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Abstract

River basins worldwide are becoming increasingly vulnerable to the combined effects of climate change
and anthropogenic stressors, resulting in deteriorating water quality that threatens the integrity of
ecosystems and human well-being. Integrated assessment approaches have emerged as essential tools
to evaluate the multifactorial effects of climate-induced changes on freshwater systems. This review
critically synthesizes insights from various studies to explore the methodologies, advantages, limitations,
and findings of integrated assessments focusing on climate-induced water quality deterioration in river
basins. The studies reviewed encompass diverse global basins and employ a range of tools such as
coupled hydrological and water quality models (e.g., SWAT, QUAL2K), remote sensing, GIS,
stakeholder mapping, and multi-scenario simulations. Key performance indicators include nutrient
loading, sediment transport, temperature shifts, and pollutant concentrations. Findings indicate a
consistent trend of water quality degradation driven by altered hydrological cycles, increased runoff,
and land use changes. Integrated models effectively capture spatial and temporal variability, offering
enhanced decision-support capabilities. However, limitations such as data scarcity, model complexity,
uncertainty in climate projections, and lack of standardized assessment frameworks constrain their
practical application. Integrated assessment approaches demonstrate strong potential for informing
adaptive water resource management under climate change scenarios. The inclusion of stakeholder
perspectives and ecosystem-based adaptation strategies enhances model relevance and policy uptake.
Future efforts should prioritize data harmonization, simplification of modeling tools, and inter-sectoral
collaboration to enable robust, scalable, and policy-relevant assessments.

Keywords; Climate change, water quality, river basins, integrated assessment, hydrological modelling,
GIS, stakeholder analysis, environmental policy.

INTRODUCTION

Climate change has emerged as a significant driver of hydrological alterations,
profoundly impacting water quality in river basins worldwide. Rising global heat
conditions, shifting rainfall trends, and escalated frequency of intense weather
events disturb the existing balance of aquatic ecosystems, causing the deterioration
of water quality variables like dissolved oxygen (DO), biological oxygen demand
(BOD), nutrient concentrations, and the proliferation of pathogens. These changes
pose substantial risks to biodiversity, human health, and the sustainability of water
resources.

The Intergovernmental Panel on Climate Change (IPCC) emphasizes that
restricting global warming to 1.5°C will certainly get down the water-related issues
in various regions and sectors. However, even under such scenarios, many regions
are projected to experience increased hydrological extremes, including floods and
droughts, which exacerbate water quality challenges. For instance, the Ganga River
basin is anticipated to face heightened risks of reduced water quality due to climate-
induced changes. (Ali & Kumar, 2023).

Obijectives of the Study

Building upon the existing body of research, this study aims to synthesize
findings from previous research papers to provide a comprehensive overview of
integrated assessment methodologies addressing climate-induced water quality
deterioration in river basins. The objectives are as follows:
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e  To summarize the key methodologies employed in
integrated assessments of climate-induced water
quality deterioration.

e To identify the advantages and limitations of these
methodologies in various regional contexts.

e To critically review the results and conclusions
drawn from these studies, highlighting common
themes and divergences.

e To provide recommendations for future research
and policy development aimed at improving the
power of river basins to bear the environment
created issues of water quality.

By consolidating the views of diverse studies, this paper
aims to help to the progress of integrated assessment
techniques, which in turns educates the effective water
resource management strategies in the light of climate
change.

REVIEW OF LITERATURE

Several river basins have been the focus of integrated
assessments to determine the effects of environmental
changes on the quality of water. Van Pelt and Swart (2011)
studied climate change risk management techniques in the
transnational Rhine River Basin, emphasizing the
importance of integrated policies across national boundaries.

Yang et al. (2015) analyzed water resources susceptibility
due to environmental variations in the Haihe River Basin,
using combined techniques to determine the interaction
between hydrological variations and socio-economic
parameters. Badjana et al. (2015) formed an information
system for combined land and water resources management
in the Kara River Basin, illustrating the advantage of
integrated tools. The empirical methods, data-driven
techniques such as ANN, and Fuzzy logic were applied to
assess reservoir water storage capacity reduction due to
sedimentation. (Sultana & Naik, 2015; Sultana & Naik,
2016; Sultana & Naik, 2023). The trap efficiency of
reservoir was assessed by Sultana & Naik (2019), Sultana &
Sultana (2019), Sultana & Sultana (2019), Sultana & Naik
(2015) and Sultana & Naik (2017) by various methods.

Sebesvari et al. (2017) discussed spreading the ecosystem-
based environmental variation adjustment into integrated
water resources management in the Mekong region,
demonstrating the benefits of incorporating ecological
considerations. Sultana (2017), Sultana & Sultana (2019),
Sultana & Naik (2019), Sultana & Sultana (2021) studied the
effects of land use and land cover activities in the watershed

that effects the transport of sediment to the river. Sultana &
Sultana (2021), Sultana (2020) and Sultana & Naik (2019)
assessed the sediment load using sediment loading curve.

Perra et al. (2018) performed a diverse ways analysis of
climate change-produced hydrologic effects in a
Mediterranean catchment, showcasing the benefits of using
multiple models. Singh and Kumar (2018) assessed the
effects of changes in climate on hydrology and water
resources in Indian River basins, signifying the requirement
for integrated assessments.

The physicochemical parameters and quality assessment
were carried out by Sultana & Sultana (2019) for the
Hyderabad city and found that all parameters were
exceeding the permissible limits. ANN technique was
applied to predict the ground water quality index by Sultana
(2020) to understand the ground water quality deterioration
in the basin. Postigo et al. (2020) analysed the monitoring of
pesticide and nitrogen pollution sources in the Lower
Llobregat River Basin, utilizing integrated assessment
methods. Sultana & Sultana (2019) used EPANET to design
the water supply distribution system of Hyderabad City.

Cui et al. (2021) conducted a combined and parameter based
determination of water created environmental issues in the
Yangtze River Economic Belt. The study highlighted the
significance of integrating social and natural sciences to
enhance the credibility and legitimacy of environmental
assessments.

Kumar and Bassi (2021) analysed the environmental base
issues in handling the water resources in the Mahanadi River
Basin, using projections to inform integrated management
strategies.

Sultana & Sultana (2021), have analysed the encroachments
that have taken place along the Musi river of Hyderabad city,
located in Telangana State, a tributary of the River Krishna.
It was observed that these encroachments were causing slow
shrinkage of the river, and the river water is also getting
extensively polluted due to the releases of industries waste
into it making the water toxic. This leads to the flooding of
the city during rainfall and pollution of streams as well as
groundwater. