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Introduction: Global environmental issues have become one of the most
prominent risk issues in society, and it is of great theoretical and practical
importance to study the intrinsic correlation between environmental change
and population migration.

Methods: Based on the Web of Science core ensemble database (WOS) and
National Knowledge Infrastructure database (CNKI) sources, CiteSpace visual
bibliometric software was used to construct a map of research hotspots
in the field of environmental migration. The specific research methods
included word frequency analysis, cluster analysis, and burst word
detection analysis.

Results: The study found that the research hotspots of environmental migration
mainly include:migration caused by environmental pollution; migration caused by
the construction of environmental protection projects; migration caused by
environmental protection activities; migration caused by environmental
degradation; migration caused by climate change; migration caused by
environmental disasters; and migration caused by environmental improvement
activities.

Discussion: Our new insights into the relationship between environmental
factors and migration include:non-linear relationships, multi-dimensional
vulnerability, livelihood diversification, local context and agency, feedback
loops and feedback effects. For future research directions on environmental
migration, we can start from the following aspects: (1) Multidisciplinary
Approaches; (2) Longitudinal Studies; (3) Regional and Localized Studies;
(4) Climate Change Projections; (5) Policy Impact Analysis; (6) Migration
and Urbanization; (7) Social and Cultural Adaptation; (8) Technological
and Data Advancements; (9) Ethical Considerations; (10) Community-
Based Research.

KEYWORDS

environmental migration, hot topics, trend analysis, disaster migration,
interdisciplinary study

1 Introduction

With the development of society, many environmental issues have become
increasingly internationalized. Data show that humans generate over 2 billion tons
of urban solid waste annually, of which 45% is not properly treated (Yang et al.,, 2012). If
urgent action is not taken, the amount of urban solid waste generated by humans will
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rise to nearly 4 billion tons by 2050 (Huo et al., 2007). This will
increase the degree of pollution of the environment where
humans live and lead to an increase in morbidity and
mortality (Al-Kindi et al., 2020). In addition, environmental
disasters pose serious risks to humanity. Landslides are
frequent and widely distributed disasters in China with serious
impacts (Derbyshire, 2001). They often bring enormous losses to
industrial and agricultural production as well as to people’s lives
and property. The main risks of landslides in rural areas are the
destruction of farmland and houses, harm to people and
livestock, the destruction of forests, roads, agricultural
machinery, water conservancy and electric infrastructure and
sometimes even more destructive damage (Fell et al., 2008).
include mudslides,

which rush into rural and urban areas to destroy houses,

Common environmental disasters also

factories, enterprises and other facilities, inundate people and
livestock, destroy land, and cause village destruction and human
death (Feng et al, 2019). Environmental issues include the
adverse effects produced by the relocation of polluting
hazards posed by the
contaminated area to human health and environmental safety,

enterprises, or potential threats
and redevelopment problems for the land. These factors make the
problem of contaminated sites that are hidden behind the
relocation of industrial enterprises present to the public
2010). To these
environmental problems, the transition to low-carbon energy

(Fasheng, mitigate the impact of
systems is inevitable (Kern and Rogge, 2016). This transition
process will face not only economic and technical issues in
supporting new energy systems but also new challenges in
incorporating just transition principles into transition
planning (Hoang and Nguyen, 2021).

On 13 September 2022, the United Nations released a news
report stating that environment-related hydroenvironmental
hazards such as tropical cyclones, floods and droughts are
growing in frequency and intensity, which is increasing the
number of risk hot spots (Sachs et al, 2022). Low-lying and
other small island countries, countries with low-lying coastal
areas, arid and semiarid areas, or areas susceptible to floods,
droughts, and desertification, as well as developing countries with
fragile mountain ecosystems are highly vulnerable to the adverse
effects of environmental change (Nicholls et al., 2007). Different
types of environmental changes may lead to different types of
population migration. Climate change causes migration issues, as
do atmospheric pollution and other related environmental
protection projects and construction (Black et al., 2011). A
study found that in recent years, the degree of harm caused by
hazy weather in China has increased, which has seriously
disrupted people’s lives. Some regions have already
experienced a small amount of population migration caused
by environmental issues such as air pollution (Gao et al,
2017). Major projects such as waste incineration plants and
landfills often involve the large-scale relocation of entire
villages and towns (Zhang et al., 2015).

The World Migration Report 2022 released by the
International Organization for Migration (IOM) identified
approximately 281 million international migrants in the world
in 2020, equivalent to 3.6% of the global population; this was an

increase of 3.5% compared to 227.2 million in 2019 (Chuang,
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2022). In addition, the IOM predicted that there will be
200 million environmental immigrants by 2050, and the
number of immigrants due to environmental change may
subsequently reach 700 million (Veeramoothoo, 2022). IOM
Director General Vittorino noted on World Environment
Day that “the environment has been driving people to
migrate, and disasters are responsible for displacing millions
of people each year.” Migration is a relatively effective means of
coping with environmental changes as people attempt to move to
that better (Bradley
Erdilmen, 2022). In the face of increasingly prominent
about by the global
have noted that
environmental migration has become one of the most serious
crises in human society (Warner et al., 2010). It is crucial to

areas offer living conditions and

environmental migration brought

environmental recession, some scholars

develop good environmental disaster response strategies and
conduct disaster-avoidance migration general planning.
Current environmental issues threaten the production and
life of the affected population. The transition to a new energy
system may also affect the production activities of vulnerable
groups and may even deepen this inequity (Hoang et al., 2021).
Due to the different national conditions and regions, existing
theories, models, and practical experiences of environmental
migration urgently require further comparative research,
innovation and development. In the transition to low-carbon
energy, there is also an urgent need to ensure that vulnerable
groups are treated fairly and equitably and that the principle of
reflected in the
institutionalization of environmental migration (Jessee, 2020).

just  transition is planning and
Therefore, it is of great theoretical and practical importance to
study the intrinsic correlation between environmental change
and population migration, whether this involves the study of
people’s migration in response to environmental change or the
study of many concomitant problems that environmental
migration brings to the economy, politics, society, culture,
and environment (Borderon et al., 2019). Additional research
priorities include conducting an impact assessment on
that the

institutional regulations related to environmental migration

environmental migration activities to ensure
are open and transparent and ensuring that disadvantaged
groups receive fair and just outcomes. Bibliometric analysis,
as an effective method to analyze the current status and trends of
science and technology, has been widely used in various
disciplines. In this paper, we use the literature related to
environmental migration for meteorological purposes to
analyze the evolutionary and hot topics of

environmental migration research in the context of just

trends

transition.

