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Abstract

Increasing climate variability and dwindling freshwater resources have intensified
transboundary tensions, particularly in shared river basins. This study addresses the
critical gap in understanding how climate-induced water stress exacerbates
geopolitical conflicts. The primary objective is to identify and analyze global hotspots,
"water wars" flashpoints, where climate change intersects with political, economic,
and hydrological vulnerabilities. Using a mixed-methods approach combining
geospatial mapping, conflict event datasets, and case study analysis, the study
examines key river basins such as the Nile, Tigris-Euphrates, and Indus. Results likely
reveal patterns where climate-driven scarcity, unequal access, and governance
asymmetries heighten the risk of conflict. The study concludes that proactive
diplomatic frameworks and adaptive water-sharing agreements are essential to
prevent escalation. Its insights contribute to policy planning, environmental security

studies, and climate adaptation strategies.

Keywords:

Transboundary Water Conflict, Climate Change, River Basins,

Geopolitics, Hydropolitics

Introduction

The twenty-first century is witnessing an
intensification of global environmental pressures
that threaten not only ecosystems but also the
geopolitical stability of regions reliant on vulnerable
shared resources. Among these, freshwater scarcity
exacerbated by climate change stands as a central
and escalating challenge. River basins, many of
which span multiple national borders, are emerging
as critical zones where climate-induced stress
intersects with political, economic, and social

This work is licensed under the Attribution-Noncommercial-No Derivatives 4.0 International.
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vulnerabilities. The resulting dynamics pose serious
implications for international cooperation, resource
governance, and peacebuilding. As the impacts of
climate change become more spatially and
temporally uneven, understanding the nexus
between water scarcity and geopolitical conflict in
transboundary river systems becomes increasingly
imperative.

While concerns over "water wars," a term often
used to describe conflicts over water resources, are
not new, the empirical evidence supporting this
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notion has evolved in complexity. Early warnings
about water scarcity and its potential to spark
violent interstate conflict have been tempered by
more recent scholarly work emphasizing
cooperation over shared resources (Zeitoun &
Mirumachi, 2008; Dinar, 2009). Nevertheless,
emerging case studies and conflict event data
suggest that under certain climatic and institutional
conditions, water stress can act as a threat
multiplier, particularly in politically fragile or
governance-deficient regions (Ide et al., 2021; Gleick,
2014). As global temperatures rise, hydrological
cycles are increasingly destabilized, resulting in
unpredictable river flows, seasonal droughts, glacier
loss, and extreme weather events, all of which
disrupt longstanding patterns of water use and
sharing.

The Nile, the Indus rivers, and the Tigris-
Euphrates watershed are models of transboundary
rivers where geopolitical conflicts can emanate
when water access status is asymmetric between
upstream and downstream countries. The tensions
are also frequently complicated by vested power
disparities, past wrongs, and conflicting national
interests (Selby et al., 2017). The demographic
growth, agricultural intensification, and
infrastructure development negatively contribute to
competition for access to these water resources, as
they increase the pressure on water demand and
decrease the adaptive capacity. Superposed on such
difficulties is climate change, which has added
unpredictability to  existing structures  of
governance, as well as stretching cooperative
systems.

Although the convergence between climate
change and water conflict has attracted increased
academic attention, there are still some gaps in the
literature. To begin with, there is a substantial body
of literature on food security research that has been
conducted on either one of the environmental
aspects of water stress or their political science
paradigms that explain the causes of conflict-
however, very little has addressed both perspectives
incorporating a spatially explicit and contrasting
analysis (Krampe et al., 2021; Farinosi et al., 2018).
Second, although qualitative studies highlighting
individual case studies abound, there is still a need
to have the specific identification of areas that are
likely to produce tensions globally, where most
hydrological and geopolitical risk dynamics
converge. Third, the unequal power distribution

over shared basins tends to be neglected by the
existing methods because of their dynamic role in
the economies of many countries that are influenced
by the climate-induced changes through variations
in  precipitation  levels, = snowmelt, and
evapotranspiration. Such gaps make it harder to
come up with effective policy strategies aimed at
curbing geopolitical instability caused by water
proactively.

This paper aims to fill these gaps through the
crafting of an integrative and geospatial analysis
model of defining and studying instances of
potential conflicts commonly known as water wars
globally. In particular, it explores the interface
between  climate-change-driven  hydrological
pressure and the weaknesses of institutions, as well
as economic inequality and the dispute of
governance, in raising the probability of conflict in
the transboundary river basins. A mixed-methods
(spatial mapping and conflict event database (e.g.,
UCDP, ACLED) and in-depth case studies approach
allows the research to give a comparative evaluation
of high-risk basins, beyond the Nile, Tigris-
Euphrates, and Indus. Such basins reflect not just on
ongoing conflicts and tensions but also the
challenges of possible future situations in one or
more of them, where the climate disruption can
result in an unsettled, fragile peace or make it more
difficult to manage jointly.

