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Abstract- Climate change is increasingly reshaping human mobility patterns,
particularly in vulnerable coastal regions. This study investigates the spatio-temporal
dimensions of climate-induced migration across coastal South Asia, focusing on areas
most affected by sea-level rise, cyclones, coastal erosion, and salinization. Using a
mixed-methods approach that integrates geospatial analysis, remote sensing data, and
demographic trends from 2000 to 2025, this research maps key migration pathways and
identifies high-risk zones of displacement. The findings reveal a complex interplay
between slow-onset environmental degradation and rapid-onset disasters in driving
both short-term and long-term population movements. Bangladesh’s deltaic zones,
eastern India’s coastal districts, and low-lying parts of Sri Lanka emerge as critical
hotspots. The study also examines destination patterns, highlighting rural-to-urban
migration and the pressure on peri-urban areas. By visualizing these pathways and
identifying socio-environmental tipping points, the research contributes to a more
nuanced understanding of climate mobility and offers actionable insights for adaptive
governance, disaster risk planning, and regional policy frameworks.
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. Introduction

A. Background & Rationale

Coastal South Asia encompassing the low-lying deltas and estuaries of Bangladesh,
India’s Sundarbans, and Pakistan’s Indus Delta has experienced accelerated sea-level
rise and attendant saltwater intrusion over the past four decades. Empirical analyses at
the sub-district level in Bangladesh demonstrate that gradual increases in soil salinity,
rather than episodic flooding alone, have driven significant internal and international
migration as households lose viable cropland and aquaculture opportunities (Chen &
Mueller 2018). Complementary hydrological studies project that, by 2050, riverine
salinity levels in key coastal districts—such as Khulna, Satkhira, Barguna, and
Patuakhali—will exceed thresholds for agriculture and potable water, effectively
eliminating all freshwater zones under moderate emission scenarios (Dasgupta et al.
2014). These environmental stressors exacerbate poverty, undermine food security, and
erode the resilience of agrarian communities, creating powerful “push” factors for
migration.

Concurrently, regional institutions and observers have begun to document the scale of
climate-induced displacement. A February 2025 issue of The Diplomatist by The
Energy and Resources Institute (TERI) reports that over 50 million people in
Bangladesh’s coastal belt have been compelled to relocate due to a combination of
riverbank erosion, tidal surges, and increasingly intense cyclonic events, with

1



NiliZ International Journal for Research Trends in Social Science & Humanities

@ _ Volume 3, Issue 2
\-( Mar-Apr 2025, PP 1-11

projections warning that more than 62 million South Asians could face displacement
by 2050 if current trends persist. The Internal Displacement Monitoring Centre further
quantifies the phenomenon: nearly 61 million new internal displacements were
recorded globally in 2022, of which South Asia accounted for approximately 8.2
million movements—many directly linked to floods, storms, and salinity intrusion in
coastal zones. Together, these findings underscore an urgent need to map and analyze
migration pathways as manifestations of both slow-onset and sudden-onset climate
stressors.

B. Research Aim & Questions

This paper aims to elucidate how coastal climate stressors have reshaped migration

pathways in South Asia over the past two decades. To this end, it addresses two central

research questions:

¢ RQL1: How have migration pathways shifted spatio-temporally in response to sea-
level rise, soil salinity, and related environmental stressors along the South Asian
coastline?

e RQ2: What are the principal environmental drivers and demographic patterns
underlying these climate-induced migration movements?

By answering these questions, the study seeks to advance theoretical understanding of

climate-mobility linkages and to inform policy measures for adaptation and resilient

planning.

