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ABSTRACT 

 

 This study explores the relationship between sea-level rise and human migration from 

Rita Village in the Republic of the Marshall Islands (RMI). As one of only four low-lying atoll 

countries at the forefront of risks associated with climate change, examining the extent to which 

sea level will rise and displace residents in the Marshall Islands is of timely importance. The 

approach to this research is a scenario-based, case study and it examines loss of home, human 

displacement and subsequent migration in Rita Village as a result of varying levels of sea level 

rise. The scenario-based approach is based on the four Representative Concentration Pathways as 

defined by the International Panel on Climate Change, which range from a best case scenario to a 

worst case scenario of sea level rise. This research also examines distribution of the migration 

stream resultant from displacement by sea level rise to key destinations in the United States, 

including Hawaii, Arkansas and Washington State.  The major findings suggest that sea level rise 

will be a key factor in migration from Rita Village to the year 2100. The best case scenario 

suggests that at least half of the population will be displaced by sea level rise by the year 2100, 

while the worst case scenario suggests complete inundation and total displacement of the 

population of Rita Village by 2100. The findings also suggest Hawaii, followed by Arkansas and 

then Washington State will experience the highest rates in migration of those displaced by sea 

level in the Marshall Islands.   
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Chapter I 

 

INTRODUCTION 

 

 The purpose of this research is to explore the relationship between sea-level rise and 

human migration from Rita Village in the Republic of the Marshall Islands (RMI). As one of 

only four low-lying atoll countries at the forefront of risks associated with climate change, 

examining the extent to which sea level will rise and displace residents in the Marshall Islands is 

of timely importance. Rita Village, located in the Marshall Islands, serves as the focus area of 

this research and a proxy for the rest of the country. The goal of this research then is to provide 

insight into the relationship between sea-level rise and migration, through a scenario-based 

framework, to inform climate change adaption strategies for inhabitants of the Marshall Islands 

and other low-lying atoll nations.  

 This research is merited on several grounds. One rests on the imminent risk associated 

with sea-level rise in low lying island nations generally, and the Marshall Islands specifically. 

The deleterious effects of climate change have become visible in this low-lying atoll nation and 

are an immediate concern for the Marshallese (De Brum et al., 2013; Loeak 2013, RMI Ministry 

of Foreign Affairs 2014). The latest sea-level rise projections to the year 2100 range from 

approximately 0.44 meters to over one meter (Church et al. 2013; IPCC 2013; Jevrejeva et al. 

2012; Rahmstorf 2007 and 2012). With an average elevation of a mere 2 meters, the Marshall 

Islands is likely to be one of the first countries inundated by rising seas (Holthus et al. 1992; 

Rahmstorf 2012).  

 A second justification is the dearth of research on this and similar topics. While scientists 

continue to quantify the increasing magnitude of global warming and the potential environmental 

degradation to many low-lying countries (Australian Bureau of Meteorology and CSIRO 2011; 



2 

 

Barnett and Adger 2003; GRDRR 2011; IPCC 2013; Mimura et al. 2007; SPREP and APAN 

2013), the inevitable impacts on human migration from the Marshall Islands remains largely 

unexamined.  

 A third justification for this investigation lies in the unprecedented policy and legal issues 

facing countries forced to fully evacuate due to rising seas. In the event that sea-level rise 

emerges as a primary factor in migration, the refugee status of those who flee is currently unclear 

(Gerrard and Wannier 2013). Additionally, the legal framework upon which a country operates 

when land disappears and the residents disperse is also uncertain (Gerrard and Wannier 2013). A 

comprehensive understanding of potential scenarios of sea-level rise allow for a more informed 

legal and strategic approach to protecting the rights of those impacted by climate change. 

 A final and notable justification for this research is the fact that as sea level continues to 

rise, adaptive outmigration by some or all of the resident population is likely (Bedford and Hugo 

2008). By identifying areas at risk in the Marshall Islands and potential destination communities 

for those forced to flee, proactive social and economic programs can be implemented by 

individual migrants, sending communities and receiving communities alike. Anticipating an 

increase in migration and planning accordingly can serve to attenuate barriers to migration both 

at the individual and community levels and alleviate much of the stress associated with 

relocation. 

 In approaching this research, it is necessary to outline key challenges and limitation at the 

outset. One limitation is the uncertainty inherent in modeling the complex physical systems of 

climate change. While climate modeling has become increasingly sophisticated, there remain 

numerous plausible predictive models of future geophysical changes and socioeconomic 

behaviors generating a wide range of possible outcomes (Cubasch et al. 2013). To address the 
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challenge of choosing among various predictive models, scenario-based modeling is employed in 

this research. This scenario approach provides a framework for addressing key uncertainties in 

the antecedents and drivers of climate change including technological and socio-economic 

developments (Settele et al. 2012). Indeed, the leading independent international scientific body, 

the Intergovernmental Panel on Climate Change, based its latest projections in the 2014 Fifth 

Assessment Report on scenarios of Representative Concentration Pathways (RCPs) (IPCC 

2013). Thus utilizing the RCP Scenarios in this research allows for a range of outcomes which 

explicitly recognize the likelihood of inaccuracies in linear modeling. 

 Correspondingly, a key challenge also rests in the difficulty of predicting migration 

patterns (IOM 2009). While many variables have been identified as key components in decisions 

regarding migration (Massey and Taylor 2004), human agency remains exceedingly difficult to 

empirically measure. The scenario based methodology addresses this limitation by forgoing 

predictions based on linear reasoning and presenting a range of potential migration outcomes.  

 Another limitation is a function of the lack of complete data for all communities and 

subpopulations in the study area. Due to geographic isolation, poor infrastructure and little 

previous research, data for many atolls of the Marshall Islands are non-existent. In the face of 

these deficiencies, this research focuses on Rita Village on the most populated atoll of Majuro. 

The capital of Majuro currently hosts over half of the Marshallese population, and is one of the 

only atolls for which more complete data are available.  

 Similarly, to comprehensively examine migration streams, both sending and receiving 

communities would be included in the research. However, because there are several receiving 

communities in the United States with limited data on their Marshallese population, not all will 

be included in this research. Their exclusion does not imply unimportance, rather a function of 
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the limited data available. To address this limitation, the research will focus on the three most 

prevalent receiving states of Hawaii, Arkansas and Washington.  

 Finally, an important challenge in conducting this type of research is related to the 

interdisciplinary nature of the problem. Scholarship on bridging social and physical sciences to 

examine the relationship between sea-level rise and migration is relatively scant. Many methods 

exist for forecasting migration (Bijak 2006), however the literature is lacking in the use of these 

methods with regards to sea-level rise.  

The forthcoming examination of the relationship between sea-level rise and migration 

necessitates an overview of several topics and definitions of key concepts. To cover each of these 

in turn, this chapter is organized as follows. First, a broad country description of the Marshall 

Islands is provided, followed by an overview of existing migration patterns from the Marshall 

Islands. The chapter concludes with an overview of the organization of remaining chapters. 

 

MARSHALL ISLANDS COUNTRY DESCRIPTION 

 

The country description of the Marshall Islands includes the following: geography, 

formation and settlement; historic and current political structure; economic conditions; culture; 

demographic structure and composition; existing migration streams; seasonal, yearly and 

projected climatic conditions; a review of sea-level rise and future projections; and the link 

between sea-level rise and migration.  

 

Geography, Formation and Settlement of the Marshall Islands 

 Located near the equator in the central North Pacific Ocean, between 4-14°N and 160-

173°E , the Marshall Islands consists of 1,225 small coral sand and coralline algae sand atolls 
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and islands all less than 3 meters above sea level. The land is spread over 1.9 million square 

kilometers of ocean (Pacific Climate Change Program 2011). As can be seen in Figure 1.1, the 

core 29 atolls and five islands form two parallel chains, 250 kilometers apart, called the “Ratak” 

(sunrise) chain and the “Ralik” (sunset) chain (Spennemann 2006).  That Ratak Chain consists of 

Ailuk, Arno, Aur, Bikar, Bokak, Erikub, Jemo, Likiep, Majuro, Maloelap, Meji, Mili, Nadikdik, 

Toke, Utirik and Wotje Atolls. The Ralik Chain consists of Ailinginae, Ailinglaplap, Bikini, 

Ebon, Enewetak, Jabat, Jaluit, Kili, Kwajalein, Lae, Lib, Namorik, Namu, Rongelap, Rongerik, 

Ujae, Ujelang, and Wotho Atolls. 

 

Figure 1.1: Map of the Republic of the Marshall Islands (Behr 2010). 
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 The Marshall Islands exist as a result of Holocene reef growth that began on degraded 

Pleistocene carbonate limestone platforms 12 to 15 meters below present sea level around 8000 

BP (Dickinson 1999). As eustatic sea level
1
 continued to rise until around 4000 BP, these coral 

atolls continued to grow and kept pace with rising sea levels (Dickinson 1999). Empirical 

evidence suggests there was a sea level highstand that peaked in 4000 BP and the coral grew to 

that height, which is 1 to 3 meters higher than present day sea-levels (Dickinson 1999).  

