when 

human mobility contributes to the degradation of the environment.  Type B links happen 

when degrading environments drive humans into mobility.  Although Type A and Type B 

links are overall given the same level of attention in scholarly literature, degrading 

environments as contributing to urban growth (Type B: urban link) are not readily 

supported in scholarly literature. Only five articles were found to explicitly link 

environmental drivers to urban growth. These studies of environmentally influenced 
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urbanization (EIU) are noteworthy for their singularity in scholarly literature. They are 

sufficiently separated in time (1979, 1990, 1994 and 2000), in space (Peru, Nigeria, 

general/global and Ethiopia) and by driver (earthquake, dam construction, environmental 

degradation and famine) to make weaving any further patterns between them impossible.  

Their singular commonality is a Type B link between the environment and urbanization. 

This is disquieting: how does such an obvious association escape scholarly attention? 

Since Type A and B Links are evenly distributed when exploring EIM in general, why 

are scholarly articles exploring Type B:urban (EIU) links so few and far between? Why 

does the Type A link gain more attention in urban literature? A few explanations are 

proposed in Appendix B. 

 

Appendix C: Environment and mobility: A view of the footprint from four discourses 

(Note: Ambio, Global Environmental Change and Disasters have expressed interest in 

this manuscript’s abstract) 

  

Although the environment-mobility nexus in general has found ample and growing 

attention in all types of literature (i.e., scholarly or practitioner), discussion of this 

interface appears to have reached a stalemate. Little visible progress is being made to 

fashion policy that defends those forced to flee or left to survive in degrading 

environments. Projections of the numbers of environmentally influenced migrants are 

unhelpful because there is no effort to put them into historical perspectives that estimate 

the numbers systematically through space and time.  There is also no consensus on what 

to call the environmentally mobile. This research surveyed the opinions of 197 experts to 
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produce four unique discourses—Determined Humanists, Benevolent Pragmatists, 

Cynical Protectionists and Critical Realists—that serve as story lines for the 

environment-mobility nexus. An exploration of these socially constructed perspectives 

and the experts that uphold them helps explain the deadlock and uncovers promising 

solutions.     

 

Of the 42 statements used in the study survey, not one was determined to be a true 

“consensus statement” among discourse coalitions. This lack of consensus underscores 

stark complexity in the field: complex issues complicated by complexly varying vantage 

points. Nonetheless, nearly half of the statements (n=18 out of 42) elicited the same sign 

(positive or negative) from all four coalitions. This signifies that in these cases the 

difference among coalitions is only one of scale. There was sign agreement across all 

four discourses for the majority of statements concerning drivers. Less agreement was 

found for statements concerning quantification, terminology and political elements. All 

four coalitions agree to varying degrees that: 

• There is a link between the environment and human mobility. 

• There is more than one driver of nearly all migration events. 

• A better understanding of the numbers (scale of the phenomenon) is likely to 

influence policy. 

• Although research priorities currently stress those who migrate, the most vulnerable 

are those unable to leave fragile environments. 
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Divergence might seem to indicate irresolvable differences of opinion, but where points 

of disagreement are not particularly strong or ideological, the methodology used for this 

study helps to highlight potential solutions. Areas of divergence therefore present 

opportunities for compromise between the coalitions. A major point of divergence 

concerns the need for new information. Although Protectionists do not think information 

is lacking and Humanists are neutral on the issue, the remaining two coalitions strongly 

believe the knowledge base needs reinforcing.   

 

Contemporary and unprecedented transformations in our physical world, however, seem 

to have brought at least the 197 experts surveyed, and the four discourse coalitions they 

represent, to consensus on recognizing a link between the environment and human 

mobility. This consensus indicates that the debate on whether or not there is a link 

between the physical environment and human mobility is a non-issue.  

 

II. Conclusions  

A synthesis of these three research studies supports the following conclusions regarding 

the environment-mobility interface. First of all, this research confirmed that the fear of 

environmental change influencing human mobility is well-founded. Surveyed experts 

were unanimous: there are footprints across the globe proving this link. Second, there is a 

direct link between human mobility and climate change, through rising temperatures; 

warming influences migration (i.e., transhumance) and urbanization (one form of human 

mobility) feeds back to raise temperatures. In fact, mobility is the human element that 
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exerts the greatest number of forcings on other elements—confirming that appropriate 

and sustainable policy to address this phenomenon is likely to simultaneously attenuate 

many other human and natural impacts of climate change.  Last, there are numerous 

explanations for the inaction that plagues the domain. A major impediment is the 

complexity of the phenomena that requires transdisciplinary research. The complexity 

that characterizes the numerous discourse coalitions, as well as the multiplicity of drivers 

of mobility, distracts from the overall goal of sustainable policy—that is, to assist both 

those who are environmentally mobile and those who have no means to leave degrading 

environments behind.  

 

III. Future Research 

At least five primary areas for further research emerge from the work presented in this 

dissertation. They include: 

 

1.) Validation and identification of additional connections within the coupled 

human and natural system: The present analysis will be enriched with each new 

connection confirmed by empirical evidence. Details on the scale at which each 

connection has been proven to occur (global, regional and/or national/local) 

would provide additional insight. 

 

Furthermore, the analysis does not capture any of the beneficial advances that 

may be occurring alongside climate impacts. Mitigation, adaptation and 
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resilience—the capacity of a system to absorb a shock without changing its 

function and feedback (Norberg et al. 2008)—are therefore not reflected. Finding 

a way to compensate for these attenuating circumstances would enrich the 

analysis. 

 

Research should be invested in stronger understanding of dynamics at the site of 

degrading environments, from which the most vulnerable may never depart. 

2.) Scholarly exploration of environmentally driven urbanization: A global 

research project comprising a compilation of evidence and a series of case studies 

to attest to the volume of environmentally-influenced urbanization would prove a 

valuable addition to scholarly literature. 

3.) Further examination of the discourse coalitions in the domain: Four different 

vantage points on the environment-mobility nexus were established. Visible gaps 

of NGOs among the Protectionists or government personnel among the Realists, 

as mere examples, present interesting story-lines that would require further 

exploration before being statistically valid.  

4.) Production of a global footprint database: Starting with a package of agreed 

definitions highlighting the main drivers of environmentally influenced mobility, 

the best possible evidence over the past 100 years must be assembled to produce a 

global estimate of the scale of the phenomenon. Only once the weight of the 

environment on global human mobility is systematically quantified, proportional 

to all possible drivers, can projections for 2050 be useful despite uncertainty. 
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5.) Review of best practices: A package of best practices (for both policy and 

intervention) must be identified and assembled to sustainably attenuate the impact 

of environmental degradation within the most likely source regions of 

environmentally influenced mobility.  
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APPENDIX A:  

CLIMATE IMPACTS: A META-ANALYSIS OF CONNECTIONS IN 

A COUPLED HUMAN AND NATURAL SYSTEM 
 

L. C. Morinière∗ 

 

Abstract:  The science of positioning elements of a coupled system face to face with an 

explicit focus on their dynamic connections, rather than on the elements themselves, is in 

its infancy. This study aims to illuminate and inventory proven connections between 15 

impacts of climate change within three separate but interacting systems (climate, natural 

and human). Drawn from Intergovernmental Panel on Climate Change (IPCC) and 

scholarly literature, each connection was registered in a database and the trends were 

quantified to compare system susceptibility, the tightness of couplings, the force of 

drivers and system complexity. Connections were found for a majority of the 210 

possible pairs. Results demonstrate that elements in the human system are the most 

tightly coupled with other elements. Defined by the number of outbound forcings, 

although the driving force of the climate system as a whole is strongest, climatological 

events (such as drought or sea level rise) and human mobility have important destructive 

force. This transdiciplinary meta–analysis of relationships untangles some of the 

complexities of a coupled human and natural system. More important, it illustrates how, 

without a direct connection, a single forcing can trigger non-linear effects, casting the 

coupled system into an unprecedented state. Climate impacts manifesting the greatest 
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complexity, such as degradation, have clear implications for sustainable risk reduction 

policy in a volatile, uncertain, complex and ambiguous (VUCA) warming world. 

 
Keywords: climate change, human mobility, degradation, disaster risk reduction, 

humanitarian arena  

 

 
1. Introduction  

 

1.1 The study of connections 

 

The impacts of climate on natural and human systems, and knowledge compiled on the 

subject, are both gaining momentum. Gearing up for the Intergovernmental Panel on 

Climate Change (IPCC)’s Fifth Assessment Report, scientists are assembling the latest 

evidence on how sensitive climate is to large scale topography in the Swiss Alps (Anders 

et al. 2010), how climate-driven changes in the Arctic may affect cyclogenesis in the 

tropics (Simmonds et al. 2008) and how closely climate may be linked to volcanic 

eruptions or earthquakes (special edition planned in Philos Tr Soc A). At the same time, a 

wealth of empirical evidence is also being compiled on the role of the environment in 

driving human migration (Erway Morinière 2009; Renaud et al. 2010), the influence of 

food insecurity on labor productivity (Schmidhuber and Tubiello 2007) and the impact of 

resource scarcity on malnutrition in developing nations (Ebi et al. 2008). Each of these 

represents a connection between climate and natural or human systems. 

 

The study of the interactive character of coupled systems—or connections— is young 

(Kotchen and Young 2007). By nature, it inevitably involves multiple disciplines and the 

coupling of multiple systems. Global climate models (GCMs) “couple” the atmosphere 
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and the ocean with the aim of quantifying feedbacks between them. The climate may be 

coupled with any other system, such as the hydrological cycle (e.g., Junkermann et al. 

2009) or human and natural elements (e.g., Werner and McNamara 2007; DeFries 2008). 

Some studies on connections refer specifically to socio-ecological systems (e.g., Young 

et al. 2006) and a growing number refer to Coupled Natural and Human Systems 

(CHANS
3
), the term used in this report (Legg and Brown 2003; Lassoie and Sherman 

2010).   

  

Many times the study of interactivity or connections takes into consideration multiple 

scales, such as spatial or temporal, of analysis (e.g., Adger et al. 2005; Sultan et al. 2010). 

Such a study can rarely escape discussions of complexity and nonlinearity (Liu et al. 

2007; Kabubo-Mariara 2009)—the plight of dynamic connections at any level. Seldom 

have reviews of connections applied global perspectives, but there is a growing set of 

literature that explores human and environmental systems downscaled to a region or 

ecosystem (eg: Manuel-Navarrete et al. 2007; Bennett and McGinnis 2008). The virtue of 

such analyses lies in the emergent, often unexpected links that underscore component 

behaviors. The challenges encountered in an analysis of coupled human and natural 

system connections align with real-world processes that beg to be understood (Bennett 

and McGinnis 2008).  

 

                                                 
3 CHANS is a network promoted by the National Science Foundation (NSF) Dynamics of Coupled Natural and 

Human Systems Program, with coordination provided by the Center for Systems Integration and Sustainability at 

Michigan State University. 
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Manuel-Navarette and others (2007) call their review of connections a ‘syndrome 

analysis’, and draw on approaches developed by the Potsdam Institute of Climate Impact 

Research and others that explore multi-scale dynamics and vulnerability affecting land 

degradation (Downing and Lüdeke 2002). Their analysis maps interactivity between 

symptoms that cross up to nine spheres: five in the human system (population, social 

organization, economy, knowledge and psychosocial) and four in the natural system 

(biosphere, atmosphere, hydrosphere and pedosphere). The connections studied are those 

between symptoms nested in various spheres, such as erosion, expansion of agriculture 

and migration.  The resulting feedback loops can be both “vicious” and “virtuous” and 

their characterizations lend themselves readily to policy reform.    

 

1.2 Meta-Analysis 

Meta-analysis is an analysis of analyses. The term was made popular by G. Glass (1976, 

3) when he described three levels of analysis: primary, secondary and meta-analysis—

referring to a “statistical analysis of a large collection of analysis results from individual 

studies with the purpose of integrating the findings”.  It is commonly considered an 

improvement over traditional narrative review. Although meta-analysis since that era has 

largely been used as a statistical maneuver (Fleiss 1993) by the medical sciences and 

ecology to synthesize large volumes of data, it has also been applied to non-statistical 

syntheses, sometimes referred to as qualitative meta-analyses (Bland et al. 1995). The 

IPCC synthesizes huge volumes of evidence for each of its assessment reports; most 

projections are portrayed as a comparative synthesis of many models. At least 47 meta-
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analyses for climate change research between 1996 and 2005 were compiled by Lei, Peng 

and others (2007). Not one of them addressed natural hazards or human impacts, beyond 

land use change or agriculture. The present synthesis of climate connections is considered 

an indicative meta-analysis. Rather than extracting statistics from other analyses, it 

extracts proven relationships between pairs of elements to quantify and synthesize 

impacts.       

 

As one of the first meta–analyses to provide a global exploration of the connections 

linking the many impacts of climate change, the present review characterizes the 

volatility, uncertainty, complexity and ambiguity (VUCA
4
) of the coupled system. This 

study has expanded the analysis conducted by Stockholm Environment Institute (SEI) for 

Tufts University (Morinière et al. 2009). It is presented in five sections. Section 2 sets the 

stage, describing the theoretical framework and elements studied within the meta-

analysis. Section 3 describes the methodology and Section 4, the resulting connections 

that surface from IPCC and empirical evidence. Section 4 also applies a new approach to 

quantify trends in susceptibility, tight coupling, driving force and complexity among 

climate connections in a CHANS. The conclusions (Section 5) identify the key messages 

that support policy reform and the humanitarian interventions that foster readiness for 

surprise.  

 

                                                 
4 The earliest found trace of the term VUCA is attributed to the US military who used it to describe the environment 

for which they were building a cohort of managers (Bennis and Nanus 1986; Lawrence and Steck 1991). 
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2. Theoretical Frameworks and Elements Studied 

A meta-analysis of connections between climate impacts and the extent to which forcings 

and feedbacks may merge to trigger synergistic change is rare in scientific literature. The 

analysis framework for this synthesis is drawn from theoretical relationships between 

changing climate and both natural and human impacts. Such an analysis necessarily 

builds on a growing science foundations of CHANS (Liu et al. 2007) and complexity 

theory (Norberg and Cumming 2008) that guides scientific inquiry on connectedness in a 

transdisciplinary world. This effort is likewise pinned to the evolving theories of global 

change and disaster risk science and management. Drawing on these theories, the present 

meta-analysis seeks to tease out climate connections from empirical studies across many 

disciplines, thereby contributing empirical insight to a field once dominated by 

theoretical reviews (Liu et al. 2007).  

 

Scientific consensus is forming to clarify how natural hazards evolve in frequency and/or 

intensity as a result of climate change (C) (Figure 1). With either frequency or intensity 

increasing, hazard events become more extreme and thresholds many be crossed that 

trigger positive feedback loops or abrupt changes in the natural world (N) as we know it 

today (Lenton et al. 2008).  Human impacts (H) may occur as a direct result of climate 

change, without passing through natural events; they may also further intensify natural 

impacts directly.  
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For this analysis, 15 categories of elements are organized ranging from rising temperature 

to tropical cyclones to heightened human mobility: three are nested in the climate system, 

and six each in the natural and human systems.  Each of the 15 elements can be either a 

driver acting to influence any other element, a direct impact caused by any other driver, 

or both a driver and an impact. Drivers can be endogenous (working to influence 

elements within their system) or exogenous (affecting elements in another system). The 

elements within each category are described in greater detail below (see also Table 1).  

 

2.1 Climate system elements (C) 

Climate drivers studied in this analysis include rising temperatures (C1), increasing 

precipitation (C2) and decreasing precipitation (C3). These three were chosen because 

together, globally, they are the most visible embodiments of climate change and the 

backbone of most other evolving hazards. An impact at a higher level, such as global, can 

simultaneously serve as a driver at a lower level. An increase in precipitation at the global 

level is an impact of rising temperatures, but at a watershed level that same precipitation 

may become the driver of riverine flooding, another climate impact.  

 

2.2 Natural system elements (N) 

Although climate science has mainly focused on monitoring mean conditions within the 

natural system (Katz and Brown 1992), a slow and steady evolution of averages may 

become little more than a backdrop for intensifying and increasing extreme hazards, such 

as major climate impacts. To facilitate an exploration of the natural system, natural 
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hazards are grouped together broadly by source. I assess six sets of natural hazards: 

biological (N1), climatological (N2), geophysical (N3), hydrological (N4), meteorological 

(N5) and degradation (N6). More details on each is provided in Table 1. This 

categorization is a schematic both to simplify the meta-analysis and also to group those 

impacts that are believed to behave in a similar way with respect to other factors or 

impacts. Five of these were chosen based on their inclusion in the Center for Research on 

the Epidemiology of Disaster’s (CRED) historic inventory and database (CRED 2007). 

Degradation (including erosion, desertification and deforestation) was added as a 

“creeping disaster” that is only recently gaining visibility in the humanitarian arena (Vlek 

et al. 2008). The placement of these groups of impacts in the natural system in no way 

obviates the importance of anthropogenic influence on each of them. 

 

TABLE 1 

 

2.3 Human system elements (H) 

Potential human impacts of climate change are plentiful and range from slight variation 

in the way the planet’s inhabitants live their lives to the end of an entire civilization. 

Individuals and communities exposed to both rapid change and increasing uncertainty are 

challenged to respond in new ways that protect their social, environmental and human 

rights. The human system features six impacts: conflict and inequality (H1), food 

insecurity (H2), impaired health (H3), impoverishment (H4), heightened mobility (H5) and 

scarcity of natural resources (H6). Conveying risk, these six were chosen because they 
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cover the wide range of human rights mandated for protection by various conventions 

and covenants of the United Nations(United Nations General Assembly 2009). As with 

the natural system, these are groups of impacts, rather than singular phenomena. Table 1. 

Figure 1: Theoretical Framework             Table 1: Climate Drivers and Impacts 

CODE NAME and description

C1 Rising Temperature

C2 Increasing Precipitation 

C3 Decreasing Precipitation 

N1 Biological hazards (epidemics, insect infestation)

N2
Climatological hazards (long-lived, meso-to-macro scale: 

drought, wildfire, sea level rise and glacier melting)

N3
Geophysical hazards (short-lived events: earthquakes, 

tsunamis, volcanos, dry mass movement)

N4
Hydrological hazards (short-lived deviations in water cycle: 

floods, storm surge, wet mass movement)

N5
Meteorological hazards (short-lived, small-to-meso scale 

atmospheric processes: storms, tornados)

N6
Degradation (long-lived land/soil processes:  erosion, 

desertification, deforestation)

H1 Conflict & Inequality

H2
Food Insecurity                                                      

(availability, access & utiliization / nutrition)

H3
Impaired Health                                                                  

(including injury and death)

H4
Impoverishment                                                        

(including macro economic shocks)

H5
Heightened Mobility                                               

(voluntary, forced, urbanization)

H6
Resource Scarcity                                                  

(especially water, arable land)
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3. Methodology  

This indicative meta-analysis draws on empirical evidence across numerous disciplines to 

analyze each connection between pairs of the 15 core elements described above. 