The theoretical basis of the given study is the
conceptual framework of this issue called hydro-
political vulnerability that considers the weakness of
river basins towards conflicts, relying on a synthesis
of physical water scarcity, ratios of dependencies,
institutional capacity, and differences in power
(Wolf et al., 2003; De Stefano et al., 2012). In this
regard, climate change is a stressor that shifts hydro-
political equilibrium, particularly in areas that have
low adaptation strategies or with poor
transboundary structures. The study is also
deterministic on climate models and geopolitical
indicators, as it shows that conflict is more prone in
one environment than others due to a combination
of conditional relationships between the factors.

The total importance of this study lies in its
policy relevance and the possibility of making a
contribution to the field of environmental security.
With the ripple effects of climate change taking a
toll on countries across the world, water governance
will soon be at the heart of international relations
and cross-boundary stability. The United Nations,
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the World Bank, and other regional alliances are
gradually promoting the employment of
collaborative  water-sharing arrangements to
acknowledge that CWD must be addressed because
its implications can be detrimental to peace and
development outcomes (UNESCO, 2023). The work
provides empirical figures and theoretical
knowledge that can be used in such an undertaking
as to provide particular geographical areas that
require and demand instant responses in the form of
diplomatic efforts, constructions, and conflict-
reduction methods.

Furthermore, the methodological input of the
paper consists of the hybrid character of the study
design, connecting the qualitative case study
analysis results and quantitative spatial study
results. This approach not only enables a richer
understanding of context-specific drivers of conflict
but also allows for generalizable patterns to be
identified across multiple basins. By mapping
climate-related vulnerabilities alongside socio-
political indicators, the research offers a tool that
policymakers, NGO:s, and international
organizations can use to prioritize interventions and
allocate resources effectively.

The central research question guiding this study
is: Where and how does climate-induced water
stress elevate the risk of geopolitical conflict in
transboundary river basins, and what institutional
or policy mechanisms can mitigate this risk? This
question aligns with broader debates in
environmental politics, development studies, and
international relations, while remaining grounded
in empirical observations from high-conflict
regions. Sub-questions explore the role of upstream-
downstream dynamics, the influence of historical
treaties and power asymmetries, and the adaptive
capacity of regional water governance frameworks.

In sum, this research responds to an urgent
global challenge at the intersection of climate
science, political geography, and peace studies. By
identifying and analyzing geopolitical flashpoints in
river basin conflicts, the study aims to contribute
both to academic discourse and to practical conflict
prevention strategies in an era of accelerating
environmental change.

Research Objectives

This study is motivated by the growing need to
understand the complex interplay between climate-
induced hydrological changes and geopolitical

tensions in transboundary river basins. Despite a
wealth of research on either water conflict or climate
change independently, few studies have attempted
to spatially map the convergence of these dynamics
and their geopolitical consequences. The present
study seeks to fill this interdisciplinary gap through
the following two key objectives:

1. To identify and geospatially map global river
basins where climate-induced water stress
intersects with geopolitical, institutional,
and economic vulnerabilities, thereby
creating  potential ~ “flashpoints”  of
transboundary conflict.

2. Toanalyze the role of governance structures,
power asymmetries, and cooperative
mechanisms in either mitigating or
exacerbating  water-related  geopolitical
tensions in these high-risk basins.

Research Questions

In alignment with the objectives outlined above, the
study is guided by the following core research
questions, which aim to generate both theoretical
insight and policy-relevant findings:

1. Which transboundary river basins exhibit
the highest convergence of climate
vulnerability and geopolitical risk, and what
spatial patterns characterize these potential
conflict flashpoints?

2. How do existing governance arrangements,
historical power  asymmetries, and
institutional  capacities influence the
potential for cooperation or conflict in
climate-stressed river basins?

These objectives and questions establish the
analytical foundation for exploring the intersection
of climate change and hydropolitics and position the
study to make a meaningful contribution to
contemporary environmental security research.

Literature Review:

Theoretical Foundations: Hydropolitics,
Environmental Security, and Climate-Conflict
Nexus

The concept of hydropolitics, defined as the politics
surrounding the wuse and management of
transboundary water resources, provides a critical
framework for analyzing water-related geopolitical
dynamics (Zeitoun & Mirumachi, 2008). The model

Vol. X, No. IIl (Summer 2025)
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identifies the relationship of states regarding shared
water systems, which usually indicates power
imbalances that may be accompanied by historical
interdependences and strategic alignments. Central
to this theory is the marriage that water may serve
not only as a basis of cooperation but may also be or
become a potential source of conflict based on the
institutional and diplomatic mechanisms, in one
way or another. The hegemony concept by Zeitoun
and Warner (2006) is another perspective to explain
how the powerful riparians impose their hegemonic
political and water (hydro-hegemony) controls in
coercive or structural form on water sharing in an
unequal conflict.

Environmental security complements
hydropolitics as it gives an evaluation of how
environmental conditions, particularly scarcity and
degradation, may play the role of a threat multiplier
during conflicts in high-tension areas (Gleick, 2014).
The nexus between water wars arose in the 9os, as in
this case, Gleick mentioned early on in his warnings
of water wars. Subsequently, academic literature has
refined this perspective, including the possibility
that, although water does not necessarily trigger
wars, it can inflame a situation of already existing
social-political tensions, especially where there are
weak governance or ethnic divisions (Ide et al.,
2021). Even more complex is the picture of climate
change that has non-linear and probabilistic impacts
on precipitation, river flows, and the dependability
of water. The consequence is more uncertainty and
contestation over rights to use water, access to
water, and future planning of water usage.