C. Scope & Structure of the Paper

Focusing on the period 2000-2022, the analysis covers three emblematic coastal
regions southern Bangladesh (Khulna and Sundarbans), India’s Sundarbans delta, and
Pakistan’s Indus Delta where environmental transformations and displacement
pressures are most acute. Section 11 reviews the literature on physical drivers, migration
responses, and adaptation frameworks. Section Ill outlines the conceptual and
analytical framework, including key definitions, theoretical models, and testable
hypotheses. Section IV describes the study areas and data sources, while Section V
details the spatio-temporal GIS techniques and statistical methods employed. Section
VI presents the results of migration mapping, trend analysis, and demographic
correlations. Section VII discusses the implications for policy and coastal resilience,
and Section V111 concludes with recommendations for cross-border collaboration, data
harmonization, and future research.

Il. Literature Review

A. Physical Drivers of Migration

Coastal South Asia’s low-lying regions are increasingly vulnerable to salinization and
inundation, which operate through both gradual and sudden processes. Riverine salinity
intrusion driven by reduced freshwater flows and sea-level rise has degraded arable
land and freshwater resources in Bangladesh’s southwestern districts (Khulna,
Satkhira) and India’s Sundarbans. Dasgupta et al. (2014) document that between 1973
and 2009, salinity levels in the Gorai River increased by up to 50%, rendering
approximately 20% of formerly productive cropland unsuitable for staple crop
cultivation. This “creeping salinity” not only undermines agricultural livelihoods but
also elevates waterborne disease risks, forcing households to seek alternative income
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sources or migrate altogether. Such slow-onset changes differ fundamentally from
episodic flooding, yet both contribute to long-term community dislocation (Dasgupta
etal. 2014).

In contrast, extreme weather events cyclones, storm surges, and riverbank erosion cause
acute displacement. Chen and Mueller (2018) find that each 0.1-unit increase in soil
electrical conductivity (a proxy for salinity) correlates with a 2.5% increase in
household out-migration rates in coastal Bangladesh, even after controlling for flood
events. Mishra, Bhatia, and Tiwari’s (2020) bias-corrected CMIP6 projections further
indicate that under RCP8.5 scenarios, extreme sea-level events that presently occur
once every 100 years could become decadal by mid-century, increasing both sudden
and compound hazard exposure. Together, gradual salinization and intensifying
extreme events create a continuum of environmental stressors that drive migration as
an adaptive strategy (Chen & Mueller 2018; Mishra, Bhatia & Tiwari 2020).

B. Migration Responses in Coastal South Asia

As environmental pressures mount, empirical studies reveal diverse migration
responses across Bangladesh, India, and Pakistan. Siddiqui and Hossain (2020) analyze
household-survey data from coastal Bangladesh and find that roughly 18% of
households reported temporary migration (seasonal work in urban centers) due to crop
failures linked to salinity, while 7% undertook permanent relocation between 2010 and
2018. The 2023 systematic review in Climate corroborates these patterns, noting a
rising trend of multi-destination migration: households initially relocate to peri-urban
fringes before eventual settlement in major cities such as Dhaka, Kolkata, or Karachi
(Climate 2023). In Pakistan’s Sindh province, similar patterns emerge: river erosion
along the Indus displaces agrarian communities, who move first to nearby towns and
later to Karachi’s informal settlements, straining urban infrastructure and social
services (Siddiqui & Hossain 2020; Climate 2023).

Gendered dimensions of migration further complicate these responses. Bhatta et al.
(2023) emphasize that female—headed households exhibit distinct decision-making
processes: lacking male labor for agricultural adaptation, these households often choose
earlier migration to secure remittance-earning opportunities, but face greater
vulnerabilities in host communities due to limited social networks and lower access to
formal employment. Conversely, male-dominated households may delay migration by
diversifying livelihoods locally (e.g., salt harvesting, shrimp aquaculture) but incur
higher long-term health and economic risks. Thus, gender interacts with environmental
stressors to shape distinct mobility trajectories (Bhatta et al. 2023).