Connections supported by IPCC or published scholarly literature were sought and studied 

between each single element and the fourteen others identified above, thereby producing 

15*14 pairs, or 210 potential one-to-one couplings. It is evident that many relationships, 

or connections, are at best highly unlikely; biological hazards are unlikely to directly 

trigger an increase in rainfall and it is improbable that impaired human health can directly 

influence cyclones. To standardize the meta-analysis, however, a causal or indicative 

relationship among every pair was assumed possible.  The aim was to inventory proven 

or claimed relationships (forcings or bi-directional couplings). The resulting numbers of 

relationships have no statistical value but comparisons between impacts and between 

system averages nonetheless generate insight on interactions in a coupled human and 

natural system. 

 

The analysis was embedded above all in connections articulated in the Technical 

Summaries of Working Groups I (Physical Science Basis) and II (Impacts, Adaptation 

and Vulnerability) of the IPCC’s Fourth Assessment Report (IPCC 2007a; IPCC 2007b). 

When no relationship between elements was found in the IPCC reports, a careful online 

literature search was conducted to verify whether peer-reviewed literature supports the 

connection under study.  
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Guiding question to determine connections: Connections in this study are the 

relationships that link elements; connections can be causal or indicative. IPCC literature 

uses multiple terms: “influence”, “trigger” or “cause” of change to a system. These terms 

are confusing because influencing change, causing or driving change and actually 

changing a process may be considered subsequent steps of causation on a single 

continuum.  In the study of causality and linearity, it is often useful to differentiate 

between proximate (triggering factors closest to the actual change) and distal (or 

ultimate) causes. For each pair of elements studied, the question that was asked to 

determine the existence of a connection was the following:   

Can element 1 (C1-3, N1-6, H1-6) influence element 2 (C1-3, N1-6, H1-6) 

without passing through another studied element (1 of the remaining 13 )? 

Elements 1 and 2 refer to climate (C), natural (N) or human (H) categories and the 

number indicates the exact element of the system being explored (as detailed in Section 

2). A forcing can be inbound (impact) or outbound (driver) and is described as such even 

if not explicitly causal. A forcing can also be both inbound and outbound (or bi-

directional), but at different times. Once a forcing is determined to be bi-directional it is 

considered a bi-directional coupling and is no longer called a forcing.  

 

For the purposes of this meta-analysis, I use the term influence loosely to capture both 

causal and indicative couplings between any element pair (see text box). This study 

examines only direct and primary relationships. If evidence was found to assert that 

element 1 requires another studied element (among the remaining 13) in order to 



48 

 

influence element 2, it was not registered as a forcing 

or a coupling. Beyond causal, connections may also be 

indicative, characterized by a positive relationship that 

exacerbates, worsens, deteriorates, accelerates or 

accentuates an impact.     

 

Each time a connection was identified in the literature, 

it was entered into a database. Connections supported 

by multiple sources (IPCC and /or one or more 

scholarly articles) were recorded with separate entries 

in a single cell and counted as one connection for the 

synthetic inventory.  Connections between pairs of 

elements were counted only once: as an inbound forcing (impact), an outbound forcing 

(driver) or a bi-directional coupling.  

 

Since it was not possible to assess every climate, natural or human factor in this analysis 

the relationships were greatly simplified to allow the most salient trends among 

connections to surface (for example, rising temperatures were studied as a driver without 

taking into account the role of water vapor or convection). Because of the groupings, 

couplings between members of the same element were not taken into consideration (e.g., 

erosion influencing deforestation or desertification, all of which are part of the 

CONNECTIONS & 

INFLUENCE 
To characterize climate 

connections, the term “influence” 

captures any of the following: 

 

CAUSAL 

Driver or determinant: 

• trigger/proximate or 

distal/ultimate  

• direct  

• singular, or one of a set 

 

INDICATIVE 
Positive relationship with another 

impact by:  

• affecting or exerting a stress 

• contributing negatively: 

aggravation, exacerbation or 

worsening / deterioration  

• acceleration 

• accentuation or 

intensification 
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degradation hazards, N6). The focus was on the connections among a large number of 

impacts, thereby sacrificing depth for breadth.  

 

4. Results and discussion: connections in a coupled world 

In this section, I review the resulting connections of each system (climate, natural and human) 

separately, before ending with a detailed review of the connections in the combined system. The 

results and discussion follow Table 2 and Figures 2a and 2b. A total of 58% of the 210 possible 

connections were supported by the literature. Space is insufficient to mention all of these articles; 

only those that support the main trends are included below.          

 

I use the following terms to describe the elements and their connections in the CHANS. After 

each term, an example is provided from Table 2, to facilitate its review: 

 

• Susceptible: element or system susceptibility reflects the level of exposure to drivers, as 

measured by the number of inbound forcings (with no coupling). Highest susceptibility 

indicates the element with potential to suffer impacts from the greatest number of other 

elements. Example from Table 2, first column of numbers under the heading “Forcing In”: 

row C2, increasing precipitation, registers two inbound forcings, making it the most 

susceptible element of the climate system. 

 

• Tightly coupled:  An interactive mechanism between elements is called a coupling; it occurs 

“when an initial process triggers changes in a second process that in turn influences the initial 

one” (IPCC 2007a). A positive coupling loop intensifies the original element, evoking the 

image of a vicious circle (Manuel-Navarrete et al. 2007). A pair of elements is said to be 
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coupled if there exists such a symbiotic feedback between them (Kotchen and Young 2007). 

In an exploration of what he called “normal accidents”, C. Perrow (1999) coined the term 

tightly coupled to describe systems so intricately entwined that disaster is inevitable. Here, 

tight coupling reflects the intricacy of connections between elements: The greatest number of 

couplings signifies that an element is tightly coupled with the greatest number of other 

elements. Example from Table 2, sixth column of numbers under “Coupling”: row N6, 

degradation, registers 11 couplings, making it the most tightly coupled of all 15 elements.  

 

• Forceful driver: Forcings are agents outside an element that cause a change in the given 

system (IPCC 2007a). Driving force reflects the total number of outbound forcings (i.e., the 

sum of outbound forcings and couplings). The highest number indicates potential to 

harmfully influence the greatest number of other elements. Example from Table 2, second to 

last column of numbers under “Total Drivers”: row H5, heightened mobility, registers eight 

outbound forcings, making it the most forceful driver of the human system. 

 

• Complex: Formal definitions of complexity stem from physics or mathematics; most relate to 

nonlinear causality, multiplicity of patterns and adaptive networks (Arthur 1999). One 

graphic explanation is that “complexity starts when [a clear understanding of] causality 

breaks down” (Anon. 2009). The IPCC does not define complexity but uses the term to refer 

to the hierarchy of models that make up the climate system. Measures of complexity are rare 

and scholars argue that only statistical measures are good candidates (Ladyman et al. 2009).  

Finding no statistical or other measure of system complexity relating to climate change, I 

hereby use complexity to reflect intricacy or interconnectedness, measured by the total 

number of relationships (i.e., sum of inbound forcings, outbound forcings and couplings). The 
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element or system with the highest number of relationships is the most complex. Example 

from Table 2, last column of numbers under “Total Relationships”:  Human System Average 

(last row) averages 13.3 total relationships, making it the most complex of the three systems. 

 

4.1 Climate system 

Among the three elements in the climate system, increasing precipitation (C2) is more 

susceptible to external forcings than rising temperature and decreasing precipitation. It 

has two inbound forcings, namely, rising temperatures (according to the IPCC, rising 

temperature works through water vapor to increase precipitation) and meteorological 

hazards (storms can intensify rainfall patterns [Trenberth 2005]]).  

 

The most tightly coupled element in the climate system is rising temperatures (C1); 

warming is intricately entwined in a coupling loop with five of the 14 other elements. The 

following are only examples of each of the six couplings confirmed by the literature:  

• Decreasing Sahelian rainfall (C2) is at least partially due to rising sea surface 

temperatures (IPCC2007b) while the combination of decreasing rainfall, cloud cover and  

sensible heat fluxes can trigger rising temperatures (Paeth and Feichter 2006); 

• Rising temperatures are directly related to shrinking cryosphere (N2) (IPCC-2007b) while 

snowmelt feeds back through reduced albedo to rising temperatures (IPCC- 2007a);   
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Figure 2a: Connections Between Climate and Other Impacts (Natural and Human) 
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Figure 2b: Connections Between Natural and Human Impacts 
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COMPLEXITY
4

Forcing IN                 

(IN)            

Forcing OUT 

(OUT)

Couplings
2 

(C) 

Total Drivers
3 

(OUT + C)

Total Relationships                     

(IN + OUT + C)

Maximum

C1 Rising Temperature 0 8 6 14 8

C2 Increasing Precipitation 2 8 0 8 10

C3 Decreasing Precipitation 0 7 3 10 10

 Climate System (Average) 0.7 7.7 3.0 10.7 9.3

N1 Biological Hazards 7 0 6 6 13

N2 Climatological Hazards 0 9 4 13 13

N3 Geophysical Hazards 2 6 2 8 10

N4 Hydrological Hazards 4 7 2 9 13

N5 Meteorological Hazards 2 10 1 11 13

N6 Degradation 2 1 11 12 14

 Natural System (Average) 3.3 5.5 3.5 9.0 12.3

H1 Conflict and Inequality 5 0 7 7 12

H2 Food Insecurity 7 0 7 7 14

H3 Impaired Health 8 0 6 6 14

H4 Impoverishment 7 0 7 7 14

H5 Heightened Mobility 4 1 7 8 12

H6 Scarcity of Natural Resources 7 0 7 7 14

Human System (Average) 6.3 0.2 6.8 7.0 13.3
NOTES: this quantification conveys no statistical rigor, but aims to add insight to connections and CHANS relationships

1

2

3

4

Couplings: relfect the level of coupling between elements (highest level signifies being 'tightly coupled' with the greatest number of other elements)

Drivers: reflects number of outgoing stressors (sum of forcings and feedbacks; highest indicates potential to harmfully influence greatest number of other 

elements ) 

Complexity: reflects interconnectedness measured by the number of total couplings (in + out + couplings, highest is most complex)

Connections between pairs of elements (N=15 * 14 or 210) are counted only once:                                         

as an inbound forcing (impact), an outbound forcing (driver) or a bi-directional coupling

SUSCEPTIBILITY
1

DRIVING FORCE

Susceptibility: reflects the level of exposure to other shocks, measured by the number of incoming forcings (i.e., highest susceptibility indicates the 

potential to suffer impacts or consequences form the greatest number of other elements)

14 per cell

Table 2: Synthesis of Connections in a Coupled Human (H) and Natural (N) System 
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• The IPCC gives medium confidence to the fact that forests are harmed (N6) by heatwaves 

while changes in land cover from erosion or deforestation feed back into rising 

temperatures (IPCC 2007a); 

• Floods (N4) are very likely to become more frequent and intense with rising temperatures 

and changes in land surface (IPCC 2007b); 

• High temperatures influence human mobility (H5) patterns among transhumant sheep 

farmers (Chakravarty-Kaul 1998) and urbanization, a form of human mobility (i.e., rural-

urban migration) is documented to have a negligible but positive influence on 

temperature (IPCC 2007a).  

 

Rising temperature (C1) is also the most forceful driver of the three climate elements; 

warming exerts the maximum possible number of outbound forcings, 14, compared to 10 

and eight for decreasing and increasing precipitation, respectively. For rising 

temperature, six of the 14 outbound forcings are couplings, described above. 

 

Overall, the precipitation elements (C2 and C3) show the greatest complexity with 10 

connections each, out of a maximum of 14 (compared with eight for rising temperatures).  

This complexity explains some of the difficulty Global Climate Models (GCMs) 

encounter in producing rainfall projections with high confidence. 

4.2 Natural system 

In the natural system (six elements), biological hazards (N1) are the most susceptible 

(seven inbound forcings, as opposed to four for hydrological hazards and zero to two for 
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each of the other elements). Inbound forcings to biological hazards include every studied 

element except geophysical hazards. The latter are generally not accompanied by 

humidity that triggers water-borne disease; any related exposure to disease among 

earthquake displacees would be routed through the human mobility element. When 

couplings are removed (i.e., with degradation, conflict, food security, health, 

impoverishment and scarcity), we are left with the following seven inbound forcings that 

make biological hazards most susceptible:  

• rising temperatures (C1): mosquitoes expanding to higher altitudes (Patz and Kovats 

2002);  

• increased precipitation (C2): increased rainfall intensities that exacerbate water quality 

and quantity, partially through pollution (IPCC 2007b);  

• reduced precipitation (C2): insect outbreaks fostered by drier soils (IPCC 2007b); 

• climatological hazards (N2): Chikungunya virus exacerbated by drought (Chretien et al. 

2007);  

• hydrological hazards (N4): viral infection from floodwaters (Phanuwan et al. 2006);  

• meteorological hazards (N5): heightened bacteria in Lake Pontchartrain after Hurricane 

Katrina (Williams 2010); and lastly, alone among the human elements exerting a forcing 

on biological hazards, 

• heightened mobility (H5): well-documented influence of migration on HIV transmission 

(Krentz and Gill 2009).  

With 11 couplings, degradation (N6) is the most tightly coupled element (biological 

hazards have six couplings and the other elements have four or less each). Degradation is 

tightly coupled with every element except increased precipitation, meteorological hazards 
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(both of which can influence erosion but not vice versa) and food security (with which it 

has no direct connection because any link between the two passes through natural 

resource scarcity). The most loosely coupled elements of the system are meteorological 

hazards (N5), which feed back only to  climatological hazards: sea level rise is associated 

with storm intensity (Church et al. 2006) and changes in storm tracks can reduce seasonal 

moisture, thereby contributing to drought (IPCC 2007b).   

 

Climatological (N2) hazards are the most forceful drivers in the natural system (13 

outbound forcings). Climatological hazards exert outbound influences on every element 

except increasing precipitation (no document was identified to support precipitation as 

driven by one of the following: drought, wildfire, sea level rise or snow melt). The least 

forceful drivers in the natural system are biological hazards; not surprisingly, they are 

also the most susceptible.  

 

The most complex of the six elements in the natural system is degradation (N6), with14 

connections (the maximum possible). Along with its tight relative coupling (see above), 

this makes degradation a formidable challenge to manage. By contrast, geophysical (N3) 

hazards are relatively the least complex of the system, with 10 connections. This could 

reflect lack of knowledge concerning existing connections.  
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4.3 Human  system  

Among the six components found in the human system, health (H3) is the most 

susceptible to harmful influence with eight inbound forcings: 

• Rising temperatures (C1): the European heat wave in 2003 is example of an influence on 

human health (IPCC2007b); 

• Increasing precipitation (C2): heavy rainfall events will cause increased risk of deaths, 

injuries, infectious, respiratory and skin diseases (IPCC 2007b); 

• Decreasing precipitation (C3): longer periods of low flows will exacerbate human health  

(IPCC2007b);  

• Climatological hazards (N2): increased deaths, disease and injury due to wildfire and 

drought (IPCC 2007b); 

• Degradation (N6): a connection was made between dryland salinity and psychological 

health in Australia (Speldewinde et al. 2009); 

• Geophysical hazards (N3): if a single-story building collapses following an earthquake, 

up to 80% of those trapped inside are likely to perish (Naghi 2005);   

• Hydrological hazards (N4): coastal flooding is expected to cause a large mortality 

increase (IPCC 2007b);   

• Meteorological hazards (N5): Hurricane Katrina triggered the release of toxins into the 

environment (Callaghan et al. 2007). 

 

All of the elements in the human system are equally coupled (seven couplings each) 

except for health, with one less coupling. This tight coupling highlights the challenges 

inherent in the study of humans and their behavior. 
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Mobility (H5) has the greatest potential of the human elements to inflict harm. It involves 

eight driving connections, compared to six or seven for the other human elements. Seven 

of the outbound forcings from mobility are also couplings: rising temperature, 

degradation in the natural system and the five other human elements (conflict, food, 

health, impoverishment and scarcity). The last outbound forcing is towards biological 

hazards: the influence of migration on HIV transmission is well supported within 

scholarly literature (Krentz and Gill 2009). The least forceful, and naturally most 

susceptible, human element is health (H3).  

 

Human elements are highly complex, each with 14 connections except for mobility (H5) 

and conflict (H1), with 12 connections each. No direct link was identified between 

mobility and either increasing or decreasing precipitation because any such link passes 

through floods (hydrological) or drought (climatological) hazards. Likewise, no direct 

link was registered between conflict and increasing precipitation (a connection between 

the two would pass through either biological, hydrological hazards or health) or between 

conflict and geophysical hazards (an earthquake or volcanic eruption could cause conflict 

indirectly due to homelessness—heightened mobility, or resource scarcity).   

 

4.4 Coupled system  

At first glance, the graphic representation of the connections appears chaotic (see Figures 

2a and 2b).  However, simultaneously viewing all the forcings and couplings among the 

three climate drivers in the middle and the 12 natural and human elements impacted, 
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enables a vivid grasp of the complexity of the systems without forgetting their inherent 

non-random order. The natural elements are shown in colored circles on the right side of 

the dotted line and the human elements on the left. Forcings are represented by colored 

lines in the color of the outbound driver; white is reserved for climate system drivers. 

Couplings are represented by black lines, and in Figure 2a, these only connect the natural 

system (N2-N4) to rising temperature and decreasing precipitation.  The only coupling 

(black line) within the human system is with H5, human mobility.  When connections are 

assessed among the 12 impacts (Figure 2b, numbers replaced by icons to facilitate 

interpretation), most of the couplings are found on the human side of the CHANS. 

 

The relationships are synthesized in Table 2. Averaging the scores over each of the three 

systems, the human system is most susceptible to harm. It has an average of 6.3 inbound 

forcings, compared to 2.8 for the natural system and 0.7 for the climate system.   