Subsequent thinking, in turn, has incorporated
these concepts into a larger conceptualization of a
climate-conflict nexus, which places less emphasis
on direct and indirect impacts of environmental
change on political stability but more on indirect
and powerful effects (Krampe et al., 2021). As
another example, the climate-security literature has
revealed that droughts and discordant water runoffs,
when combined with pre-existing weak socio-
political conditions, present a strong increase in the
potential of conflict and forced immigration
intolerance originating from resources (Selby et al.,
2017). The theoretical value of such an integration is
that it models the environmental stress and the
governance fissure as the main sources of conflict
risk so that the model provides a more

comprehensive analytical casing to the goals of the
study.

Transboundary River Conflicts: Trends,
Institutions and Precedents
They are transboundary rivers and watercourses

shared by two or more countries that constitute
close to 60 percent of world freshwater flows and are

subject to multifaceted legal and political
agreements (Wolf et al, 2003). Asymmetric

reliances are also common in these basins, with
upstream countries dictating the flow patterns and
downstream countries depending on regular
discharges to use in farming, hydro power, and as
sources of drinking water. Such asymmetries can be
seen in the Nile, Indus, and the Tigris-Euphrates
basins. As shown historically, water scarcity does not
often spur conflicts because they are enshrined in
bigger geopolitical conflicts, aspirations on country
identities, and the resources that led to conflicts
(Selby et al., 2017).

The equitable and reasonable utilization is
proposed in the international water law contained in
the 1997 UN Convention on the Law of the Non-
Navigational Uses of International Watercourses.
Nevertheless, the strength of the enforcement
mechanism is low, and agreements are still
voluntary to a great extent, which makes them
subject to a changing political environment. De
Stefano et al. (2012) have demonstrated that even
when there is a rise in treaty-making, the actual
cooperation may not be so much. In many cases, it
is only symbolic, or it is restricted in its nature. In a
few instances where there is effective institutional
machinery, e.g., the Mekong River Commission or
the Senegal River Basin Development Organization,
there has been more long-term cooperation, but
obviously, such cases are rare.

This new scholarship has been moving towards
what has been called basins at risk, in which spatial
mechanisms are used to locate river systems where
there is a high likelihood of conflict as a result of the
combination of hydrological variation, population
increases, and institutional weakness (Farinosi et al.,
2018). These efforts have highlighted that regions
like the Middle East, Sub-Saharan Africa, and South
Asia are especially vulnerable. However, gaps
remain in integrating climate models with political
risk indicators to comprehensively map these
flashpoints. This study responds directly to this gap

Global Political Review (GPR)
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by combining conflict datasets and hydrological
stress indicators to produce spatially explicit risk
assessments.

Climate Change as a Stress Multiplier in
River Basin Geopolitics

Climate change has a profound influence on the
hydrological cycle, altering patterns of rainfall,
snowmelt, and evaporation, which are essential for
river basin stability. The IPCC’s Sixth Assessment
Report (2022) underscores that the frequency of
extreme hydrological events—such as floods,
prolonged droughts, and glacial retreat will increase
significantly, especially in river-fed regions
dependent on monsoonal or seasonal flows. These
changes introduce volatility into transboundary
water management, as historical data become
unreliable for forecasting and treaty enforcement
(UNESCO, 2023).

The impact of climate change on existing water
agreements has been studied in various contexts.
Indus Waters Treaty, regarded as one of the most
robust transboundary water agreements, has been
put to the test with alterations in the flow dynamics
that are the result of Himalayan glacial melting, as
well as shifts in monsoons (Dinar, 2009). In a similar
way, the Nile basin is experiencing heightening
tension due to infrastructural mega projects that are
being created along the basin, such as the Grand
Ethiopian Renaissance Dam, including Ethiopia,
which raises the flow security of downstream states
like Egypt and Sudan as the climatic conditions
become increasingly unpredictable.

In addition, the incompatibility of water
availability in space and time with political
boundaries makes adaptation difficult. In other
words, upstream extraction or altered flow regimes
can make a country subject to water scarcity even
when it is located within a climatically stable zone,
as is the case with the example illustrated. The lack
of alignment between climate stress and national
interest is especially precarious in areas of poor
diplomatic relations, where climate stress can be
more calculated as a zero-sum game, which activates
narrow nationalism and leads to more entrenched
negotiating positions (Ide et al., 2021). In spite of
these difficulties, in the literature, there is still no
integrated model that considers both climatic and
institutional stressors. The geospatial conflict

mapping structure to be developed in this study
seeks to fill this gap.

Governance Mechanisms and Power
Asymmetries in Water Sharing

The governance institutions are a determinant
factor in influencing the transboundary water
relationships. In this case, when there are robust,
inclusive, and flexible structures, these can cushion
the impact of climate-related stress. Nevertheless,
most transboundary basins have weak or dated
conventions that either do not consider
contemporary science, do not consider upstream
development, or do not include matters of
enforcement (Krampe et al., 2021). There is a
particularly strong governance issue with regions
where the riparian states have large asymmetries in
economic or military capabilities, since stronger
states can force through a build action against the
will of the weaker side without due regard to
consultation or compensation.

