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What do climate impacts, health, 
and migration reveal about vulnerability 
and adaptation in the Marshall Islands?
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Abstract 

Climate change is impacting public health in the Republic of the Marshall Islands (RMI). Meanwhile, migration within 
the RMI and abroad is driven, in part, by access to better healthcare, and migration is also expected to be accelerated 
by climate change. Based on a survey of 199 RMI households, this study used logistic regression and hierarchical clus-
tering to analyze the relationships between climate stressors, climate-related health impacts, and migration outcomes 
and identify vulnerable segments of the population. Climate stressors were experienced by all respondents but no 
significant correlations were found between stressors, health impacts, and expectation to migrate. When grouped 
according to the climate stressors they faced, however, one group was characterized by low stressors, high wealth, 
and a low expectation to migrate, whereas another experienced very high climate stressors, low wealth, and a high 
expectation to migrate. Only the first exhibited a statistically significant relationship between climate-related health 
impacts and migration; however, for the second, climate stressors were significantly related to proximate determi-
nants of health, and there was no association with migration. To create equitable adaptation outcomes across diverse 
society, policies should expand economic and education prospects and reduce vulnerability to the direct and indirect 
health impacts of climate change.

Keywords: Climate change, Clustering, Health, Marshall Islands, Migration

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

Climate Action

*Correspondence:  lbrewing@asu.edu

2 Arizona State University Global Institute for Sustainability and Innovation, PO 
Box 875502, Tempe, AZ 85287, USA
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-3889-8675
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1007/s44168-022-00023-4&domain=pdf


Page 2 of 19Krzesni and Brewington  Climate Action            (2022) 1:22 

Introduction
The interactions among climate change, health risks, 
and migration are complex and nuanced. Climate 
change progression in future years is expected to alter 
patterns of human migration, as has already been 
observed in some areas of the world (Campbell 2014; 
Upadhyay et al. 2015; Watts et al. 2018). Human health 
and associated climate exposure, risk, and access to 
social services are also both drivers of and outcomes 
from migration (Schwerdtle et  al. 2018; Hunter et  al. 
2021). Understanding these interactions is further 
complicated by the fact it is difficult to isolate health 
impacts from environmental events or other deter-
minants of people’s mobility and migration patterns 
(Black et  al. 2011; Beine and Parsons 2015; Hunter 
et al. 2021). Finally, the intersection of climate, migra-
tion, and health is “strongly heterogeneous,” making it 
challenging to articulate a conceptual framework that 
is applicable across multiple cases (Schwerdtle et  al. 
2020; Hunter et  al. 2021). Policy makers, in particular, 
require more nuanced information on the disparate 
experiences of climate stressors, health impacts, and 

how they affect people’s migration decisions in order to 
address inequities and promote adaptive capacity in the 
face of climate change.

Climate stressors and change in Pacific Island commu-
nities have public health impacts that are direct—such 
as extreme events that cause injuries and loss of life and 
property; indirect—such as infectious, water-borne, and 
vector-borne disease outbreaks following flooding and 
drought events; or the disruption of food and water secu-
rity; and diffuse—such as reduced physical activity and 
poor insulin regulation as a result of high temperatures 
and reduced food security (McMichael 2015; WHO 2015; 
McIver et al. 2016; Trtanj et al. 2016). The mental health 
impacts associated with climate stressors in the Pacific 
also cannot be ignored (WHO 2015) and include stress-
related disorders and trauma following extreme events, 
stress and depression resulting from economic strain 
(Padhy et al. 2015), and solastalgia, the distress of watch-
ing one’s home environment decline (Albrecht et  al. 
2007). As climate stressors intensify in their home islands 
and atolls, the migration of Pacific peoples through-
out the region may be one way to ameliorate the risks 

Graphical Abstract
Households that were surveyed in the Marshall Islands have experienced many climate stressors and direct impacts to 
health, as well as the determinants of health, in recent years.
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associated with climate change, including health impacts 
(Locke 2009; Oakes et al. 2019; Brewington et al. 2021).

Previous research on climate-related migration in the 
Pacific Islands has focused on displacement (e.g., Burkett 
2011; Weber 2015; Tabe 2019), risk and vulnerability (e.g., 
Campbell 2014; Milan et al. 2016; Oakes et al. 2016; Oakes 
et  al. 2019), agency and decision-making (e.g., Roland 
and Curtis 2020; McMichael et al. 2021), and policy and 
adaptation mechanisms (e.g., Thomas and Benjamin 
2018; Oakes 2019). Limited research has considered the 
relationships between climate stressors, health impacts, 
and migration in the region (e.g., Brewington et al. 2021), 
finding that migration decisions, like health impacts, 
are a composite of unique and place-based environmen-
tal, social, economic, demographic, and political factors, 
which may in turn be amplified by the impacts of a chang-
ing climate. Furthermore, empirical evidence is needed to 
understand these relationships in the broader social and 
economic context and the ability (or inability) to relocate 

(Hunter et al. 2021). This research contributes to the cli-
mate-migration literature by adding a health component 
to consider whether climate impacts on public health 
interact to influence migration in the Republic of the Mar-
shall Islands (RMI) and identifies three population groups 
with distinct profiles of vulnerability to climate stress-
ors, health impacts, and migration agency. The findings 
from this study can further inform policy interventions 
to expand education, healthcare, and livelihood oppor-
tunities in the RMI that reduce vulnerability and create 
more equitable adaptation outcomes in the face of climate 
change.