C. Spatio-Temporal Methodologies

Advances in geospatial analysis have enabled more precise mapping of migration
pathways. Reimann et al. (2023) employ multi-decadal Landsat imagery and census
data to construct hotspot maps of coastal Bangladesh, revealing inland migration
corridors that shift approximately 15-20 km per decade away from the emergent
salinity front. Similarly, Robinson, Dilkina, and Moreno-Cruz (2019) develop an agent-
based model combining demographic data and projected sea-level rise, which predicts
that by 2035, roughly 5.6 million coastal residents in South Asia will have relocated
more than 30 km inland. Temporal clustering of high-migration years aligns closely
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with anomalous salinity spikes and cyclone landfalls, demonstrating the interplay of
slow-onset and shock events in shaping spatio-temporal patterns of mobility (Reimann
et al. 2023; Robinson et al. 2019).

Scenario modelling using CMIP6 projections further enriches this analysis. Mishra,
Bhatia, and Tiwari (2020) apply bias-correction techniques to downscale global climate
models for regional application, enabling simulations of soil salinity and flood extents
under RCP4.5 and RCP8.5. Their results suggest that by 2050, under a high-emission
trajectory, up to 30% of current mangrove areas in the Sundarbans will transition to
open water or hypersaline mudflats, propelling a pulse of migration toward higher-
elevation districts. Integrating these projections with demographic models allows
researchers to forecast not only the scale but also the temporal sequencing and
destination choices of future migrants (Mishra, Bhatia & Tiwari 2020).

D. Policy & Adaptation Frameworks

To mitigate climate-driven displacement, national authorities have developed
comprehensive action plans. India’s National Action Plan on Climate Change (NAPCC
2008) articulates objectives for coastal zone management, including afforestation of
mangrove belts, early-warning systems, and community-based disaster risk reduction.
However, it lacks explicit provisions for planned relocation or migration assistance,
creating policy gaps when displacement becomes inevitable. Bangladesh’s Climate
Change Strategy and Action Plan (BCCSAP 2009) is more progressive, endorsing pilot
projects for “floating agriculture” and resettlement schemes, yet funding shortfalls and
institutional fragmentation have hindered large-scale implementation (NAPCC 2008;
BCCSAP 2009).

At the regional level, the United Nations Economic and Social Commission for Asia
and the Pacific (ESCAP) has produced a series of guidelines (2017, 2020, 2024)
advocating for a “migration-as-adaptation” paradigm, which reframes mobility not as
failure but as a resilience pathway. ESCAP’s 2024 report emphasizes cross-border labor
mobility frameworks and data harmonization among South Asian Association for
Regional Cooperation (SAARC) states. The International Organization for Migration’s
World Migration Report 2020 further underscores the need for integrating migration
considerations into National Adaptation Plans, including establishing migration
observatories and strengthening social protection nets for displaced populations
(ESCAP 2017, 2020, 2024; IOM 2020).

This review synthesizes the multifaceted drivers, responses, analytical tools, and policy
frameworks pertinent to climate-induced migration in coastal South Asia, laying the
groundwork for the spatio-temporal analysis that follows.

I11. Conceptual & Analytical Framework

A. Key Definitions

e  Climate-induced migration refers to the movement of people driven predominantly
by climate-related stressors such as sea-level rise, salinity intrusion, and extreme
weather events rather than by economic or political causes (IOM 2020).
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e A spatio-temporal pathway denotes the trajectory and timing of population
movements, capturing both the geographic routes (origin to destination) and the
sequence of displacement or relocation events over time. Analyzing these
pathways reveals patterns such as inland shifts, return migrations, or onward
movements.

e Displacement vs. planned migration distinguishes between involuntary, often
sudden relocations triggered by acute hazards (e.g., cyclones, floods) and voluntary
or semi-voluntary moves organized as adaptive strategies (e.g., seasonal labor
migration, government-facilitated resettlement) (I0M 2020).

B. Theoretical Models

1. Mobility as Adaptation

The International Organization for Migration (IOM 2020) articulates mobility as a
deliberate adaptation strategy, whereby individuals and households employ migration
temporary or permanent as a means to diversify livelihoods, access resources, and
reduce exposure to climate risks. Under this model, migration is not a failure of
adaptation but a form of resilience, with communities calibrating their movements in
response to both slow-onset stressors (salinity, land subsidence) and acute shocks
(cyclones, storm surges).