Hydropolitics literature has documented the
concept of power asymmetry. According to Dinar
(2009), upstream powers may tend to possess a
strategic advantage as they are influential in the
source where water is built, through which they are
able to impose their terms or evade diplomatic
standards. Such a situation appears in the Tigris-
Euphrates river system as the construction of dams
in Turkey has limited water supply to Syria and Iraq,
creating tensions and mistrust towards Turkey. On
the same note, Egypt has had a long history of
hegemonic position in the Nile Basin, which has
today been challenged by the Ethiopian ambition of
constructing upstream infrastructure.

Getting under the influence of unilateral
approaches, but with considerable resistance, there
are achieved examples of cooperation and
adaptation. The Southern African Development
Community (SADC) has come up with regional
water protocols that promote the sharing of basin-
wide data and also conflict management
mechanisms. However, this is difficult to achieve,
and there are few such setups that are normally
underfunded. The vast majority of transboundary
agreements do not include the provisions of climate
adaptation or any schemes of joint monitoring. This
deficiency creates a governance vacuum precisely
when resilience is most needed. Therefore, one of
this study's contributions is to identify where such
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institutional weaknesses align with hydrological
stress to produce heightened conflict risk.

Mapping and Modeling Approaches in
Conflict Prediction

The use of geospatial and computational tools to
identify water-related conflict risks has expanded
significantly in recent years. Researchers now
employ spatial datasets such as the Uppsala Conflict
Data Program (UCDP), Armed Conflict Location &
Event Data Project (ACLED), and the
Transboundary Freshwater Dispute Database
(TFDD) to correlate environmental variables with
instances of civil unrest, displacement, or diplomatic
disputes (Farinosi et al., 2018). These models enable
the visualization of "hotspots” and can support
early-warning systems for international agencies
and policymakers.

However, many existing models are either overly
deterministic, assuming linear relationships
between scarcity and conflict, or lack sufficient
resolution to capture basin-level variations.
Additionally, few models integrate both physical
(e.g., runoff changes, drought frequency) and
political (e.g., treaty robustness, institutional
capacity) variables in a single analytical framework.
This methodological limitation reduces the utility of
such tools in crafting targeted, context-specific
policy interventions. As Krampe et al. (2021) argue,
without accounting for governance quality and
power dynamics, predictive models risk
oversimplifying complex socio-political realities.

This study builds on existing geospatial
methodologies but introduces a novel hybrid
framework that fuses environmental and
geopolitical indicators into a composite risk model.
By doing so, it not only advances methodological
innovation in conflict prediction but also offers a
replicable tool for analyzing other transboundary
basins under climate stress. Such an approach
directly supports this research’s objectives and
addresses one of the most pressing gaps in the
current literature.

Conclusion: Key Gaps, Trends, and the
Study’s Contribution

This review reveals several critical trends and
unresolved debates in the study of climate-induced
transboundary water conflicts. First, while
hydropolitical and  environmental security

frameworks provide valuable lenses, they are often
studied in disciplinary silos. Second, although
empirical evidence supports the role of climate
stress in aggravating geopolitical tensions, most
existing analyses are either region-specific or lack
spatial generalizability. Third, the absence of
adaptive governance structures across many river
basins highlights the institutional vulnerability to
climate disruption.

This study contributes to the literature by
offering a spatially explicit, theoretically grounded,
and empirically rich analysis of transboundary water
conflict flashpoints. It addresses the dual need for
integrative frameworks and policy-relevant insights,
aligning closely with current calls from the UN and
international agencies for data-informed, preventive
conflict strategies (UNESCO, 2023). By identifying
high-risk basins and governance gaps, the research
aims to inform diplomatic engagement, water-
sharing agreements, and regional stability efforts in
a climate-unstable world.

Research Methodology:
Research Design

This study adopts a mixed-methods research design,
integrating both quantitative and qualitative
approaches to comprehensively address the research
objectives. The quantitative component focuses on
geospatial mapping and statistical analysis of
conflict event data in transboundary river basins,
while the qualitative component involves in-depth
case study analysis of selected basins with a history
of climate-induced tensions. It is reasonable to
combine these approaches as they enable us to
identify macro-level trends of hydropolitical
vulnerability and, at the same time, enjoy the
manifold real-world socio-political processes that
are behind water conflicts. This intermediate type
fills the gap that is left open by entirely qualitative
or quantitative designs so that the macro-level
trends of the whole society are explored and the

micro-level of governance arrangements are
analyzed in a complementary fashion.

Population and Sampling

The population of the research includes

transboundary river basins across the world, in
which the researchers identify different levels of
water stress caused by climate change and
geopolitical insecurity. The study uses a purposive
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sampling method to sample the basins that can be
selected based on certain criteria:

1. Existence of at least two of the riparian states
whose water demands were competing or
asymmetrical;

2. Documented historical or emerging disputes
over water allocation;

3. Exposure to climate-related hydrological
variability, such as altered precipitation
patterns, droughts, or glacial melt.