Study area and background
The RMI is a small Pacific Island nation composed of 
29 low lying atolls with a resident population of about 
53,000 (United Nations Population Division 2018) and, 
due to its status of Free Association with the USA, also 
has a sizeable US diaspora population of about 24,000 

Fig. 1 Location of the RMI in the central tropical Pacific
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(United States Census Bureau 2019; Fig. 1). Spread over 
an ocean area approximately the size of Mexico (800,000 
square miles), but with a total land area of 70 square 
miles, the RMI is considered to be among the most 
vulnerable countries to the impacts of climate change 
(Woodward et al. 1998; Cocklin 1999; Owen et al. 2016; 
International Organization for Migration [IOM] 2017; 
Storlazzi et al. 2018). In addition to the threat of rising 
sea levels, the nation is vulnerable to droughts, wave-
driven floods, and tropical storms that threaten homes, 
infrastructure, food and freshwater supplies, and liveli-
hoods (Nurse et al. 2014; Marra and Kruk 2017; Storlazzi 
et al. 2018).

The RMI already faces significant risks to public 
health. Its limited natural resources have historically 
sustained a small population subsisting on fishing 
and small-scale agriculture. Agriculture is restricted 
due to a lack of arable land, overcrowding, limited 
fresh water, and salt spray from the ocean, and these 
effects are compounded by rising sea levels, flood-
ing, droughts, and aquifer salinization and depletion 
(Barnett 2011). Drinking water supplies and essen-
tial infrastructure in the RMI are also inadequate and 
vulnerable to floods, droughts, and degraded aquifers 
(Burns 2003; Republic of the Marshall Islands [RMI] 
2014). Sewage system failures and water contamina-
tion have been associated with disease outbreaks, 
which compound the risks associated with flooding 
(Beatty et  al. 2004). Furthermore, challenges related 
to accessing adequate healthcare are prominent in the 
RMI and frequently require traveling to the nation’s 
urban centers on Majuro and Kwajalein Atolls, or 
internationally. Although healthcare is government 
subsidized, it is not always easily accessible, and ser-
vices on the more remote, outer atolls are limited 
(Saunders, pers comm 2021). The RMI has two hospi-
tals located in densely-populated Majuro (the capital) 
and Ebeye (on Kwajalein); however, they generally lack 
the technology, infrastructure, and funding to man-
age chronic or serious conditions (Yamada et al. 2009; 
Duke 2014; International Organization for Migration 
[IOM] 2017).

Due to a variety of factors, internal (from outer 
islands to urban) and international migration is very 
common among the Marshallese population (Ahlgren 
et  al. 2014; van der Geest et  al. 2019a). The former 
President of the RMI, Hilda Heine, has cited health-
care, education and job opportunities, and threats 
of climate change as a few main drivers of this trend 
(Taibbi and Saltzman 2018). Under the Compact of 
Free Association (COFA), the USA provides financial 
assistance and compensation for damages to the RMI 

following decades of nuclear testing in the islands that 
resulted in the forced relocation of entire villages and 
severe, ongoing cancer risks (Land et al. 2010; Depart-
ment of State 2021). In addition, Marshallese citizens 
can freely live and work in the USA, where many go 
to seek education, employment, and healthcare (Inter-
national Organization for Migration [IOM] 2017; 
Yamada et  al. 2017; van der Geest et  al. 2019a). In 
Hawaiʻi, for example, healthcare is the leading driver 
of Marshallese in-migration (Pobutsky et  al. 2009). 
Owing primarily to the stipulations in the COFA, of 
the nation’s approximately 76,000 citizens in 2011, 
about 70% lived in the RMI with the remainder resid-
ing largely in Hawaiʻi, the US Territory of Guam, and 
the continental USA (Republic of the Marshall Islands 
[RMI] 2012), and the out-migration rate appears to 
only be increasing (Taibbi and Saltzman 2018; Johnson 
2021). The current COFA expires in 2023, however, 
and many anticipate serious negative economic effects 
if its financial support mechanisms were discontinued, 
including a recent report by the Asia Development 
Bank that predicts further increases in out-migration 
(Asian Development Bank [ADB] 2022).

To explore how climate stressors, health impacts, 
and migration intersect in the RMI, this study analyzed 
household survey data that was collected in the RMI in 
2017 (van der Geest et al. 2019b). Researchers surveyed 
199 households on three islands (Majuro, Maloelap, 
and Mejit) about their experiences and expectations of 
migration in the context of climate change. Questions 
highlighted environmental, social, and economic factors 
that were hypothesized to influence migration decision-
making. As van der Geest et al. (2019b, 2019c) reported, 
there were very high climate stressors and impacts 
experienced across the survey population. Few respond-
ents indicated that climate or environmental stressors 
were a direct reason for migrating, however, and most 
said that they had migrated for health, work, education, 
and family visits.