 Although the evidence of this mid-Holocene highstand in the western equatorial Pacific 

has been questioned in the past (Shepard et al. 1967), the current scientific consensus supports a 

highstand of 1 to 3 meters higher than present day sea levels, lasting between 5000 and 1500 BP 

(Grossman et al. 1998; Pirazzoli and Montaggioni 1986 and 1988; Woodroffe et al. 1990; 

Woodroffe and McLean 1998). Due to geomorphologic variations in the ocean basin, regional 

variability existed in the extent of this highstand throughout the western Pacific (Mitrovica and 

Peltier 1991).  

 Research conducted primarily in the Marshall Islands narrows the highstand for that 

region to between 4000 and 2000 BP (Buddemeier et al. 1975; Dickinson 1999; Weisler 2001; 

Yamaguchi et al. 2005). The reduction of the western Pacific highstand is attributed to a process 

called equatorial ocean syphoning (Mitrovica and Peltier 1991). This syphoning occurred when 

water that was in the equatorial Pacific up to 4000 BP from post glacial eustatic sea-level rise 

was drawn away from the region to fill areas of the ocean basin that subsided as glacial 

forebulges collapsed (Mitrovica and Peltier 1991). The highstand dropped around 2000 BP, 

exposing the atolls (Dickinson, 2009). This highstand, the subsequent syphoning and lowered sea 

level was integral in the development and colonization of the Marshall Islands.  

                                                 
1
 Eustatic Sea Level is a change to global sea levels due to changes in the volume of water in the 

world oceans or changes in the volume of the ocean basin (Meier et al. 2007).  
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Once above sea level, the atolls began collecting unconsolidated sediment from storm 

wash (Dickinson 2009). This sedimentation allowed the growth of vegetation and created an 

environment that could support human habitation (Dickinson 2009). Evidence of this timeline 

has been supported by analysis of reef flats, which reflect rapid carbonate deposition up until 

2000 BP, followed by erosion (Buddemeier et al. 1975; Tracey and Ladd 1974). 

Archaeological evidence suggests that the Marshall Islands were colonized not long after 

the atolls emerged from the ocean (Weisler 2001; Yamaguchi et al. 2005). Based on radiocarbon 

dates of prehistoric artifacts from Utrōk Atoll, Marshall Islands, human settlement began around 

2000 BP (Dickinson 1999; Weisler 2001; Yamaguchi et al. 2005). Little is known about 

Marshallese prehistory but a general consensus in the limited research suggests the initial 

colonizers came northward from Melanesia (Irwin 1992; Smith and Jones 2007). The next 

section provides a capsule summary of the history of this habitation to present day of the 

Marshall Islands. 

 

Historic and Current Political Structure of the Marshall Islands 

 The first Melanesian navigators settled and remained free of outside control for over a 

millennia and a half, until the Treaty of Tordesillas ceded ownership of the Marshalls to Spain in 

1494 (RMI Embassy 2005). Spain held the Marshall Islands from 1494 to 1885, until the 

German government annexed the country from Spain for $4.5 million (RMI Embassy 2005). 

Germany held a protectorate over the Islands until Japan took military possession in 1914, during 

World War I (RMI Embassy 2005).  

 Due to recognition of the strategic military location in the Pacific Ocean, an Allied 

invasion of the Marshall Islands occurred in 1943 during World War II, effectively ousting Japan 
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(RMI Embassy 2005). Following the end of World War II, the United States had operative 

control of the Islands (RMI Embassy 2005). In reaction to the nuclear detonations of World War 

II and the onset of the Cold War, the United States government began a 12-year nuclear testing 

program in the Marshall Islands from 1946 to 1958 (Simon and Robinson 1997). Sixty seven 

nuclear bombs were detonated; 44 on or near Enewetak Atoll and 23 at Bikini Atoll (Simon and 

Robinson 1997). Rongelap Atoll was heavily impacted by fallout (Simon and Robinson 1997). 

 The largest detonation, the 15 megaton “Bravo Shot” on March 1, 1954, scattered 

radioactive fallout over many of the atolls as a result of wind shear atmospheric conditions (Beck 

et al., 2010). To this day, those relocated from Rongelap and Bikini have not been able to return 

home (RMI Embassy 2005). Significant levels of radioactive isotopes have been measured, not 

only on Rongelap and Bikini, but also on Rongerik, Utirik and Ailinginae Atolls (RMI Embassy 

2005). Twenty of the 67 nuclear tests were found to have deposited significant radioactive fallout 

on all 25 inhabited atolls (Beck et al., 2010). Runit Island, the most radioactive of the islands, 

became a dump site for over 100,000 cubic yards of radioactive soil and debris with human 

habitation being ruled out forever (Johnson 1980). The long term direct and indirect effects of 

this testing, including but not limited to increased rates of cancer, destruction of native food 

sources and loss of culturally significant homeland, are relevant and problematic to this day 

(Barker 2013; Niedenthal 1997). The nuclear legacy and strategic military arrangements resulted 

in the Marshall Islands transitioning from a United States Trust Territory to a self-governing 

country.   

 The Republic of the Marshall Islands is a relatively young country, having gained 

sovereignty on October 21, 1986 (RMI Embassy 2005). It is a parliamentary democracy with 

three branches of government (Executive, Legislative and Judicial) in free association with the 
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United States (RMI Embassy 2005). The Compact of Free Association, entered into force in 

1986 and amended in 2003, allows Marshallese migrants to enter and work freely in the United 

States indefinitely without typical immigration protocol (U.S. Department of State 2014). In 

return, the United States maintains a missile testing facility and Naval Base on Kwajalein Atoll, 

pays monetary nuclear testing reparation to the Marshallese government, and offers military 

protection and aid (RMI Embassy 2005). The following section outlines the economic conditions 

of the Marshall Islands. 

 

Economic Conditions in the Marshall Islands 

 The Republic of the Marshall Islands is classified by the United Nations as a Small Island 

Developing State (U.S. Department of State 2014). The economy remains relatively small, with a 

GDP official exchange rate of about US$ 193 million, and is largely dependent on payments 

from the United States guaranteed through the Compact of Free Association (U.S. Department of 

State 2014). Between 1986 and 2001, the Marshall Islands received nearly $1 billion in United 

States aid and lease payments for the use of Kwajalein Atoll as a United States naval base (CIA 

2014). Under the renegotiated Compact of 2003, the country will receive an additional $1.5 

billion in aid from the United States (CIA 2014).  

 The Marshall Islands economy also has a natural resource/agriculture sector consisting of 

fishing, breadfruit, banana, pandanus, and taro cultivation (RMI Embassy 2005). The service 

sector of the economy is located in Majuro and Ebeye, and is sustained by copra and fish 

processing, tourism, government expenditures and the U.S. Army base at Kwajalein Atoll (RMI 

Embassy 2005).  

 On the outer islands, cash income is generated by production of copra and handicrafts 

http://en.wikipedia.org/wiki/Majuro
http://en.wikipedia.org/wiki/Ebeye
http://en.wikipedia.org/wiki/U.S._Army
http://en.wikipedia.org/wiki/Kwajalein_Atoll
http://en.wikipedia.org/wiki/Copra
http://en.wikipedia.org/wiki/Handicraft
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(RMI Embassy 2005). The total labor force is numbered at 13,060, with a Gross National Income 

(GNI) per capita of $4,040 (World Bank 2012). Of the 41.7% of the population that participate in 

the labor force, 3.2% are unemployed (EPPSO 2011). The next section offers a brief overview of 

the culture of the Marshallese people. 

 

Marshallese Culture 

 Traditional Marshallese culture was heavily influenced by a necessity to navigate the 

ocean (RMI Embassy 2005). Stick charts were developed by studying the currents and the sky in 

order to map atoll locations and swell patterns (RMI Embassy 2005). While urbanization and 

westernization have reduced the dependency on sailing and navigating skills, the country is 

initiating programs in navigation and canoe building to keep these traditions alive (RMI 

Embassy 2005). The diminishing effects of urbanization, high population density and western 

influence on traditional foodways and culture in the urban centers of Majuro and Ebeye are 

notable, while the outer atolls are still based in the traditions of subsistence (Saunders 2013). 

Traditional handicrafts are still a part of the current economy and the craftsmanship is highly 

regarded (RMI Embassy 2005).  