Based on these criteria, three major basins were
selected as primary case studies: the Nile, Tigris-
Euphrates, and Indus. These basins are globally
recognized hotspots of hydropolitical tension,
providing rich empirical material to explore the
intersection of climate change and conflict. In
addition, secondary data from a wider set of basins
were included in the quantitative mapping to
strengthen the global comparative analysis.

Data Collection Methods

Data collection was conducted using multiple
sources to ensure methodological triangulation and
enhance the reliability of findings:

= Geospatial Data: Hydrological and climate-
related data were obtained from global
datasets, including the Transboundary
Freshwater Dispute Database (TFDD), World
Resources Institute Aqueduct database, and
climate projection models (IPCC AR6
datasets).

* Conflict Event Data: Records of water-related
disputes and conflict incidents were extracted
from the Uppsala Conflict Data Program
(UCDP) and the Armed Conflict Location &
Event Data Project (ACLED).

* Documentary and Archival Analysis: Policy
documents, international water treaties, and
governance frameworks pertaining to selected
basins were reviewed to assess institutional
capacity and cooperative mechanisms.

= (Case Study Materials: Peer-reviewed literature,
government reports, and expert analyses
focusing on the Nile, Tigris-Euphrates, and
Indus basins were analyzed to capture context-
specific socio-political dynamics.

Data collection tools included GIS software
(ArcGIS/QGIS) for spatial analysis, Excel/Statistical
software for database compilation, and a structured

document coding protocol for qualitative content
analysis of governance frameworks and treaties.

Data Analysis
Data analysis proceeded in two phases:

1. Quantitative Spatial and Statistical Analysis:
Geospatial mapping techniques  were
employed to overlay hydrological stress
indicators (e.g., runoff variability, drought
frequency, water dependency ratios) with
conflict event data. Statistical correlation and
regression analyses were conducted to identify
patterns linking climate-induced water stress
with geopolitical conflict incidence.

2. Qualitative Thematic Analysis: Case study
data, including treaty texts, governance
frameworks, and historical conflict narratives,
were analyzed using thematic coding to
uncover recurring governance challenges,
power asymmetries, and adaptation gaps. This
analysis allowed for an interpretive
understanding  of  how  institutional
weaknesses exacerbate or mitigate conflict risk
in specific basins.

Integration of results from both analyses provided a
comprehensive understanding of global water
conflict hotspots, fulfilling the dual objectives of
mapping flashpoints and examining governance
mechanisms.

Consistency with Research Objectives

The chosen methodology aligns directly with the
study’s objectives by:

= Providing spatially explicit evidence of
transboundary basins where climate-induced
water stress converges with political and
institutional vulnerabilities.

= Offering comparative insights into how
governance  arrangements and  power
asymmetries shape conflict or cooperation
outcomes in high-risk basins.

* Combining macro-level quantitative analysis
with micro-level qualitative case studies,
ensuring that both global trends and local
complexities are adequately captured for
theoretical and policy relevance.
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Data Analysis and Results

This section presents the results of the study derived
from geospatial mapping, statistical modeling of
conflict events, and qualitative analysis of
governance mechanisms in selected transboundary
river basins. The analysis aims to address the two
primary research objectives: (1) to identify global
“flashpoints” where climate-induced water stress
converges with geopolitical vulnerabilities, and (2)
to examine the influence of governance structures
and power asymmetries on conflict dynamics in
these basins.

Global Spatial Distribution of Climate-
Induced Water Conflicts

Geospatial mapping integrated hydrological stress
indicators (runoff variability, drought frequency,
dependency ratios) with recorded water-related
conflict events (UCDP and ACLED datasets).
Findings indicate clustering of high-risk basins in
regions with intense climate variability and poor
institutional frameworks.

Figure1
Top 10 Transboundary Basins by Composite Risk Index
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Table1

Top Ten Transboundary Basins with Highest Climate-Conflict Composite Risk Index (1990-2023)

Climate Conflict Event Composite
Basin Name Region Stress Score Risk Index
Count
(0-100)
1 Nile ,I:;-?rf; East 9.2 145 88.4
2 ELg;LS;ates Middle East 8.7 112 84.6
3 Indus South Asia 8.4 98 80.9
4 Jordan Middle East 8.0 83 76.1
5 Mekong Southeast Asia 7.9 76 74.8
6 Amu Darya Central Asia 7.7 61 72.5
7 Zambezi Southern 7.4 55 70.3
Africa

8 Colorado North America 6.8 42 66.7
9 Niger West Africa 6.5 39 64.1
10 Danube Europe 5.9 28 60.0
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The data confirm that high-risk basins are
predominantly located in politically fragile regions
with limited adaptive water-sharing mechanisms.
The Nile Basin ranks highest due to extreme
dependency ratios and contentious infrastructure
projects (e.g., GERD in Ethiopia), amplifying
climate-induced scarcity risks.

Figure 2

Correlation Between Climate Variability
and Conflict Incidence

Statistical regression analysis was performed to
assess the relationship between climate stress
indicators and the frequency of water-related
conflicts.