2 The concept of
“environmental migration”

In 1996, Swain used the term “environmental migration” for
the first time. He suggested the use of “environmental migrants”
rather than “environmental refugees” when referring to
environmentally forced displacement to avoid legal and
institutional problems and to make the term more targeted

frontiersin.org
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(Swain, 1996). Since the concept of environmental refugees
cannot be supported at the level of international law and
practical operation, the IOM proposed an operational
definition of environmental migration in 2007 to unify
understanding ~ and  promote  international  action:
“Environmental migration is the forced or active, temporary
or permanent departure of people or groups of people from
their

environment that

homes due to sudden or slow changes in the

adversely affect their lives or living
conditions, and they can be either internal or international
migrants" (Nations, 2001). The earliest systematic research on
environmental migration in China was conducted by Xu Jiang
from the Chinese Academy of Sciences, whose article “On
Environmental Migration” (1995) presents the concept of
environmental migration and defines it as the relocation of
populations in a specific environmental context due to the
deterioration of the natural environment on which people
depend. The environmental capacity is not sufficient to sustain
many people, which causes migration. Causes include natural
disasters, ecological degradation, environmental pollution and
other environmental factors (Xu et al., 1996).

In recent years, there has been some preliminary research on
climate change and migration in China. This conceptual
Bates’
disaster-type
refugees (Bates, 2002), land expropriation-type environmental

definition is quite similar to classification  of

environmental refugees into environmental
refugees, and environmental degradation-type environmental
refugees. However, China uses the term “migrants” rather
than “refugees”. Although the introduction of this concept has
played an important role in the study of ecological,
environmental, and disaster migration, it seems that more
detailed classification and elaboration of this classification is
needed to facilitate research given the continuous practice of
environmental migration in China. According to Yu Qingnian
and Shi Guoqing, environmental migration refers to the planned
relocation of polluting enterprises and their related persons out
of cities and densely populated areas for the purpose of
environmental protection and governance or the relocation of
the population from environmentally polluted (Qing et al., 2024),
fragile or degraded areas due to deteriorating living environment
conditions and the reconstruction of socioeconomic systems to
relocate enterprises, communities and families. The restoration
of the livelihoods of affected populations due to restrictions or
forced changes in resource use due to environmental damage is
also called environmental migration. This definition is more
complete (Guo Jianping, 2010). This study provides an
econometric analysis of research evolution trends and hot
topics in the field of environmental migration research based
on the concept of migration proposed by the scholars Qingnian

Yu and Guogqing Shi.

3 Data collection and methods
3.1 Data collection

The data used in this study were sourced from the core
collection database of Web of Science (hereinafter referred to
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as “WOS”) and the China National Knowledge Infrastructure
database (hereinafter referred to as “CNKI”). This study analyzed
the research status, trends, and hot spots in the field of
environmental migration in the past 30 years (from 1992 to
2022). The keywords searched in the CNKI database were
After
review papers,

. S « 10 f s
environmental migration” and “climate migration”.

screening each article and eliminating
conference papers, media reports and searching duplicates, a
total of 193 valid papers were obtained from the CNKI database’.
The title words of the WOS database search were “environment
migration”, “environment displacement”, and “environment
refugee”, and the literature was screened in the same way as
in the CNKI database. Finally, 661 valid documents were

obtained from the WOS database?.

3.2 Methods

The specific research methods included word frequency analysis,
cluster analysis, and burst word detection analysis. The specific
technical software used included Origin mapping software,
CiteSpace visual bibliometric software, and SPSS statistical
analysis software.

3.2.1 Word frequency analysis

By analyzing the frequency of subject words in the literature, the
hot topics of the discipline or the research field can be found, and the
trend of the transfer of research hotspots can be identified through
timeline mapping.

3.2.2 Clustering analysis

Clustering data on the basis of similar characteristics is used
to compare the similarity between different data and is one of the
basic tools to recognize the characteristics of unknown things. It
follows the principle of hierarchical clustering, where the
similarity of subject terms is clustered in order from the
largest to the smallest.

3.2.3 Burst word detection analysis

A variable that spikes in value in a short time span becomes a hot
topic and is suddenly noticed by the academic community; this can
be regarded as the “Baidu index”. This variable can be keywords
institutions, countries (number of

(frequency), authors,

publications), references (frequency of citations), and other

1 Due to the relatively limited literature on the CNKI database of
environmental migration, this study only focuses on the overall
situation of its literature and does not analyze its research hotspots
and trends, and select relevant literature from the WOS database to
analyze the evolutionary trends and hot topics of environmental

migration research

2 Due to the large number of WOS literature, it is difficult to analyze. The
search for topics was changed to titles, and after screening, a total of
661 valid literature were obtained. Then, we conduct an in-depth analysis

among these 661 literature

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1399077

Shang et al.

TABLE 1 Statistical table of relevant literature by year.

10.3389/fenvs.2024.1399077

year 1992 1993 1994 1995 1996 1997 1998 1999
wos 2 6 9 7 5 7 17 1
CNKI 1 2 0 4 5 6 4 6
year 2000 2001 2002 2003 2004 2005 2006 2007
wos 7 5 9 8 8 15 10 15
CNKI 10 8 4 1 9 8 8 9
year 2008 2009 2010 2011 2012 2013 2014 2015
WOs 11 17 24 26 24 21 26 37
CNKI 9 13 4 2 9 14 12 8
year 2016 2017 2018 2019 2020 2021 2022
wOs 37 33 35 55 48 52 85
CNKI 10 11 4 5 5 1 1

Environmental Studies

Environmental Scjex s Rezianal Urban Planning

M‘etgorolbgy Atmospheric Sciences

/ / D/eve xpment Studies

e

///

Public Enyireriiental chpitlSnsl Health

Geosclences Multidistpling

Water Resources

FIGURE 1
Statistical chart by discipline in the WOS database.

branch technologies have become popular in a certain time period.

dimensions. By detecting sudden words, we can identify the
We can even predict which key technologies can continue this

evolutionary trend of research in a certain field from macro to

micro, from single to diversified, and review or predict which key  explosive trend in the future.
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FIGURE 2
Statistical chart by discipline in the CNKI database.

4 Result
4.1 Statistical analysis of the literature

4.1.1 Statistical analysis by publication time

The study conducted a statistical analysis based on
661 journal-related studies sourced from WOS and
193 journal-related studies sourced from CNKI (Table 1).
There were far more environmental migration-related studies
in the WOS database than in the CNKI database. The studies on
in the WOS database
growth, while the

environmental migration showed

exponential growth in studies on
environmental migration in the WOS database tended to be
stable.

migration in the WOS database, the amount of environmental

Based on the literature related to environmental

migration research can be divided into three stages: 1) in
1992-2004, the research on environmental migration was
basically in a stable state, with an average annual number of
7 articles; 2) in 2005-2017, research on environmental migration
showed an upward trend, with an average annual number of
23 articles; 3)
migration entered a high development stage, with an average

in 2018-2022, research on environmental

annual number of 55 articles, and became a hot spot for academic
and social attention.