 

The human system is also the most tightly coupled, with an average of 6.8 coupling 

mechanisms compared to 4.3 in the natural system and 3.0 in the climate system. This 

highlights the volatility and unpredictability of the human system. With such tight 

coupling, mankind must be braced for climate-driven surprises. In this study, the more 

tightly coupled a system is, the less likely it is to receive feedbacks from exogenous 

drivers. While 27% of human system couplings are exogenous, 48% of natural system 

couplings are. The least tightly coupled system, climate, receives an average of 75% of 

supported couplings from the outside.   
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The system that acts as the most forceful driver is the climate system, with an average of 

10.7 outbound forcings compared to 9.8 for the natural system and only 7.0 for the 

human system. The element most responsible for influencing other impacts is 

climatological hazards (N2), with 13 outbound forcings). Consequences that are least 

likely to exacerbate others are biological hazards (N1) and health (H3), each with 6.0 

outbound forcings. Not surprisingly, the element the most susceptible to shocks is human 

health (H3, with eight inbound forcings).  

 

Complexity is spread among the 15 elements (the range being eight to 14 connections, 

with five of the elements from the natural and human systems scoring 14). Although one 

might question the discerning value of this indicator, it is an important finding of this 

meta-analysis that connections defended by empirical evidence in scholarly literature can 

be identified for a majority (58%) of element pairs in the coupled system. The human 

system is the most complex overall. It has an average of 13.3 total connections compared 

to 12.7 for the natural system and 9.3 for the climate system.  

 

The most complex elements of all are degradation (N6) in the natural system, and food 

security (H2), health (H3), impoverishment (H4) and resource scarcity (H6) in the human 

system. The least complex elements are increasing precipitation (C2) in the climate 

system and geophysical hazards (N3) in the natural system. This is deceiving, though, 

because increased precipitation is directly linked to rising temperatures, degradation, and 

food insecurity—all of which are among the most complex CHANS hazards. The most 
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isolated simple elements, therefore, may be only one step away (potential tipping points) 

from high complexity. Indeed, this simplicity may indicate little more than incomplete 

scientific understanding or confidence in current models, thereby serving as a pointer for 

future research.  

  

5. Conclusions 

The present meta-analysis on climate connections in a coupled system is an attempt to meet the 

following IPCC challenge that encourages the study of interactions and multiple causes: 

 

The significance of climate change (positive or negative) lies in its interactions with other sources of change 

and stress, and its impacts should be considered in such a multi-cause context. Climate change impacts 

spread from directly impacted areas and sectors to other areas and sectors through extensive and complex 

linkages (very high confidence). In many cases, total impacts are poorly estimated by considering only direct 

impacts. (IPCC 2007b) 

 

This analysis also meets the call for more empirically based reviews of coupled human and 

natural systems (CHANS), untangling some of the complexities while serving to breach 

disciplinary boundaries. Few analyses in print attempt to connect heightened insect activity six 

years after a tropical storm (Hanewinkel et al. 2008), with human mobility driven by rainfall 

deficits (Mueller and Osgood 2009) and food riots protesting price hikes (Bush 2009).  

 

Further, this analysis advances the study of connections by inventorying the numerous ways in 

which they can be characterized (causal and indicative with all of their variants). It has proposed 

and applied an approach to quantify issues that have long escaped quantification: system 

susceptibility (inbound forcings), driving force (outbound forcings), couplings (feedback loops) 
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and complexity (number of connections). This simple mechanism to inventory links between 

elements of a coupled system adds insight to the study of complexity and the exploration of 

interactivity.   

 

It is important to recall that although this meta-analysis inventories connections 

supported by empirical studies, the forcings and couplings will not occur in every 

situation; they depend on a host of peripheral factors. The analysis simply shows the level 

of connectedness that is plausible and defended by scientific evidence in IPCC literature 

or in at least one published article. The robustness of these connections merits 

investigation, and they are dependent on the selection and grouping of elements within 

each system. Due to necessary simplification, there are certainly many more connections 

than those identified herein. The list will grow as research expands to understand the 

complexities of climate change impacts in a coupled system.  

 

The outbound force of climate elements (rising temperature, increased or decreased 

precipitation) and to a lesser extent, natural elements (extreme events and slow-onset 

hazards), is what compels us to call them “drivers”. It is paramount, however, to 

understand that other elements, such as mobility in the human system, can also be 

forceful drivers of harmful impacts. 

 

By calling the climate and natural systems “drivers”, the human system is cast as more 

susceptible and vulnerable. This is clearly supported by the meta-analysis. Is the smaller 



64 

 

number of inbound forcings what makes the climate relatively more resilient?  Could it 

be that anthropogenic influence exerted on the planet—even in the most unequivocally 

harmful ways—is, in fact, ephemeral or insignificant on geological time scales? Could 

this be added proof to support C.S. Holling’s panarchy theory (Holling 1986)—that 

nature reacts with resilience and stunning adaptive capacity (Folke 2006)? If so, the 

human system has much to learn from the climate and natural systems. 

 

An important finding of this meta-analysis is that valid connections defended by 

empirical evidence in scholarly literature already support the majority of connections in 

the coupled human and natural system. However, the analysis does not capture any of the 

beneficial advances that may be occurring alongside climate impacts. Mitigation, 

adaptation and resilience—the capacity of a system to absorb a shock without changing 

its function and feedback (Norberg et al. 2008)—are therefore not reflected. Governance 

can mediate between human action and natural processes (Kotchen and Young 2007) and 

is fraught with challenges (Warner 2010) but opportunities to attenuate risk and sever the 

complex couplings presented in this analysis are plentiful.   

In the absence of solid evidence attesting to one element’s prominence over another, 

priority should be given to an integrated all-hazard approach to reduce disaster risk. The 

complex coupling loops between impacts are such that a focus on one will be detrimental 

to the coupled system in a VUCA-dominated world, and to human welfare in particular. 

There is grave danger that, even accompanied by the best governance and risk attenuation 

efforts, connections can spiral out of control starting with the most isolated of impacts.  
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Humanitarian agencies must redefine the term disaster to include slow processes as well 

as rapid on-set events. Degradation (including all forms of erosion, deforestation and 

desertification) has been shown by this analysis to be the most complex, most tightly 

coupled, and second most forceful of all impacts in the coupled system. However, it 

rarely, if ever, figures in humanitarian discourse. A humanitarian focus on degraded 

environments will be a major contribution to disaster risk reduction. 

 

On the human side of climate impacts, all of the elements are highly complex and inter-

linked. Mobility is nonetheless distinguished by its unequivocal ability to exacerbate the 

greatest number of other impacts in the human system—thereby likely triggering non-

linear effects that could shift the coupled world into a new state. Addressing mobility 

with appropriate and sustainable policy will thereby attenuate a package of impacts 

simultaneously. Offering populations the choice to remain securely in their homelands 

will attenuate risk not only of mobility but also of eight other human and natural impacts. 

 

When humanitarian agencies are unable to manage a full set of climate impacts at the 

same time under an integrated approach, they must be held accountable for identifying 

and supporting appropriate national partners to complement and sustain their efforts. 

Above all, the humanitarian community at every level needs to be primed for surprise. As 

stated directly by the IPCC with “very high confidence”, multiple stresses can overtake a 

system:  
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Climate change itself can produce its own set of multiple stresses in some 

locations because the physical manifestations of the impacts of climate change 

are so diverse […] in such cases, total vulnerability to climate change is greater 

than the sum of the vulnerabilities to specific impacts considered one at a time in 

isolation (IPCC 2007b). 

 

In short, as this study has shown, the greatest vulnerability may lie more in the sum of 

connections than in the sum of specific climate impacts. 
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Humans are intricately connected to the environments in which they live. The connection 

is bi-directional: humans influence the environment and the environment affects humans. 

Over the past 30 years, the rapid urbanization of developing countries has been a 

prominent phenomenon. Various drivers have been offered, yet few have suggested that 

the degradation of the rural environment was one of them. The human-environment 

connection is explored by focusing on the portrayal of human mobility in general and 

urbanization in particular within scholarly literature.  

 

A systematic literature review was conducted using Web of Science queries to identify 

pertinent documents and 147 articles were examined to determine the direction of the link 

between the environment and human mobility. Each article was further studied to 

confirm whether or not urbanization was featured within the link. The results demonstrate 

that equal attention is paid to both directions of the environment-mobility link. Forty 

percent of the articles reviewed identify urbanization as important, but 93% of those 

portray urbanization as a forcing on the environment, rather than an impact of 

environmental degradation. The lack of support for environmentally influenced 
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urbanization can be explained by coupled system complexity, disciplinary research, and 

the silence of those most likely to endure environmental change. Understanding these 

relationships is paramount to the promotion of adaptation without eroding resilience or 

further degrading environments. 

Keywords: human mobility, urbanization, degradation, climate change, transdisciplinary, 

complexity 
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1. INTRODUCTION 

 

Since 2008, for the first time in the history of planet Earth, the number of people living in 

urban areas exceeds those residing in rural areas (United Nations 2008). At the same 

time, physical environments and ecosystem services are increasingly portrayed as being 

degraded, with the potential to push populations away from homelands that can no longer 

sustain livelihoods. Very few scholarly articles have drawn a direct link between the 

phenomena of urbanization and environmentally induced mobility. This review explores 

these concepts side by side, with the aim of evaluating the degree to which they are 

linked. 

 

Urbanization and environmentally influenced human mobility are presented in this 

section. Section 2 discusses a wide range of theoretical foundations that have 

implications for the environment-mobility nexus in general and urbanization in particular. 

Sections 3 and 4 describe the methodology and results focusing on the direction of the 

environment-mobility link and how urbanization is addressed. Section 5 concludes on 

how closely related environmentally induced mobility and urbanization are and highlights 

implications for adaptation and policy in a sustainable future. 

 

Urbanization 

As of 2010, according to the United Nations, there were 6.9 billion people on Earth. Of 

these, 3.5 billion, roughly 51% of the total, live in urban centers. The 50% threshold was 

reportedly crossed in 2008, but few scholarly documents hail this major change in global 
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settlement patterns. Urban population, as a percentage of the total, has risen steadily since 

1950, when it was under 30%. Projections suggest that it will go beyond 70% by 2050.  

Since the 1970s, the population data most readily amenable to inter-country comparisons 

come from the United Nations Population Division. Despite the challenges linked to 

definitions and geographical boundaries, the trends indicated by these data are generally 

reliable (Montgomery 2008).  The Center for International Earth Science Information 

Network (CIESIN)’s Global Rural-Urban Mapping Project (GRUMP) is a noteworthy 

complement to the country-based statistics from the UN in that GRUMP compiles census 

and satellite data to produce gridded urban population estimates. 

 

The world urban annual growth rate reached a peak of 5% in 1960 at the height of global 

industrialization and has slowly descended ever since.  The jump in urban dwellers from 

864 million in 1955 to over one billion in 1960 was the largest on record. The previous 

five year period registered a 2.1% increase in proportion of urban population to overall 

population; the increase has remained near 1% ever since.    

 

Urban issues have rapidly gained salience in scientific research. There are at least 54 

active electronic journals with urban or city in the title. The oldest of those still active 

include Urban Studies (archives dating back to 1963), Urban Education (1965), Urban 

Review (1967), Education and Urban Society (1968) and Urban Lawyer (1969). Few of 

these journals have a direct focus on the physical or natural environment. Only seven, all 

created within the last 25 years, mention some aspect of the environment in their titles: 
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Computers, Environment and Urban Systems (since 1980); Landscape and Urban 

Planning (1986); Environment and Urbanization (1989); Effects of Environmental 

Hazards and Regulation on Urban Redevelopment (1992); Urban Ecosystems (1997); 

Urban Forestry and Urban Greening (2002); Urban Habitats (2003); Architecture, City 

and Environment (2006); and Park, Cities, People (2006). 

 

A bibliographic search for peer-reviewed articles featuring the term “urbanization” or 

“urban growth” in the title (excluding those from research areas remote from the topic of 

this paper such as public health/medicine, engineering or architecture) retrieved 1,960 

articles published between 1907 and 2010. The largest proportion originated in the 

physical or environmental sciences (46%). The institutions most frequently producing 

these articles were the Chinese Academy of Science (China is home to the greatest 

volume of urban dwellers and one of the fastest urban growth rates) and Arizona State 

University (located in one of the fastest-growing states in the USA and home to the only 

long-term ecological research site—LTER, in an urban setting coupled with Baltimore).   

 

The high proportion of articles on urbanization contributed by the physical or 

environmental sciences might lead one to conclude that environmentally induced 

migration to urban centers was a frequent topic of exploration. However, few articles 

focused on this.  The vast majority explore the deleterious forcings urbanization exerts on 

ecosystems and ecosystem services.  
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Environmentally influenced mobility (EIM) 

Individuals have sought refuge from extreme environmental events including degradation 

for many millennia. Current estimates of environmentally influenced migration abound, 

based largely on back-of-the-envelope calculations and in-depth case studies in isolated 

areas across the globe. The International Federation of the Red Cross estimates 25 million 

"climate migrants" (International Federation of the Red Cross 2001). While skeptics 

claim that there are no “climate migrants” because other drivers, such as economics, 

dominate the push factor (Black 2001), ecologist Norman Myers proposes a 

“conservative” estimate of 150-200 million over the next fifty years, attributed primarily 

to global climate change (Myers 2002). Christian Aid has recently predicted one billion 

environmentally driven migrants by 2050 (McNamara 2007).  

 

From 1958 to 2009, at least 500 authors wrote hundreds of documents to propose specific 

causes that explain the links between human mobility and the environment (Erway 

Morinière 2009). Debate is raging on the forces driving this mobility.  Just as economists 

have long touted purely monetary influences at both origin (poverty or unemployment) 

and destination (job opportunities, utility and profit maximization) of mobility (Mougeot 

1992), a different driver is favored by each discipline. Natural resource managers 

consider environmental degradation the major trigger (Doos 1994). Humanitarians and 

disaster risk scientists contend that natural hazard events (floods, storms, drought, etc.) 

are among the most forceful drivers (UNOCHA and IDMC 2009). Climatologists explain 

large portions of the phenomenon by changes in temperature, precipitation and sea level 
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rise (IPCC 2007). Development workers point to mega-projects such as dams that 

displace entire communities (Saxena 2008). Urban planners have not proposed an 

explanation.  

 

Environmental degradation does not benefit from the same quality of longitudinal global 

data as does population. Such degradation, most commonly referring to land, can take 

many forms (water, wind, chemical and physical). It has many causative factors such as 

deforestation and removal of natural vegetation due to overgrazing, agricultural activities, 

overexploitation of vegetation for domestic use and bio-industrial activities (Bridges and 

Oldeman 1999). The only systematic estimates of global degradation are from the Global 

Assessment of Human-Induced Soil Degradation (GLASOD) in 1991 and the Global 

Assessment of Land Degradation and Improvement (GLADA) in 2008. The former found 

15% of the earth’s land surface degraded and the latter found 24% of it degrading 

between 1981 and 2003, although not with the same geographical distribution (Bai et al. 

2008). Each of these studies also used different methods.  However, there is little dispute 

regarding the general trajectory of environmental decline that they define.  

 

Most researchers concede that, whatever the specific driver or status, probability is high 

that human mobility will accelerate. To date, however, no recognized data set exists to 

monitor this phenomenon. 
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Defining the footprint 

W. Rees (1996) made popular the concept of an ecological footprint to signify the “total 

ecosystem area essential to the continued existence” of a person or a city. Rees suggested 

that there may be inadequate natural capital and carrying capacity to sustain current 

ecological footprints, especially under anticipated rates of urbanization, in which context 

humans are psychologically distanced from the ecosystems that sustain them. Hundreds 

of scientists not inventoried here have carried the footprint inquiry forward to account for 

the historical influence man has had on nature—at least once in regards to migration 

(Cairns 2004). A parallel exploration has accounted for carbon footprints of everything 

from space tourism (Fawkes 2007) to Hurricane Katrina (Chambers et al. 2007).  

 

No use of the term footprint was found in scholarly literature to reflect the physical trace 

left by humans in motion—regardless of the driver of their mobility. In this study, 

footprint constitutes any link between an aspect of the physical environment to any form 

of physical human mobility. When the link is found to start in the environment—even if 

it is only one of a complex set of drivers—the resulting footprint serves to confirm the 

forcing on human mobility. Tracing the footprint will cast greater insight on the interface 

between man and the environment.   

 

Natural ecosystems—particularly when productive capacity is intensively or 

inappropriately used—may exert a push on human beings, driving them away from their 

homelands when that capacity becomes insufficient (Rees 1996). Such pushes can arise 
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suddenly, as in the case of geological events (e.g., earthquakes or volcanic eruptions) or 

meteorological / hydrological events (e.g., storms or floods). They can also arise slowly, 

as in the case of the long-term processes of degradation, desertification, drought or sea 

level rise. Another important push is scarcity of natural resources, such as fresh water or 

arable land. Development and conservation projects often drive populations from their 

homes near waterways (i.e., dams) or within newly protected areas. The above are very 

different pathways with a similar result: an environmentally influenced footprint.       

 

Human mobility within this research is entirely geographic; it does not entail any vertical 

movement between social or economic classes. Mobility encompasses purely voluntary 

migration, forced displacement and every step of the continuum between these extremes. 

Human mobility has many forms, including but not limited to migration stocks (total 

number in a place at a given time), refugee flows (those arriving and departing) and 

urbanization. Mobility can entail successful adaptation, the failure to adapt, a temporary 

coping or survival strategy, or even last-minute flight. Most often, households with the 

scantiest resources (e.g., economic and social capital) are left behind in degraded 

environments, unable to even consider mobility. In this respect, the most vulnerable are 

excluded from the present discussion.  
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2. THEORETICAL FOUNDATIONS 

 

The world’s most pressing problems with long term wide scale impact, such as “forced migration, 

poverty and environmental crises” are too complex to be addressed by single disciplines (Max-

Neef 2005). Over the last decade of the 20
th
 Century, the growing interdisciplinary movement in 

scholarly research has sought a holistic understanding of phenomena for a common purpose, such 

as policy. A review of multidisciplinary efforts, however, suggests that these efforts remain 

“limited in impact on theory building for coping with the changing human condition” (Rosenfield 

1992). A subsequent transdisciplinary movement insists on the fusion, rather than the mixing, of 

disciplines and theories with a result that exceeds the simple sum of each (Lawrence and Després 

2004). Drawing from one scholar’s analogy, it may help to imagine many brains around a table 

exploring solutions for a problem (interdisciplinarity) compared to the synthesis of theory and 

evidence occurring separately in many brains, and subsequently putting the latter around a table 

(transdisciplinarity) (Max-Neef 2005). It is understood that transdisciplinarity lends itself most 

readily to the exploration of complex problems. 