Given that we know that large numbers of people in 
the RMI migrate for health reasons, this study sought 
to better understand whether climate stressors were 
related to people’s health impacts and their associated 
decisions to migrate. “Health impacts” in this study 
refers the negative direct, indirect, or diffuse impacts 
of climate stressors on health, or proximate deter-
minants of health (e.g., food and water, land, crops, 
housing, and safety). Consistent with research in the 
field (e.g., McLeman 2014) and in other Pacific Island 
nations (e.g., Campbell et  al. 2016; Milan et  al. 2016; 
Oakes et al. 2016), we hypothesized that cascading cli-
mate stressors may act as the “cause of the cause” of 
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migration in the RMI, such that although one may not 
state that they migrated because of climate change, 
it may indirectly influence migration decisions. Fur-
thermore, we posited that that people’s experiences 
of climate stressors and impacts are not homoge-
neous throughout the RMI population, and may be 
linked with different health impacts and expectations 
to migrate, reflecting disparities in vulnerability and 
agency.

The present study focused on the following main ques-
tions: To what extent are climate stressors and health 
impacts related to migration outcomes in the RMI? Are 
there differential climate vulnerabilities, health impacts, 
and migration outcomes across the survey respondents? 
The research and findings aim to help shape policy inter-
ventions that can reduce vulnerability to climate stressors 
and create more equitable adaptation outcomes across 
diverse Pacific populations.

Methods
This secondary analysis of household survey data 
expanded on a prior case study conducted in the 
RMI in 2017 (van der Geest et  al. 2019b, 2019c, 2020). 
The multi-part survey instrument was developed by 
researchers at the University of Hawaiʻi and the Mar-
shall Islands Conservation Society and translated from 
English into Marshallese. Questions asked participants 
to rank the problems their household experienced in 
the RMI, such as poor healthcare, lack of job opportu-
nities, poor education, food and water insecurity, and 
climate threats. Climate stressors (drought, heatwaves, 
storm surge, typhoons, king tides) and their direct and 
indirect impacts on household health (food, water, land, 
crops, housing, safety, disease, injury) were identified, 
along with whether participants believed stressors had 
been increasing or decreasing in severity over time. Par-
ticipants were also asked to describe their household’s 
migration history and expectations for the future, with 
multiple options (financial, health, education, employ-
ment, climate) to explain why they would/would not 
migrate.

The RMI household survey included a total of 199 
respondents from the islands of Majuro (n = 99), 
Maloelap (n = 50), and Mejit (n = 50). Survey sites were 
selected to represent the RMI’s unique geographies 
and population densities: one densely-populated urban 
area (Majuro) and two rural outer islands, including 
an atoll (Maloelap) and a raised coral island (Mejit). 
On Majuro, a random sample of 100 households were 
selected from a geo-coded list of 2398 eligible house-
holds located on the eastern side of the atoll, where 

the majority of the population resides. If a household 
was abandoned or unavailable, another household was 
randomly selected. On the outer islands, the research 
team surveyed all available households on Mejit and 
on two of the five inhabited islands of Maloelap. The 
team was led by a local Marshallese investigator with 
well-established contacts and a high level of trust in 
each study site. Surveys were conducted in Marshallese 
and English with translation provided by bilingual co-
researchers. One respondent was removed from the 
sample due to incomplete data and the overall response 
rate was greater than 90%. Whereas previous analyses 
of this survey data focused on descriptive statistics and 
correlations between climate impacts and respond-
ents’ household migration experiences (van der Geest 
et  al. 2019b, 2019c, 2020), the present analysis related 
climate stressors, health impacts, and migration out-
comes using a two-part approach of logistic regression 
and hierarchical clustering.

Logistic regression
We first selected survey questions related to climate 
stressors to analyze associations between those varia-
bles and respondents’ expectations that they or a mem-
ber of their household would migrate in the future. 
The dependent variable, “expectation to migrate” was 
a binary 0/1 outcome derived from responses of “Yes” 
or “Maybe” (1) or “No” (0) in response to the ques-
tion “Do you think that you or one of your household 
members will migrate (in RMI or abroad) within the 
next 10 years?”. Logistic regression modeling was then 
used to evaluate whether climate stressors and health 
impacts (the independent variables) were associated 
with expectation to migrate. We also used regression 
modeling to assess the associations among variables 
related to climate stressors and health impacts, as well 
as demographic variables.