 With regard to interpersonal relationships, many individual, family and community 

interactions are based on land rights inherited through generations of maternal lineage (Kijiner 

1999). The land rights are based on a complex matrilineal ownership structure where wato (plots 

of land that runs from ocean to lagoon) are divided up to families under the supervision of lerooj 

(female chief) or irooj (male chief) (Stege 2008; Saunders 2013). One of the most significant 

family events is the kemem, or first birthday of a child, where relatives and friends come 

together to celebrate with a large meal, singing and dancing (RMI Embassy 2005). Extended-
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family ties are an important part of the culture, creating strong communities rooted in kinship 

(Davis and Farmer 2012, Sharp and Vas Dev 2006). The Marshallese people are known 

throughout the Pacific region for their cooperative, kind and sharing nature (Genz 2008; RMI 

Embassy 2005). These values are considered imperative for existing on very small pieces of land 

surrounded by ocean (Genz 2008; RMI Embassy 2005).  

 In terms of religion, Christian missionaries began work in 1857 on Ebon in the Marshall 

Islands and have continued to present day (Hezel 1994). These efforts have resulted in nearly all 

Marshallese currently identifying as various denominations of Protestant Christian, Roman 

Catholic or Mormon (RMI Embassy 2005). Both Marshallese and English are official languages 

of the Marshall Islands (RMI Embassy 2005). The following section covers the demographic 

structure and composition of the Marshall Islands as of 2011.  

 

Demographic Structure and Composition of the Marshall Population 

 A census of the Marshall Islands, conducted in 2011, enumerated a total population of 

53,158 (EPPSO 2011). With a median age of 20.3, Males numbered 27,243 while females, with 

a median age of 20.9, numbered 25,915 (EPPSO 2011). The total number of households is 7,738 

with an average household size of 6.8 persons (EPPSO 2011). It is a relatively young population, 

with nearly 40% under the age of 15 and only 2% over age 64 (EPPSO 2011).  

 In terms of population distribution, 73.8% of the population now resides on the two atolls 

designated as urban areas; Majuro (52.3%) and Kwajalein (21.3%) (EPPSO 2011). With a land 

area of only 9.71 km
2
 and a total population of 27,797, Majuro has a population density of 

2,860/km
2
 (EPPSO 2011). A trend towards continuing urbanization is evident as Majuro had a 

net migration rate of 598 inter-atoll/island migrants between 2006 and 2011 (EPPSO 2011). Only 
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seven other atolls had more inter-atoll/island in-migrants than out, ranging from 3 to 29 net 

migrants (EPPSO 2011). The remaining 18 atolls lost between 2 and 150 residents to other atolls 

during that 5 year time span (EPPSO 2011).   

 In terms of overall population growth rate, the entire country has seen a decline in the 

rate from a high of 4.1% during the period of 1980-1988 to a mere 0.4% between 1999 and 2011 

(EPPSO 2011). Causes of this decline include a drop in the rate of natural increase (the 

difference between the crude birth rate and crude death rate) from 3.7% to 2.8% between 1999 

and 2011 and a drop in the fertility rate from 5.7 per woman in 1999 to 4.1 in 2011 (EPPSO 

2011). The primary reason, however, for the decline in the growth rate of the population is due to 

out migration (EPPSO 2011). The characteristics and dynamics of Marshallese out migration are 

outlined in a subsequent section. First, a look at the climate of the Marshall Islands, sea-level rise 

and the links between sea-level rise and migration are provided.  

 

Seasonal, Annual and Projected Climate Conditions in the Marshall Islands 

The Marshall Islands have a warm, tropical climate year-round, with average 

temperatures around 27°C and an average of 3500 mm of rainfall per year (RMI Embassy 2005). 

The wet season occurs between May and November and a drier season between December and 

April (RMI Embassy 2005). However, because the atolls are spread over such a large expanse of 

ocean, the northern atolls received less than 1250 mm of rain each year, while the atolls closer to 

the equator receive more than 2500 mm of rain each year (BoM and CSIRO 2011). 

From year to year, the climate varies considerably in the Marshall Islands due to the El 

Niño Southern Oscillation (ENSO) (BoM and CSIRO 2011). ENSO occurs in the tropical Pacific 

and cycles between El Niño, La Niña and a neutral phase (Chang et al. 2013). In the Marshall 
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Islands, La Niña tends to create conditions that are wetter than average, while El Niño tends to 

create a warmer wet season and warmer, drier dry season (BoM and CSIRO 2011).  

The Marshall Islands also face extreme weather events such as typhoons, droughts and 

storm surge, which can cause considerable damage to infrastructure, water supplies and food 

crops (Graham 2007; Hwang and Hamilton 2014). It is anticipated that these events will be 

further exacerbated and magnified by sea-level rise over the coming decades (Hwang and 

Hamilton 2014; Spennemann 1998). 

The marginal environment of a coral atoll creates a broad array of challenges to human 

habitation (Weisler 1999; Yamaguchi et al. 2005). These challenges include scarce and scattered 

land, a scarcity of fresh water and an extremely low-lying topography vulnerable to storms, king 

tides and erosion (Rudiak-Gould 2011). Despite the intrinsic vulnerability of atoll life, the 

Marshallese people have successfully inhabited their atolls for more than two millennia (Weisler 

2001; Yamaguchi et al. 2005).  

This habitability, however, has recently come under a new threat due to modern, 

anthropogenic global warming and the associated regional climatic effects including rising sea 

levels (Barnett and Adger 2003; McGranahan et al. 2007). Temperatures have increased in 

Majuro since 1956 at a rate of .12° C per decade, rainfall is in a decreasing trend, sea level has 

risen about 7mm per year since 1993, and the oceans around the Marshall Islands are slowly 

acidifying (BoM and CSIRO 2011). Increasingly intense and frequent storms, flooding, coastal 

erosion, drought, salt-water intrusion of the fresh water lens, loss of arable land and complete 

inundation magnify existing vulnerabilities and threaten future habitability in an unprecedented 

way (Weisler 1999; Yamaguchi et al. 2005). Of particular concern in this research is the upward 
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trend in sea level. The following section will provide data on the history and future of sea-level 

rise. 

 

Historic and Future Trends in Sea-level rise 

 Sea level has always been dynamic on this planet. Due to changes in orbital forcing and 

natural changes in atmospheric composition, the earth has responded by cycling between glacial 

and interglacial periods with corresponding fluctuations in sea level (Church et al. 2008; Church 

et al. 2010). Sea level has changed by more than 120 meters as land ice has accumulated and 

ablated throughout earth’s history (Church et al. 2010). During the last interglacial period, 

approximately 125,000 years ago, sea level was 4 to 6 meters higher than it is today (Rohling et 

al. 2008) and temperatures were about 3° to 5° warmer than today (Otto-Bliesner et al. 2006). 

The last glacial maximum was approximately 20,000 years ago. Between 20,000 and 6000 years 

ago, as glaciers melted, sea levels rose approximately 1 to 4 meters per century (Church et al. 

2010). From about 6000 to 2000 years ago, sea-level rise slowed and only increased a total of 2.5 

meters (Church et al. 2010). During the 18
th

 and 19
th

 centuries, sea-level rise was accumulating a 

mere .2 millimeters per year until the end of the 19
th

 century (Church et al. 2010).  

 Before 1900, there were only a few tide gauges recording the first instrumental record of 

sea levels (Douglas 2001). Recording became more common place throughout the 20
th

 century 

with increasing numbers of tide gauges and the advent of satellite altimetry in 1993 (Church and 

White 2011). Modern instrumentation has allowed for a more accurate measurement of both 

Global Mean Sea Level
2
 and Local Sea Level

3
 (Church and White 2011). The data from these 

                                                 
2
 The average measure of sea-level using all tide gauge and/or satellite data of relative sea level 

over a period long enough to average out short term changes due to waves and tides. 
3
 The average measure of sea-level from local tide gauges. 
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instruments, along with coastal sediment cores and other paleoclimate data, suggest it is very 

likely that the mean rate of global averaged sea-level rise was 1.7 mm/year between 1901 and 

2010, 2.0 mm/year between 1971 and 2010, and 3.2 mm/year between 1993 and 2010 (IPCC 

2013). Tide-gauge and satellite altimeter data are consistent regarding the higher rate of the latter 

period (IPCC 2013). These data suggest an increasing rate of sea-level rise that has not been seen 

in several thousand years (Church et al. 2010).  

 Although these are the most accurate data to date on sea-level rise, there are limitations to 

the measurement process. The difficulty of quantifying observed global mean sea level is due to 

factors including history, location and type of measurement instrumentation and the global 

variability of sea-level rise due to vertical land motion, regional meteorological effects, modes of 

climate variability, long-term trends and the relatively short satellite records (Church and White 

2011). Also, the physical and spatial dynamics of contributions to sea-level rise, including 

thermal expansion of the ocean due to warming oceanic and atmospheric temperatures and the 

melting of glaciers and ice sheets, are complex systems that are not completely understood 

(Rahmstorf 2007). 