 

Aiming for transdisciplinary insight, the present analysis draws on several theories.  

Understanding the tenets of this wide set of relevant theories permits a more complete 

understanding of environmentally influenced mobility (EIM) or urbanization (EIU). Starting with 

the most holistic, these theories are drawn from human and political ecology, climate change, 

anthropology, demography, complexity science, migration and urbanization. Each of the first five 

is summarized in Table 1, in light of environmental influences of human mobility and 

urbanization. The intent is not to provide a thorough review of an exhaustive set of theories but to 

set side by side elements of a few that have clear implications for the concepts under study. 
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Migration and urbanization theory, the main features of this paper, are presented more thoroughly 

below (excluded from the table).  In the table, the school of thought, theory summary and 

academic foundation, specific implications and when found, applications of the theory for either 

EIM or EIU.   

 

Table 1: Some Theoretical Implications and Applications for Environmental Drivers of Mobility and/or 

Urbanization 

 

Schools of 

Thought 

Theory 
academic 

foundations, 

summary 

Implications for  

Environmentally influenced Human 

Mobility (EIM) or Urbanization (EIU) 

Applications  

found in the  

literature 

Ecology:  

Human 

 

 

 

 

 

 

 

 

 

 

 

Political 

Rooted in biology, 

embedded in 

geography and 

sociology; man’s 

relation to his 

universe (culture 

and land)—seeking 

equilibrium and 

demonstrating 

purposive intent 

(Hawley 1981) 

 

 

 

Sitting in geography 

and cultural ecology, 

explores political 

(power), economic 

and social elements 

of environmental 

phenomena 

“Human ecology… assumes that the origin of social 

change… would be found in the struggle for existence and in 

the growth, the migration, the mobility, and the territorial 

and occupational distribution of peoples which this struggle 

has brought about” (Park 1936) 

• EIM: support for multiple drivers of mobility; 

human intent to survive despite degrading 

environments (Venkatesh 2003) ; every change in 

the distribution of population will effect culture  

(Park 1936); migration assures human equilibrium 

by fostering balance between size and 

organization (Poston et al. 2009) 

• EIU: immigrants natural drawn to settle initially in 

city centers (Park 1936) 
Political ecology aims to “identify broader problems rather 

than blame proximate  and local forces [of human 

mobility]”(Robbins 2004) 

• EIM/U: global change and climate teleconnections 

can influence local mobility; context and scale-

dependent environmental pushes rival economic 

pulls; policies (or lack thereof) governing land 

use, technology and migration in source areas and 

cities are forcings 

• EIM/U: unequal distribution of costs of 

environmental change results in inequalities 

(Bryant and Bailey 1997) 

• Climate-driven 

migration in the 

USA (Poston et 

al. 2009) 

• Migration 

intentions in less 

developed 

countries 

(McDevitt et al. 

1986) 

 

 

 

 

• Peasant herder 

conflict in 

Northern Ivory 

Coast (Bassett 

1988) 

• Urbanization 

linked to  water 

access in Ecuador 

(Swyngedouw 

1997) 

Climate and 

environmental 

change 

Global warming, 

anthropogenic and 

natural change and 

variability in the 

distribution of 

weather patterns and 

The gravest effects of climate change may be those on human 

migration as millions are uprooted by phenomena such as 

shoreline erosion, sea level rise/coastal flooding and 

agricultural disruption.” (IPCC 1990) 

• EIM: 12/23 mentions of “migration” in the IPCC 

(2007) were related to the impact of climate 

change on humans (drought, extreme events, sea 

• Drought and 

flooding trigger 

migration in 

Oklahoma 

(McLeman and 

Smit 2006) 
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ecosystem functions; 

impacts include 

extreme events 

(rapid and slow 

onset natural hazards 

that trigger human 

disaster) 

level rise, etc.) 
“The IPCC’s negative perspective on urbanization mirrors 

the dominant public and environmentalist perception, 

wherein cities are pictured as having an inordinate 

ecological footprint and making decisive contributions to 

global climate change. Traditionally, environmentalists have 

taken a dim view of urbanization and city growth.” (Martine 

2009) 

• EIU: High risk associated with urban growth, both 

to ecosystems and inhabitants;  in turn, 

urbanization exerts a destructive forcing on 

ecosystems and climate (land use change and 

urban heat island) 

• Sea Level Rise—

especially in 

coastal cities 

(McGranahan et 

al. 2007)   

Anthropology Cultural Theory of 

Risk (Douglas 

1973): describes the 

social bonding and 

need for order that 

directs membership 

to one of four 

groups: 

individualists, 

hierarchists, 

egalitarians and 

fatalists 

• EIM/U: each group has a different perception of 

environmental risk, producing a different mobility 

profile: 
o Individualists believe that nature can 

withstand many blows before casting out 

inhabitants; rural-to-urban migration is a 

valuable option.  

o Hierarchists treat the physical environment 

with care but believe in technological fixes 

for recurring hazards. Migration must be 

voluntary and urbanization is a form of 

ecological modernization.  

o Egalitarians give equal weight to ecological 

and human systems and work assiduously to 

find collective solutions in the event of 

conflict between the two.  

o Fatalists let nature and modernization play 

out without intervention; whatever happens is 

simply destiny. For them, environmental 

drivers are acts of a Supreme Being not 

necessarily requiring displacement. 

• Applied in the study of climate change and 

institutions (O'Riordan and Jordan 1999) 

 

Demography Population growth 

and resource 

scarcity,  Malthus 

vs. Boserup 

(Boserup and 

Schultz 1990) on 

implications of 

resource scarcity for 

source regions of 

mobility and/or 

urbanization 

“There is a clear relationship between resource 

scarcity and people’s decisions to leave in search of 

more propitious opportunities.” (Hitztaler 2007) 

• EIM/U:  Flight is a standard evolutionary response 

to scarcity, degradation and extreme events, and 

over time it may result in the permanent relocation 

of populations. 

• EIU: Industrialization and the Green Revolution, 

manifest largely in urbanization, saved mankind 

from a Malthusian extinction or return to 

subsistence. 

• EIU: Homer-Dixon (1994) asserts that when a 

resource is scarce, sharing it becomes most 

challenging in the face of population growth—

challenges that may trigger conflict, urbanization 

or other forms of development (Urdal 2005).  

 

General 

Systems 

Theory 

Complexity Theory: 

the interdisciplinary 

study of individual 

“Complex systems generally exhibit processes and 

relationships that are nonlinear as well as embody 

hierarchal lineages that operate at different spatial 

• Population-

environment 

interactions in 
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Migration: The major challenges to migration theory are that 1.) migration is the only 

demographic variable heavily influenced by regulation and 2.) it is one of the least 

studied and standardized of all demographic variables. In fact, migration data—most 

often insufficiently reliable to permit international comparison—are rarely collected 

solely, or even primarily, for demographic purposes, and had, until recently, largely 

fallen off the screens of traditional demographers (Poulain and Perrin 2009).   

 

During the 1880s, when migration was still distinguished by lawlessness, Ravenstein 

(1885) documented “Seven Laws of Migration”, based on research compiled from 20 

countries. The five that relate to the issues under study are discussed here. Most 

migration entails a short distance; those going far are attracted to centers of commerce 

and industry. This has obvious implications for internal and South-South migration as 

well as urbanization. Migration occurs in waves (rural to suburban, suburban to city 

centers). Each main stream of migration produces a counter-stream (e.g., unemployment 

in urban centers due to high demand from migrants triggers out-migration couplings). 

Rural inhabitants migrate more than urban inhabitants. Positive and strong relationships 

exist between technology (industrialization and urbanization) and migration. Drivers 

include oppressive policy, taxation and unattractive climate.  

 

elements working in 

concert to create 

complex systems  

 

and temporal levels.” (Messina and Walsh 2005) 

• EIM/U: assuming the coupled human natural 

system (CHANS) is complex, expect non-linear 

drivers of human mobility and urbanization 

Ecuador using 

cellular automata 

(Messina and 

Walsh 2005) 

• Irrigation in Bali 

(Lansing 2005) 
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As one of the main attributes of his work, Lee (1966) enriched Ravenstein’s laws by 

proposing a push and pull theory whereby there are always at least two sets of drivers or 

enabling factors:  one at the source, pushing the potential migrant, and another pulling the 

migrant towards the eventual destination. To these two he adds obstacles and personal 

elements (such as character). The pull of a city is, to date, given more importance than 

the push from a rural homeland.  While economists insist that money can explain all 

human mobility, contemporary migration theorists generally agree that it is impossible if 

not disingenuous to isolate drivers of migration (Lonergan 1998; Black 2001). Geography 

goes beyond economics to bring place back into the migration equation.  

 

Lee further suggests that migration is most efficient when drivers at the origin are 

negative, such as in environmental extremes. Bilsborrow (1992) developed a decision 

flow model limiting the main influences of migration to differences in employment 

opportunities, wage rates, and living conditions.  He uses coping strategies to sketch the 

evolution of household response. From least to most severe, these strategies include a 

shift from traditional to non-traditional crops, a change from crops to livestock, off-farm 

employment, seasonal migration to urban areas and finally, migration of the entire 

household.  Coping strategies are commonly studied in Africa. Out of ten household 

coping strategies among Sudanese listed by Watts and Bohle (1993), three involve 

mobility: sale of labor power, dry season farming and permanent migration.  Cutler 

(1986) describes adaptive strategies in Northern Ethiopia that include labor migration 

with mass migration as a last resort. De Waal and El Amin (1986) describe three sets of 
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strategies of households in Darfur; the first two contain various types of migration and 

the final stage is destitution.  Corbett (1988) also places distress migration within a final 

stage of destitution. 

 

Urbanization:  A technical dictionary such as Demopædia (United Nations 1982) 

describes urbanization as “growth in the proportion of persons living in urban areas”. 

Analysts must take care to differentiate the pace of urbanization (i.e., urban divided by 

total population for a given time period) from rates of urban growth (i.e., percentage of 

inter-annual change in total urban population) (Montgomery 2008). Urban comes from 

the Latin, urb, for city, and the single most distinguishing and measurable characteristic 

of a city is its size. A city can grow in at least three different ways; it can: 

• expand in area (e.g., number of square kilometers) 

• increase in total population (number of inhabitants within the official boundary) or 

• rise in importance, economic, cultural or other. 

 

Authors have portrayed urbanization through history in many ways. Some refer to an 

unrelenting switch of labor from agriculture to industry (Bairoch 1985) and others to a 

“process of accumulation: of people, buildings and capital” (Beauchemin and Bocquier 

2004). Urbanization and industrialization are often used as synonyms (Todaro 1997). In 

terms of total population, cities can grow in three ways: 

• natural increase of current inhabitants of a city (i.e., from the inside).  

The UN’s Department of Economic and Social Affairs (UNDESA) estimates that natural 

increase explains 60% of urbanization in developing countries, especially in Latin 
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America and Asia (UNDESA 1985). Evidence nonetheless attests to lower total fertility 

rates in urban than in rural areas of developing nations (Bongaarts et al. 1984; Lee and 

Farber 1984). 

• (in)migration of new inhabitants from the outside, whether from another country or from 

other parts of the same country. Referred to by some as the greatest mass movement of 

human history, migration to cities is considered a primary contributor to urbanization 

(Bairoch 1985; Todaro 1997).  Quantitative analyses on the subject are dated but 

estimates attribute from 21% to 75%
5
 of urban population growth per country to 

migration, the higher percentages reserved for least developed nations in Africa and Asia 

(Newland 1980; Chen et al. 1998);   

• spatial expansion, or the annexation of surrounding settlements (Kasarda and Cremshaw 

1991).  

In this review, urbanization refers to the rate of urban growth—that is, the number of 

inhabitants of bounded urban areas (Kasarda and Cremshaw 1991) arriving from outside.  

 

Urbanization, one of civilization’s finest achievements (Rees 2005), is considered in 

academic literature primarily to exert an economic pull factor on migration, rather than 

result from a rural environmental push. This appears to neglect a more thorough 

exploration of what factors have driven, or may continue to drive, rural populations into 

cities. Other historic conventional drivers of urbanization include the rise of 

agriculture, trade, and political organization. Newland (1980) presents three main drivers 

of urbanization circa 1980: unabated population growth, resource scarcity and 

                                                 
5
 This range is based on an analysis by B. Renaud covering 1970–75.;  no comprable analysis is found in 

the literature since that time.  
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technology—the first two are push factors. Montgomery (2008) cites four main 

influences on urbanization: globalization, decentralization, poverty alleviation and 

climate change. Push factors for rural-to-urban migration are rarely discussed in 

contemporary academic literature.  

 

According to the Todaro migration model, differences in expected incomes, based on 

perceptions of urban wages, are the main factor determining rural-to-urban migration 

(Todaro 1997).  The concept that entire urban areas are created by the cost advantages 

they provide to consumers and producers is referred to as “agglomeration externalities”. 

Some researchers blame high investment in urban industry and services for the urban 

growth of recent decades (e.g. Satterthwaite 2009). For dependency theorists, capitalism 

is a unique social system and the allure of city wealth will naturally catalyze social 

inequality and rural-to-urban migration (e.g. Timberlake 1987).   

 

Other urban theory perspectives suggest that cities benefit the environment because they 

concentrate half the world’s population and impacts on small areas (Crane and Kinzig 

2005). Urbanization has benefits, such as technological innovation, and disadvantages, 

such as economic inequality and concentrated hazard risk.  

 

In developing countries, and especially in Africa, urbanization has been heavily 

documented as an anomaly due to rapid population increase without concomitant 

economic growth. Already in the late 1980s, a majority of developing nations expressed 



88 

 

dissatisfaction with the increasingly urban distribution of their population and claimed to 

have put into place trend-reversing policies (United Nations Population Division 1988).  

Already, the failure of urban centers to meet migrant expectations, often referred to as an 

“urban shadow,” can catalyze ex-urban mobility (i.e., movement beyond the suburbs) 

thereby serving as an incubator for disasters and casting a negative coupling on rural 

areas (Mulvihill and Ali 2007). 

 

  

3. METHODS 

With the overwhelming volume and speed of digital information generated by the current 

generation of scientists, synthesis of research is paramount. In 2009, a multidisciplinary 

peer-reviewed journal entitled Research Synthesis Methods was created by Wiley 

Interscience to document systematic techniques that synthesize scientific information.  

Research synthesis, as a science, emerged only in the 20
th

 Century and comprises both 

systematic reviews and meta-analyses guided in part by a growing appetite of decision 

makers and practitioners (Chalmers et al. 2002). Glass, known to have coined the term 

meta-analysis  (MA) insisted that, although both are vital components of science, 

synthesizing knowledge to “discern the broader outlines” is a role more important in this 

era than “adding bits of facts” (Glass 1976).  Capitalizing on what is already known is 

considered not only an academic responsibility but also proof of scientific self-discipline 

(Chalmers et al. 2002). 

 



89 

 

Drawing on the field of Information Technology (IT), systematic literature reviews 

(SLRs) are the method of choice for compiling evidence (Kitchenham et al. 2009). Going 

beyond the informal ad-hoc literature review conducted as a background to most research 

efforts, a SLR applies rigorous methodology to capitalize on a large body of documented 

empirical evidence; it is a pre-requisite for meta-analysis. Procedures for conducting a 

SLR include: problem statement, review protocol, search for evidence, selection of 

primary studies, quality assessment, data extraction, synthesis and reporting (Kitchenham 

2004). All SLRs enter criteria about selected studies into some form of a database for 

analysis, not only for bibliographic extraction. Ideally, an SLR is conducted by a team of 

researchers separately to compare and assure quality and replicability of results. 

 

The present SLR was conducted using the Web of Knowledge (WoK) portal. 

(http://isiwebofknowledge.com/). The first step was to run searches for documents 

systematically linking some aspect of the physical environment to a manifestation of 

human mobility. To constrain the review, the initial searches
6
 were limited to journal 

articles with some aspect of each element specifically named in the title (rather than 

topic) in order to identify articles in which the exploration of these issues was explicit. 

For “environment” the filter
7
 was set up to capture any aspect of its physical or natural 

elements, including specific hazards or disasters, climate change, slow onset processes 

                                                 
6
 This search was entirely separate from the “urbanization” search presented in the introduction to this 

article. 
7 TI=(physical environment OR natural environment OR hazard OR disaster OR flood OR storm OR 

slide OR quake OR volcano OR degradation OR deforestation OR drought OR desertification OR 

resource scarcity OR sea level rise OR climate OR conservation OR dam) 
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and conservation or dam projects. For “mobility”, the search string
8
 included use of any 

form of the following terms: mobility, migration, refugee or displacement. The two 

searches were combined (excluding terms that point to non-human migration) resulting in 

a preliminary set of 643 articles.  

 

Using the definitions provided above, each of these articles was filtered to include in the 

set only those demonstrating dynamic elements: changing environments and/or moving 

or growing populations. This not only further confirmed the presence of the environment-

mobility link but also excluded all articles in which the link was descriptive rather than 

directional or causal. This process produced a set of 71 articles which were entered into a 

database.  

 

Finally, all other articles that cited (one generation forward) each of the 71 above were 

explored to capture any pertinent work that might have been omitted by the initial WoK 

(title) search. An additional 511 articles were reviewed and 76 more were added to the 

analysis. Articles that were retained feature the environment-mobility nexus as a main 

argument, not just a peripheral association mentioned in passing or as one of many 

results. The final set of articles retained for this analysis includes 147 spanning nearly 75 

years (1936–2010).  The number of articles meeting the criteria stayed low through the 

1980s (3, 2 and 6 for prior to 1970s, 1970s and 1980s respectively). The 1990s produced 

26 articles and the first eleven years of the 21
st
 century, 105. 

                                                 
8 TI=(urban* OR migra* OR displace* OR homeless OR refugee OR mobility 
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4. RESULTS 

The first part of the analysis consisted of a review of the 147 articles to determine the 

direction of the link between environment and mobility, the precise elements of each that 

were studied, the inclusion of urbanization and the geographic focus of the research.  

Each of these elements is discussed in turn below. 