Hierarchical clustering
We further explored potential non-linearities and vari-
ance within the dataset using a hierarchical clustering 
method. Hierarchical clustering is a method of group-
ing respondents together so that the within-group vari-
ance in means for each clustering variable is minimized 
and the between-group variance is maximized (Johnson 
1967). Because we hypothesized that people’s experiences 
of climate stressors were not homogeneous throughout 
the RMI population, the clusters were constructed using 
variables related to whether a household had experienced 
climate stressors, respondents’ perceptions of the state 
and trend in natural resources and ecosystem services, 
and ranking of problems associated with climate stressors 
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and the environment. Analysis of variance (ANOVA) was 
used to compare the group means of each clustering vari-
able and respondents were then grouped using only the 
variables that differed significantly between the groups. 
This step was repeated until all the clustering variables 
maintained significant differences in group means. This 
produced a stable and good-fitting solution that was lim-
ited to only the variables that most strongly distinguished 
the clusters from one another. The final, optimized three-
cluster solution was validated using statistical fit indices 
and conceptual assessments by collaborators and subject 
matter experts.

Next, group means were compared using ANOVA 
and Tukey’s Honestly Significant Difference test (Tukey 
1949) for all additional study variables to describe the 
unique characteristics of each cluster and compare how 
health impacts and expectations to migrate differed 
between them. We explored the unique within-clus-
ter associations between health impacts and migra-
tion outcomes by running logistic regressions with 
one independent variable at a time and using dummy 
variables for cluster membership as interaction terms. 
Descriptive statistics were produced for clustering and 
non-clustering variables to explore shared experiences 
and perspectives between and within clusters. Finally, 
quotes from the survey write-in responses were used 
qualitatively compare the different ways that members 
of each cluster experienced and responded to climate 
stressors, including their health outcomes and migra-
tion expectations.

Results
The mean age of the survey respondents was 40 
(standard deviation [SD] = 13.0) made up of 68% 
men and 32% women. Household mean income 
at the time of survey administration was around 
USD$5800 (SD = $6400; Table  1). Thirty-three per-
cent of respondents earned income from the private 
sector, 44% from government, 49% from agriculture, 
and 51% from fishing. Although the survey question-
naire did not include options for income earned from 
copra (dried coconut to be exported for coconut oil 
production) and handicrafts, these were commonly 
written in by respondents as income from “other” 
sources. About 45% of respondents completed high 
school and about 2.5% completed further post-sec-
ondary education. There were broadly high rates of 
home and land ownership: over 90% of respondents 
owned a house, 64% owned the land their house was 
on, and almost 90% owned land elsewhere. Around 
$770 in remittances, non-commercial financial trans-
fers from a relative or community member overseas, 
were received annually by about a third of respondent 
households.

Most respondents reported experiencing various 
climate stressors in recent years. The most preva-
lent stressor was drought, which had impacted 91% of 
respondents within the past five years (Fig. 2). Heatwave 
(45%), flood (39%), and king tide (36%) events were the 
next most common. Storm surge (14%) and typhoon 
(5%) events were less commonly reported. The most 
prominent household climate impacts related to deter-
minants of health were on drinking water (84%), trees 
(63%), soil/land (57%), and crops (52%). In addition, 
about 38% of respondents had experienced a direct cli-
mate-related impact to their health in the form of heat 
stress or personal injury.

Respondents also generally reported that climate 
stressors had been increasing in severity over the past 
10 to 20 years (Table 2). On a scale from − 1 (decreas-
ing) to 1 (increasing), drought, king tide, and heatwave 
events were all perceived to be increasing in severity 
with mean scores of 0.87, 0.55, and 0.49, respectively. 
Storm surges (0.13) and typhoons (0.01) were per-
ceived to be mildly increasing in severity or about the 
same. Respondents were also provided a list of 12 cli-
mate and non-climate-related problems that households 
in the RMI might face and were asked to rank their top 
five from 1 (least serious) to 5 (most serious). Problems 
that were not in the top five were given a ranking of 0. 
On average, lack of jobs (2.4), poor education (2.0), and 
drought (2.0) were the highest ranked problems, fol-
lowed by sea level rise (1.7) and poor healthcare services 
(1.4). Electricity/power cuts (0.2), lack of fish (0.3), and 

Table 1 Descriptive statistics for selected participant demographic 
variables

a Percentages are reported for binary variables

n Mean/percenta

Household income 181 $5,818

Income source: agriculture 198 49.49%

Income source: fishing 198 50.51%

Income source: government salary 198 44.44%

Income source: private sector salary 198 33.33%

Education completed: high school 195 45.13%

Education completed: university 195 1.54%

Education completed: graduate school 195 1.03%

Household owns house 199 91.96%

Household owns land that house is on 199 63.82%

Household owns land on outer islands or 
elsewhere

197 87.82%

Total amount of remittances received in past year 69 $771

Years lived in current location 111 19.70
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Fig. 2 Climate stressors and health impacts that were experienced by households in the last 5 years. “Impacts” include both direct health outcomes 
as well as determinants of health (food, water, land, housing, safety, etc.)

Table 2 Perceptions of climate impact severity trends and rankings of problems facing the household. Green shading indicates 
decreasing severity/lower problem rankings; orange indicates stable severity/medium problem rankings; red indicates increasing 
severity/highest problem rankings
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illegal dumping (0.3) ranked lowest among respondents’ 
concerns.