2. Spatial Feedback Loops between Policy and Movement

Reimann et al. (2023) introduce a spatial feedback framework in which adaptation
policies and infrastructure interventions such as embankment construction, mangrove
restoration, or planned relocation schemes alter hazard exposure and resource
availability, which in turn reshape migration pathways. For example, the establishment
of cyclone shelters and improved dikes may locally reduce out-migration, while
inadvertently intensifying pressure on adjacent, unprotected areas, generating
secondary displacement “hotspots” through a feedback loop of policy intervention and
human mobility.

C. Hypotheses

Based on the above definitions and theoretical perspectives, this study tests the

following hypotheses:

e Hi: Areas experiencing higher increases in soil salinity exhibit proportionally
greater out-migration rates, as saline intrusion undermines agricultural viability
and water security (Dasgupta et al. 2014).

e  Ha: Migration pathways in coastal South Asia have shifted increasingly inland over
the past two decades, reflecting both gradual encroachment of salinity fronts and
the cumulative impact of recurring extreme events (Chen & Mueller 2018;
Robinson et al. 2019).

e Hs: Women-headed households display distinct spatio-temporal migration patterns
characterized by shorter initial relocation distances but longer overall durations of
displacement due to gendered constraints on labor opportunities and social
networks (Bhatta et al. 2023).

This framework integrates clear definitions, robust theoretical models, and empirically

driven hypotheses to guide the subsequent spatio-temporal analysis of climate-induced

migration in coastal South Asia.
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IV. Study Area & Data Sources

A. Geographical Scope

This study concentrates on three critically vulnerable coastal regions in South Asia,
each characterized by a combination of low-lying terrain, dense populations, and
mounting climate pressures. In Bangladesh, the southwestern districts of Khulna and
Satkhira form part of the Ganges—Brahmaputra—Meghna delta, where tidal inundation
and salinity intrusion have repeatedly displaced rural communities. India’s Sundarbans
delta shared between West Bengal and adjoining districts of Gujarat serves as a
comparative case of mangrove buffer loss and salinity-induced agricultural decline. In
Pakistan, the lower Indus Delta in Sindh province exhibits similar patterns of riverbank
erosion and saltwater encroachment, particularly around Thatta and Badin. Together,
these areas illustrate the geographic and socio-economic heterogeneity of coastal South
Asia while providing a coherent basis for spatio-temporal migration analysis.

B. Environmental & Demographic Context

Salinity intrusion maps derived from river-water quality measurements and satellite
imagery indicate that between 1973 and 2009, electrical conductivity levels in major
waterways across these regions rose by up to 50%, rendering large swaths of
agricultural land unproductive (Dasgupta et al. 2014). In Khulna and Satkhira, average
soil salinity now exceeds 4 dS/m well above the threshold for many staple crops while
similar trends are observed in the Sundarbans and lower Indus floodplains.
Concurrently, rapid urbanization has reshaped demographic patterns: TERI’s 2024
assessment reports that coastal urban centers in these areas have grown at an annual
rate of 3-4%, driven in part by climate-induced rural-to-urban migration. This duality
of environmental degradation and urban expansion underscores the need for integrated
analysis of hazard exposure and population dynamics.

C. Data Assemblage

e Climate projections: We utilize bias-corrected CMIP6 datasets downscaled for
South Asia (Mishra, Bhatia & Tiwari 2020) to model future salinity scenarios and
sea-level rise under RCP4.5 and RCP8.5 trajectories. These projections inform
spatial overlays of projected hazard zones.

e Displacement records: Internal Displacement Monitoring Centre (2022) provides
block-level estimates of disaster-related displacements from 2000 to 2022, while
ActionAid Bangladesh’s 2021 report offers qualitative case studies of household
relocations and adaptation measures. Together, these sources quantify both the
scale and character of past migration events.

e Survey data: Household-level surveys conducted by Siddiqui and Hossain (2020)
in Bangladesh and by Bhatta et al. (2023) across the three study regions supply
micro-level insights into migration drivers, gendered decision-making, and
destination choices. These surveys capture seasonal, temporary, and permanent
migration patterns, enabling correlation with environmental indicators.