 Until 1992, tide gauges were the only instruments used to measure sea levels 

(Woodworth and Player 2003). Although global coverage is much greater today than the 19
th

 and 

20
th

 centuries, the distribution of tide gauges is still relatively sparse (Woodworth and Player 

2003). Tide gauges measure local sea level in relation to a specific point on land. Complexities 

arise in analyzing and interpreting tide gauge data due to vertical land movements caused by 

tectonic motion, subsidence and glacial rebound (NOAA 2011).  

 These land movement factors, along with climate variability, necessitate the need to 

observe trends over a long period of time for each individual station to determine local mean sea 



16 

 

level changes. Thus caution must be taken in using regional or local tide gauge data, which is 

highly variable across the globe, as a proxy for global mean sea level. Global Mean Sea level 

(GMSL) is more accurately reflected by a synthesis of all tide gauge data from across the globe 

prior to 1992, with increasing accuracy with the advent of satellite altimetry (CSIRO 2010).  

 Since 1992, high quality satellite altimeters, including TOPEX/Poseidon, Jason-1, 

OSTM/Jason-2, have provided extremely accurate measurements of global sea levels (CSIRO 

2010). However, because of the relatively short time span of satellite data, tide gauge records 

must be analyzed along with satellite data to gain a clearer picture of the trends of both global 

and local sea level changes. Satellite data has confirmed that global mean sea levels have much 

less short-term variability because the volume of the ocean is relatively constant, but that 

regional variation in sea level is extreme due to the dynamic nature of the oceans (Church and 

White 2011). Along with the vertical movement of land are climatic variations that affect local 

sea levels. For example, storm surges and the El Niño Southern Oscillation can dramatically 

affect local sea levels (Chang et al., 2013).  

 Looking ahead, under all Representative Concentration Pathway Scenarios, the rate of 

sea-level rise will very likely exceed the rate of rise observed during 1971 to 2010 (IPCC 2013). 

This rate increase in due to increased ocean warming and increased loss of mass from glaciers 

and ice sheets (IPCC 2013). Based on the various scenarios, the projections of global mean sea-

level rise range from a low of 0.13 m to 0.98 m for the year 2100 (Church et al. 2010; UNEP 

2009; IPCC 2013) Although many of the projections predict only to the year 2100, sea-level rise 

has considerable momentum and will likely continue for many centuries (Hansen 2008; Hansen 

et al. 2005; Nicholls et al. 2007). 



17 

 

 The western North Pacific has experienced the highest rates of sea-level rise between 

1993 and 2009 (Merrifield 2011). The regional differences in sea-level rise can be attributed to 

climate variability, thermal expansion variability and change in the mass of ice sheets. Climate 

variability, such that occurs with oceanic oscillations like the El Niño Southern Oscillation 

(ENSO), can create changes in sea level of up to 0.2 meters in the western North Pacific 

(Merrifield 2011).  

 Additionally, the region has higher rates of thermal expansion due to greater sea surface 

temperatures (Hansen et al. 2006). Ocean water expands as it warms, and paleo-oceanographic 

data from the western Northern Pacific suggests that this region may be about 1°C away from 

being the warmest sea surface temperatures in a million years (Hansen et al. 2006). This region 

also faces a disproportionally great impact from sea-level rise due to melting ice sheets. Because 

the mass of ice sheets is so great, they exert a higher gravitational pull on sea level (Mitrovica et 

al. 2001). As the ice sheet melts, the corresponding rate of rise will be lowest right next to the ice 

sheets and greatest in the equatorial regions furthest from the gravitational pull of the ice sheets 

(Mitrovica et al. 2001).  

 Interannual climate variability, thermal expansion variability and loss of ice sheets add a 

complexity when examining sea-level rise in areas with low-lying islands and atolls. In sum, 

fluctuations in sea level due to interannual or decadal variation, along with rising mean sea 

levels, paint a high-risk scenario for residents of low-lying coastal regions of the western North 

Pacific. The following section briefly examines the link between sea-level rise and human 

migration. 
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The Link between Sea-level rise and Migration 

Migration of coastal populations as a response to rising seas is garnering increasing 

attention in discussions and research on the human dimensions of climate change (Dema 2012; 

Laczko 2010; Perch-Nielsen et al. 2008; Renaud et al. 2011). Changes in development and 

settlement practices, which have dramatically increased populations and valuable infrastructure 

on or near coastlines, have amplified the vulnerability of hundreds of millions of people to the 

deleterious effects of sea-level rise (Boss 2008; McGranahan et al. 2007).  

Those facing the most immediate risks of sea-level rise are residents of low-lying islands 

and atolls (Mimura 1999; Mimura et al. 2007; Nicholls et al. 2007; SPREP and APAN 2013). 

With sea level projected to continue rising for several centuries (Church and White 2011; 

Nicholls et al. 2007), and no inland area in which to migrate, those residing on low-lying atolls 

and islands are particularly vulnerable.  

Much of the research on the impacts of sea-level rise on migration fail to link the two 

variables unambiguously, but instead only factor the environment in more generally (Bates 2002; 

Castles 2002; Lonergan 1998). Others make an explicit assumption that environmental factors 

such as sea-level rise are a principle force in migration, creating a new class of “environmental 

refugees” (El-Hinnawi 1985; Jacobson 1988; Myers 1993; Warner et al. 2010).   

However, due to a lack of data and well refined methodologies, there is limited evidence 

or consensus in the literature that climate change factors can be isolated as a primary driver of 

migration (Black et al. 2008; Lilleør and Van den Broeck 2011; National Research Council 

2013). That said, assessing the impacts of sea-level rise on migration is a little more clear-cut on 

low-lying atolls. Precluding the development of innovative mitigation or adaptation technology, 

complete inundation of low-lying atolls would prompt wholesale human out- migration in 
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response to sea-level rise. Prior to complete inundation, other damaging effects of sea-level rise, 

such as more frequent and intense king tides, are likely to displace many residents of the 

Marshall Islands, perhaps permanently (RMI Ministry of Foreign Affairs 2014).  

 

Existing Migration Streams from the Marshall Islands 

 Out migration from the Marshall Islands since World War II can be characterized by 

distinct phases. In the years following World War II (1950’s and 1960’s), there was limited, 

restricted movement into and out of Micronesia
4
 in general (Graham 2008). The administration 

of the Trust Territory of the Pacific Islands by the United States Navy placed a heavy emphasis 

on control and security, restricting both in and out migration (Graham 2008).  

 The next phase, occurring in the 1970’s and 1980’s, saw accessing education as a primary 

driver of out migration from the Marshall Island (Graham 2008; Hezel and Samuel 2006). This 

was due in large part to funding through the Basic Education Opportunity Grant (later called the 

Pell Grant), which provided Marshallese high school graduates financial assistance to attend 

college in the United States and Guam (Graham 2008).  

 However, it was ultimately the bilateral agreement to the terms of the 1986 Compact of 

Free Association between the United States and the Republic of the Marshall Islands that became 

the driving force in out migration to the United States (Graham 2008, Woo and Aguilar 1993). 

The Compact stipulated that any citizen of the Marshall Islands may freely enter, work and 

reside in the United States and its territories and possessions indefinitely and without regard to 

many of the typical immigration requirements (U.S. Department of State 2003). 

                                                 
4
 Micronesia currently consists of the countries of Kiribati, Palau, Nauru, The Marshall Islands 

and The Federated States of Micronesia and the U.S. Territories of Guam, Wake Island and the 

Northern Mariana Islands. 
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 Thus, key determinants of migration from the Marshall Islands have shifted from 

primarily educational opportunities to also include seeking better health care and more 

employment opportunities (Graham 2008). With a struggling educational system, health care 

system and economy in the Marshall Islands, coupled with open access to the United States, the 

push to seek opportunities outside of the Marshall Islands is considerable (IMF 2014; World 

Bank 2006).  

 Without adequate data on out migration from the Marshall Islands, net embarkation data 

from the U.S. Transportation database is one way to examine this out migration. This measure 

captures all movement of passengers into and out of the country (U.S. Department of 

Transportation 2014). Net embarkations (departures over arrivals) of air passengers from the 

Marshall Islands between 1991 and 2006 totaled 15,234 (Graham 2008). Of that total, 11,746 

departed from Majuro (Graham 2008). That is an average annual net embarkation rate of 783.  

 Another way to estimate out migration rates is through United States Census data, 

although that data also includes natural population increase. The 2010 United States Census 

enumerated 22,434 self-identified Marshallese living in the 50 United States (U.S. Census 

Bureau 2010). This is an increase of 15,784 Marshallese in the U.S. since 2000, both from 

natural population increase and immigration (US Census Bureau 2010). As more Marshallese 

citizens migrate to the United States, there are a few key receiving destinations of choice 

(USGAO 2011). Hawaii, which is the required gateway state for Marshallese migrants into the 

United States, has the highest reported population of 7,412 (USGAO 2011). The second most 

populated destination state is Arkansas, with 4,324, which is the largest Marshallese population 

in the continental United States (USGAO 2011). Marshallese numbered 2,207 in Washington 

State, 1,761 in California, 1,028 in Oklahoma, 970 in Oregon, 793 in Utah, 666 in Arizona, 550 
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in Texas, and 2,723 in other states (USGAO 2011).  