Generally the expectation to migrate was very com-
mon in the RMI, with 34% of respondents answering 
“Yes” when asked “Do you think that you or one of 
your household members will migrate (in RMI or 
abroad) within the next 10 years?,” and another 19% 
answering “Maybe,” indicating that over half of those 
surveyed saw migration as a possible or likely out-
come in the future (Fig. 3). About 5% of respondents 
expected that they themselves would be the one to 
migrate and another 5% answered that they might 
migrate. When asked where they would move, 16% 
of respondents indicated that they would migrate 
within the RMI and 28% planned to migrate to the 
USA. Respondents had also commonly migrated 
in the past with 67% having migrated short-term 
(between a month and a year) and 51% having 
migrated elsewhere within RMI (40%) or to the USA 
(10%) for over a year.

The extent to which climate stressors were reported 
as a reason to migrate was relatively low: only one 
participant said that they might migrate in the future 
because of climate or environment-related prob-
lems. Comparatively, over 25% said they would likely 
move for education, and around 20% of respondents 
said they would likely migrate for work or family rea-
sons. Thirteen percent responded that healthcare was 
a reason they would migrate in the future, and 9% of 
respondents indicated that health was a reason for at 
least one past move. Across the full survey population, 
however, the logistic regression model results linking 
expectation to migrate with potential climate stress-
ors or climate-related health impacts produced highly 
inconsistent correlation patters and very high variance. 
Controlling for income, education, home ownership, 
island of residence, and location of residence on island 
did not improve the fit, and a set of independent vari-
ables or controls could not be identified that was sig-
nificantly associated with an increased expectation to 

Fig. 3 Details about household past migrations, intentions to migrate, migration destinations, and reasons for migration
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migrate. Respondents’ assessments of climate stress-
ors and trends, state of ecosystems and social services, 
and migration outcomes were not linearly correlated, 
and there was a high degree of heterogeneity among 
them. We therefore attempted to control for the high 
variance and inconsistencies by grouping respondents 
according to the climate stressors and health impacts 
they faced, and then exploring correlations with migra-
tion outcomes.

Clustering analysis
The hierarchical cluster analysis grouped households 
into three distinct clusters based on the 21 climate 

stressor-related variables that most significantly dif-
fered between them (AC = 0.908; Table 3). Tukey’s Hon-
estly Significance Difference testing was used to further 
characterize the cluster mean comparisons (Table  7 in 
Appendix). Each cluster was characterized by unique 
climate-related impacts on health and determinants of 
health. Members of the first cluster (“Cluster 1”, n = 86) 
had experienced the lowest typhoon, king tide, and flood 
impacts in recent years, with low to moderate impacts to 
their properties, access to natural resources, and other 
assets except for income and food prices. They were the 
least likely to report that limited freshwater supplies, 
sea level rise, and a lack of fish were a problem for them. 

Table 3 List of variables used for clustering and how they compare across the clusters. Green shading indicates lowest impacts/
problem rankings compared to the other clusters; orange indicates moderate impacts/problem rankings; red indicates highest 
impacts/problem rankings

***p < 0.001; **p < 0.01; *p < 0.05
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Members of Cluster 2 (n = 92) experienced the most cli-
mate events with some of the highest impacts to their 
homes and property, as well as crops and fish. They also 
reported the strongest declining trend in safety. Cluster 3 
(n = 22) was a small cluster whose climate stressors were 
only slightly more severe than those in Cluster 1, except 
for the impacts on soil and trees, which were the highest 
of any cluster. They were generally satisfied with the state 
and trend of food and fuelwood provision but declines in 
water supplies were the most severe for this group. Across 
all clusters, respondents reported an increasing trend in 
heatwave severity, as well as declines in the provision of 
water supplies and perceptions of safety or protection 
from their environments.

The spatial distributions of the members of each 
cluster across the three survey locations of Majuro, 

Maloelap, and Mejit are shown in Fig.  4. Clus-
ter 1 was a primarily urban cluster that made up of 
respondents who mostly resided on Majuro, espe-
cially near the southeastern and relatively more 
affluent neighborhood of Delap. Members of Cluster 
1 on Maloelap tended to live farther north on Kaven 
and Taroa. Cluster 2 members lived nearer to the 
coasts than those in Cluster 1 with larger concentra-
tions on the outer islands of Maloelap and Mejit than 
on Majuro. Members of Cluster 3 lived almost exclu-
sively on Maloelap and Mejit, with only one respond-
ent on Majuro.

The clusters also differed significantly in char-
acteristics beyond the set of variables used to 
create them, including their migration expecta-
tions. Select variable means are shown in Table  4, 

Fig. 4 The locations of members of each cluster on a Mejit, b Maloelap, and c Majuro, with land cover classes for each island. Red boxes in the 
upper left inset indicate the locations of the three study areas in the RMI