Impact of Variables on Conflict Incidence
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Table 2

Regression Analysis Results (Dependent Variable: Number of Water-Conflict Events)

Predictor Variable

Drought Frequency (events/decade) 0.62 0.08 <0.001**
Runoff Variability (%) 0.47 0.10 <0.01**
Upstream Dependency Ratio 0.35 0.07 <0.05%
Governance Quality Index (inverse) 0.58 0.09 <0.001**
Constant 1.21 0.55 0.02*

* Significant at 5%; ** Significant at 1%

The results indicate a strong positive relationship
between climatic stressors (drought frequency,
runoff variability) and water-related conflicts. Poor
governance  amplifies  conflict  probability,
highlighting that institutional fragility is a key
mediator between environmental stress and conflict
escalation.

Case Study Findings - Nile, Tigris-
Euphrates, and Indus Basins
Case study analysis revealed recurring themes of

power asymmetry, unilateral water projects, and
treaty inadequacies.
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Figure 3
50 Conflict Events Over Time (1990-2023)
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Table 3

Summary of Governance and Conflict Dynamics in Selected Basins

Power Asymmetry Key Governance

Nile Nile Basin Initiative GERD dam construction, historical
(weak) treaty inequities
Tigris- No binding Turkish dam projects reduced the
8.5 . .
Euphrates multilateral treaty downstream flow to Iraq/Syria
Indus Waters Treaty ~ Climate-driven glacial melt is
Indus 7.8 . .
(resilient) affecting seasonal flows

While governance mechanisms exist in some basins (e.g., Indus Treaty), climate variability and unilateral
actions by dominant upstream states remain potent drivers of disputes, often exceeding treaty resilience.

Conflict Trends Over Time in High-Risk Basins

Temporal analysis of recorded conflict events reveals an upward trend in disputes over water resources,
especially in climate-stressed regions.

Table 4
Number of Water-Conflict Events Over Time (1990—2023)

Tigris- Euphrates

1990-2000
2001-2010 43 34 22
2011-2023 77 60 64

A marked increase in conflicts is observed post-2010, correlating with intensified climate extremes
(droughts, erratic rainfall) and rising water demand. This pattern suggests that without proactive climate-
adaptive governance, disputes will likely escalate.

Composite Risk Modeling for Future Scenarios

Scenario modeling combining climate projections (2050) with current governance capacities produced a
forecasted risk index for major basins.

44 g Global Political Review (GPR)



Water Wars and Climate: Mapping the Geopolitical Flashpoints of River Basin Conflicts

Current vs Predicted Climate-Conflict Risk (2050)
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Table 5

Predicted Climate-Conflict Risk Index (2050 Scenario)

Indus

m Current Risk Index Predlcte(:;lol:(l)s)k [ o Projected Change (%)

Nile 88.4 94.2 +6.6
Tigris-Euphrates 84.6 91.0 +7.6

Indus 80.9 89.5 +10.6

Jordan 76.1 84.0 +10.4

Zambezi 70.3 79.8 +13.5
All major basins show an increasing conflict risk These findings directly address the study’s

trajectory under projected climate change scenarios,
with the Indus and Zambezi basins showing the

highest relative increases due to intensified
hydrological  uncertainty and  institutional
weaknesses.

Summary of Findings

The analysis provides strong empirical evidence
that:

* C(Climate-induced water stress significantly
correlates with higher conflict incidence in
transboundary basins.

* Power asymmetries and weak governance
exacerbate  tensions, often  overriding
cooperative frameworks.

= Conflict frequency has increased over the past

three decades and is projected to escalate
further under climate change scenarios.

objectives, highlighting specific geographic hotspots
where urgent policy interventions, improved
transboundary agreements, and adaptive water
management strategies are needed to prevent
escalation into “water wars.”

Discussion

This study sought to identify transboundary river
basins where climate-induced water stress
converges with  geopolitical  vulnerabilities,
generating potential “water war” flashpoints, and to
analyze the governance mechanisms influencing
cooperation or conflict within these basins. Using a
mixed-methods approach, the research combined
geospatial mapping, statistical regression analysis,
and case study insights to highlight both spatial
patterns and institutional dynamics of climate-
driven water conflicts. The discussion below
interprets the key findings, situates them within
existing literature, outlines theoretical and practical
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implications, and addresses limitations and

directions for future research.

Interpretation of Findings:
Spatial Clustering of High-Risk Basins

Results indicate that basins such as the Nile, Tigris-
Euphrates, and Indus exhibit the highest composite
risk indices, followed by the Jordan, Mekong, and
Amu Darya. The spatial clustering of these hotspots
in politically fragile regions corroborates earlier
work by Wolf et al. (2003) and Farinosi et al. (2018),
which emphasized the role of institutional fragility
and asymmetric dependencies in elevating
transboundary water conflict risk. The Nile Basin’s
leading risk score (88.4) is primarily attributed to its
extreme dependency ratios and contentious
unilateral infrastructure projects, confirming
findings by Zeitoun and Mirumachi (2008) on
hydro-hegemony dynamics.