 

Direction of link 

The direction of the environment-mobility link (see Figure 1) can portray either: 

• human mobility as a driver of environmental degradation (Type A), or  

• environmental degradation as a driver of human mobility (Type B).  

 

INSERT FIGURE 1 

 

Among the 147 articles reviewed, the two directions received the same level of attention: 

48% for Type A, human mobility degrading the environment (n=70) and 52% for Type 

B, degrading environments triggering human mobility (n=77).  When analyzed through 

time, however, the characterization of this direction is much less evenly distributed. Prior 

to the 1970s, only three articles were found; all of them portrayed degrading 

environments triggering human mobility (Type B). The 1970s produced only two articles, 

one of each direction.  The 1980s produced six qualifying articles, but the ratio of Type A 

to Type B links was two to one. In the 1990s (26 articles), the trend switched with 63% 
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showing Type B links and 38% Type A. Finally, during the period 2000–2009 (105 

articles), the proportions evened out to exactly 50% each.  

 

INSERT TABLE 2 

 

Geographic and temporal foci 

The 147 articles have diverse geographic foci. Thirty six percent (n=45) feature an 

environment-mobility link in the Americas, followed by 30% in Asia and 20% in Africa. 

A small fraction features the Middle East with Europe in last place.  

 

Six of the articles are Paleolithic studies on mobility motivated by large-scale climatic 

forces i.e., sea-level rise, flooding and abrupt change. Late Holocene populations, 

disrupted by extreme climatic events, were thought to have been able to shift to lower 

subsistence levels, including departure from urban centers (DeMenocal 2001). Early 

Holocene hunter-gatherers were likely forced to migrate from Spain due to severe 

drought conditions (Gonzalez-Samperiz et al. 2009). Abrupt loss of land from the 

Laurentide ice-sheet collapse and subsequent sea level rise purportedly triggered the 

Neolithic expansion of peoples across Europe (Turney and Brown 2007). Neolithic 

settlement patterns are also closely associated with rising sea levels in Eastern China 

(Chen et al. 2008), and farmers’ movement from the Black Sea to Europe is linked to an 

epic flood event (Giosan et al. 2009).   
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The earliest contemporary articles positing links between the environment and human 

mobility describe internal and cross-border movement driven by drought in the United 

States in the 1930s (Rowell 1936; Taylor and Vasey 1936). These documents contain the 

earliest recorded use of the term “drought refugee.”  McLeman (2006) adds detail and 

insight to these records, describing the 1930s dust bowl and out-migration from 

Oklahoma.   

 

Elements of environment and mobility 

Environment: Fourteen different environmental factors are featured in these 147 articles. 

Up to three were explored in each article; the most commonly studied overall, in order of 

frequency, include climate change, degradation, drought, flooding, deforestation and 

resource scarcity. The least-studied drivers in the compilation are desertification and 

earthquakes. Prior to the 1970s, the selected articles exclusively portrayed drought as a 

driver. In the 1970s and 80s, earthquakes, flood and degradation were added to the mix, 

along with pollution and climate change. The 1990s ushered in slow-moving drivers: 

resource scarcity, deforestation, sea-level rise, desertification and projects (conservation 

or dams). This accompanied a heightened focus on disasters, drought and climate change. 

No new environmental drivers were added during the period 2000–2009. 

 

Type A articles (mobility causing environmental degradation) are dominated by the 

exploration of climate change (35%), followed by deforestation (16%), general 

degradation (14%) and flooding (12%). Type B articles (environmental degradation 
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causing mobility) explore a more even mix of environmental factors focusing above all 

on drought (19%), climate change and general degradation (12% each) and resource 

scarcity (11%). 

 

INSERT TABLE 3 

 

Mobility: As previously described, mobility has many facets. These articles portray 

mobility in at least six different ways. In order of frequency they include urbanization 

(growing urban populations), out-migration (mainly departing rural areas), general 

immigration, displacement (or homelessness), refugee and resettlement.  One article each 

explored colonization and extinction as additional forms of human mobility. Urbanization 

has always been the most commonly studied of these six manifestations, but during the 

period 2000–2009 it was studied nearly twice as often as any other manifestation. 

Refugees have not been a major topic of concern in this context because, by the UN 

Resolution of 1951, it is a phenomenon explicitly tied to a well-founded fear of 

political—not environmental—“persecution.” 

 

The vast majority of Type A articles (mobility triggering environmental degradation) are 

dominated by the specific exploration of urbanization (80%) and, to a lesser extent, 

immigration (10%). Type B articles (degrading environments causing mobility) again 

cover a wider range of foci with, not surprisingly, the greatest number exploring out-

migration (mostly rural-to-urban) (34%) and displacement (20%). 
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Inclusion of urbanization  

A total of 58 (40%) of the 147 articles explicitly address urbanization, or urban 

population growth. Depending on the direction of the link they support, I refer to these 

henceforth as Type A:urban or Type B:urban.  The vast majority of the 58 portray 

urbanization as a Type A phenomenon that itself exerts a negative or degrading influence 

on physical ecosystems (between 50 and 100% of the articles published during each 

period). The number of type A:urban articles grew from nil prior to the 1970s to 50% in 

the 1970s to 98% from 2000–2009.   

 

INSERT TABLE 4 

 

Type A:urban articles explore climate change more frequently than any other driver 

(39%). The second most common environmental aspect studied is urban flooding (14%). 

Consensus among the Type A:urban  articles holds that the major human-induced urban 

influences on climate include land use change (from a rural to a built environment) and 

greenhouse gas emissions (Martine 2009). There is nonetheless significant debate on the 

exact contribution of cities to emissions (Grimm et al. 2008) and the precise contribution 

of the poorest cities (such as in developing countries) and poor urban inhabitants (slum 

dwellers) (Martine 2009; Satterthwaite 2009). 

 

Only four of the 58 articles (7%) were of Type B, linking urbanization to environmental 

drivers of mobility (Osterling 1979; Main 1990; Doos 1994; Berhanu and White 2000). 
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The four Type B:urban articles are discussed in greater detail in Section 5. The scant 

literature on urbanization—as driven by or linked to environmental push factors—was 

more common in the 1970s than in the other decades. 

 

 

5. DISCUSSION 

 

For many decades, scientists who study these topics appear to have accepted the 

inevitability of unrelenting urbanization with its mixture of opportunities and perils. As a 

result, they have focused almost exclusively on ecosystems impacts or on the difficulties 

in improving urban livelihoods, resilience and economic productivity.  According to 

some 20
th

 Century scholars, however, urbanization is not inevitable. Asfar (1998), citing 

examples from Thailand and Pakistan, argues for counter-urbanization: the ruralization 

of cities and rurbanization, a hybrid of rural and urban.  Others claim that urban planning 

and policy have succeeded to slow or reverse urbanization trends in many settings (e.g., 

Israel and Eastern Europe) (Brutzkus 1975). Others suggest that third world urbanization 

results from inappropriate development models and is therefore evitable (Rees 1992).  

The concept of sustainable cities implies that they might may not be sustainable and by 

some definitions, it is an oxymoron (Rees 1997). 

 

Before fully examining urbanization’s roots, academic literature has already moved on to 

explore reverse dynamics: ex-urban phenomenon (Mulvihill and Ali 2007; Robinson and 
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Brown 2008) and urban shrinking (Kabisch et al. 2006; Haase 2008; Pallagst 2009; 

Rieniets 2009).  It is not surprising, therefore, that scholarly papers addressing 

urbanization caused by environmental drivers are scant. Only four such articles appeared 

in the compilation of 147 articles:  

• A major earthquake struck Peru in 1970; survivors started a mobility trend towards the capital 

city, Lima, stopping to work at Huayopampa (Osterling 1979). The author links the disaster 

to outmigration, “modernization” and urban acculturation. 

 

• Dam development projects completed in 1976 in Northern Nigeria were tied to population 

growth in the state capital, Kano (Main 1990).  Households were displaced because their 

agricultural land was within the flood zone of a planned dam. Up to 75% of those that had 

moved to the capital at the time of the study did so because of the dam. Improvement in the 

well-being and livelihoods of the migrants was irregular but sufficient to suggest that 

urbanization would continue.  

 

• Environmental degradation as an escalating and severe driver of global food insecurity was 

addressed in a second article, with urbanization (contributing above all to the loss of arable 

land) featured as a major negative forcing (Doos 1994).  The link was described such that 

growing populations would require urban/industrial development that would consume one-

half of current agricultural land. The author proposed a feedback in which food shortages 

caused environmental degradation, leading to urban migration, which in turn caused further 

degradation of the environment surrounding the urban areas. Based on insufficient purchasing 

power, Doos claimed that the likelihood of large-scale migration is strong; adding water 

scarcity increases the risk, particularly of South-to-North migration. 
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• Famine-linked female mobility to urban centers was explored in Ethiopia for the period 

1960–1989 (Berhanu and White 2000). Sharp increases in rural-to-urban migration of 

females to the capital city, Addis Ababa, were associated with both drought and civil strife.  

These studies of environmentally influenced urbanization (EIM) are noteworthy for their 

singularity in scholarly literature. They are sufficiently separated in time (1979, 1990, 

1994 and 2000), in space (Peru, Nigeria, general/global and Ethiopia) and by driver 

(earthquake, dam construction, environmental degradation and famine) to make weaving 

any further patterns between them impossible.  Their singular commonality is a Type B 

link between the environment and urbanization. 

 

This is disquieting: how does such an obvious association escape scholarly attention? 

Since Type A and B Links are evenly distributed when exploring EIM in general, why 

are scholarly articles exploring Type B:urban (EIU) links so few and far between? Why 

does the Type A link gain more attention in urban literature? A few explanations are 

proposed below, each followed by a short discussion of its plausibility. 

 

• Insufficient search for evidence: A common problem of a systematic or other literature 

review is that the evidence studied may not be fully representative of all studies conducted; 

this is called publication bias or sometimes the “file drawer problem” in which sits 95% of all 

studies conducted—those with non-significant results (Arnqvist and Wooster 1995). 

Although, the Web of Knowledge is a reputable search engine for peer-reviewed literature 

and the searches applied were thorough and well documented as a systematic literature 



99 

 

review (SLR), it may have been deficient and articles may have been inadvertently excluded. 

Assuming the search was exhaustive, further biases reinforced by independent analysis (i.e., 

not a team of researchers) are possible during the coding of articles. Furthermore, any 

environmental stress added to the search strings will inevitably produce more, or a different 

set of, articles.  This argument cannot be entirely ruled out. 

 

• Pertinent articles in gray literature: The environment-mobility nexus may be well 

explored, but by gray or practitioner literature—with scientific literature lagging behind. 

Publication bias—when significant positive results are given precedence over negative results 

in scholarly literature—can be controlled in part by a parallel review of gray literature and 

conference proceedings (Kitchenham 2004).  

 

In fact, more inclusive literature reviews on the environment-mobility interface have been 

conducted. One study reviewed 321 articles published since 1958 by over 87 academic 

journals featuring 506 authors (Erway Morinière 2009). Just under half of the documents 

were considered scholarly literature. The analysis, however, did not capture the direction of 

the link or the inclusion of urbanization. A further review of the original database did produce 

a new document of the Type B:urban link, thereby adding a fifth country and environmental 

driver to the mix. It draws a clear line from Bangladeshi floods to squatters in Dhaka (Lein 

2000).  

 

A few additional unpublished reports highlight the Type B:urban link. Wood (2001) states 

that “the most significant ecomigration in the third world is that to and from third world 
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cities” and Ezra and Kiros (2001) join Berhanu (2000) to explore rural environmental pushes 

as more important than the pulls of Ethiopian cities.    

 

Finally, a widely read gray literature resource, the Forced Migration Review (FMR), recently 

featured a special edition entitled “Adapting to Urban Displacement” (University of Oxford 

and Refugee Studies Centre 2010). There are few more pertinent venues for the exploration 

of environmental drivers of urbanization. A content review of the 25 featured articles in the 

edition confirmed that it is dedicated to Type A links. This does not, however, exclude 

mention of Type B drivers, and at least four authors make clear reference to the Type B:urban 

footprint. Albuja and Ceballos (2010) discuss land scarcity as driving urban growth in 

Colombia. Tibaijuka (2010) portrays disasters as triggers of rural-to-urban migration. Zetter 

and Deikun (2010) state that the number of people arriving in cities after escaping 

environmental disasters is increasing and describe a new United Nations High Commission 

for Refugees (UNHCR) policy document that guides the protection of refugees in urban 

settings report that urban “internally displaced persons” (IDPs)—up to half of all IDPs, are 

over four million, mostly driven by environmental disaster.  

 

In summary, gray literature provides vivid Type B links and rich case studies. Although a 

quantitative estimation of their prevalence is not possible, continued theoretical support from 

scholarly literature to the practitioner debate described above may be useful.  

 

• Complexity that transcends disciplinary perspectives: As previously stated, urbanization, 

human mobility and environmental degradation are all, individually, extremely complex 

phenomena. Disciplinary approaches to problem solving is still the norm in higher education 
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(Max-Neef 2005). In fact, the “higher” one gets therein—the more specialization achieved—

the more scholars function in an isolated manner.  Institutional obstacles are among the most 

persistent weaknesses that exacerbate knowledge and theory production. The study of 

complex systems in a transdiciplinary manner is also seen as unrewarded risk-taking by many 

academicians (Rosenfield 1992). Perhaps the complexity of these issues is such that 

disciplinary science to date has not taken the risk to fully explore the interface.  

 

Perhaps, too, disciplinary science can be partially blamed for the negative view of the 

city. The negative press cities get from climate and environmental change scientists 

(see Table 1) may not be a compelling incentive for the same scholars to trace urban 

growth to environmental degradation.         

 

The complexity of environmentally influenced migration or urbanization is such that it may 

be impossible to isolate drivers (Lonergan 1998); perhaps the lack of Type B:urban studies 

confirm this. On the other hand, it may be that every reference to labor or other migration to 

cities has elements of the environment that were simply not untangled: “all migrants are 

environmental migrants in some form or another” (Carr 2005). 

 

It is also possible that contemporary science is so engrossed with the quest for 

creative and sustainable solutions in a predominately urban world that exploring why 

urbanization is relentless is seen as a task with little added value in the greater scheme 

of things. This is an entirely human but dangerous and inefficient position to hold. A 

more thorough and regularly refreshed understanding of the exact drivers of 
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urbanization provides solutions in and of itself. For those who deem urban growth 

one of the 21
st
 century’s major concerns, a clear grasp of its exogenous drivers offers 

the only hope of eventually curbing the phenomenon. For those who see urbanization 

as a necessary evil or utopia, this understanding will help channel the human flows 

toward more healthy urban ends. 

• Meaning behind what is missing:  a final explanation of this gap is that it may be hiding 

something more insightful. A famous demographer, N. Scheper-Hughes, eloquently stated: 

“Critically interpretive research begins with a series of negative questions: what is being 

hidden from view in the official [migration] statistics? Whose economic or political interests 

are reflected in the kinds of records kept? What is thought hardly worth counting at all? 

What can this tell us about the collective invisibility of certain groups and classes of 

people?” (Scheper-Hughes 1997). Many of those currently residing in cities were likely 

driven from their rural homes for a variety of reasons that include environmental degradation. 

Their footprints bound for town are defended at the very least by the five studies presented in 

this systematic literature review and the same number of practitioners. Populations 

confronting environmental stress that pushes them to town may have the frailest voices that 

make them, to some, not worth counting; lack of agency may perpetuate their perceptions of 

risk.    

 

 

6. CONCLUSIONS 

Beyond biases in the review, the most plausible explanations for this gap reinforce many 

of the theories explored in Section 1. Human ecology and demographers encourage a 
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view of flight as a standard evolution response to scarcity and environmental degradation; 

contemporary climate and environmental change scientists confirm sufficient scarcity and 

degradation to trigger this flight; urbanization has slowed only in the wealthiest of 

nations—and yet, the footprints bound for town are hard to trace.  The only plausible 

explanations can be found in the fusion of the latter with complexity theory and political 

ecology. Through complexity theory, science will systematically explore non-linear 

drivers and inventory the influence of the environment on every economic decision to 

migrate. Political ecology will seek the broader often socially constructed causes of the 

urbanization—exploring power struggles and exposing inequalities.    

 

This review has compiled a database of 147 peer-reviewed articles that attempted to 

characterize an active link between the physical environment and human mobility. Each 

article was studied to capture the direction of the link and the inclusion of urbanization. 

The following conclusions result from this review. 

 

Large bodies of scholarly literature explicitly, but separately, address urbanization and 

environmental degradation. Peer-reviewed literature documenting a clear link between 

these two elements is scant. The link between environments and mobility is bi-

directional: Type A links occur when human mobility contributes to the degradation of 

the environment.  Type B links happen when degrading environments drive humans into 

movement. 
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Although Type A and Type B links are overall given the same level of attention in 

scholarly literature, degrading environments as contributing to urban growth (Type 

B:urban link) are not readily supported in scholarly literature. Only five articles were 

found to explicitly link environmental drivers to urban growth.  

 

Degrading physical environments appear to have and may continue to trigger human 

mobility and urbanization, but without clear evidence on the global scale this remains, to 

date, conjecture. There are likely to be deep footprints bound for towns across the globe, 

but details on their size, shape, depth and orientation require much further untangling 

from the complex set of influences that have set them in motion.  