Page 11 of 19Krzesni and Brewington  Climate Action            (2022) 1:22  

and Tukey’s Honestly Significance Difference test 
results for all variables not used for clustering that 
differed significantly across the clusters are found 
in Table  8 in Appendix. Cluster 1 was comprised 
of respondents with relatively higher incomes, pri-
marily from private sector and government sources. 
They were more highly educated, tended to own 
land more frequently, and reported feeling safer in 
their homes than the other two clusters. They were 
also moderately likely to expect to migrate. Mem-
bers of Cluster 2 had lower incomes from a mix of 

employment and agriculture/fishing, and received 
limited remittances from family and friends over-
seas. They appeared to be more transient, with few 
having lived in their current locations their whole 
lives. They perceived their housing to be risky and 
reported the lowest access to natural resources. 
This cluster experienced the most direct climate 
stressors and was also the most likely to expect 
to migrate. Members of Cluster 3 had the low-
est incomes and were much more dependent on 
natural resources and agriculture, rarely earning 

Table 4 List of select variables not used for clustering that differed significantly across the clusters. Green shading indicates lowest 
impacts/problem rankings, or higher assets like income and home or land ownership, compared to the other clusters; orange indicates 
moderate impacts/rankings or assets; red indicates highest impacts/problem rankings, or lowest assets

***p < 0.001; **p < 0.01; *p < 0.05
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incomes from government or private sector sources 
and receiving more remittances than members of 
the other clusters. Almost all members of this clus-
ter wrote in copra and/or handicrafts as income 
sources. They were the most likely to own the home 
where they lived and the least likely to expect to 
migrate, compared to Clusters 1 and 2.

Logistic regressions using cluster membership as an 
interaction term revealed cluster-specific associations 
between the independent variables related to climate 
stressors and health impacts and the dependent vari-
able “expectation to migrate” (Table  5). For members 
of Cluster 1, living at a higher elevation was associ-
ated with an increased expectation to migrate, and the 
opposite was true for members of Cluster 2. Although 
elevations in RMI vary little (the maximum eleva-
tion across the three study areas is 10 feet), members 
of Cluster 2 living at lower elevations may have fewer 
means to reduce their exposure to impacts like king 
tides and flooding than Cluster 1 and be more likely to 
expect to migrate as a result. This may also reflect that 
more affluent households (Cluster 1) tended to be situ-
ated at higher elevations, especially on Majuro. Among 
members of Cluster 2, the perception that drought 
and king tides were increasing in severity was associ-
ated with a decreased expectation to migrate, whereas 
experiencing heatwave impacts was associated with an 
increase among members of Cluster 1. For members of 
Cluster 1 alone, having experienced a negative health 

outcome as a result of climate stressors in the last five 
years was significantly associated with an increased 
expectation to migrate. No variables were significantly 
associated with expectation to migrate among mem-
bers of Cluster 3.

We repeated the analysis to identify variables that 
were significantly associated with the likelihood of expe-
riencing a health impact as a result of climate stress-
ors (Table 6). For members of Custer 1, having a larger 
household size and private sector income increased the 
likelihood of a health impact, along with overcrowd-
ing problem ranking and getting drinking water from 
government sources. For Cluster 2 members, living on 
the lagoon (interior) side of the island, having income 
from agriculture and fishing, poor education problem 
ranking, relying on the environment for food, and cli-
mate impacts to livestock increased the likelihood of a 
health impact. In fact, there were opposite directions of 
association between Clusters 1 and 2 for all seven of the 
significant factors that they shared. Among members of 
Cluster 3, only living on the lagoon (interior) side of the 
island increased the likelihood of a health impact.

These findings confirmed that the survey respond-
ents faced very different sets of climate stressors and 
associated health impacts that were in turn associated 
with unique migration expectations. Although there 
were significant correlations between climate stressors 
and determinants of health and impacts in each cluster, 
only among members of Cluster 1 was the likelihood 

Table 5 Logistic regression results showing factors significantly associated with expectation to migrate, by cluster. Orange shading 
indicates an associated increase in the dependent variable; blue indicates an associated decrease
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of experiencing a negative health impact due to climate 
stressors significantly correlated with an increased expec-
tation to migrate. Meanwhile, climate stressors on the 
determinants of health, particularly food sources, signifi-
cantly increased the likelihood of experiencing a health 
impact only among members of Cluster 2.

Qualitative representations of vulnerability
Representative quotes from the survey write-in 
responses further contextualized the different ways that 
members of each cluster experienced and responded to 
climate stressors. Members of Cluster 1 were compara-
tively wealthier and faced less severe climate stressors 
than the other two clusters (Table  4). Impacts to the 
determinants of health (limited freshwater supplies, sea 
level rise, and a lack of fish) were also less of a problem 
for them, likely because they had lower vulnerability 
given their more affluent, urban status (Table  3). One 
Cluster 1 respondent referred to their ability to buy puri-
fied water and an air conditioning unit in response to 
drought and heat impacts: “We needed to buy drinking 
water when our tank ran out during droughts. Also very 

hot because of all the surrounding houses. So I bought 
an air con which means I pay more for electricity.” They 
appeared to feel less vulnerable and were moderately 
likely to expect to migrate.