By combining multi-decadal environmental data, displacement records, and detailed

household surveys, this study establishes a robust empirical foundation for mapping

climate-induced migration pathways across coastal South Asia.

V. Methodology
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Spatio-Temporal Analysis Techniques
1. GIS Mapping of Salinity Change vs. Out-Migration Origin Points

Salinity data for 2000, 2010, and 2020 are digitized from hydrological surveys and
satellite-derived soil electrical conductivity layers (Dasgupta et al. 2014). Using
ArcGIS Pro, we overlay salinity-change rasters with geocoded origin points of out-
migrating households obtained from IDMC displacement records (IDMC 2022). Kernel
density estimation highlights “hotspots” where rapid salinization coincides with
elevated migration incidence. Spatial autocorrelation metrics (Moran’s 1) assess
clustering of migration relative to salinity gradients.

2. Time-Series Trend Analysis (2000-2022) of Migration Flows

Annual displacement counts for each coastal district are compiled from the Internal
Displacement Monitoring Centre and ActionAid reports (ActionAid 2021). We apply
Mann—Kendall tests to detect monotonic trends and Sen’s slope estimator to quantify
the rate of change in migration flows over time. Seasonal decomposition isolates
periodic (e.g., monsoon-related) spikes from long-term upward trends.

B. Statistical Correlation & Regression

To quantify the relationship between environmental stressors and migration intensity,
we construct panel datasets at the district-year level. Independent variables include
mean annual soil salinity, sea-level anomaly (NOAA tide gauge records), and cyclone
frequency. The dependent variable is the per-capita out-migration rate. Fixed-effects
regression models control for unobserved district heterogeneity, while robust standard
errors account for temporal autocorrelation. Model specification follows Chen and
Mueller (2018), testing whether a 0.1-unit increase in salinity corresponds to a
statistically significant rise in migration rates.

C. Scenario Modelling

Using bias-corrected CMIP6 projections (Mishra, Bhatia & Tiwari 2020), we simulate
salinity and inundation extents under RCP4.5 and RCP8.5 for mid-century (2040—
2060). Agent-based modelling adapted from Robinson, Dilkina & Moreno-Cruz (2019)
projects migration pathways by assigning migration propensity scores to synthetic
households based on environmental and socio-economic thresholds. Comparative runs
under low- and high-emission scenarios reveal potential divergence in future migration
corridors, informing adaptive planning for coastal resilience.

V1. Results

A. Spatial Patterns

Hotspot analysis reveals pronounced clusters of out-migration along salinity-affected
coastlines. In Bangladesh’s Khulna and Satkhira districts, high-density migration
corridors extend 20-30 km inland from areas where soil salinity rose by over 0.5 dS/m
between 2000 and 2020. Similar inland “striping” appears in India’s Sundarbans and
Pakistan’s lower Indus Delta. These patterns align closely with multi-decadal Landsat-
derived salinity maps, confirming that migration intensity is spatially co-located with
zones of accelerated salinization.
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B. Temporal Trends

Time-series analysis indicates a statistically significant upward trend in annual
migration flows (Sen’s slope = +2,350 households/year, p < 0.01) from 2000 to 2022,
punctuated by sharp peaks following extreme salinity events. For instance, the 2009
salinity spike in Khulna corresponded with a 28% year-over-year increase in out-
migration, while similar spikes in 2014 and 2018 generated 24% and 32% surges
respectively. These findings corroborate Chen & Mueller’s (2018) salinity—migration
linkage and mirror IDMC’s documentation of displacement spikes after environmental
shocks.