 

Appropriate policies are nonetheless required 1) to protect resource-dependent rural 

livelihoods from reaching the point of no return, thereby pushing households towards 

town, and 2) to rise to the analytical challenges of global-scale research, to build or 

reinforce official record-keeping of internal mobility, including expressed reasons for 

movement, as critical components of sustainable solutions and the protection of the 

human right to remain securely in one’s homelands.   
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Figure 1: Types A and B of the Environment-Mobility Link 

 
 

 

 

 

Table 2:  Types A and B of the Environment-Mobility Link 

Type A: POP PUSH Type B: ENV PUSH URBAN GROWTH 

Mobility                

Degrades the  

Environment 

Degrading 

Environments Trigger 

Human Mobility  

Urbanization  
or growth 

Specifically Explored 
Prior to 1970s (n=3) 0 100% 0 

1970s  (n=2) 50% 50% 100% 
1980s (n=6) 67% 33% 50% 

1990s (n=26) 38% 62% 35% 
2000-present (n=105) 50% 50% 40% 

Total (n=147) 47.6% 52.4% 39.5% 
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Table 3: Environment elements studied by Type A and B Articles 

Total

Type A: 

POP PUSH

Type B:             

ENV PUSH

Environmental 

Element Studied
N=147 N=70 N=77

Climate change 23% 35% 12%

Degradation 13% 14% 12%

Drought 10% 0 19%

Deforestation 9% 16% 2%

Resource Scarcity 8% 5% 11%

Disaster/ Hazard 7% 4% 9%

Flooding 6% 12% 0

Dev/Cons. Projects 5% 0 9%

Sea Level Rise 4% 0 7%

Storms 3% 0 6%

Pollution 3% 6% 0

Quakes 1% 0 2%

Other 10% 8% 11%  
 

 

 

 

 

Table 4: Articles with Urban Focus (Type A versus Type B) 

Articles with Urban Focus (N) Type A: POP PUSH Type B: ENV PUSH

Prior to 1970s (N=0) 0 0

1970s (N=2) 50% (1) 50% (1)

1980s (N=3) 100% (3) 2% (0)

1990s (N=9) 78% (7) 22% (2)

2000-present (N=44) 98% (43) 2 % (1)

Total (58) 93% (54) 7% (4)  
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Abstract : The debate on the link between degrading environments and human mobility has been 

growing since the middle of the 20
th

 century. While literature on the subject has increased 

exponentially, there is little concrete evidence of efforts or policies that support the management 

of environmentally influenced mobility. Through discourse analysis using Q-methodology, this 

stand-off between opposing views is here scrutinized under a fresh lens. One-hundred and ninety 

six experts from 49 nations completed an on-line survey asking them to sort, by level of 

agreement, 42 statements gleaned from the literature concerning the environment-mobility 

nexus. Four very different discourse groups emerged: Determined Humanists, Benevolent 

Pragmatists, Cynical Protectionists and Critical Realists. The complexity these groups 

demonstrate helps explain the stalemate while confirming the inappropriateness of one-sided 

terminology and linear quantifications of the phenomenon. As diametrically opposed as their 

viewpoints are, experts unanimously agree that human mobility has strong connections to 

environmental change. Dissection of these social perspectives builds a new foundation for the 

post-Copenhagen agenda on global inquiry and policy deliberations related to environmentally 

influenced human mobility. 

 
Keywords : human mobility; migration; climate change; environment; discourse analysis; Q 

methodology 
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1. Introduction 

 
Unequivocal climate change is occurring and societies and science are increasingly focused on 

adapting to anticipated impacts. Although human beings have always demonstrated great ability 

to adapt to change, the unprecedented pace and unpredictability of impacts—such as degrading 

environments—will inevitably amplify the process. Following the motto “control, adapt or flee” 

(Renaud et al. 2007), when “techno-fixes” of nature are not possible and on-site adaptation is no 

longer feasible, flight—human mobility—surfaces as either a planned strategy or a reaction to 

dire circumstances.  Mobility in this paper encompasses purely voluntary migration, forced 

displacement and everything between these two extremes.   

 

Debate among disciplines on the precise force driving this mobility is substantial. Economists 

have long touted purely monetary influences at both origin (poverty) and destination (job 

opportunities, utility and profit maximization) (Mougeot 1992). Psychologists have identified 

rationality (risk aversion, preferred lifestyles) as push or pull factors (Fawcett 1985). Human 

geographers credit space—distance or gravity models (Rogers 2008) —and physical scientists, 

ecosystem degradation, as key triggers (Lonergan 1998). Disaster risk scientists cite extreme 

hazard events (floods, drought, etc.) as catalyzers (UNOCHA and IDMC 2009), while 

climatologists cite changes in temperature or precipitation (IPCC 2007). Sustainable 

development workers point to mega-projects such as dams that uproot entire communities 

(Saxena 2008). To reconcile these viewpoints, interdisciplinarians have but one choice: to 

explore intricate combinations of multiple drivers. 
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Adger (2001) defines discourse as “a shared meaning of a phenomenon”. The process of 

reasoning may produce knowledge regimes and its power, as supported by classic Foucault 

analyses (Foucault et al. 1991), may cause a discourse to be hegemonic or dominant (Hajer 

1995). Discourses, then, create shared perspectives; in turn, these socially constructed realities 

make discourses subjective.  

 

Although critical discourse analysis is a specific line of inquiry in the field of linguistics (Wodak 

and Meyer 2009), one of its most common applications in environmental and climate change is 

the study of media impact (Antilla 2005; Farbotko 2005; von Storch and Krauss 2005; Sonnett et 

al. 2006; Carvalho 2007; Doulton and Brown 2009; Russill and Nyssa 2009). Discourse analysis 

can take many forms; Glynos and others (2009) proposed six types, each with a specific 

ontology, object and parameter set. Among them, “Q-methodology” has the attribute of seeking 

to identify—rather than start with—discourses. The other five types (political discourse theory, 

critical discourse analysis, interpretative policy analysis, rhetorical policy analysis, and 

discursive psychology) first choose a general discourse and examine how it is upheld, describing 

its expression, the actors involved and its impacts (Adger et al. 2001). Contemporary discourse 

analyses, Q-methodology included, generally result in a description of narratives or story-lines 

(Hajer 1995) the plurality of which are challenging to distinguish when one is dominant 

(Thompson and Rayner 1998).  

 

One discourse analysis was found to explore environmentally influenced mobility. Therein, 

“discursive politics” in the United Nations—driven by fear (and xenophobic sentiment of the 

global “North”) and the transnational nature of environmental degradation (making it easy to cast 
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blame elsewhere), has been blamed for the current absence of policy protecting those who are 

environmentally displaced (McNamara 2007). 

 

The present research aims above all to identify multiple discourses that may exist at the interface 

of the environment and human mobility. Without defining these discourses a priori, the 

methodology entailed identifying a set of phrases directly from the literature that synthesized the 

extent of the current debate. Scientists and practitioners with special knowledge and/or interest in 

the subject (henceforth named experts) were invited to evaluate how strongly they agreed (or 

disagreed) with the statements. Next, factor analysis was conducted using Q-methodology to 

extract the dominant factors—discourses. Finally, non-linguistic analysis analyzed these 

discourses and the groups upholding them to help explain the intransigence that characterizes the 

environment-mobility nexus to date, with the ultimate goal of informing policy.  

 

The present analysis examines the discourses concerning environmentally influenced migrants 

from four very different vantage points. The following section presents the predominant issues 

fueling controversy at the interface of environment and mobility. Details on Q-methodology 

follow, subsequently elucidating the resulting four discourses. Thereafter we clarify the debate 

across discourse groups and in conclusion, propose opportunities and steps forward. 

 

 

2. Framing policy issues on the migration–environment nexus 

The purpose of this section is not to summarize the main issues within the environment–mobility 

nexus; these have already been amply covered in the literature (Warner 2010). Rather, it provides 
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a concise synopsis of controversial issues that may lend themselves most readily to policy 

reform.   

 

Past research has inventoried at least 13 different names for those who become mobile at least 

partially for environmental reasons (Erway Morinière 2009). The most common term, 

“environmental refugee,” first appeared in 1984 (IIED 1984). A term defended initially by 

interest groups, “climate refugee”, appeared more recently (FOE 2006). The use of the term 

“refugee” has incurred substantial debate because since 1951
9
, it has been officially reserved for 

those crossing an international boundary with “well founded fear” of political persecution. Some 

call any use of the term “legally and institutionally unfounded” (McGregor 1994); others insist 

that the official definition be widened (Richmond 2001). Most scholars currently agree, however, 

that a good proportion of contemporary human mobility occurs within national borders (often 

resulting in urbanization or, more generally, “internally displaced persons”, IDPs). Unprotected 

by a UN resolution—or any consensus on what to call them—the environmentally mobile are at 

best insufficiently supported by governmental policy, if not neglected or completely invisible. 

   

Scholars and practitioners have also ignited debate with projections of environmental migrants 

ranging from 50 million in 2010 (Boano et al. 2008) to 200 million (FOE 2006; Stern 2007) or 

even one billion (Christian Aid 2007) in 2050. In the absence of empirically compiled evidence 

                                                 
9
 The definition of “refugee” , first provided under Article 1A of the 1951 UN Convention Relating to the Status of Refugees, and 

amended by the 1967 Protocol, has four key parts: 

� the person must be outside their country of nationality or former habitual residence;  

� the person must fear persecution;  

� the fear of persecution must be for reasons of one of the five convention grounds (race, nationality, religion, 

membership of a particular social group or political opinion); and 

� the fear must be well-founded. 
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of the global historical scale of the phenomenon, such projections hardly qualify as sound 

scientific practice. 

   

Although some entities have made valuable contributions to a systematic quantification of 

environmentally influenced migrants, they have done so over a limited temporal scale, a small 

set of drivers (e.g., the United Nations Office for the Coordination of Humanitarian Affairs 

[(2009) for disaster-linked migration) or a localized spatial scale (i.e., country case studies). 

Informal interviews conducted by the author with senior policy makers from the International 

Organization for Migration (IOM) and the United Nations Environment Program (UNEP) drew a 

clear connection between solid data on past and present numbers of environmentally influenced 

migrants and the ability to develop appropriate policy (2009). No matter how onerous the 

challenge, applying scientific method to produce the best possible estimates of environmentally 

influenced migrants through space and time is paramount for credible projections and 

appropriate policy. 

 

3. Methodology and Analysis 

3.1 Q methodology: overview 

The present survey and analysis engages Q-methodology, an old but little-known research tool 

(see  http://www.qmethod.org/about.php) that applies purely quantitative measures to explore 

human subjectivity regarding, in this case, the environment-mobility nexus. Subjectivity refers to 

anything existing in the mind of a respondent; rather than being controlled, subjectivity is the 

focus of inquiry in Q-methodology. It explores subjectivity by breaking down the meaning and 

importance people assign to ideas and issues (Woods 2010) and grouping people with a “shared 
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way of apprehending the world” (Dryzek 1998) into discourse groups. Scholars commonly refer 

to discourse coalitions (Hajer 1993) as a group of actors who share a social construct, described 

in story-lines or narratives. 

 

Developed by British psychologist-physicist W. Stephenson (1955), Q-methodology models 

participant perspectives on a given domain. Respondents (or “subjects”) are provided a “Q-

sample” of  elements (e.g., statements, ideas, images) and are asked to rank-order them 

according to specific conditions of instruction—most typically a scale of agreement (e.g., from 

“disagree” to “agree”). The result is a “Q-sort” of the elements fashioned entirely from the point 

of view of the respondent. Factor analysis is then applied to the Q-sorts; the resulting factors 

(following statistical rotation) bring to surface key components of subjectivity—that is, the 

dominant discourses within the domain under exploration.  

 

Q-methodology has been used to explore issues as diverse as economic productivity and 

veterinary science. Of 218 articles retrieved from a Web of Knowledge search on the term, the 

largest proportion came from the medical sciences (65 articles), psychology (39), environmental 

science/studies or ecology (33) and political science (19). More specifically, in the field of 

environment, Q-methodology has been used to explore how grazing management decisions are 

made by shepherds in Peru (Cruz et al. 2007), how climate change affects citizen behavior in the 

UK and Canada (Niemeyer et al. 2005; Wolf et al. 2009) and how Mediterranean experts judge 

the effectiveness of international environmental regimes (Frantzi et al. 2009). No applications of 

Q-methodology were found to explore human mobility. 
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Q-methodology is lauded for bringing to light underlying foundations of conflict that may be 

masked by rhetoric, thereby suggesting “opportunities for consensus building” (Focht and 

Lawler 2000) . Further, it does not presuppose either polarization of understanding or uni-

dimensional perspectives. It is considered participatory because subjects are left to apply their 

own definitions of “agreement” and their own interpretation of the elements under study. 

Although not void of researcher bias, Q-methodology is considered a rigorous technique that 

“allows the researcher to surrender the monopoly of control in their relationship with the 

researched and so contribute to more democratic” (Robbins and Krueger 2004) applications and 

insights. In addition, the technique can readily be used on-line, thereby enabling the rapid 

capture of widely divergent opinions across the globe at minimal cost.      

 

Q-methodology is not without weaknesses. Some practitioners contend that the magnitude of the 

sorting task is beyond the cognitive ability of most people to perform adequately (Bolland 1985; 

McKeown and Thomas 1988).  There is inevitable bias in literature reviewed, affecting the 

researcher’s choice of elements included in the survey. Exploring subjectivity at a distance may 

make interpretation more challenging (Webler et al. 2009) and positive bias can arise from the 

self-selection of experts. Other challenges are described below. 

 

3.2 Q-Sample 

Literature on the numerous yet controversial links between the environment and human 

migration provides a colorful “concourse of communication” (Stephenson 1978). For the current 

analysis, over 100 statements summarizing the major issues were pulled from 321 publications 

including both scientific journals and gray literature (Erway Morinière 2009). These statements, 
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and a few others gleaned from preliminary interviews of experts conducted by the author in 

2008, were coded and registered verbatim in a database along with the author name and 

publication date. The database was then trimmed to remove all statements duplicating viewpoints 

already registered. The final 42-item Q-sample roughly reflects the proportional coverage of 

main issues within the literature. These issues are summarized in Table 1 and described in 

greater detail below. To the extent possible, the statements were edited to reflect singular 

thoughts without altering intended meaning and tone. Although the authors’ names were not 

displayed in the Q-sample sorted by respondents, many heavily quoted statements may have 

been recognized.  

 

INSERT Table 1: Q-Sample Structure 

The range of debate on the environment-mobility nexus comprises four main issues. Drivers: 

The first issue deals with potential drivers of migration, denoting their nature (i.e. resource 

scarcity, degradation, disasters, economics, drought/desertification, ecology or the climate).  

Given the variety of possible combinations of drivers, this is a major topic within the literature. 

Terminology:  The second most common issue in the literature is how to refer to humans forced 

into mobility by environmental degradation. Politically charged aspects: Another issue revolves 

around political agendas and elements that go beyond the academic purview of the environment-

mobility interface. These controversies reflect questions of national security, attribution and 

responsibility, human rights, appropriate intervention and the appropriate scale of attention 

merited when compared to other global concerns. Although key, these are relatively rare in the 

literature. Quantification: Few documents to date include global historical and projected 
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estimates of environmentally influenced mobility; those that do reflect perspectives on whether 

the flow of such migrants has increased or not, and on the role of evidence in guiding policy.  

 

Condition of instruction: Once the Q-sample was finalized as outlined above, an expert opinion 

survey was conducted with 196 experts in 49 countries. Subjects were asked to sort the 42 

statements according to their level of agreement with each, from extreme disagreement (-4) to 

extreme agreement (+4); a rank of “0” signified either lack of salience or neutrality (Figure 1).  

Rather than providing an index of meaning, this scale enables the calculation of means and 

standard deviations. Comparisons per subject were calculated as follows for N=42 statements: ½ 

N (N-1), thereby producing 861 comparative judgments at each Q-sort (McKeown and Thomas 

1988).   

 

INSERT Figure 1: Subjective opinion continuum for a Q-sort on 42 statements 

There is debate among Q-methodologists about imposing a fixed normal distribution on subjects 

during the sorting exercise. A fixed distribution would insist, in the present case, that a subject 

answer “extreme disagreement” or “-4” a predetermined number of times (e.g., 2), increasing the 

number of responses for each score until “0”, at which point the number of statements per score 

starts to reduce in a mirrored fashion ending at the same number of “extreme agreement” or “+4” 

answers on the opposite side. Although likely to assure greater reflection on the part of the 

subject, it is entirely possible that fixed normal distribution also forces subjects to choose levels 

of agreement that do not reflect their true opinions.  By forcing a fixed number of responses in 

each category, subjects are obliged to use options that may match neither their opinions nor 

empirical evidence. Most important, a forced distribution is considered both statistically and 



123 

 

methodologically “inconsequential” by many practitioners (Brown 1971; McKeown and Thomas 

1988). The compromise applied herein was the introduction of the word “extreme” in the scale 

and the encouragement, but not requirement, of respondents to limit their extreme opinions to 

four. This recommendation was intended to incite subjects to consider the sorts more 

systematically than they otherwise might, without forcing untruthful responses.   

 

3.3 Recruitment of subjects 

Q-methodology has no requirement of a set sample size of subjects. Because it focuses on 

individual responses, large sample sizes are not the goal. The methodology has been applied with 

as few as eight subjects (Goldman and Emke 1991) and as many as 241 (Peritore and Galve-

Peritore 2000). The most forthcoming subjects in a Q-sort exercise are generally experts within a 

domain who have already formed an opinion on the issue (Webler et al. 2009). Rather than a 

sample that is representative of a given universe (as in typical R-methodology, with, for 

example, women experts reflecting the true proportion of females in a given population), the goal 

of Q-methodology is to capture the diversity of subjective opinion within a universe. Given the 

global nature of environmentally influenced mobility, the goal was to obtain as many 

respondents as possible representing every continent. The full diversity of opinion, however, 

may have been captured in the first ten subjects from a single continent and there is no known 

method to confirm how much of the universe is captured by a final set of subjects. 

 

A list of experts was compiled from two main sources. First, the literature review published by 

Erway Morinière in 2009 produced names of 506 authors. Secondly, lists of attendees of relevant 

conferences were compiled by the United Nations University (UNU). A total of 715 experts were 
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entered into a database; an invitation was emailed to each. Most of these experts are linked to 

universities or to bilateral or intergovernmental agencies and civil society organizations that deal 

with environment and/or migration issues across the globe. It is uncertain that their perspectives 

fully represent the viewpoints of those less likely to publish or to attend major conferences. The 

latter group, who may be working in field settings, may also have developed strong opinions on 

the subject. The expert profile described above is also inevitably Euro- and New World-centric; 

stopping the sample there could potentially miss many voices of knowledgeable individuals in 

less developed nations. Inevitably, the opinions of those with internet access—as opposed to 

those with no or unreliable internet access—are likely to dominate the set of subjects.  