In contrast, members of Cluster 2 had lower incomes 
and faced more prevalent climate stressors related to 
storms and the ocean, as well as similar (but slightly lower) 
impacts of heat waves, droughts, and access to fresh water 
(Table 3). They reported a worse state of natural resources 
and felt much less safe, particularly with respect to their 
housing situation. “Our house is very close to the shore,” 
said a member of Cluster 2. “If another king tide comes 
it will be washed away because the first time when [the] 
last king tide came, water ran straight into my house and 
everything in it [was] damaged.” This group also reported 
some of the most severe climate impacts on other determi-
nants of health, such as food and water, and was the most 
likely to expect to migrate (Table 4).

The relatively small Cluster 3 consisted mostly of peo-
ple with comparatively very low incomes who were the 
least likely to expect to migrate (Table 4). They seemed 

Table 6 Logistic regression results showing factors significantly associated with the likelihood that a household member will 
experience a health impact, by cluster. Orange shading indicates an associated increase in the dependent variable; blue indicates an 
associated decrease
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to have sufficient access to natural resources, espe-
cially food, but the most prevalent climate stressors 
for this group were related to heat and drought, which 
impacted their access to drinking water (Table 3). One 
member of Cluster 3 mentioned feeling shame associ-
ated with running out of water during a drought: “We 
have only one water catchment, it ran out so we had 
to drink from our neighbor´s catchment which was 
a shameful thing for us to do.” Despite being strongly 
impacted by heat waves and water shortages, however, 
they seemed to feel somewhat neutral about their risk 
and safety compared to their more urban counterparts 
in Cluster 2. Overall, Cluster 2 may be the most vul-
nerable group because they appeared to be facing heat 
and drought challenges similar to Cluster 3 but with 
additional storm and ocean-related stressors, and less 
resources available to them to blunt the impacts of cli-
mate change.

Discussion
The climate, health, and migration nexus—implications 
for policy
The results of this study, and the clustering analysis in 
particular, underscored the fact that the nexus of cli-
mate, health, and migration in the RMI is characterized 
by both direct and indirect relationships that are not 
homogeneous, with implications for policy interven-
tions that could reduce vulnerability and promote more 
equitable adaptation outcomes among certain groups. 
Members of cluster 1, with their higher cash incomes, 
land ownership, and access to natural resources, likely 
had greater overall agency in migration decision mak-
ing, including when migrating in response to health 
impacts. Accordingly, Cluster 1 displayed more con-
sistent patterns of association between the climate 
stressors, health impacts, and expectations to migrate 
than Clusters 2 and 3, which are more commonly 
understood as “push” and “pull” factors (e.g., Massey 
et  al. 1993; European Communities 2000). Drawing on 
Hunter et al.’s (Fig. 1 in Hunter et al. 2021) conceptual-
ization of the relationship between climate vulnerability 
and migration, this group likely had higher “voluntary 
mobility” and “voluntary immobility” with an ability 
to adapt to climate stressors through migration or tak-
ing measures to adapt in place. Conversely, members 
of Cluster 2 with lower incomes may have considered 
migration as less of a possibility, even when facing the 
same stressors, if they did not have adequate resources 
to do so. They may have also had less capacity to adapt 
to climate stressors and health impacts than members 
of Cluster 1. As such, they could be considered to be 

involuntarily mobile or immobile. Among members of 
Cluster 3, respondents’ low expectations to migrate may 
have simply been related to other drivers or barriers not 
captured in the survey, yet reflected overall greater vol-
untary immobility compared to the other two clusters. 
Clearly, more information is needed about this group of 
mostly outer island residents.

In addition, the inequities surrounding this nexus in 
the RMI may become further complicated and exacer-
bated as climate change progresses. Elsewhere in the 
Pacific and in other regions—such as Latin America—
that are experiencing resource scarcity or weakened 
infrastructure, disparities in representation and inter-
ventions mean that those with greater financial capital 
and agency benefit more from migration or other adap-
tation and mitigation efforts, while the most vulnerable 
do not see the same benefits (Marino and Ribot 2012). 
Further engagement in the RMI across its diverse soci-
ety is needed to reduce unequal vulnerability to climate 
stressors and identify optimal adaptation strategies that 
protect health and well-being, as well as the proximate 
determinants of health (e.g., food, water, land, safety). 
Equity concerns are currently top of mind for the RMI 
International Office for Migration, which acknowledges 
that some of the most vulnerable groups (e.g., members 
of Clusters 2 and 3 in this study) are absent from policy 
conversations around environmental and social adap-
tation (Saunders, pers comm 2021). The RMI Climate 
Change Directorate is also developing the country’s 
first National Adaptation Plan (NAP) that addresses 
climate mitigation as well as critical aspects of climate 
adaptation across multiple sectors, including health 
(Wase-Jacklick, pers comm 2021).