C. Driver-Pathway Linkages

Regression models demonstrate that each 0.1 dS/m increase in mean annual soil salinity
is associated with a 3.1% rise in district-level migration rates (p < 0.05), even when
controlling for flood frequency. Conversely, districts experiencing acute flood events
show migration peaks that are more temporally concentrated but geographically
dispersed. This distinction underscores a dual pathway: slow-onset salinity drives
sustained, corridor-like migration, whereas sudden floods trigger short-term,
widespread displacement.

D. Gendered & Socioeconomic Variations

Household survey data reveal that women-headed households migrate earlier and to
nearer destinations averaging 18 km from origin compared to 25 km for male-headed
counterparts. However, women’s durations of displacement are 14% longer on average,
reflecting constrained livelihood options and weaker social networks at destinations.
These nuances highlight the importance of gender-sensitive policy interventions in
climate adaptation planning.

VII. Discussion

A. Synthesis with Existing Literature

The strong positive correlation between soil salinity and out-migration rates reaffirmed
by our regression models aligns closely with Chen & Mueller’s (2018) findings that
each 0.1-unit increase in salinity significantly elevates household migration propensity.
Moreover, the spatial mapping of inland “striping” migration corridors corroborates
Robinson et al.’s (2019) agent-based projections of systematic rerouting away from
emergent salinity fronts, providing empirical confirmation of their modeled pathways.

B. Policy Relevance

Despite these clear patterns, national policy frameworks exhibit critical gaps. India’s
National Action Plan on Climate Change (2008) and Bangladesh’s BCCSAP (2009)
prioritize coastal protection and livelihood diversification but omit comprehensive
provisions for planned relocation or migration assistance. Regional governance
instruments, such as ESCAP’s Asia-Pacific Migration Reports (2020, 2024), advocate
for “migration-as-adaptation” approaches and data harmonization across borders, yet
implementation remains uneven among SAARC member states.

C. Implications for Adaptation



NiliZ International Journal for Research Trends in Social Science & Humanities

@ _ Volume 3, Issue 2
\-( Mar-Apr 2025, PP 1-11

These findings underscore the necessity of integrating migration into coastal resilience
planning. The IOM’s Mobility as Adaptation paradigm (2020) recommends
incorporating migration corridors into adaptation strategies, establishing legal
safeguards, and strengthening social protection for displaced households. Adopting
such frameworks would enable proactive, rights-based approaches to manage the dual
challenges of slow-onset salinity and acute climate shocks in South Asia’s coastal
zones.

VIII. Conclusions & Recommendations

A. Key Findings Recap

This study mapped clear spatio-temporal shifts in migration pathways, with households
relocating progressively further inland in response to rising soil salinity and episodic
flood events. Regression analyses confirmed that each 0.1 dS/m increase in salinity
correlates with a significant rise in out-migration rates, while hotspot mapping revealed
corridor-like movements aligned with emergent salinity fronts (Chen & Mueller 2018;
Robinson et al. 2019). Policy reviews identified that existing frameworks India’s
NAPCC (2008) and Bangladesh’s BCCSAP (2009) prioritize coastal protection but
lack comprehensive mechanisms for planned relocation or migration assistance.

B. Practical Recommendations

o Develop cross-border migration corridors with legal safeguards: Institutionalize
bilateral and multilateral agreements among Bangladesh, India, and Pakistan to
facilitate orderly, rights-based relocation for climate-displaced households,
drawing on ESCAP’s “migration-as-adaptation” guidelines (ESCAP 2024) .

e Enhance data sharing: Establish a regional migration observatory to harmonize
displacement and environmental data, enabling coordinated policy responses.
Leverage IOM’s Mobility as Adaptation framework to integrate migration metrics
into National Adaptation Plans (IOM 2020).

C. Limitations & Future Research

This analysis relies on formal displacement records and household surveys, which
underrepresent informal, circular, and cross-border movements. Future research should
incorporate high-resolution, longitudinal household panel surveys and mobile-phone—
derived movement data to capture the full spectrum of climate-induced mobility in
coastal South Asia.
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