 

Several tactics were used to help overcome these difficulties. First, each initially invited expert 

was asked to forward the invitation link to counterparts in the field or to networks and 

communities they thought would also have an opinion. Further, a reminder sent to each expert at 

various intervals asked them specifically to forward the link to someone they thought would have 

an opinion diverging from their own. This snowball technique resulted in an unquantifiable 

number of additional respondents. The invitation was also sent to relevant listserves (e.g., those 

specifically targeting migration, disasters, the environment or combinations of these) and entities 

such as Small Island Developing States (SIDS). When it become apparent that certain subgroups 

or geographic regions were absent or poorly represented among the views expressed, intentional 

lobbying by email was conducted to capture the opinions of, for example, Alaskan experts, 

United Nations agencies or civil society, etc. Finally, surveys in PDF format were also provided 

by email allowing a few subjects to forward their completed surveys by attachment when internet 

bandwidths were insufficient to permit on-line response. 
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3.4 Survey administration and resulting subjects 

The survey invitation was issued in October 2009 by Dr. F. Renaud, acting interim Director of 

the UNU’s Institute for the Environment and Human Security. The on-line survey, posted on 

surveygizmo.com, was open for three weeks. An invitation reminder was sent to a minimum of 

715 addresses on days 8, 16 and 20. Ultimately, 197 subjects fully completed the survey, 

equaling 49% of those who visited the site (n=396) and 64% of those who started the survey 

(n=306). This response rate resulted in a total of 42 * 197 = 8232 acts of rank-ordering. Based on 

positioning data from each computer used to complete the survey, the results included 

perspectives from 49 countries and six continents. It is evident that, although all continents are 

represented, the vast majority of respondents were from the United States and Europe; thus, 

important contributions may be missing from entire regions (see Figure 2).   

 

INSERT Figure 2: Distribution of P-set Subjects (Survey Respondents) 

In order to protect human subjects, profiling information was not required. Subjects so desiring 

were granted anonymity to avoid any link between their identity and controversial global issues. 

Among the subjects who fully completed the survey, roughly one-third chose anonymity—

underscoring the politically charged tone and sensitivity of the debate. Profiling information, 

when provided, included name, title, city and country workspace, email address, institutional 

affiliation, professional activity, discipline, focus of current work, months specifically spent 

exploring the environment-mobility interface, gender, date of birth and highest level of 

education. This information is useful to analyze the resulting factors—discourses—and to find 
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commonalities among subjects sharing major narratives. Among the subjects who fully 

completed the survey, 161 (82 %) contributed at least partial profile information. 

 

 

4 Results 

4.1 Factors 

The Q-sorts representing the subjective voices of 197 respondents were processed using factor 

analysis (Principle Component Analysis). Factors were identified and rotated using varimax 

centroid extraction within the PQ Method software, Ver. 2.11 (Schmolck 2002) and after 

exploration, a configuration of four (out of eight possible) was chosen to use in the subsequent 

analysis (see Table 2). The choice was based on criteria from Webler and others (2009). For 

simplicity, only configurations of between three and five factors were considered. Concerning 

clarity, the four-factor arrangement was the one with the greatest number of single-loading 

subjects, the fewest confounders (subjects loading significantly on more than one factor) and the 

same number of non-loaders (subjects not loading on any factor) as the second-best 

configuration. An additional criterion was the lack of significant bi-polar loadings demonstrating 

division within a factor.   

 

INSERT TABLE 2 

 

4.2 The footprint seen from four social perspectives  

Each factor, or discourse, produces a distinct social perspective on the environment-mobility 

nexus. The four discourse groups identified by the current analysis are labeled: the Determined 
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Humanists, the Benevolent Pragmatists, the Cynical Protectionists and the Critical Realists. 

Below, the most important statements for each discourse are woven together to produce a unique 

narrative; the bracketed numbers in each narrative identify the specific statement(s) from which 

that part of the story-line is derived. Distinguishing statements were determined by satisfying 

two criteria: 1) significant difference when compared across factors (p<0.05 designated by * and 

p<0.01 by **), and 2) high salience for subjects compared with the other 41 statements (z-score 

≥ ± 1.5). 

 

High-ranking subjects for each discourse are considered group members. Each discourse was 

validated by sharing its narrative with these subjects, requesting them to express their level of 

comfort with the narrative. Reception from every group was positive. A few subjects provided 

clarifications leading to slight revisions of the narrative, but none expressed feeling alienated or 

uncomfortable with their narrative.  

 

Discourse A: Determined Humanists 

There is no doubt that change in the environment triggers human migration.  The phenomenon is 

accelerating and disquieting.  Although economic factors play a role, environmental drivers are 

numerous and include degradation, drought, desertification and disaster [statements 7 and 10, 

below]. In turn, this mobility may ignite conflict [34].  It is important to differentiate drivers 

(three out of four distinguishing statements of the group do so, highlighting their importance), 

but even more crucial to defend the human rights of displaced people (and those they left 

behind). States have the moral responsibility to help find appropriate and lasting solutions [42].  
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Lack of precise definitions, imperfect names and challenges in isolating drivers are no excuse to 

delay more insightful research and appropriate action.   

 

The following statements most strongly endorse the perspective of Determined Humanists 

(Discourse A members). Scores in parentheses are the Z-score and significance level for 

Discourse A followed by the idealized score of all four groups, in alphabetical order. Statement 7 

is the most salient (indicated by highest score, negative or positive, -2.05) and significantly 

different from the other groups (** signifies significance at p<0.01). Overall, Determined 

Humanists ranked this statement as “-3” (bold below), showing moderate disagreement (on the 

scale from -4 extreme disagreement to +4 extreme agreement), while groups B, C and D scored it 

“2”, “0” and “-1”, respectively. 

 

[7]  Although environmental degradation and catastrophe may be important factors in the 

decision to migrate, and issues of concern in their own right, their conceptualization as a 

primary cause of forced displacement is unhelpful, unsound intellectually, and 

unnecessary in practical terms.(-2.05**)(-3  2  0 -1) 

[10] Environmental change as an agent of population displacement is questionable; 

economic factors can themselves explain most of displacement. (-1.78**)(-3 -1 -2 -1) 

[34] Environmental change and concomitant population displacement are the 

consequences of war and insecurity rather than triggers for it. (-1.45**)(-3 0 -1 -4) 

[42] The longer-term dilemma for states and for the world in general is how to 

accommodate the predicted surge in environmental migrants. This is not merely a 

logistical or immigration question, it is also a moral one. (-1.26*)(3 0 0 2)  
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While the majority of subjects loading highly (and exclusively) as Determined Humanists are 

from academia, NGO personnel are also numerous in this discourse group. Professional activities 

comprise mainly research and practice. Subjects are evenly divided over disciplines; one-third 

currently focus on both migration and the environment. Discourse members are highly 

experienced (the mode is two or more years working on the nexus).  Socio-demographic profiles 

indicate more male members and nearly half are mid-aged (35-50 years).  The majority of 

members currently work in the global “North” (this term applies to the socio-economic rather 

than the geographic distinction between north and south). 

 

Discourse B: Benevolent Pragmatists 

Contemporary migration is too entangled and debatable to allow prioritization of one driver over 

another [3 and 1]. Climate and environmental change are two of a growing number of factors 

that exacerbate communities’ vulnerability. Current knowledge is sufficient to declare that it is 

inappropriate to simplify the issues and risk developing unhelpful mechanisms of support. As 

eloquently and succinctly stated by one high-loader in this discourse group, “simplistic 

explanations are comforting and may be politically expedient but are rarely accurate.” When 

environment or climate trigger migration, the scale of the phenomenon has been exaggerated and 

there is no indication that it will pose greater threats to the “North” than to any other region [27]. 

Although a significant problem and a major policy challenge, migration is uncertain to be our 

generation’s most pressing concern [29].  Terms and labeling are important. The term “refugee” 

must not be encumbered with a new dimension or definition [22].  Clearly, the human rights of 
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all people, including the displaced and those left behind, merit respect but careful research and 

evidence-based policy are paramount for support of these discourse groups. 

 

Benevolent Pragmatists identified the following statements as most influential: 

[3] The causes of forced migration are so complex and multiple that they cannot be 

circumscribed solely to environmental reasons.  (1.76**)(2 4 1 1) 

[1] The link between migration and the environment is both contentious and highly 

complex.  

(1.62*)(2 4 0 3) 

[27] Third-world refugees are increasingly fleeing worn-out lands for the industrialized 

countries of the North. (-1.69**)(-1 -4 3 -3) 

[29] The number of persons who will flee environmental degradation in the near future is 

going to increase at a rapid pace, so that the issue of environmental refugees promises to 

rank as "one of the foremost human crises of our times". (-1.57**)(2 -3 1 -1)                                               

[22] It is imperative that the definition of a 'refugee' be widened to include all those 

whose livelihoods are in peril from natural and unnatural hazards. (-1.58**)(0 -3 -1 1) 

The majority of subjects loading highly (and exclusively) as Benevolent Pragmatists are from 

academia, with a strong presence of UN/Intergovernmental agency staff. Professional activities 

comprise mainly research and technical/advisory personnel with more policy makers than any 

other discourse group. Subject disciplines are dominated by geography and 

anthropology/sociology, and the mode focuses mobility (rather than the environment or 

environment and mobility). Discourse members, although experienced (more than one-third with 

two or more years within the domain), comprise a younger cohort (the mode is less than 35 
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years); the majority have terminal academic degrees.  The majority of members currently work 

in the global “North”. 

 

Discourse C: Cynical Protectionists 

Although simplification is not the entire answer, endless debate on terms, definitions or specific 

drivers is not productive [23]. The phenomenon is clearly evident and linked to resource scarcity, 

drought and/or desertification. If it escalates, states are ill-equipped to foster environments that 

encourage people to stay home [41]. Most important, migrants will pose economic and perhaps 

security threats to neighboring and, eventually, “Northern” nations [28].  A better grasp of the 

scale of the problem would be useful before investing more in human rights issues.  

 

Cynical Protectionists are united around the following statements: 

[23] With poverty and life on the environmental limits as the main motivating force, it 

matters little whether the migrants are labeled environmental or economic, refugees or 

migrants. (-1.86**)(-2 -2 -3 0) 

[41] Due to the number of factors involved, no climatic or environmental hazards 

inevitably result in migrations. Even if disasters become more frequent in the future, 

political efforts and measures of protection will be able to lessen the need to emigrate, 

provided that the necessary financial means are made available. (-1.59**)(-2 1 -3 0) 

[28] Primary security threats to western nations related to climate change arise from the 

potential demand for humanitarian aid and a likely increase in immigration from neighbor 

states. (1.48**)(-2 -4 4 -4) 
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Based on responses to the post-survey electronic interviews, Cynical Protectionists have a 

unique profile. They are cynical because of their distrust of immigration. Although half of those 

loading highly and exclusively on this factor are from academia, one quarter are government 

officials (with no UN/intergovernmental or private sector respondents).  A majority are active 

researchers while nearly a third considers themselves ‘practitioners’ (the most of all four 

discourse groups).  The mode currently focuses on both migration and the environment (more 

than any other group).  Length of subject experience is the same as other groups (the mode being 

two or more years) but this group tends to have more female and older members than the others. 

Members are extremely well educated (over half have terminal degrees) and nearly two-thirds 

come from the global “North.”   

 

Discourse D: Critical Realists 

Environmental triggers of human migration, especially resource scarcity or degradation, are a 

daily reality for many communities [4]. Such migration, in turn, catalyzes conflict and war [34]. 

Already a historic reality in rural areas and developing nations, it is uncertain that the 

phenomenon is increasing and unlikely that, as such, it will threaten western nations (since it 

generally manifests itself as internal displacement).  The name and definition used for those 

affected must be chosen with care. Knowledge about direct links between climate and mobility is 

insufficient [2] but those affected are acutely aware that their livelihoods are changing in 

fundamental ways. Whether able to migrate or not, they perceive the environment as a daily 

threat [36]. 
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Critical Realists identified the following statements as most influential: 

[34] Environmental change and concomitant population displacement are the 

consequences of war and insecurity rather than triggers for it. (-2.786**)(-3 0 -1 -4) 

[4] There is a clear relationship between resource scarcity and people’s decisions to leave 

in search of more propitious opportunities. (1.864**)(2 0 4 4) 

[2] Our understanding of the nature and significance of the complex linkages between 

migration and environmental or climatic change remains very limited. (1.555*)(0 3 -2 4) 

[36] Eventual migrants may become adapted to the threat of erosion (or another stressor), 

and may not perceive it to be an immediate threat to their livelihoods and well-being. (-

1.542**)(-1 1 2 -3) 

 

Subjects loading high and exclusively as Critical Realists are academics, NGO staff (more than 

any other discourse group), and UN/intergovernmental personnel. Most practice research; none 

are policy makers. One-third are predominately in geography and another third in 

environmental/ecological disciplines.  The environment is the current focus for most and the 

mode is two or more years of experience in the environment-mobility nexus. Predominately male 

and nearly one-half in the middle age group (35-50 years), one-third have terminal degrees. A 

majority are from the “South” (more than any other group). 

 

5 Discussion 

5.1 Cross-factor comparisons 

As evidenced from the narratives above, standard factor analysis produces orthogonal factors (or, 

in this context, discourses) that are distinctly different from each other. The greatest correlation 
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(see Table 3) is between A: Determined Humanists and D: Critical Realists (r=0.49) indicating 

that these two groups may have more in common than any other pair.  Discourses B: Benevolent 

Pragmatists and C: Cynical Protectionists are the most at odds (r=0.08).  The Humanists and the 

Realists (and to a lesser extent the Humanists and the Protectionists) agree on many issues, but 

their points of disagreement are particularly important.  

 

INSERT TABLE 3  

 

The true orthogonality of the four discourses is best understood when comparing and contrasting 

the statements most influential in each discourse. Below, comparisons are detailed for each of the 

six possible pairs among the four groups. Boundaries between discourses are often fuzzy; an 

exploration of bi-polar
10

 subjects—those subscribing to two or more orthogonal factors—

indicates that viewpoints held by group members are not necessarily mutually exclusive. 

  

• Determined Humanists (A) and Benevolent Pragmatists (B): The most marked 

difference between these discourses lies in consideration of the environment as a primary 

and direct driver of migration: the Humanists consider this a healthy starting point while 

the Pragmatists call it inappropriate and intellectually unsound. The second major 

difference concerns the scale of the problem: Humanists anticipate a rapid imminent 

increase in environmentally influenced mobility while Pragmatists remain very skeptical. 

The common bond between Humanists and Pragmatists is their mutual respect for human 

rights. Seven subjects load significantly on both factor A and B.  The very low 

                                                 
10

 Bi-polar subjects in this study comprise 9% of the subjects (n=18). Most of these are not ‘defining’ because neither of the 

factors made up more than half the variance within the respective sort. 
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correlation between these two factors (r=.16) makes this surprising. Humanists have more 

self-reported “practitioners” than Pragmatists. 

 

• Determined Humanists (A) and Cynical Protectionists (C): The main point 

distinguishing these two discourses concerns human rights: while Humanists insist on 

protection for any displaced person, the Protectionists strongly disengage when 

responsibility is evoked. Closely related is environmentally linked migration as an 

imminent threat to western nations: Protectionists give serious weight to the threat while 

Humanists dismiss it. The common bond between the two groups is their agreement on 

drought and desertification as drivers of migration. Six subjects were bi-polar on A and C 

(only one was a defining sort). While strong among the Humanists, self-reported NGO 

and UN/IOM respondents and technical advisors or policy makers never loaded highly in 

the Protectionist group. 

 

• Determined Humanists (A) and Critical Realists (D): These discourses are the most 

closely associated. Two subjects were bi-polar on both discourse groups (neither was a 

defining sort). Given this strong association, commonalities between the two groups are 

frequent, with differences principally of scale rather than of kind. The largest difference 

concerns the conclusion that environmentally influenced mobility is not uniquely 

modern: both groups believe that there has always been such mobility, but Humanists 

believe strongly that its nature is changing, whereas the Realists are only marginally so 

convinced. Other main differences dwell on terminology and details. The greatest 

agreement between the two discourse groups is their mutual support for a new convention 
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to protect environmentally displaced peoples. Self-reported government officials and 

policy makers never loaded highly in this group.  

 

• Benevolent Pragmatists (B) and Cynical Protectionists (C): Human rights and threats 

to western nations feature high among the differences between these two most strongly 

opposed discourse groups. Pragmatists believe measures can be taken now to protect 

communities from forced migration; Protectionists are much less optimistic. Otherwise, 

these two groups differ mainly in rhetoric and terminology. Their common bond is the 

opinion that economic development is essential to any formula for reducing 

environmentally influenced mobility. Unlike Pragmatists, Protectionists include no self-

reported NGO and UN/IOM respondents and no technical/advisors or policy makers. 

 

• Benevolent Pragmatists (B) and Critical Realists (D): The largest debate between 

these two groups concerns the link between conflict and environmentally influenced 

mobility. Realists believe environmental change triggers war; Pragmatists are much less 

certain of this. Realists see links between degraded environments and refugee flows while 

Pragmatists deny them. The two discourse groups are most similar in their doubt that 

such links will be simple and clear enough to justify support to future environmentally 

induced migrants. 

 

• Cynical Protectionists (C) and Critical Realists (D): Critical Realists differ very 

strongly from Protectionists in their opinions on the security of western states. Realists 

see migration as primarily manifested through urbanization and internal displacement; 
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Protectionists see it as an imminent threat to western nations. The second major 

difference between the two groups concerns local knowledge: Realists stress the acute 

environmental awareness of those living in fragile environments while Protectionists 

consider that habitual exposure breeds desensitization to environmental stressors. The 

two discourse groups readily agree that climate is just one more factor challenging 

vulnerable households. 

 

The four social perspectives distinguished by this analysis are not entirely discordant from the 

four quadrants of cultural theory, as applied to the issue of environmental change (O'Riordan and 

Jordan 1999). Douglas, the creator of cultural theory (1973), devised a typology stressing the 

social settings and processes that shape personal perspective using comparisons of social 

bonding (group) and need for order (grid). Four quadrants or “ways of life” are produced, 

serving as unique justification for personal policy choice: individualists, hierarchists, fatalists 

and egalitarians. When compared to the four environment-mobility discourses, Humanists (A) 

are most like egalitarians, emphasizing fairness and justice; Pragmatists (B) are most like 

individualists, promoting learning and personal responsibility; Protectionists best align with 

hierarchists, favoring rule-based norms and technological fixes; and Realists (D) most closely 

resemble fatalists. 

 

There are, however, important and nuanced differences between each of these similar pairs, 

implicit in the qualifications added to the name of each discourse identified in the present 

analysis. The Humanists in this study are more determined to evoke change than the egalitarians 

described by O’Riordan and Jordan. Pragmatists have expressed a benevolent side that largely 
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transcends the stereotypical individualist. The Protectionists’ cynicism dampens categorical 

belief in hierarchy. The Realists express more critical insight and hope than cultural theory’s 

fatalists.  