 Out migration from the Marshall Islands has gone through several phases due to a host of 

factors including open access to the United States and a desire for better educational, economic 

and health care opportunities. Hawaii, Arkansas and Washington State have been the primary 

destinations to date.  

 The purpose of this chapter was to give an overview of the Marshall Islands, including 

the geography, history, economy, culture and demographics. This chapter also reviewed the 

history and future predictions of sea-level rise and an overview of migration from the Marshall 

Islands.  The following section outlines the organization of the remaining chapters of this 

research. 

 

RESEARCH ORGANIZATION 

 

 The research is organized as follows. Chapter II outlines the Cumulative Causation 

Theory of Migration with added environmental variables as a theoretic/analytic framework for 

understanding human migration in the face of sea-level rise due to climate change. More 

specifically, this chapter provides a brief introduction of migration, a review of the history and 

development of international migration theories, a comprehensive scholarly review of 

Cumulative Causation Theory, an examination of the inherent difficulties in integrating 

environmental factors in migration research and a consideration of the potential contributions of 

the current research in forecasting migration from the Marshall Islands. 

 Chapter III is concerned with data and methods. Included are the climate and social data 

to be employed and sources of these data. This chapter is also concerned with an overview of the 
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scenario based, case study research design as well as the justification for the scenario based 

modeling of sea-level rise and human migration.  

 Chapter IV presents the findings of the research. These findings include four 

representative concentration pathway scenarios of migration in the face of various rates of sea-

level rise. The findings are presented for the years 2030, 2050, 2070 and 2100. 

 Chapter V includes the summary and conclusions. Included is a discussion of potential 

impacts on host communities to an influx of sea-level rise migrants, as well as policy 

considerations.  
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Chapter II 

 

ANALYTIC FRAMEWORK 

 

  The purpose of this chapter is to provide a theoretic/analytic framework for 

understanding human migration in the face of global climate change. More specifically, this 

chapter examines the Cumulative Causation Theory of Migration and the potential to enhance 

this theoretical framework to include environmental variables.  This framework provides an 

understanding of the social as well as environmental components that reside within the scenarios 

of Marshall Island population movement.  The chapter is organized as follows. First, a general 

overview of determinants of migration is presented.  Building on this general perspective is a 

review of the history and development of international migration theories. Next is a 

comprehensive review of Cumulative Causation Theory which is followed by an examination of 

the challenges inherent in integrating environmental variables into migration research. Finally, 

contributions of this research in forecasting migration from the Marshall Islands are examined as 

it relates to the application of environmental variables integrated within the theoretical 

foundation of Cumulative Causation. 

 

OVERVIEW OF MIGRATION 

 

 Throughout history, migration has been a fundamental demographic process worldwide. 

Continuous migration streams between communities, regions and countries has provided fertile 

grounds for demographers, social geographers and policy and policy makers ample opportunities 

to explore the underlying forces that initiate and perpetuate migration over time. Gaining 

empirical insight into this social process creates a platform upon which these academic, political 
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and humanitarian factions can better address the needs of migrants and the needs of those in 

communities who send and receive these migrants. 

 Much of the scholarship on migration is based upon theoretic and analytic frameworks 

that seek to isolate initiating and perpetuating variables dictating migration flows. Research on 

the proximate determinants of migration include consideration of variables that induce individual 

movement include strategies to increase or diversify income sources, desires to pursue 

educational or employment advancement, or the necessity to seek asylum from famine, war or 

persecution (Massey and Taylor 2004). 

 Predominant determinants cited in the literature that perpetuate extant migration streams 

are as follows. These determinants include a desire to live closer to family and other migrant 

network connections and the development of cultural and structural institutions and policies that 

support migrants. Additionally, a final determinant is the cumulatively decreasing risks and 

increasing benefits of leaving communities in decline and entering established migrant 

destinations (Massey et al. 1993).   

 While these broadly defined variables have been identified as key elements in migration 

decision making  there is an emerging recognition that future climate change due to 

anthropogenic global warming may also serve as a an additional factor in the migration of 

millions of people in the coming centuries (Stern 2007). Although the effects of changing 

environmental conditions such as droughts (Herrmann and Hutchison 2006) and floods (Marsella 

and Ring 2003) have contributed to migration throughout human history, it is only in the last few 

decades that the topic of anthropogenic climate change has gained currency in efforts to better 

understand future migration scenarios (de Hass et al. 2010; El-Hinnawi 1985; Jacobson 1988; 

Perch-Nielsen et al. 2008; Perch-Nielsen 2010). The environmental changes predicted to increase 
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Table 4.7: RCP Scenario 8.5 Impacts for each Individual time period on Area Inundated, Houses 

Inundated and Estimated Number of People Displaced 

 

Sea-level rise 

(meters) per 

time period 

Area Inundated 

(km
2
) per time 

period 

Houses 

Inundated per 

time period 

Estimated Number of 

People Displaced per 

time period 

 

Year 

2030 

0.13 m 0.06 km
2 

82 549 

 

Year 

2050 

0.12 m 0.04 km
2
 50 335 

 

Year 

2070 

0.17 m 0.11 km
2
 112 750 

 

Year 

2100 

0.32 m 0.20 km
2
 426 2854 

 

 

 

Table 4.8: RCP Scenario 8.5 Cumulative Impacts on Area Inundated, Houses Inundated and 

Estimated Number of People Displaced 

 

Sea-level 

rise 

(meters) 

Area 

Inundated 

(km
2
) 

% of 

Total 

Land 

Area 

Houses 

Inundated 

Estimated 

Number of 

People 

Displaced: 

Total  

% of Total 

Rita 

Population 

 

Year 

2030 

0.13 m 0.06 km
2 

14 % 82 549 12 % 

 

Year 

2050 

0.25 m 0.10 km
2
 24 % 132 884 17 % 

 

Year 

2070 

0.42 m 0.21 km
2
 50 % 244 1634 35 % 

 

Year 

2100 

0.74 m 0.41 km
2
 98 % 670 4488 95 % 
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 RCP 8.5: Year 2030 

 The RCP Scenario 8.5 in the year 2030 has a predicted median sea-level rise of 0.13 

meters with respect to the global mean sea level of 1996-2005. As can be seen in Figure 4.13, the 

inundation model shows the entire south (lagoon) side, the far western side and a few areas on 

the northern and eastern ocean side of Rita Village inundated. The total number of households 

inundated is 82, including those that are fully or partially submerged. The estimated total number 

of people displaced is 549. This represents 12% of the total population of Rita Village. The area 

of land inundated is approximately 0.06 km
2
, which represents 14% of the land in Rita Village.  

 

Figure 4.13: Scenario Model RCP 8.5: Year 2030 
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RCP 8.5: Year 2050 

 The RCP Scenario in the year 2050 has a predicted median sea-level rise of 0.25 meters 

with respect to global mean sea level of 1996-2005. This is an additional 0.12 meters of rise from 

2030. As can be seen in Figure 4.14, the inundation model shows the entire south (lagoon) side, 

the far western side, a few areas on the northern and eastern ocean side and two small 

depressions in the center of Rita Village inundated. From 2030 to 2050, the additional number of 

houses inundated is 50, displacing an additional 335 people. The total number of houses 

impacted reaches 132 by 2050. The total estimated number of people displaced reaches 884 by 

2050. This represents 17% of the total population. An additional 0.04 km
2
 of land is lost. This 

brings the total area of land inundated to 0.10 km
2
, which is 24% of the land area of Rita Village. 

No roads are impacted.  

 

Figure 4.14: Scenario Model RCP 8.5: Year 2050 
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RCP 8.5: Year 2070 

 The RCP Scenario 8.5 in the year 2070 has a predicted median sea-level rise of 0.42 

meters with respect to the global mean sea level of 1996-2005. This is an additional 0.17 meters 

of rise from 2050. As can be seen in Figure 4.15, the inundation model shows the entire south 

(lagoon) side, the far western side, a few areas on the northern and eastern ocean side and a few 

small depressions in the center of Rita Village inundated. From 2050 to 2070, the additional 

number of houses inundated is 112, displacing an additional 750 people. The total number of 

houses impacted reaches 244 by 2070. The total estimated number of people displaced reaches 

1634 by 2070. This represents 35% of the total population. An additional 0.11 km
2
 of land is 

lost. This brings the total area of land inundated to 0.21 km
2
, which is 50% of the land area of 

Rita Village. Several sections of the main road are impacted in this scenario.   