4.1.2 Statistical analysis by discipline

The disciplinary classification to which the research literature
belongs plays an important role in scientific research. The
disciplinary division and the percentage of the content to be studied
can be analyzed based on this. In this study, the top ten subject fields
were selected from the literature database on environmental migration
(Figure 1; Figure 2). The subject fields with a higher percentage in the
WOS database were environmental studies, environmental science,
green sustainable science and technology, and urban studies; the
subject fields with a higher percentage in the CNKI database were
environmental science and resource utilization, administrative science
and state administration, and agricultural economics. Environmental

Frontiers in Environmental Science

® environmental science and

resource utilization
m administrative science and state

administration
m agricultural economics

m Economic system reform
m Basic Agricultural Science

m others

migration is an interdisciplinary research field involving both natural
and social sciences, which requires a high academic level for researchers
in this field.

4.1.3 Statistical analysis by core authors

The analysis by core authors plays an important role in scientific
research and, to some extent, reflects the current status of the
research field and drives research forward. By using CiteSpace, a
metrics software, this study analyzed the literature in both databases
(Figure 3). The scholars Cheong Kwd, Sekhar Sc, and Tham Kw had
more publications in the WOS database on environmental
migration research in the target time period and were among the
highly productive scholars in the field of environmental migration.
In the CNKI database on environmental migration research,
Guogqing Shi, Kling Wang, and Shaojun Chen were the top three
scholars in terms of the number of articles published in the target
time period and leading scholars in the field of environmental
migration. Prof. Guoging Shi is not only one of the scholars who
co-published a paper on climate migration in Science on 28 January
2011, but also a Chinese scholar who published the most in Chinese
and English overall. He also published a large number of papers on
various migration policies, theories and applications in engineering,
disaster, ecology, poverty alleviation, and mining.

4.1.4 Statistical analysis by major research
institutions

The study analyzed the cooperation network among research
institutions and generated the corresponding plots (Figure 4). The
cooperation network for research was measured by co-publication in
bibliometrics. The color of the network nodes indicates the
distribution of the institutions’ published literature by time, and
the color of the connection point represents the year of the first
cooperation among research institutions. CNRS, Udizi French
Research University, and the French Development Institute are
among the highly productive research institutions in the field of
environmental migration research internationally, and Hohai
University and the Chinese Academy of Sciences are among the
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TABLE 2 Statistics table of high-frequency keywords from the WOS database.

Serial High frequency Frequency Centrality Serial High frequency Frequency Centrality
number keywords number keywords

1 resettlement 39 0.32 21 sustainable development 8 0.01
2 climate change 21 0.05 22 urbanization 8 0.02
3 China 18 0.11 23 areas 8 0.02
4 environment 18 0.16 24 biodiversity 7 0.02
5 community 17 0.04 25 asylum seekers 6 0.02
6 health 15 0.19 26 residential satisfaction 6 0.01
7 displacement 14 0.04 27 life 6 0.01
8 city 12 0.02 28 acculturation 6 0.04
9 policy 12 0.07 29 place attachment 6 0.01
10 migration 11 0.08 30 land 6 0.01
11 built environment 10 0.03 31 relocation 6 0.02
12 conservation 10 0.09 32 behavior 6 0.03
13 adaptation 10 0.04 33 governance 6 0.02
14 impacts 9 0.05 34 care 5 0

15 mental health 9 0.02 35 state 5 0.01
16 management 9 0.06 36 children 5 0.04
17 urban 9 0.04 37 immigrants 5 0.01
18 impact 9 0.09 38 politics 5 0.01
19 land use 8 0.04 39 patterns 5 0.06
20 ecosystem services 8 0.06 40 area 5 0.01

highly productive research institutions in the field of environmental
migration research domestically.

4.2 Keyword frequency analysis

The keywords provide a summary of the research topic. The
analysis of the keywords can quickly provide an understanding of
the research topic of the paper. There is a connection between the
keywords in a paper that is generally expressed by the “co-occurrence
frequency”; the more the keywords appear together in the same paper,
the closer the connection is. Keyword co-occurrence analysis is used to
analyze the relationship between each topic in the literature by counting
the frequency of the co-occurrence of keywords in the literature. Due to
space constraints, the top 40 keywords in terms of word frequency were
selected for this study (Table 2). The size of centrality reflects the
strength of co-occurrence of the keyword with other keywords. The top
three rankings in centrality were resettlement (0.32), health (0.19), and
environment (0.16).

4.3 Keyword clustering analysis

In keyword cluster mapping, there are two values that
determine whether the clustering effect is ideal: the clustering

Frontiers in Environmental Science

module Q value and the clustering average profile S value. When
Q > 0.3, it indicates a significant clustering structure, when S >
0.5, it indicates more reasonable clustering, and when S > 0.7, it
indicates a satisfactory clustering effect. In this study, the log
likelihood ratio (LLR) was used to extract the clustering tag words
for the keywords. The larger the LLR value is, the more
representative the clustering tag words are. When the number
of keywords in the general keyword clusters is greater than 10, it
indicates that the clustering is meaningful. Keyword clustering
analysis is based on keyword co-occurrence. In this study,
keywords were clustered with metric software, and keyword
clustering figures were obtained (Figure 5). The Q value in
Figure 9 is 0.634 and the S value is 0.846, indicating that the
keyword clustering structure is highly significant and that the
clustering effect is satisfactory.

According to the LLR algorithm, a total of 12 clusters were
obtained, and the number of keywords in all 12 clusters was
greater than 10. This means that the clustering results were valid,
so we obtained a total of 12 valid clusters (Table 3). The number
of clusters indicates the total number of keywords included in
the clusters, and the clustering degree indicates the similarity
among the cluster members; the larger the value is, the more
similar the clusters are. For example, in cluster 1, the number of
clusters is 47, which means it contains 47 keywords. The
tightness is 0.925, which means that the similarity between

frontiersin.org
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cluster members is very strong. The top three clusters selected by
LLR values according to the log-likelihood algorithm are
immigration (with an LLR value of 10.2), food security (with
an LLR value of 10.2) and healthcare disparities (with an LLR
value of 5.08).

4.4 Timeline graph analysis

Timeline mapping is a graph generated on the basis of
clustering, where cluster members are arranged on the same
line in the order of the timeline (Figure 6). Timeline mapping is
mainly interpreted in four dimensions: “first time”, “hot”, “cold”,
and “sign”. From Figure 9, we can see that the core keywords in
cluster 0 (place attachment) are more densely distributed in red;
the research tends to be hotter, and scholars pay more attention
to these keywords. The core words in cluster 9 (large dam) are less
distributed, indicating that the research of this cluster tends to be
colder. The iconic keywords generally refer to words with higher
intermediary centrality, and the keywords with purple outermost
circles in the keyword chronogram are iconic keywords, such as
communication contact, environmental service and adaptive
capacity. For example, in cluster 2 (lao pdr) (Figure 7), the

keyword “climate change” first appeared in 2010 among its

Frontiers in Environmental Science

08

cluster members. According to Figure 10, the frequency of the
keyword appeared in a fluctuating upward trend and became a
research hotspot. The evolutionary relationship of the highly
mediated core words among the clusters over time can be clearly
seen according to the keyword intercluster relationship evolution
map, and the color of the connecting line indicates the
corresponding year. Due to space limitations, Figure 8 is
selected to show the evolution of the relationship map
between clusters of environmental migration keywords in 2022.

4.5 Burst word detection analysis

Burst detection analysis is a text analysis method used to identify
certain words or phrases that suddenly increase in frequency over a
specific period of time. In implementing burst detection analysis,
statistical techniques are usually employed to identify those words
whose frequency in the text data sharply rises. These “burst words”
or “hot words” can help researchers quickly grasp the focus of public
attention or changes in social dynamics, thereby analyzing trends or
predicting future developments. With regard to burst detection
parameter settings, gamma takes the value range of 0-1. The
smaller the gamma value is, the greater the number of burst
words will be. The parameter minimum indicates the minimum
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TABLE 3 Cluster Table for Keyword Clustering from WOS database.

Cluster Number of Clustering The top three keywords for LLR values in clustering clusters
number clusters degree
#0 56 0.678 place attachment (7.88) neighbourhood (6.18) ontological security (6.18)
#1 47 0.925 imresettlement (10.2) food security (10.2) healthcare disparities (5.08)
#2 44 0.794 lao pdr (6.97) sustainable climate change (6.36)
development (6.36)
#3 39 0.823 ecosystem services (9.7) karst ecologically fragile remote sensing ecological
areas (6.07) index (6.07)
#4 32 0.807 environmental economy (4.51) assessment tool (4.51)
change (5.45)
#5 26 0.944 land use (15.21) soil activity (4.95) correlation (4.95)
#6 24 0.929 community spatial agent-based models (5.31) case study (5.31)
needs (5.31)
#7 23 0.912 burkina faso (12.72) sahel (6.32) ghana (6.32)
#8 14 0.942 immigrant health (6.88) germany (6.88) disaster-bearing
capability (6.88)
#9 13 0.852 large dam (6.58) de-farming (6.58) land acquisition (6.58)
#10 12 0.918 ecological resettlement collaborations (6.58) refugees from the congo
(15.59) wars (6.58)
#11 12 0.993 impact (7.37) vietnam (7.37) grain size (7.37)
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FIGURE 6
Timeline graph of keywords from the WOS database.

unit of burst time (default 2 years, minimum 1 year); the smaller it is,
the more burst words there will be. The parameter gamma is 0.1, and
the parameter minimum is 2. The above parameters are used to
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obtain the keyword emergence map in the field of environmental
migration research (Figure 9). “Begin” refers to the year when the
keyword first appeared, and “end” refers to the year when the
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Top 25 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End
land use 2002 1.16 2002 2003
children 2002 1.97 2007 2013
food security 2007 1.28 2007 2010
environmental refugees 2010 1.27 2010 2011
african refugees 2010 1.2 2010 2015
sustainable development 2011 1.59 2011 2012
dam 2011 1.17 2011 2013
poverty 2012 1.72 2012 2014
land 2013 224 2013 2014
acculturation 2010 1.48 2013 2017
biodiversity 2013 1.45 2013 2014
asia 2013 1.13 2013 2015
care 2014 2.24 2014 2018
adolescents 2014 1.58 2014 2017
assimilation 2014 1.05 2014 2017
area 2015 1.08 2015 2022
policy 2017 1.97 2017 2018
china 2011 1.21 2017 2018
areas 2014 2.05 2018 2022
city 2010 1.51 2018 2020
displacement 2016 1.07 2018 2019
community 2013 0.95 2018 2022
relocation 2019 2.54 2019 2022
environment 2003 2.34 2019 2020
place attachment 2020 2.8 2020 2022
FIGURE 9

Keyword emergence graph from the WOS database.

keyword disappeared. “Strength” refers to the intensity of the
keyword’s emergence; the larger the value is, the more important
it is. The red line indicates the time period when the keyword
suddenly emerged.

5 Discussion
5.1 Division of research stages

Based on the above analysis, this study identified

emergent words in keywords within a certain time period.
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Combining their evolutionary changes on the timeline with
relevant literature studies and expert opinions, the study
divided environmental migration research trends into three
stages (Fig. 13).

5.1.1 This stage was the initial exploration
stage (1992-1995)

This stage was the initial exploration stage of environmental
migration research. The concept of environmental migration had
not yet been introduced in this stage, and foreign scholars conducted
a series of fruitful studies on “environmental refugees” in multiple
dimensions.
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5.1.2 This stage was the development and
enrichment stage (1996-2017)

The term “environmental migration” was first conceptualized
and used by Swain in 1996. Since then, there has been a large amount
of research on “environmental migration”. The findings have
focused on factors that induce migration due to environmental
change, migration patterns due to different environmental types,
the health effects of
population migration.

and environmental change and

5.1.3 This stage was the systematically deepening
stage (2018-present)

Through the core words of mutation that appeared during this
time in Figure 13, “city”, “community”, and “relocation”, it can be
seen that in recent years, in-depth research has been conducted
mainly in the areas of building capacity to cope with environmental
change and relocation and resettlement in cities, communities, and
rural areas.

5.2 Discussion of research hot spots in the
field of environmental migration

In light of the previous econometric analysis of the relevant
literature in the field of environmental migration and the views of
experts and scholars in this field, there are seven main research hot
spots in the field of research on environmental migration.

5.2.1 Migration caused by environmental pollution

Migration caused by environmental pollution refers to the
intensification ~of environmental pollution from water,
atmosphere, noise, light, soil, and solid waste. This pollution
threatens the production and life of the people concerned,
resulting in their willingness to migrate and carry out activities to
rebuild economic and social systems in livable places. In essence,
industrial societies have released excessive pollutants through their
production and daily activities, compromising the environment’s
self-regulating capacity. This environmental degradation leads to a
decline in living conditions, prompting population migration. Yu
Qingnian and Shi Guoqing explored the mechanism of population
migration caused by environmental degradation and climate change,
arguing that migration is the result of the interaction of climate,
population growth, natural resources, political, economic,
sociocultural and other elements (YuQingnia, 2010). Recently
years, China’s hazy weather has increased the degree of harm
and seriously disrupted people’s lives. Some areas have seen a
small amount of population migration due to air pollution and
other environmental problems (Zhiyue, 2019).

Jokisch distinguished between two types of environmental
change based on how environmental events affect migration, that
is, migration due to slowly and rapidly occurring environmental
hazards (Jokisch et al, 2019). Tobias Riittenauer and other
researchers tested the probability of out-migration triggered by
damage caused to subjects by air pollution and showed that
subjective perceptions of air pollution increased the likelihood of
mobility. This effect increased with income, which means that
households with increasing incomes are more likely to decide to

leave polluted areas than those with stable or decreasing incomes
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(Ruttenauer and Best, 2022). McLeman conducted a focus group in
Toronto with 44 skilled workers who had recently migrated from
Bangladesh and found that for a small but noteworthy number of
participants, health impacts resulting from air pollution, water
pollution, unsafe food and a lack of green space in Dhaka were
the major motivators for the affected population to move to Toronto
(McLeman et al., 2018). In a social risk assessment for the China-
Pakistan Economic Corridor (CPEC), Max Finlayson systematically
identified environmental drivers such as water, air, soil, noise, and
biodiversity that had an impact on the construction of the CPEC. By
establishing a model to calculate the assessed risks, the study
classified noise as a medium risk category and other risks as a
relatively high risk category. The study also provided relevant
suggestions and recommendations for stakeholders to cope with
the risks and promote smooth construction for the CPEC (Zhang
et al., 2017).

The
multifaceted, affecting urban planning, health services, and social

implications of pollution-induced migration are
structures in both the areas people leave and the areas to which they
migrate. Furthermore, it poses a challenge for policymakers who
need to address the root causes of environmental degradation while
also managing the social and economic impacts on affected
populations. As environmental concerns continue to rise, the
phenomenon of pollution-induced migration highlights the
urgent need for sustainable practices and robust environmental
governance to prevent displacement and ensure the wellbeing of
vulnerable populations worldwide.

5.2.2 Migration caused by the construction of
environmental protection projects

To positively respond to environmental changes, environmental
protection projects such as sewage treatment plants, landfills, waste
incineration plants, sludge disposal sites, and garbage dumping sites
have been constructed. The construction of similar projects will
permanently or temporarily occupy land and demolish or relocate
houses in the area affected by the project, which will result in
migration caused by the construction of environmental protection
projects. The purpose of environmental protection project
construction is to harmlessly treat discharged waste to mitigate
the damage to the environment. Construction itself adversely affects
people, disturbs their normal lives, and may even affect their health
and safety. In his discussion on migration science, Shi Guoqing
suggests that the construction of urban infrastructure, which
includes sewage treatment plants, waste transfer stations, and
landfills, may cause serious localized impacts through permanent
land or housing acquisition (Guoging, 1999). For example, the
establishment of the Quzhou City East Sewage Treatment Plant
in China has had a serious impact on the production and life of
migrants due to permanent land acquisition, temporary land
occupation and house demolition (Chen, 2017). Furthermore, the
shortage of water resources in northern China has seriously affected
the production and life of residents and socioeconomic
development. To alleviate the extent of drought in the northern
region, the central government decided to transfer water from the
Danjiang River, which has relatively abundant water resources, to
the northern region. The construction of the Danjiangkou Project of
the South—North Water Transfer Central Line involved Henan and

Hubei provinces, where 325,000 migrants were relocated and settled.
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It was also designed to alleviate population migration because of
environmental changes (YAN Dengcai, 2017). Studies have been
conducted to identify the sources of high risk in environmental
engineering projects that affect social stability based on the theory of
the social amplification of risks. These studies have also proposed
corresponding opinions and suggestions for the prevention and
resolution of risks in these engineering projects. When conducting
high-risk environmental engineering projects, local governments
and environmental protection departments should have a
comprehensive understanding of various risk sources that
threaten social stability, commission professional institutions to
conduct assessments, and listen to the opinions of the public.
They should formulate risk resolution plans in advance and
perform crisis management (Zhang et al., 2018).

The migration caused by environmental protection projects
presents a paradox where efforts to combat environmental
degradation and promote sustainability inadvertently displace
people. This has raised important considerations about the need
for careful planning and community consultation in the
implementation of such projects. It emphasizes the importance of
developing mechanisms to minimize displacement and provide
adequate compensation or relocation assistance to affected
communities, ensuring that environmental gains are not achieved
at the expense of social equity.

5.2.3 Migration caused by environmental
protection activities

As a result of environmental protection activities that include
the demolition and relocation of environmental protection areas,
remediation, population relocation, restricted development and use,
the relocation of polluting enterprises, and shoreline improvement
of rivers and lakes in environmental protection areas such as water
source protection areas, biodiversity protection areas, endangered
animal and plant protection areas, and water and soil conservation
areas, affected people will temporarily or permanently lose their
settlement and production conditions and choose to relocate and
rebuild their production and life (Power, 2008). This is called
migration caused by environmental protection activities. In
China, the construction of the South—North Water Diversion
Central Reservoir Water Source Protection Zone has damaged
the basic livelihoods of affected farmers. Zhang Rui-lian and Shi
Guogqing discuss the sustainable livelihood countermeasures of
affected farmers from the perspectives of compensation subjects,
contents and methods (ZHANG Ruilian, 2017). In the “post-South-
to-North Water Transfer era”, ecological protection measures have
been implemented at water sources to ensure high-quality drinking
water, which has had a negative impact on the basic livelihoods of
farmers (Wang and Du, 2011). The scholar Otsuk conducted field
research on two migrant villages in Mozambique resulting from the
construction of the Limpopo National Park Reserve and concluded
that the resistance factors that emerged during the resettlement
process indicate the need to focus on the built environment outside
the nature reserve to address the violence in resettlement (Otsuki,
2023). To fundamentally curb the degradation of vegetation, land
sanding and desertification in the Sanjiangyuan area, China has been
exploring and establishing institutional mechanisms for ecological
construction and environmental protection since 2003 and decided
to establish the “Sanjiangyuan National Ecological Protection
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Comprehensive Pilot Area” in Qinghai Province after years of
efforts. The establishment of the Sanjiangyuan Reserve requires
the relocation of the affected population, and Qi Jinyu and Chen
Xijaolu provide a general idea for the balanced development of
environmental protection activities based on field
(Qi, 2020).

Environmental conservation activities can lead to migration on a

surveys

global scale, impacting communities and individuals in various ways
(Vinke et al., 2020). When conservation efforts prioritize protecting
ecosystems or biodiversity, they can inadvertently disrupt
livelihoods and traditional ways of life, prompting people to

relocate (Reaser et al, 2022). The phenomenon of migration

induced by environmental conservation underscores the
importance  of  considering  social  impacts  alongside
environmental goals (Akpuokwe et al, 2024). Sustainable
development approaches should prioritize inclusive and

participatory decision-making processes that take into account
the needs and rights of affected communities (Szetey et al., 2021).
Balancing conservation efforts with social justice and equitable
of
environmental migration and ensure that vulnerable populations

development is essential to address the complexities
are not disproportionately affected by conservation activities

(Ngcamu, 2023).

5.2.4 Migration caused by environmental
degradation

The environmental conditions in several regions have begun to
degrade and show a continuous trend of deterioration as a result of
both natural conditions and development activities from human
production, such as the degradation of grasslands, soils, forests and
climatic conditions. The situation of the means of production and
other developing conditions in the original localities has had a strong
impact on the livelihoods of the residents, who need to improve their
living standards. This results in corresponding migration activities.
Neumann argues that migration arising from events such as climate
change, land degradation, and sea level rise occurs slowly. Migration
that occurs slowly is usually more complex than migration that
occurs rapidly, which can limit our understanding of the
interactions and mechanisms that lead to migration (Neumann
and Hilderink, 2015). The research by Nicholas Van Hear
suggests that environmental differences between the sending and
receiving locations, including the presence or absence of resources,
the relative fertility of the soil, water availability, and the degree of
forest cover, can be predisposing factors for population migration
(Van Hear, Bakewell and Long, 2018). Drawing on a study of two
resettlement programs implemented in the Mekong Delta of
Vietnam in the 2000s that were designed to reduce people’s
exposure to environmental risks, Miller found that state-led
resettlement programs were often designed to respond to life-
threatening risks and lacked the capacity to support people in
adapting to daily risks such as environmental degradation and
reduced access to resources (Miller et al, 2022). In the arid
regions of western China, where the ecological environment is
extremely fragile, the grasslands and soils of the region are
degraded to differing degrees, and the government has begun an
organized process of migration, relocation and community
reconstruction. For example, a large part of Ningxia is located in
the arid and semiarid zone where environmental degradation and
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poverty intersect, creating barriers to the development of sustainable
livelihoods in the region. To alleviate these problems, in 2002, a total
of 79 project areas were completed in the arid zone population
relocation project in central Ningxia, developing 1.223 million mu of
land and relocating 1.11 million migrants (LI Ruchun, 2013). The
rural economies of Haiti and the Dominican Republic also suffer
from the effects of slowly occurring environmental degradation.
Stefan Alscher analyzed the impact of environmental change on
migration flows within and outside Hispaniola based on field studies
in selected areas of both countries. The study found that
environmental degradation, mainly the effects of deforestation,
soil erosion and tropical storms (floods, landslides), exacerbated
existing economic problems and accelerated the decision to migrate
(Alscher, 2011). Relocation activities caused by environmental
degradation are prone to social conflicts, which can be avoided
by establishing compensation mechanisms, increasing migrants’
participation, social  evaluation,

strengthening rebuilding

migrants’ social capital, government and
institution building (Shi et al., 2009).

Global environmental degradation is a significant driver of

responsibility,

migration, impacting populations worldwide. As ecosystems
deteriorate and natural resources become scarce or contaminated,
individuals and communities are compelled to leave their homes in
search of safer and more sustainable living conditions (Ayeb-
Karlsson, 2021). Addressing migration due to environmental
degradation requires comprehensive strategies that integrate
environmental sustainability, social justice, and human rights
considerations. Efforts should focus on mitigating environmental
damage, building resilience in vulnerable communities, and
providing support for displaced populations to ensure their
wellbeing and dignity amidst changing environmental conditions
(Marcus et al., 2023).

5.2.5 Migration caused by climate change

The extreme and erratic climate associated with rising sea levels,
increasing desertification, and frequent droughts and floods has given
rise to a large number of “climate migrants” who must relocate due to
climate change, ecological imbalance, geological variability, and
environmental pollution. The United Nations Environment and
Human Security Organization (EHSO) predicted in 2009 that the
number of climate refugees affected by climate disasters worldwide
would be 243 million per year between 1998 and 2007, and the number
of climate refugees would reach more than 375 million after 2015.
Migration caused by climate change is likely to lead to regional conflicts
and refugee flows and has become an increasing focus of research by
scholars at home and abroad. Liang Bing and Shi Guoqing summarized
seven main types of climate migrants: migration resulting from sea level
rise, migration resulting from floods, migration resulting from
worsening droughts, migration resulting from extreme weather
events, voluntary migration resulting from climate change
discomfort, engineering migration resulting from climate change
response engineering measures, and migration resulting from the
disruption of fishermen’s livelihoods caused by climate change
(Liang et al., 2023).

Currently, sea level rise is threatening island nations, mainly in the
Pacific, such as Kiribati and Tuvalu. For their inhabitants, relocation is
the only option (Constable, 2017). Studies have found that population

displacement from floods or heavy rains is only temporary, and most
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migrants choose to return to their original homes and rebuild (Thiede
et al, 2016). Persistent drought causes livelihoods to decline, which can
also lead to out-migration. In a migration study in Ethiopia, most of the
respondents believed that drought increased rural migration (Ezra and
Kiros, 2000). In terms of extreme climate events, flood hazards often
affect parts of South America, while hurricane hazards often affect the
Caribbean. Climate change has led to the migration of farmers via its
impact on agricultural mechanisms (Kubik and Maurel, 2016). The
government often formulates policies that require the relocation of
people living in extremely fragile environments. For example, the
Kiribati government developed a relocation program to address
climate change issues (Barnett and McMichael, 2018). The impact of
climate change on fisheries security and their livelihoods has also
attracted considerable attention and research from scholars
(McMichael et al, 2012). Adverse factors such as the continued
degradation of the marine environment, sea level rise and marine
disasters may destroy the livelihood of fishermen and increase their out-
migration activities (Li Ruchun, 2017).

Climate change is a key driver of migration worldwide, with
populations As
temperatures rise, weather patterns shift, and extreme events become

increasing impacts on and communities.
more frequent, people are facing heightened risks and challenges that
can necessitate relocation. Addressing climate change-induced
migration requires coordinated efforts at local, national, and
international levels. Adaptation strategies focused on building
resilience, improving infrastructure, and diversifying livelihoods can
help communities cope with climate impacts and reduce displacement
pressures. Additionally, global cooperation on mitigation efforts to
reduce greenhouse gas emissions is essential to limit future climate-
related migration and protect vulnerable populations. Supporting
climate migrants with adequate protection, assistance, and access to
rights is crucial for ensuring human dignity and social justice amidst a

changing climate.

5.2.6 Migration caused by environmental disasters

In areas prone to environmental disasters such as coastal and
seismic zones, serious environmental disaster events often result in
large-scale casualties and resource losses, such as bank collapses,
landslides, ground collapses, mining area collapses, mudslides,
storm surges, mountain collapses, tsunamis, floods and droughts.
To avoid risk and to preserves their life and economic security, the
residents move out of these disaster areas to seek shelter. As early as
2002, Myers claimed that hundreds of thousands of “environmental
refugees” could eventually be at risk of displacement due to direct or
indirect environmental problems (Myers, 2002). In response to the
increasingly severe drought situation, the government of the Ningxia
Hui Autonomous Region in China started a migration and
relocation project. From 1983 to the present, the migration and
relocation project in Ningxia, China, has undergone three phases
with a total of 1.11 million migrants (Chen, 2012). In contrast, the
megadrought event in 2010 in Southwest China did not induce
extraordinarily large-scale migration activities. The results of the
“climate change-population migration response” framework model
show that local governments, village collectives and farm households
have taken diverse adaptation measures so that migration activities
are not a necessary choice for farm household members (Yu et al,
2011). Extreme and sudden environmental changes have increased
the frequency of floods, storms, and other natural disasters in coastal
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areas, with densely populated and economically underdeveloped
areas at greater risk, such as large deltas and some island nations in
Asia and Africa. During June 3-20, 2011, heavy rains and floods in
southern China affected approximately 36.57 million people and
caused approximately 1.642 million people to be relocated (Shaojun,
2012). In view of the frequent occurrence of environmental disasters
worldwide, Wang Haibao provided a decision-making basis for the
further optimization of disaster-avoidance migration programs by
constructing an evaluation model for disaster-avoidance migration
planning and implementation (Wang Haibao, 2016). According to a
Chexi Lake Financial Services
Anhui the
rationalization of resettlement locations, resettlement targets and

survey conducted by the
Administration in Huoqiu County, Province,
subsidy policies has the most significant positive effect on
resettlement, and the government should take measures to
encourage farmers to resettle to promote the change from
“resettlement by disaster” to “resettlement by danger" (Wang
et al., 2020).

An empirical study by Asif Ishtiaque found that 18.43% of
rural—urban migrants in Dhaka, the capital city of Bangladesh, were
caused by disasters and concluded that disaster-induced income
decline was the main reason for their migration. The income of
migrants affected by riverbank erosion fell by 89%, while the income
of those affected by flooding fell by 70% (Ishtiaque and Nazem,
2017). Robert identified six possible thresholds for environmental
adaptation and migration processes, although not all environmental
hazards lead to population migration; in his view, specific migration
thresholds need to be reached. For example, the dust storms of the
1930s in the southern Great Plains of the United States and the high
seasonal precipitation in South and Southeast Asia and sub-Saharan
Africa led to migratory movements of people, but more people chose
to stay. The decision to migrate in the face of harsh environmental
hazards is a function of the range of alternative adaptations available
to a given household, which in turn are influenced by a wide range of
cultural, demographic, economic, environmental, political, and
social factors (MclLeman, 2018).

Environmental disasters, including natural and human-induced
events, have become a major cause of migration worldwide. As these
disasters increase in frequency and intensity, they pose significant
threats to human safety, homes, and livelihoods, often forcing
people to relocate either temporarily or permanently. The migration
triggered by environmental disasters highlights the vulnerability of
affected populations, particularly in regions where infrastructure and
emergency response are inadequate. To address this, disaster
preparedness and mitigation strategies must be enhanced, including
improved early warning systems, better urban planning, and more
resilient infrastructure. Additionally, global and local policies must
through  aid,
rehabilitation, and sustainable resettlement programs, ensuring that

focus on supporting displaced populations
migrants have access to necessary services and opportunities to rebuild
their lives. International cooperation is also crucial in managing these
disasters, sharing resources, and providing humanitarian assistance to

affected populations.

5.2.7 Migration caused by environmental
improvement activities

To improve damaged environmental conditions and promote
sustainable environmental

social development, improvement
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activities such as returning farmlands to forests, returning
fisheries to lakes, and releasing the farming surface of rivers,
lakes, and reservoirs have been undertaken. As a result of these
activities, the residents of original settlements must move to new
areas to carry out production activities either actively or passively.
Migration caused by environmental improvement activities can be
explained from the perspective of social vulnerability theory (Guo
Jianping, 2013). Against the background of increasing ecological
protection by the the
vulnerability of farmers increases as a result of the return of

environmental government, social
farmlands to forests, fisheries to lakes, and rivers, lakes, and
reservoirs to aquaculture surfaces, which leads to migration.
China, has

activities as

Gulang County, Gansu Province, conducted

environmental improvement such returning
cultivated land to forest, grazing land to grass and sealing
mountains to forest in key areas, including idle arable land,
house bases and barren mountains and beaches, which has
generated larger-scale migration (Xiaojie, 2021). Some studies
have analyzed the livelihood vulnerability of fishermen from
three perspectives: external shocks and stresses in the livelihood
system of lost-sea fishermen, internal risk resistance in the livelihood
system, and internal and external resilience outcomes. This provides
a theoretical basis for the study of sustainable livelihoods among
dislocated fishermen (Xu Yan, 2017). Guoqing and Chen (2014)
analyzed the triggers of livelihood disruption for fishermen from the
perspective of ideology theory with regard to sustainable livelihood.
They discussed the external support system in terms of policy,
organization and human resources as well as the diversified
of livelihood with
functions and suggested relevant proposals for maintaining the
sustainability of the livelihoods of fishermen who returned
to the lake.

Environmental improvement activities, while primarily

orientation transformation alternative

aimed at restoring and protecting ecosystems, can sometimes
lead to migration. This displacement is often a consequence of
large-scale environmental projects that, although beneficial in the
long term, may disrupt existing communities in the short term.
The
improvement underscores the need for careful planning and

phenomenon of migration due to environmental
consideration of local community needs and rights. Ensuring
participatory decision-making processes and providing fair
compensation and relocation assistance are crucial to prevent
adverse effects on local populations. Moreover, integrating social
impact assessments into environmental planning can help
balance ecological benefits with the wellbeing of affected
communities, ensuring that environmental improvements do

not come at the expense of social equity.