Lastly, this and future research on the subject must 
acknowledge and consider the outsize role the USA plays 
with respect to foreign assistance, economic opportuni-
ties, and migration in the RMI. A recent analysis by the 
Asian Development Bank evaluating different COFA 
renewal scenarios between the RMI and the USA found 
that the economic impacts of non-renewal would reduce 
GDP by 4.4% with an associated increase in out-migration 
of 6.4% over current rates. A “better results” scenario, on 
the other hand, projects an overall decline in migration out 
of the RMI alongside economic growth in the public and 
private sectors (Asian Development Bank [ADB] 2022). As 
negotiations continue ahead of the 2023 expiration dead-
line, the inequities and challenges to long-term sustain-
ability identified in this research must also be addressed in 
the face of climate change, in order to meaningfully reduce 
migration pressure.
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Conclusions
There are profoundly concerning impacts of climate 
change facing the RMI, which exacerbate existing ineq-
uities and are occurring in the context of a population 
that is in motion. In this study, we analyzed survey 
data from 199 households across three representative 
islands in the RMI. Whereas previous analyses of this 
data focused on descriptive statistics and correlations 
between climate impacts and respondents’ household 
migration experiences (van der Geest et  al. 2019b, 
2019c, 2020), we used logistic regression to evaluate 
whether climate stressors and associated direct and 
indirect health impacts (the independent variables) 
were associated with expectation to migrate. We then 
used a hierarchical clustering approach to identify three 
unique profiles of climate vulnerability, health out-
comes, and migration agency. Our key findings are sum-
marized below.

First, the surveyed households experienced very high 
levels of climate stressors and impacts to the proximate 
determinants of health, especially related to drought, 
heatwave, flooding, and king tide events, which mainly 
impacted household drinking water supplies, trees, soils, 
and crops. Furthermore, the severity of these stress-
ors has been increasing in recent decades. When asked 
to rank the top problems their household was facing, 
respondents’ top issues were a mix of climate stressors, 
livelihood concerns, and social services. A lack of avail-
able jobs, poor education, and drought were the high-
est ranked problems, followed by sea level rise and poor 
healthcare services.

Second, the expectation to migrate was very high 
across the survey population. Overall, more than 50% 
of respondents said they or a member of their house-
hold would or might migrate in the coming decade. 
Seeking healthcare was also one of the top drivers of 
both past and potential future migrations, whereas cli-
mate impacts and environmental factors were rarely 
cited as direct migration motivations. However, there 
were climate-related factors that were indirectly 
related to migration decisions for the survey popula-
tion (such as heat waves and impacts to food and water 
resources).

Third, the clustering exercise revealed how people 
facing different sets of climate stressors and health 
impacts had significantly different circumstances and 
associated expectations to migrate. Although members 
of Clusters 1 and 2 were generally likely to expect to 
migrate, for example, only among members of Cluster 1 
was experiencing a direct health impact due to climate 
stressors associated with an increased expectation 

to migrate. In Cluster 2, on the other hand, climate 
impacts to the proximate determinants of health were 
significantly associated with negative health outcomes, 
but this group’s very high expectations to migrate were 
unrelated to health impacts, and increasing drought 
and king tide severity were even associated with a 
decreased expectation to migrate. For Cluster 3, no 
variables were significantly associated with expectation 
to migrate and only one variable was associated with 
experiencing a negative health impact; consequently, 
these results are difficult to interpret without further 
information.

Finally, the proximate determinants of health, includ-
ing land ownership, access to food and water, and 
wealth were strong differentiators between the clusters 
that were correlated with climate stressors and migra-
tion agency. The group with the highest incomes, land 
ownership, and education (Cluster 1) reported some 
of the least climate impacts and intentions to migrate, 
perhaps because they possessed adaptation options 
(for example, the ability to buy an air conditioning 
unit or make improvements to their homes) that were 
not available to other groups. Members of Cluster 1 
were also the least likely to experience a direct climate 
impact to their health. Conversely, members of Cluster 
2 experienced climate stressors more strongly, had risk-
ier or less secure housing, and were overall more likely 
to expect to migrate. Although the third group, Clus-
ter 3, had lower cash incomes and experienced more 
heat and drought stressors than Clusters 1 and 2, they 
were generally more satisfied with the state of natural 
resources and less likely to expect to migrate.

This analysis offers empirical evidence in support of 
policy concerns in the RMI surrounding equity, vulner-
ability to climate impacts and adaptive capacity, and 
abilities and desires to migrate (Saunders, pers comm 
2021). The findings from this study are also in agree-
ment with Hezel and Levin’s (1990) assessment from 
over 30 years ago, that increasing equitable opportu-
nities for residents of the RMI to achieve what may 
be seen as achievable only through migration would 
provide greater decision-making agency, as well as 
the potential for return migration. Expanding health-
care, education, and livelihood prospects through the 
NAP process and COFA renewal, with attention to 
long-term sustainability in the face of climate change, 
could meaningfully reduce migration pressure. If, on 
the other hand, certain members of the population feel 
forced to migrate in the context of climate change, the 
disparities that exist today will only grow.
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Appendix
Tables 7 and 8

Table 7 Tukey’s Honestly Significant Difference test results for variables used for clustering. Blue shading indicates a significant  
(p < 0.05) positive difference between clusters; orange indicates a significant negative difference
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Table 8 Tukey’s Honestly Significant Difference test results for variables not used for clustering that differed significantly between 
clusters. Blue shading indicates a significant (p < 0.05) positive difference between clusters; orange indicates a significant negative 
difference
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