 

Figure 4.15: Scenario Model RCP 8.5: Year 2070 
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RCP 8.5: Year 2100 

 The RCP Scenario 8.5 in the year 2100 has a predicted median sea-level rise of 0.74 

meters with respect to the global mean sea level of 1996-2005. This is an additional 0.32 meters 

of rise from 2070. As can be seen in Figure 4.16, the inundation model shows the entire land area 

of Rita Village inundated except for one very small high spot in the northern coastal area. From 

2070 to 2100, the additional number of houses inundated is 426, displacing and additional 2854 

people. The total number of houses impacted reaches 670 by 2100. The total estimated number 

of people displaced reaches 4488 by 2100. This represents 95% of the total population of Rita 

Village. An additional 0.20 km
2 

of land is lost. This brings the total area of land inundated to 

0.41 km
2
, which is 98% of the land area of Rita Village. The entire main road is impacted in this 

scenario.  

 

Figure 4.16: Scenario Model RCP 8.5: Year 2100 
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Summary of Representative Concentration Pathway 8.5 

 This pathway, as the worst case scenario, describes a future for Rita Village of 

considerably higher rates of encroaching sea-level rise than RCP 6.0. With 98% of the land area 

inundated and 95% of the population displaced by 2100, this worst case scenario is one in which 

the entire population will be negatively impacted. The following section outlines the findings of 

the migration scenarios.  

 

Migration Scenarios 

 The purpose of this section is to present the findings of the migration scenarios in this 

research. The section is organized as follows. First, the migration scenario findings for 

Representative Concentration for the Representative Concentration Pathway 2.6 for the years 

2030, 2050, 2070 and 2100 are presented. Second, the migration scenario findings for the 

Representative Concentration Pathway 4.5 for the years 2030, 2050, 2070 and 2100 are 

presented. Third, the migration scenario findings for Representative Concentration Pathway 6.0 

for the years 2030, 2050, 2070 and 2100 are presented. Fourth, the migration scenario findings 

for the Representative Concentration Pathway 8.5 for the years 2030, 2050, 2070 and 2100 are 

presented. Finally, a summary of the findings is presented.  

 

Migration Scenario: RCP 2.6 

 Based on the RCP Scenario 2.6 and as can be seen in Table 4.9, if all the estimated 549 

displaced people in Rita Village emigrate as a result of their displacement by the year 2030, the 

network pull from Hawaii along with permanent displacement due to sea-level rise could 

influence the migration decisions of an estimated 181 people (33 %), the Arkansas network pull 
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along with permanent displacement due to sea-level rise could influence the migration decisions 

an estimated 106 people (19.3 %) and the Washington network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of an estimated 54 

people (9.8 %).  

 Of the additional 275 people potentially displaced between 2030 and 2050, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 91 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 53 people (19.3 %) 

and the Washington network pull along with permanent displacement due to sea-level rise could 

influence the migration decisions of 27 people (9.8%).  

 Of the additional 489 people potentially displaced between 2050 and 2070, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 161 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 94 people (19.3 %) 

and the Washington network pull along with permanent displacement due to sea-level rise could 

influence the migration decisions of 48 people (9.8%).  

 Of the additional 938 people potentially displaced between 2070 and 2100, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 310 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 181 people (19.3 

%) and the Washington network pull along with permanent displacement due to sea-level rise 

could influence the migration decisions of 92 people (9.8%).  
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 By 2100, a total of 2251 people will potentially be permanently displaced from Rita 

Village, which is 48% of the total population of Rita Village. The Hawaii network pull along 

with permanent displacement due to sea-level rise could influence the migration decisions of 743 

people (33%). The Arkansas network pull along with permanent displacement due to sea-level 

rise could influence the migration decisions of 434 people (19.3%). The Washington network 

pull along with permanent displacement due to sea-level rise could influence the migration 

decisions of 221 people (9.8%).  

 Scaling to the entire country by using Rita Village as a proxy, the total number of 

displaced people by 2100 is 25,516 people, which is 48% of the total population of the Marshall 

Islands. Of those displaced, the Hawaii network pull along with permanent displacement due to 

sea-level rise could influence the migration decisions of 8420 people (33%). The Arkansas 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 4925 people (19.3%). The Washington network pull along with 

permanent displacement due to sea-level rise could influence the migration decisions of 2501 

people (9.8%). 
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Figure 4.9: RCP Scenario 2.6 - Breakdown of Network Pull on Displaced Rita Population per 

Time Period 

RCP 2.6 

 

Estimated 

Additional 

Number of 

Displaced 

People per 

Time Period 

Number 

impacted by the 

Network Pull 

from Hawaii 

(33%) 

Number 

impacted by the 

Network Pull 

from Arkansas 

(19.3%) 

Number 

impacted by the 

Network Pull 

from 

Washington 

(9.8%) 

 

Year 2030 
549 181 106 54 

 

Year 2050 
275 91 53 27 

 

Year 2070 
489 161 94 48 

 

Year 2100 
938 310 181 92 

Total Displaced 

from Rita 

Village by 2100 

2251 (48% of 

Rita Village) 
743 434 221 

Proxy Measure: 

Total Estimated 

Displaced by 

2100 in the 

Marshall 

Islands based 

on Rita 

Findings 

25,516 (48% of 

the Marshall 

Islands) 

8420 4925 2501 

 

 

Migration Scenario: RCP 4.5 

 Based on the RCP Scenario 4.5 and as can be seen in Table 4.10, if all the estimated 549 

displaced people in Rita Village emigrate as a result of their displacement by the year 2030, the 

network pull from Hawaii along with permanent displacement due to sea-level rise could 

influence the migration decisions of an estimated 181 people (33 %), the Arkansas network pull 

along with permanent displacement due to sea-level rise could influence the migration decisions 

an estimated 106 people (19.3 %) and the Washington network pull along with permanent 
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displacement due to sea-level rise could influence the migration decisions of an estimated 54 

people (9.8 %).  

 Of the additional 275 people potentially displaced between 2030 and 2050, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 91 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 53 people (19.3 %) 

and the Washington network pull along with permanent displacement due to sea-level rise could 

influence the migration decisions of 27 people (9.8%).  

 Of the additional 623 people potentially displaced between 2050 and 2070, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 206 people (33%), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 120 people (19.3 

%) and the Washington network pull along with permanent displacement due to sea-level rise 

could influence the migration decisions of 148 people (9.8%).  

 Of the additional 1508 people potentially displaced between 2070 and 2100, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 498 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 291 people (19.3 

%) and the Washington network pull along with permanent displacement due to sea-level rise 

could influence the migration decisions of 148 people (9.8%).  

 By 2100, a total of 2955 people will potentially be permanently displaced from Rita 

Village, which is 63% of the entire population of Rita Village. The Hawaii network pull along 

with permanent displacement due to sea-level rise could influence the migration decisions of 975 
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people (33%). The Arkansas network pull along with permanent displacement due to sea-level 

rise could influence the migration decisions of 570 people (19.3%). The Washington network 

pull along with permanent displacement due to sea-level rise could influence the migration 

decisions of 290 people (9.8%).  

 Scaling to the entire country by using Rita Village as a proxy, the total number of 

displaced people by 2100 is 33490 people, which is 63% of the entire population of the Marshall 

Islands. Of those displaced, the Hawaii network pull along with permanent displacement due to 

sea-level rise could influence the migration decisions of 11051 people (33%). The Arkansas 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 6464 people (19.3%). The Washington network pull along with 

permanent displacement due to sea-level rise could influence the migration decisions of 3282 

people (9.8%). 
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Figure 4.10: RCP Scenario 4.5 - Breakdown of Network Pull on Displaced Rita Population per 

Time Period 

RCP 4.5 

 

Estimated 

Additional 

Number of 

Displaced 

People per 

Time Period 

Number 

impacted by the 

Network Pull 

from Hawaii 

(33%) 

Number 

impacted by the 

Network Pull 

from Arkansas 

(19.3%) 

Number 

impacted by the 

Network Pull 

from 

Washington 

(9.8%) 

 

Year 2030 
549 181 106 54 

 

Year 2050 
275 91 53 27 

 

Year 2070 
623 206 120 61 

 

Year 2100 
1508 498 291 148 

Total Displaced 

from Rita 

Village by 2100 

2955  

(63% of Rita 

Village) 

975 570 290 

Proxy Measure: 

Total Estimated 

Displaced by 

2100 in the 

Marshall 

Islands based 

on Rita 

Findings 

 33490 

(63% of the 

Marshall 

Islands) 

11051 6464 3282 

 

 

Migration Scenario: RCP 6.0 

 Based on the RCP Scenario 6.0 and as can be seen in Table 4.11, if all the estimated 549 

displaced people in Rita Village emigrate as a result of their displacement by the year 2030, the 

network pull from Hawaii along with permanent displacement due to sea-level rise could 

influence the migration decisions of an estimated 181 people (33 %), the Arkansas network pull 

along with permanent displacement due to sea-level rise could influence the migration decisions 

an estimated 106 people (19.3 %) and the Washington network pull along with permanent 
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displacement due to sea-level rise could influence the migration decisions of an estimated 54 

people (9.8 %).  

 Of the additional 275 people potentially displaced between 2030 and 2050, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 91 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 53 people (19.3 %) 

and the Washington network pull along with permanent displacement due to sea-level rise could 

influence the migration decisions of 27 people (9.8%).  

 Of the additional 623 people potentially displaced between 2050 and 2070, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 206 people (33%), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 120 people (19.3 

%) and the Washington network pull along with permanent displacement due to sea-level rise 

could influence the migration decisions of 148 people (9.8%).  

 Of the additional 1742 people potentially displaced between 2070 and 2100, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 575 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 336 people (19.3 

%) and the Washington network pull along with permanent displacement due to sea-level rise 

could influence the migration decisions of 171 people (9.8%).  

 By 2100, a total of 3189 people will potentially be permanently displaced from Rita 

Village, which is 68% of the entire population of Rita Village. The Hawaii network pull along 

with permanent displacement due to sea-level rise could influence the migration decisions of 
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1052 people (33%). The Arkansas network pull along with permanent displacement due to sea-

level rise could influence the migration decisions of 615 people (19.3%). The Washington 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 313 people (9.8%).  

 Scaling to the entire country by using Rita Village as a proxy, the total number of 

displaced people by 2100 is 36147 people, which is 68% of the entire population of the Marshall 

Islands. Of those displaced, the Hawaii network pull along with permanent displacement due to 

sea-level rise could influence the migration decisions of 11928 people (33%). The Arkansas 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 6976 people (19.3%). The Washington network pull along with 

permanent displacement due to sea-level rise could influence the migration decisions of 3542 

people (9.8%). 
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Figure 4.11: RCP Scenario 6.0 - Breakdown of Network Pull on Displaced Rita Population per 

Time Period 

RCP 6.0 

 

Estimated 

Additional 

Number of 

Displaced 

People per 

Time Period 

Number 

impacted by the 

Network Pull 

from Hawaii 

(33%) 

Number 

impacted by the 

Network Pull 

from Arkansas 

(19.3%) 

Number 

impacted by the 

Network Pull 

from 

Washington 

(9.8%) 

 

Year 2030 
549 181 106 54 

 

Year 2050 
275 91 53 27 

 

Year 2070 
623 206 120 61 

 

Year 2100 
1742 575 336 171 

Total Displaced 

from Rita 

Village by 2100 

3189 

(68% of Rita 

Village) 

1052 615 313 

Proxy Measure: 

Total Estimated 

Displaced by 

2100 in the 

Marshall 

Islands based 

on Rita 

Findings 

36147  

(68% of the 

Marshall 

Islands) 

11928 6976 3542 

 

 

Migration Scenario: RCP 8.5 

 Based on the RCP Scenario 8.5 and as can be seen in Table 4.12, if all the estimated 549 

displaced people in Rita Village emigrate as a result of their displacement by the year 2030, the 

network pull from Hawaii along with permanent displacement due to sea-level rise could 

influence the migration decisions of an estimated 181 people (33 %), the Arkansas network pull 

along with permanent displacement due to sea-level rise could influence the migration decisions 

an estimated 106 people (19.3 %) and the Washington network pull along with permanent 
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displacement due to sea-level rise could influence the migration decisions of an estimated 54 

people (9.8 %).  

 Of the additional 335 people potentially displaced between 2030 and 2050, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 110 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 65 people (19.3 %) 

and the Washington network pull along with permanent displacement due to sea-level rise could 

influence the migration decisions of 33 people (9.8%).  

 Of the additional 750 people potentially displaced between 2050 and 2070, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 248 people (33%), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 145 people (19.3%) 

and the Washington network pull along with permanent displacement due to sea-level rise could 

influence the migration decisions of 74 people (9.8%).  

 Of the additional 2854 people potentially displaced between 2070 and 2100, the Hawaii 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 942 people (33 %), the Arkansas network pull along with permanent 

displacement due to sea-level rise could influence the migration decisions of 551 people (19.3%) 

and the Washington network pull along with permanent displacement due to sea-level rise could 

influence the migration decisions of 280 people (9.8%).  

 By 2100, a total of 4488 people will potentially be permanently displaced from Rita 

Village, which is 95% of the entire population of Rita Village. The Hawaii network pull along 

with permanent displacement due to sea-level rise could influence the migration decisions of 
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1481 people (33%). The Arkansas network pull along with permanent displacement due to sea-

level rise could influence the migration decisions of 866 people (19.3%). The Washington 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 440 people (9.8%).  

 Scaling to the entire country by using Rita Village as a proxy, the total number of 

displaced people by 2100 is 50500 people, which is 95% of the entire population of the Marshall 

Islands. Of those displaced, the Hawaii network pull along with permanent displacement due to 

sea-level rise could influence the migration decisions of 16665 people (33%). The Arkansas 

network pull along with permanent displacement due to sea-level rise could influence the 

migration decisions of 9747 people (19.3%). The Washington network pull along with 

permanent displacement due to sea-level rise could influence the migration decisions of 4949 

people (9.8%). 
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Figure 4.12: RCP Scenario 8.5- Breakdown of Network Pull on Displaced Rita Population per 

Time Period 

RCP 8.5 

 

Estimated 

Additional 

Number of 

Displaced 

People per 

Time Period 

Number 

impacted by the 

Network Pull 

from Hawaii 

(33%) 

Number 

impacted by the 

Network Pull 

from Arkansas 

(19.3%) 

Number 

impacted by the 

Network Pull 

from 

Washington 

(9.8%) 

 

Year 2030 
549 181 106 54 

 

Year 2050 
335 110 65 33 

 

Year 2070 
750 248 145 74 

 

Year 2100 
2854 942 551 280 

Total Displaced 

from Rita 

Village by 2100 

4488 

(95% of Rita 

Village) 

1481 866 440 

Proxy Measure: 

Total Estimated 

Displaced by 

2100 in the 

Marshall 

Islands based 

on Rita 

Findings 

 50500 

(95% of the 

Marshall 

Islands) 

16665 9747 4949 

 

 

 The purpose of this chapter was to present the findings of the research. The chapter was 

divided into two sections: the inundation scenarios and the migration scenarios. The organization 

of the inundation scenarios section was as follows. First, the findings of the inundation scenarios 

for Representative Concentration Pathway 2.6 were presented for the years 2030, 2050, 2070 and 

2100. Second, the findings of the inundation scenarios for Representative Concentration Pathway 

4.5 were presented for the years 2030, 2050, 2070 and 2100. Third, the findings of the 

inundation scenarios for Representative Concentration Pathway 6.0 were presented for the years 

2030, 2050, 2070 and 2100. Fourth, the findings for the inundation scenarios for Representative 
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Concentration Pathway 8.5 were presented for the years 2030, 2050, 2070 and 2100. Findings 

presented included predicted sea-level rise, land area inundated, the percentage of total land 

represented by the inundated area, the number of houses inundated, the estimated number of 

people displaced and the percentage of the total population represented by the displaced count. 

 The purpose of this chapter was to present the findings of the research. The organization 

of the migration scenarios section was as follows. First, the findings of the migration scenarios 

for Representative Concentration Pathway 2.6 were presented for the years 2030, 2050, 2070 and 

2100. Second, the findings of the migration scenario for Representative Concentration Pathway 

4.5 were presented for the years 2030, 2050, 2070 and 2100. Second, the findings of the 

migration scenario for Representative Concentration Pathway 6.0 were presented for the years 

2030, 2050, 2070 and 2100. Fourth, the findings of the migration scenario for Representative 

Concentration Pathway 8.5 were presented for the years 2030, 2050, 2070 and 2100. Findings 

presented included network pull from three destinations in the United States including Hawaii, 

Arkansas and Washington State. The following chapter will present the summary, conclusions 

and policy recommendations. 
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Chapter V 

 

SUMMARY, CONCLUSIONS AND POLICY IMPLICATIONS 

 

 The purpose of this chapter is to provide a brief summary of the research, draw broad 

based conclusions based on the findings, and place the findings into the context of community 

and policy. That chapter is organized as follows. First, a brief summary of the research results 

and conclusions are presented and interpreted in light of the full set of results, the theoretical 

foundation used and the limitations of the study. Finally, policy implications are addressed based 

on the findings of the research.  

 

Summary and Conclusions 

 This research has been concerned with examining the relationship between sea-level rise 

and migration in Rita Village in the Marshall Islands. Due to the extremely low-lying topography 

and the predicted rates of sea-level rise in the coming decades, the Marshall Islands and the 

resident population are at the forefront of risks associated with permanent inundation due to sea-

level rise. Due to the unique circumstance of this atoll nation in which there is no inland area in 

which to migrate as sea-level rises, serious concerns arise related to forced and permanent out 

migration. With no existing scholarship on impacts of sea-level rise on migration in this country, 

this research addresses that gap and provides a foundation for further research on sea-level rise-

induced migration.  

 This research drew from the Cumulative Causation Theory of Migration, which argues 

that international migration sustains itself over time because each act of migration alters the 

social context through which others make their decisions to migrate, ultimately simplifying and 

stimulating the migratory process for subsequent migrants. This influence of social networks was 
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one of two primary factors in how migration was examined in this research. The other primary 

factor was related to the impact of sea-level rise on the migratory decision. In order to examine 

how sea-level rise impacts migration, several assumptions were adopted in this research.  

 First, this research assumed that permanent inundation and lost land becomes an 

additional push factor in migration, along with existing socioeconomic push factors which 

currently sustain the robust stream of out migration from the Marshall Islands to the United 

States. Factoring in the influence of the environment on migration is a newly emerging field in 

migration research. This research posits that the likely and damaging impact of climate change 

on low-lying atoll nations requires the addition of environmental variables in migration research. 

 Secondly, this research defined the cumulative social network pull as a weighted measure 

in which each Marshallese individual in the United States exerts the same amount of pull on a 

potential migrant in the Marshall Islands. The top three destinations for Marshallese were 

identified as Hawaii, Arkansas and Washington, and their pull factor was a function of the 

number of Marshallese each state had in relation to the total Marshallese population that has 

migrated to the United States. This measure is justified based on theoretical simply due to the 

lack of data on the existing network effect.  

 The research design employed data from the International Panel on Climate Change on 

projected rates of sea-level rise in four different scenarios. The Representative Concentration 

Pathway scenarios 2.6, 4.5, 6.0 and 8.5, were used as the foundation of the research design. 

Within these four scenarios, four time periods were adopted in order to examine sea-level rise on 

a temporal scale. Using geographic information systems and a digital elevation model of Rita 

Village in the Marshall Islands, sea-level rise was mapped for the four scenarios in the years 

2030, 2050, 2070 and 2100.  
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 Variables measured in these inundation scenarios included land lost, houses inundated 

and number of people displaced. From these measures, and under that assumption that permanent 

loss of home and land would result in migration, the network pull from Hawaii, Arkansas and 

Washington was calculated. The ensuing discussion is organized around each of the 

Representative Concentration Pathways.  

 Representative Concentration Pathway 2.6 is representative of scenarios leading to very 

low greenhouse gas concentration levels by 2100 (2.6 W/m
2
) and is representative of the 

research on mitigation targeting a limit to the increase of the global mean temperature to 2°C 

(IPCC 2013). RCP 2.6 is considered the best-case scenario for limiting the negative impacts of 

climate change. The findings of this research support that supposition as the measured impacts of 

sea-level rise were the lowest in this scenario. However, the total rate of sea-level rise predicted 

under this scenario to the year 2100 is 0.44 meters, which would cover 55% of Rita Village and 

displace 48% of the population. This best case scenario is still extremely threatening to the low-

lying country of the Marshall Islands. The assumption of this research is that if a country loses 

over half the land to inundation and nearly half the population is displaced, habitability is 

severely limited. This RCP scenario suggests that migration to Hawaii could exceed 700 

additional people displaced by sea level by 2100; Arkansas could grow by over 400 new 

migrants by 2100 and Washington State by over 200 new migrants. Because the terrain is so 

similar across the atolls of the Marshall Islands, it is an assumption of this research that as Rita 

Village becomes inundated, so too will the remaining villages and atolls in the country. The 

consequences of this RCP Scenario on migration from the Marshall Islands are such that both the 

Marshallese population and the destinations of Hawaii, Arkansas and Washington have a 

responsibility to pay attention to the trends in sea-level rise and plan accordingly.  
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 Representative Concentration Pathway 4.5 is a pathway representative of scenarios that 

stabilize radiative forcing to 4.5 W/m
2 

in the year 2100 (Thomson et al. 2011). The success of 

this scenario is dependent on limiting emissions through changes in energy production including 

shifts to electricity, increased use of technology that lowers emissions including the 

incorporation of carbon capture and geologic storage to the global energy system (Thomson et al. 

2011). RCP 4.5 does not differ greatly from RCP 2.6 up to the year 2070 and is considered the 

next best-case scenario. However, from 2070 to 2100, RCP 4.5 predicts a 0.22m increase in sea-

level rise. Under this scenario, by 2100, 74% of the land is of low enough elevation to be 

inundated and 63% of the population displaced. Again, the assumption of this research is that if a 

country loses over half the land to inundation and over half the population is displaced, 

habitability is severely limited. This RCP scenario suggests that migration to Hawaii could 

exceed 950 additional people displaced by sea level by 2100; Arkansas could grow by over 500 

new migrants by 2100 and Washington State by over 250 new migrants.  

 Representative Concentration Pathway 6.0 is a pathway that describes long-term trends in 

greenhouse gas emissions, short-lived species and changes in land use and land cover that 

stabilize radiative forcing to 6.0 W/m
2
 by the year 2100 (Masui et al. 2011). In this scenario, 

emissions peak around 2060 and then wane the rest of the century (Masui et al. 2011). The 

findings of this pathway mirror the findings of RCP 4.5 scenarios, but diverge slightly between 

2070 and 2100. The RCP 6.0 scenario predicts a slightly higher total sea-level rise of 0.55 meters 

for 2100. Under this scenario, 74% of the land could become fully inundated and 68% of the 

total Rita population faces permanent displacement. Again, with no inland area in which to 

migration, this may result in over 3000 people out migrating from Rita Village. Using the 



123 

 

network pull figure, this would result in over a 1000 people migrating to Hawaii, over 600 to 

Arkansas and over 300 to Washington.  

 Representative Concentration Pathway 8.5 is the scenario with the highest greenhouse 

gas emissions to the year 2100. This scenario is based on assumptions of a lack of climate 

change policies, high global population growth to 12 billion by 2100, relatively slow economic 

growth and slow progress in energy efficiency technologies (Riahi et al. 2011). The results of 

modeling inundation and displacement in this scenario show similar rates of land loss and 

displacement as RCP 4.5 and 6.0 to the year 2070. However, by 2100, with a predicted rate of 

sea-level rise at 0.74 meters, 98% of the land of Rita Village would be inundated, effectively 

causing wholesale abandonment of the entire Village by the end of the century. The implications 

for migration as found in this research show an increase of migration to Hawaii of over 1400 

people, 866 to Arkansas and 440 to Washington.  

 While the study area of this research was limited to a small village in the Marshall 

Islands, the results can be provide insight on sea level and migration to the entire country 

because atoll topography is consistently low-lying across the entire Marshall Islands. Sea-level 

rise impacts would likely be similar across the entire country. In light of this assumption, nearly 

half of the entire country could be permanently displaced by 2100 in the best case scenario of 

sea-level rise predictions. In the worst case scenario, nearly 100% of the entire population will be 

displaced. The results suggest that overall, the country of the Marshall Islands is highly 

vulnerable to sea-level rise and that wholesale abandonment of the country may become a 

necessity by the end of the century, perhaps sooner. The impact of sea-level rise on the decision 

to migrate could be substantial. It can be assumed that with a progressively rising sea, there will 

be attempts at mitigation and adaption measures which could prolong residency on the Islands. 
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However, if 95% of the land becomes inundated, several assumptions and conclusions can 

tentatively be made with regard to migration, theory, policy and practice. 

 In the face of total inundation and complete loss of the country by 2100, assumptions on 

migration are that wholesale abandonment is inevitable. To lose an entire country to sea-level 

rise is an unprecedented occurrence. Several key matters arise when speculating on issues that 

would arise in the face of wholesale abandonment.  

 First, although migration from the Marshall Islands is currently strong and shows no 

signs of decline in the coming years, there could come a point where those that leave their home 

country of the Marshall Islands are doing so against their will and under duress. There are 

potentially harmful psychological consequences with being permanently displaced including 

issues of losing your home, heritage, cultural landmarks and land rights.  

 Further, this research took a conservative stance on the rate of sea-level rise and did not 

explore the possibility of a catastrophic rate of sea-level rise that could arise in the face of 

collapsing ice sheets. An extreme climate event such as that could trigger mass out migration in a 

relatively short amount of time, creating a potential humanitarian crisis both for the Marshallese 

and the communities that would receive them. A more robust discussion of managed migration 

planning in the face of catastrophic and rapid sea-level rise would lead to a more proactive 

response if faced with this situation.  

 Additionally, the likelihood that those forced to migrate will move to Hawaii, Arkansas 

or Washington because of the cumulative pull of existing social networks is high. This creates 

the potential for issues to arise in these receiving communities. As these communities continue to 

grow with Marshallese residents over time, some level of integration may occur which alleviates 

the pressures on newly arriving migrants. However, if the receiving community is not prepared 