5.3 New insights between environmental
factors and migration

5.3.1 Non-linear relationships

Previous studies often assume linear relationships between
environmental factors (such as temperature, precipitation, or
natural disasters) and migration patterns. However, recent
research suggests that these relationships may be non-linear and
complex. For example, the impact of environmental degradation on
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migration may vary depending on the severity and duration of
environmental changes, as well as the resilience of local
communities (Hoffmann et al., 2020). Understanding these non-
linear relationships is crucial for developing more accurate
predictive models and effective policy interventions.

5.3.2 Multi-dimensional vulnerability

Environmental migration is often portrayed as a direct
consequence of environmental degradation. However, recent
scholarship  highlights  the
vulnerability, which includes not only exposure to environmental

multi-dimensional ~ nature of
risks but also socio-economic factors, political instability, and access
to resources (Ferguson et al, 2020). By adopting a broader
perspective on vulnerability, researchers can better understand
the diverse drivers of migration and design more holistic
adaptation strategies (Schipper, 2020).

5.3.3 Livelihood diversification

Migration is often viewed as a coping strategy in response to
environmental stressors. While this is true in many cases, recent
studies emphasize the importance of livelihood diversification as a
proactive adaptation strategy (Hoffmann, Wiederkehr, Dimitrova
and Hermans, 2022). Rather than viewing migration as a last resort,
communities may engage in various livelihood activities (such as
their
dependence on vulnerable environmental resources and enhance

agriculture, tourism, or entrepreneurship) to reduce

their resilience to future shocks.

5.3.4 Local context and agency

Environmental migration is often portrayed as a passive
response to external environmental pressures. However, recent
research highlights the agency and decision-making processes of
migrants and local communities (De Haas, 2021). Factors such as
social networks, cultural norms, and institutional arrangements play
a crucial role in shaping migration outcomes (De Haas, 2021). By
incorporating a more nuanced understanding of local context and
agency, researchers can better capture the complexities of migration
dynamics and design more contextually relevant interventions.

5.3.5 Feedback loops and feedback effects
Environmental changes can create feedback loops that amplify
migration pressures and exacerbate existing vulnerabilities (Asaka,
2021). For example, climate-induced disasters can lead to
displacement, which in turn can strain receiving communities
2022).
Understanding these feedback loops is essential for predicting
migration patterns and designing effective adaptation and

and exacerbate social tensions (Lenshie et al,

mitigation strategies that address underlying drivers of vulnerability.

By incorporating these insights into research on environmental
migration, scholars can advance our understanding of the complex
interactions between environmental factors and migration
dynamics, ultimately informing more effective policy responses to

environmental change and human mobility.

6 Future research direction

Following research directions have been recommended:
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(1) Multidisciplinary Approaches

Future research should integrate insights from various
disciplines such as environmental science, sociology, economics,
political science, and geography. This multidisciplinary approach
will provide a comprehensive understanding of the complex
interplay between environmental factors and migration patterns.

(2) Longitudinal Studies

There is a need for longitudinal studies that track environmental
migrants over extended periods. Such studies would offer valuable
insights into the long-term impacts of environmental changes on
migration decisions and the socioeconomic outcomes for migrants
and their communities.

(3) Regional and Localized Studies

While global studies provide a broad overview, regional and
localized studies are essential to understand the specific drivers
and impacts of environmental migration in different contexts.
This would include examining how local environmental
conditions, and cultural factors

policies, economic

influence migration.
(4) Climate Change Projections

Future research should incorporate climate change projections
to predict potential hotspots of environmental migration. This
would help in planning and implementing adaptive measures to
mitigate the impacts of future environmental changes on vulnerable
populations.

(5) Policy Impact Analysis

Analyzing the effectiveness of existing policies and frameworks
aimed at managing environmental migration is crucial. Research
should focus on evaluating policy responses at local, national, and
international levels, identifying best practices, and recommending
improvements.

(6) Migration and Urbanization

The relationship between environmental migration and
urbanization needs further exploration. Studies should examine
how environmental migrants integrate into urban areas, the
challenges they face, and the impact of their influx on urban
infrastructure and services.

(7) Social and Cultural Adaptation
Research should delve into the social and cultural adaptation of
environmental migrants in their new locations. Understanding how
migrants maintain their cultural identity and integrate into new
communities can inform policies to facilitate smoother transitions

and social cohesion.

(8) Technological and Data Advancements
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Leveraging advancements in technology and data analytics can
enhance the study of environmental migration. The use of satellite
imagery, GIS, and big data can improve the accuracy of migration
models and provide real-time monitoring of environmental changes
and migration flows.

(9) Ethical Considerations

Future research should address the ethical dimensions of
environmental migration, including the rights of migrants, the
responsibilities of sending and receiving regions, and the
implications of forced versus voluntary migration.

(10) Community-Based Research

Engaging directly with communities affected by environmental
migration can provide valuable grassroots perspectives. Participatory
research methods can empower communities, ensuring that their voices
are heard in academic and policy discussions.

By addressing these future research directions, scholars can
contribute to a more nuanced and holistic understanding of
environmental migration, ultimately informing policies and
practices that better support affected populations.

7 Conclusion

This
environmental migration, synthesizing findings from various

review explored the multifaceted phenomena of

studies to build a comprehensive understanding of how
environmental changes compel migration. We have seen that
factors such as climate change, natural disasters, and resource
depletion act both independently and synergistically to influence
migration patterns. Importantly, the adaptive strategies adopted by
communities and individuals are diverse, often influenced by
socioeconomic, political, and cultural contexts which can either
exacerbate or mitigate the migration pressures. This review
underscores the urgent need for policies that not only address
the immediate impacts of environmental changes but also
incorporate long-term sustainable solutions to assist those
displaced. As the planet continues to face unprecedented
environmental challenges, the integration of environmental
migration considerations into global policy making becomes
indispensable for fostering resilience and securing human
wellbeing in affected regions worldwide. International research
on environmental migration is limited to analyses from the
perspective of problem origins and specific cases and lacks
systematic and comprehensive theories, methods, and macro-
and meso-scale policy and strategy studies. Environmental
migration is a cross-cutting research field that integrates multiple
(e.g.
atmospheric science, meteorology, hydrology, oceanography,

disciplines environmental science and management,
geography, demography, economics, management, sociology,
psychology, agronomy, water engineering) and requires scholars

from different disciplinary backgrounds to join in the research.
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