 

Most likely these differences, and the unanimous agreement of the experts surveyed herein on 

the importance of the environment-mobility link, reflect the increasing importance given to 

environmental issues by both policy and civil society (Saunders 2000) within post-modern neo-

politics. This new sense of global participation seeking harmony with the environment has 

resulted in changed perspectives in societies around the globe. Elites from the global South 

(Peritore and Karina 2000), as well as from more developed countries, are well-informed and 

keenly interested in sustainable environments and secure homelands.    

 

5.2 Consensus and compromise 

Using the statements evoking greatest agreement (see Table 1), points of consensus among the 

four discourse groups are discussed below and highlighted in Table 4. Where divergence is 

extreme, groups should either agree to disagree or propose a compromise solution, if adequate 

policy responses are to be developed.  

     

Consensus is indicated by similarity of opinion among all four groups concerning each 

statement, both in sign (i.e., positive [agreement]/negative [disagreement]) and in 

proximity/scale. Not one statement within the Q-sample was determined to be a true “consensus 

statement”. This lack of consensus underscores stark complexity in the field: complex issues 

complicated by complexly varying vantage points. 
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Nonetheless, nearly half of the statements (n=18 out of 42) elicited the same sign from all four 

discourse groups. This signifies that in these cases the difference among groups is only one of 

scale. There was sign agreement across all four discourse groups for the majority of statements 

concerning drivers. Less agreement was found for statements concerning quantification, 

terminology and political elements. All four groups agree to varying degrees that: 

• There is a link between the environment and human mobility. 

• There is more than one driver of nearly all migration events. 

• A better understanding of the numbers (scale of the phenomenon) is likely to influence 

policy. 

• Although research priorities currently stress those who migrate, the most vulnerable are those 

unable to leave fragile environments. 

 

Divergence might seem to indicate irresolvable differences of opinion, but where points of 

disagreement are not particularly strong or ideological, Q-analysis can highlight potential 

solutions. Areas of divergence therefore present opportunities for compromise between the 

discourse groups. A major point of divergence concerns the need for new information. Although 

Protectionists (C) do not think information is lacking and Humanists (A) are neutral on the issue, 

the remaining two groups strongly believe the knowledge base needs reinforcing. Aligning this 

with the consensus statements above, a significant proportion of research should be invested in 

stronger understanding of dynamics at the site of degrading environments, from which the most 

vulnerable may never depart.    
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Furthermore, all discourse groups except the Humanists (A) indicate that the lack of an adequate 

name and definition of environmentally induced migrants is at least part of the problem in 

determining the true scale of the phenomenon. While Humanists and Realists are relatively 

neutral on the term “environmental refugees”, Pragmatists and Protectionists strongly oppose its 

use. Therefore, a new terminology package capturing the essence of environmentally linked 

mobility must be developed. Further debates over use of the term “refugee” are not likely to be a 

justifiable investment.   
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6. Conclusions  

There are many opportunities to intervene within the environment-mobility nexus; the choice 

depends largely on social perspectives. Seven such opportunities are featured in Figure 3 below.  

The first three involve protection: of the environment, of societies inhabiting fragile 

environments and of those who are mobile (the former two carried out prior to migration). The 

next three concern research: exploring drivers (in isolation or combination), developing 

terminology and quantifying the phenomenon (historical or projected). The last opportunity is 

legal recognition, another type of protection. These opportunities are certainly not exhaustive nor 

are they entirely discrete or linearly linked. Whatever the discourse, there is substantial room for 

effort.   

 

Linking these opportunities to the four discourse groups sheds further light on their different 

viewpoints and may lead to more expedient compromise among them. Figure 3 shows the 

importance given each support mechanism by the size and boldness of the letters A, B C and D 

under each circle; the larger and darker the letter, the more strongly the mechanism is espoused 

by that particular group; letters in outline indicate non-issues for a given group.  Finally, stylized 

lines and labels have been added to indicate the pathways most strongly supported by each 

discourse group.   

• Determined Humanists (A) are quintessential protectors. They strongly support efforts to 

avoid environmentally induced migration in the first place while striving for their 

ultimate goal of providing legal recognition for such migrants.  
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• Benevolent Pragmatists (B) promote research and exploration while downplaying 

protection mechanisms (at both the source and the target of migration) until adequate 

proof of the migration’s cause is assembled. Everything is an issue for them.  

• Cynical Protectionists (C) have strong incentives to quantify the scale of environmentally 

induced migration. Starting from there, they equate protecting environments with keeping 

people safely in their homelands. Protection and recognition of migrants and the 

exploration of drivers indicate failure to keep people safe; they are therefore non-issues. 

• Critical Realists (Group D) focus on protecting societies inhabiting fragile environments. 

Terminology and recognition are justified efforts as means to that end. 

 

While Q-Methodology cannot ascertain the prevalence of each of these discourse groups among 

the greater universe of interested parties, this analysis establishes that there are at least four 

different vantage points on the environment-mobility nexus. Although each has a specific 

emerging profile, all age groups, education levels and both genders and geographic “poles” are 

found in every discourse group. Visible gaps of NGOs among the Protectionists or government 

personnel among the Realists, as mere examples, present interesting storylines that would require 

further exploration before being statistically valid.  

 

Strong diversity of opinion among discourse groups is one explanation for little concrete 

progress made to date towards better protection for individuals struggling with fragile 

environments. This readily aligns with a parallel explanation pointing at discursive politics 

within the United Nations system (McNamara 2007).  
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Contemporary and unprecedented transformations in our physical world, however, seem to have 

brought at least these 197 experts, and the four discourse groups they represent, to consensus on 

recognizing a link between the environment and human mobility. This consensus indicates that 

the debate on whether or not there is a link between the physical environment and human 

mobility is a non-issue.  

 

With regard to tracing the global footprints of the environmentally mobile, the expert opinions 

analyzed herein justify and highlight the urgency of a specific twofold action:  

1.) Agreement on a new package of terminology and definitions that is politically tolerable for 

the greatest number of actors. It is tempting to assert that so many individual voices and four 

perspectives can never be reconciled into a single package—or that no such package is 

needed, that each agency can employ its own terminology. Nonetheless, a minimum package 

that each actor could adapt to their needs would promote more insightful cross-disciplinary 

research and field-level efforts. Indeed, it can be argued that a minimum terminology 

package is a prerequisite for quantification of the issues at hand: analysts must be able to 

recognize the various types and sizes of footprints before they count them. To develop such 

terminology, it is vital to review other packages (e.g., UNU’s three layers of environmentally 

linked mobility, the most formal proposal on the “market” thus far)
11

.  

 

2.) Wide support for better information and knowledge creation. Preliminary research on 

environmental mobility footprints must include the following transdisciplinary efforts: 

                                                 
11

 Flight from environmental degradation or climate change has many pathways. Three are captured in recent research by 

Renaud and others (2010): 1.) Environmental Emergency Migrants/Displacees who flee the worst of an environmental 

impact on a permanent or temporary basis; 2.) Environmentally Forced Migrants who “have to leave” in order to avoid the 

worst of environmental deterioration; 3.) Environmentally Motivated Migrants who “may leave” a steadily deteriorating 

environment in order to pre-empt the worst. 
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• Starting with a package of agreed definitions highlighting the main drivers, the best 

possible evidence over the past hundred years must be assembled to produce a global 

estimate of the scale of the phenomenon. Only once the weight of the environment on 

global human mobility is systematically quantified, proportional to all possible drivers, 

can projections for 2050 be useful despite uncertainty. 

 

• A package of methods (both practice and policy) must be identified and assembled to 

sustainably attenuate the impact of environmental degradation within the most likely 

source regions of environmentally influenced mobility. This is akin to, but likely broader 

than, current efforts in climate change adaptation. 

  

Complexity is the state of the global discourse on environmentally influenced mobility. This 

complexity is an impediment to moving forward, both on research and policy fronts. There are at 

least four discourse groups with unique vantage points—each seeing a footprint with a different 

shape, depth and orientation.  What is foremost, and most potentially far-reaching, is that each 

discourse group sees such a footprint at all. To make strides in describing and quantifying the 

footprint, experts must agree to disagree on the details while striving to identify measures that 

will secure the homelands of those most vulnerable to environmentally influenced mobility. At 

the same time, they must keep in mind the multiplicity of drivers of footprints past, present and 

projected. With such complexity of drivers in constant flux and producing unpredictable 

outcomes, we must prepare for surprise. The pathways and steps for adapting to change are 

varied and numerous. Greater consensus, however, is not a prerequisite for choosing action. 
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Table 1: Q Sample Structure 

 Issue Total and description 

1 Drivers 43% (N=18 statements) 

Ability to isolate and utility of the task; specific drivers: scarcity, degradation, 

disasters, economics, drought / desertification, ecology or the climate 

2 Terminology 24% (N=10 statements) 

Use of ‘refugee’, specific names, definitions, including three proposed by 

Renaud/Dun’07 

3 Politically 

charged 

aspects 

21% (N=9 statements) 

national security, attribution and responsibility, appropriate interventions 

4 Quantification 13% (N=5 statements) 

existing evidence, direction of the flow of such migrants and the role of (or need 

for) more concrete evidence in guiding policy 

Total 42 Statements 
 

 

 

 
Figure 1: Subjective opinion continuum for a Q-sort on 42 statements 
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Figure 2: Distribution of P-set Subjects (Survey Respondents) 
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Table 2: Factor matrix table: loadings for a selection of the most defining sorts, per factor 

subject Profile** Factor A Factor B Factor C Factor D 
1 India, Gov, Researcher, Natural Resource Mgmt, Female, 1958 0.8274* -0.0001 0.1253 0.0422 

2 France, Independent, Practitioner, Other: Journalism, Male, 1969 0.8180* -0.0872 -0.0110 0.0830 

3 Kyrgyzstan, U/Research, Researcher, Anthropology, Male, 1974 0.8131* 0.0820 0.0294 0.3645 

4 India, NGO, Practitioner, Sociology, Female, 1957 0.8075* 0.0166 0.0266 0.1132 

5 UK, U/Research, Researcher, Other: Cultural Heritage, Male, 1982 0.7669* 0.0630 0.1611 -0.0342 

6 USA, U/Research, Researcher, Natural Resource Mgmt, Female, 1966 0.7451* -0.0677 0.2096 0.3166 

7 Sudan, NGO, Practitioner, Administration / Management, Male, 1979 0.7448* 0.2204 0.227 0.1255 

8 USA, Gov, Researcher, Climatology, Male, 1944 0.7435* -0.1774 0.2446 0.2311 

9 Caribbean, Independent, Policy Maker, Political Science, Female 0.7410* -0.0011 0.1532 -0.0051 

10 USA, UN/Int., Policy Maker, Economics, Male 0.7401* 0.2693 0.0521 0.2395 

11 UK, U/Research, Researcher, Geography, Male, 1971 0.7354* 0.1801 0.1571 0.3602 

12 Germany,  , Tech / Advisor, Environment / Ecology, Male  0.7291* 0.1367 0.0746 0.1151 

13 USA, Independent, Tech / Advisor, Other: Journalism, Male, 1960 0.7268* -0.1674 0.3048 0.1029 

14 Nigeria, U/Research, Practitioner, Environ. / Ecology, Female, 1965 0.7250* -0.3503 0.1030 -0.0786 

15 Ethiopia, NGO, Tech / Advisor, Environment / Ecology, Male, 1961 0.7171* -0.0193 0.2290 0.3107 

16 France, U/Research, Researcher, Law, Female, 1984 0.7164* 0.1865 -0.0405 0.0796 

17 USA, U/Research, Researcher, Geography, Male  0.7149* 0.0026 -0.0718 0.1182 

1 Switzerland, U/Research, Researcher, Geography, Male, 1966 0.2609 0.6812* 0.1135 0.0121 

2 Germany, U/Research, Researcher, Geography, Male, 1979 0.2355 0.6497* -0.1072 0.0503 

3 UK, Independent, Tech / Advisor, Social Science, Male, 1964 0.4700 0.6441* -0.0746 0.0541 

4 USA, U/Research, Researcher, Demography, Female, 1958 0.2727 0.6380* 0.0088 0.2047 

5 Portugal, U/Research, Researcher, Sociology, Female, 1969 0.2731 0.6185* -0.0171 0.0122 

6 USA, U/Research, Researcher, Sociology, Male, 1953 0.3164 0.5913* 0.0716 0.0268 

7 Switzerland, UN/Int., Policy Maker, Other, Male, 1979 0.5119 0.5543* 0.0056 -0.0806 

8 France, U/Research, Researcher, Political Science, Female, 1965 0.3896 0.5489* 0.1892 0.262 

9 Belgium, U/Research, Researcher, Geography, Female, 1975 0.2633 0.5375* -0.2786 -0.0712 

10 Germany, U/Research, Researcher, Geography, Female, 1979 0.4267 0.5290* 0.1621 0.1558 

11 UK, U/Research, Researcher, Law, Female, 1984 0.3090 0.4755* 0.1620 0.2414 

1 USA, Independent, Practitioner, Mathematics, Male  0.2763 0.1205 0.6508* 0.0499 

2 USA, Gov, Practitioner, Natural Resource Mgmt, Male, 1947 0.0750 0.1923 0.5360* 0.0418 

3 Jordan, Gov, Researcher, Seismology, Male, 1950 0.2966 0.1236 0.5029* 0.0589 

4 India, U/Research, Researcher, Climatology, Male, 1958 0.3908 0.0026 0.4698* 0.1071 

5 Germany, U/Research, Researcher, Sociology, Female, 1972 0.3889 -0.0766 0.4386* -0.1286 

6 Argentina, U/Research, Researcher, Geography, Female, 1960 0.2115 0.2439 0.4239* 0.1682 

7 Germany, U/Research, Researcher, Political Science, Female, 1984 -0.2105 0.0879 0.4233* -0.0864 

1 Malawi, Other, Tech / Advisor, Natural Resource Mgmt, Male, 1963 0.2314 0.0393 -0.1364 0.5840* 

2 USA, UN/Int., Researcher, Law, Female, 1966 0.0486 0.3691 0.1610 0.5116* 

3 Oman, U/Research, Researcher, Geography, Male, 1970 0.3059 0.1123 -0.1621 0.5074* 

4 Nigeria, Independent, Researcher, Economics, Male, 1974 0.3627 0.1296 0.0775 0.5070* 

5 India, U/Research, Researcher, Geography, Female, 1954 -0.0126 0.1068 -0.0215 0.4643* 

6 France, U/Research, Researcher, Geography, Male, 1981 0.3027 -0.0884 -0.0911 0.4368* 

7 Mongolia, NGO, Researcher, Geography, Male, 1978 0.1465 0.1015 0.3140 0.4342* 

8 Ethiopia, U/Research, Researcher, Environment / Ecology, Male, 1980 0.2249 0.0746 0.1021 0.3419* 

Notes: Bold indicates significant at 0.40 (p<0.01); Alternating white/gray shading distinguishes the four resulting 

factors  

*Indicates defining sort (explains more than half the common variance and significant at p<0.05) 

**Self-announced affiliations, when provided (country, institution, profession, discipline, gender, date of birth) 
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Table 3: Correlation between Social Perspectives (factors) 
 

 

 

 

 

 

 

 

 

 

 

Table 4: Consensus and compromise (divergence) 

 
 
Statements of greatest consensus or divergence 

A:  

Determined 

Humanists 

B: 

Benevolent 

Pragmatists 

C:  

Cynical 

Protectionists 

D:  

Critical 

Realists 

DRIVERS 
Consensus: Environmental change as an agent of 

population displacement is questionable; economic 

factors can themselves explain most of displacement [10]. 

Strong 

disagreement 

Slight 

disagreement 

Moderate 

disagreement 

Slight 

disagreement 

Divergence: Our understanding of the nature and 

significance of the complex linkages between migration 

and environmental or climatic change remains very 

limited [2]. 

 

Neutral 

 

Strong 

agreement 

 

Moderate 

disagreement 

 

Extreme 

agreement 

TERMINOLOGY  
Consensus: Even if the term 'environmental refugee' is 

legally inaccurate, it is more compelling than the term 

'environmental migrant' because it evokes a sense of 

global responsibility and accountability, as well as a sense 

of urgency for impending disasters [21]. 

 

 

 

Neutral 

 

 

Moderate 

disagreement 

 

 

Slight 

disagreement 

 

 

 

Neutral 

Divergence: ‘Environmental refugees’ is a valid term for 

those people who have been forced to leave their 

traditional habitat, temporarily or permanently, because of 

a marked environmental disruption (natural and/or 

triggered by people) that jeopardized their existence 

and/or seriously affected their quality of life [18]. 

 

Slight 

agreement 

 

Strong 

disagreement 

 

Strong 

agreement 

 

Slight 

agreement 

POLITICAL ELEMENTS 
Consensus: The most vulnerable within the environment-

mobility nexus are those unable to migrate --the forgotten 

poor obliged to remain behind despite harshly 

deteriorating conditions and precarious livelihoods [30]. 

 

Extreme 

agreement 

 

Moderate 

agreement 

 

Slight 

agreement 

  

Strong 

agreement 

Divergence: Primary security threats to western nations 

related to climate change arise from the potential demand 

for humanitarian aid and a likely increase in immigration 

from neighbor states [28]. 

 

Moderate 

disagreement 

 

Extreme 

disagreement 

 

Extreme 

agreement 

 

Extreme 

disagreement 

QUANTIFICATION 
Consensus: The likelihood is very strong that a more 

solid understanding of both past and predicted volumes of 

environmental migrants (the real scale of the 

phenomenon) will influence policy [16]. 

 

Slight 

agreement 

 

Slight 

agreement 

 

Strong 

agreement 

 

Slight 

agreement 

Divergence: Without a firm (and unlikely) definition of 

who is an ‘environmental refugee’, it is not easy to say 

that this category of people is increasing [13]. 

Slight 

disagreement 

Moderate 

agreement 

Moderate 

agreement 

Strong 

agreement 

 
 

 A: 
Determined 

Humanists 

B: 
Benevolent 

Pragmatists 

C:  
Cynical 

Protectionists 

D: Critical 
Realists 

A 1.00 .1618 .4453 .4980 

B  1.00 .0834 .3117 

C   1.00 .1757 

D    1.00 
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Size of letters beneath the intervention and stylized lines represent those most readily 

embraced by the four discourse groups. 

 

 

 

Figure 3: Opportunities for support, by social perspective 