Statistical Link Between Climate Variability
and Conflict

Regression results (Table 2) demonstrate that
drought frequency (B=0.62, p<o.001), runoff
variability (B=0.47, p<o.o01), and poor governance
(B=0.58, p<o0.001) significantly predict water-related
conflict incidence. This aligns with Ide et al. (2021)
and Gleick (2014), who posited that climate
variability acts as a “threat multiplier,” heightening
the risk of disputes in regions lacking robust
cooperative frameworks. Interestingly, the influence
of upstream dependency (f=0.35, p<0.05) suggests
that structural power asymmetries alone do not
trigger conflict unless combined with climatic
shocks and institutional weaknesses.

Temporal Escalation of Conflicts

The trend analysis (Table 4) reveals a substantial rise
in water-related conflicts post-2010, paralleling
increased climate extremes and water demand
pressures. This finding supports projections in the
IPCC AR6 (2022) report, which anticipates more
frequent hydrological disruptions in river-fed
regions, potentially destabilizing long-standing
treaties like the Indus Waters Treaty (Dinar, 2009).

Future Conflict Risks Under Climate
Change Scenarios

Scenario modeling (Table 5) forecasts rising conflict

risks across all major basins by 2050, with the Indus
and Zambezi showing the sharpest increases (10.6%
and 13.5%, respectively). These projections highlight
the inadequacy of current governance frameworks
to accommodate climate-driven changes in water

availability, echoing UNESCO (2023)
recommendations for climate-adaptive water-

sharing agreements.

Significance in Relation to Research
Objectives

These results directly address the study’s two
primary objectives:

1. Objective 1: Mapping Flashpoints The analysis
identifies key transboundary basins where
environmental and political vulnerabilities
converge, offering an empirical basis for

prioritizing diplomatic interventions and
infrastructure investments.
2. Objective 2: Governance Analysis Findings

demonstrate that power asymmetries and
weak institutions amplify climate-induced
tensions. Basins with stronger frameworks
(e.g., Indus) exhibit relative resilience,
supporting De Stefano et al. (2012) and Selby et
al. (2017), who argue that effective governance
can buffer environmental shocks.

Theoretical Implications

This research contributes to the environmental
security and hydropolitics literature by:

= Providing quantitative evidence of climate-
conflict linkages, addressing critiques of
deterministic or anecdotal approaches
(Krampe et al., 2021).

= Advancing hydro-political vulnerability theory
through a composite risk model that integrates
climatic, institutional, and geopolitical factors.

= Supporting conditional theories of
environmental conflict, which posit that
scarcity alone does not cause conflict unless
mediated by governance deficits and power
imbalances.

Practical Implications

From a policy perspective, these findings underscore
the urgent need for:
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= Adaptive Governance Mechanisms: Existing
treaties require revision to account for climate
variability and equitable allocation.

= Early Warning Systems: Geospatial risk
mapping can guide preemptive conflict
mitigation by international organizations.

= Strengthening  Multilateral Institutions:

Efforts should prioritize capacity-building in
high-risk basins to foster cooperation over
unilateral water projects.

This research demonstrates a statistically significant
relationship between climate-induced water stress,
poor governance, and the escalation of
transboundary water conflicts. By mapping global
flashpoints and analyzing governance dynamics, the
study strengthens theoretical understanding of the
climate-conflict nexus and provides actionable
insights for policy interventions. Addressing
institutional fragility and embedding climate
adaptation into water treaties are critical to averting
future “water wars” in vulnerable basins.

Recommendations

The study on “Water Wars and Climate: Mapping the
Geopolitical Flashpoints of River Basin Conflicts”
provides robust evidence linking climate-induced
water stress, institutional weaknesses, and
geopolitical tensions. These findings underscore the
urgent need for integrated climate adaptation and
conflict prevention strategies. The
recommendations below target policymakers,
practitioners, and researchers to translate these
insights into practice and theory.

Strengthening Adaptive Governance and
Treaty Frameworks

Policymakers must prioritize revising existing
transboundary water treaties to incorporate climate
adaptation mechanisms. Many current agreements
are static and fail to account for the increased
hydrological volatility projected by climate models.
Future frameworks should embed adaptive clauses
for drought contingency, dynamic flow allocation,
and joint monitoring systems. International
organizations such as the UN and regional blocs
should facilitate treaty renegotiations, ensuring
upstream-downstream equity and enforceable
compliance mechanisms.

Establishing Early Warning and Risk
Mapping Systems

Geospatial conflict risk modeling, as demonstrated
in this study, should be institutionalized by agencies
like the World Bank and regional water
commissions. These tools can serve as early-warning
systems, enabling proactive interventions in high-
risk basins like the Nile and Indus. Integration with
climate services can help governments anticipate
and prepare for hydrological extremes before they
escalate into political disputes.

Investing in Transboundary Water
Institutions

Weak governance was identified as a key amplifier
of conflict risk. Building institutional capacity—
through funding, technical support, and diplomatic
backing—should be prioritized in basins with fragile
governance. Strengthening organizations like the
Nile Basin Initiative or creating new basin-specific
commissions can foster cooperation, promote data
sharing, and institutionalize dialogue mechanisms
that preempt unilateral actions.

Encouraging Cooperative Infrastructure
Development

Rather than unilateral dam-building or water
diversion projects, states should pursue cooperative
infrastructure planning. Multilateral investment
mechanisms, overseen by neutral development
banks, can support shared projects (e.g.,
multipurpose dams or joint irrigation systems) that
distribute benefits equitably. This approach reduces
zero-sum perceptions and builds trust among
riparian states.

Integrating Climate-Conflict Linkages into
National Security Planning

Governments should incorporate hydropolitical risk
into their national security and foreign policy
strategies. Water scarcity due to climatic conditions
has to be considered as a security challenge, just like

other conventional dangers. Cross-sectoral
coordination between environmental, foreign
affairs, and defense ministries is crucial to

developing coherent climate-security strategies.
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Enhancing Data Transparency and Shared
Monitoring

Fear of data will always become a conflict trigger.
The disputes over the availability of water and
climate projections can be minimized by forming
co-joined hydrological monitoring stations and
databases under neutral management. Capacity-
building programs should train basin states in
advanced hydrological modeling and ensure
equitable access to climate data.

Expanding Research on Climate-Sensitive
Governance Mechanisms

Future research should focus on longitudinal
evaluations of how adaptive governance
mechanisms influence basin stability under climate
stress. Comparative studies across diverse basins
could help identify transferable institutional
designs. Additionally, there is a need to examine the
socio-political pathways linking water stress to
domestic instability and forced migration,
broadening the climate-security discourse.

Promoting Community-Based Adaptation
and Resilience

Local-level adaptation can reduce basin-wide
tensions by alleviating immediate water pressures.
Programs promoting efficient irrigation, watershed
management, and climate-resilient agriculture
should be scaled up. By reducing dependency on
transboundary flows, such measures lower
geopolitical strain while improving livelihoods.

The findings highlight that preventing “water
wars” requires proactive, multi-level action that
integrates climate science, institutional reform, and
cooperative diplomacy. Policymakers must shift
from reactive crisis management to forward-
looking, adaptive governance. For practitioners,
operationalizing risk-mapping tools and embedding
them in early-warning mechanisms can provide
concrete levers for conflict prevention. Researchers
should build on this work by modeling how different
governance reforms interact with projected climate
extremes to influence conflict trajectories. By acting
on these recommendations, stakeholders can
mitigate hydropolitical tensions and build resilience
in an era of accelerating climate stress.

Conclusion

This study has provided a comprehensive,
empirically grounded analysis of the nexus between
climate-induced water stress and transboundary
geopolitical conflict, offering a novel geospatial
framework that integrates hydrological,
institutional, and political indicators. The findings
demonstrate that climate variability, manifested
through drought frequency and runoff fluctuations,
acts as a potent threat multiplier in regions
characterized by weak governance, power
asymmetries, and historical grievances. The
identification of high-risk basins, including the Nile,
Tigris-Euphrates, and Indus, highlights both the
urgency of climate-adaptive governance and the
inadequacy of existing treaty frameworks to
accommodate emerging environmental pressures.

The study contributes to the environmental
security and hydropolitics literature by advancing
the hydro-political vulnerability framework and
presenting robust statistical evidence of climate-
conflict linkages. Methodologically, its hybrid
design bridges qualitative case study insights and
quantitative ~ geospatial ~ modeling, thereby
enhancing both theoretical precision and practical
relevance. This dual role not only benefits the
academic field, but it also equips policymakers,
regional bodies, and international agencies with
practical instruments that they could employ in
water diplomacy and prevent conflict.

Practically, the findings highlight the
importance of adaptive governance tools
incorporating the climate forecasts, early-warning
systems based on risk mapping, and reinforced
cross-border establishments that can help in
resolving conflicts. Incorporation of climate
sensitivity into water-sharing treaties and the
preference of multilateral cooperation instead of
unilateral infrastructure development activities are
necessary in order to avert progressive increases in
tensions. The risk projections made in the study by
the year 2050 are a warning, which means that
unless there are active measures to reform the
situation, hydropolitical instability between regions
will increase, with disruptions being caused by
climate change, and as a result, the peace and
security situation will be jeopardised.

In spite of what it has undertaken, some
limitations surround this research, which are a
result of the data resolution and the prediction
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capabilities of climatic and conflict models. It is
recommended to use more high-resolution data on
hydrology, longitudinal studies of governance, and
scenario models in the future to enable better fitting
of basin dynamics. In addition to that identified
here, micro-level socio-political processes that
mediate the basin-wide relationship between
climate and conflict should be studied further,
which could include migration and local resource
conflicts.

As a concluding point, this research paper only
supports the fact that climate-induced water stress
should be seen as an environmental and geopolitical
necessity. By empirically mapping conflict hotspots
and discerning the governance circumstances that
aggravate or alleviate punishment, it gives vital
structure for climate-informed diplomacy and ought
to inform construction. Bridging the gap between
scientific evidence and policy action is essential to
avert the trajectory toward "water wars" and to foster
cooperative resilience in an era of accelerating
climatic uncertainty.
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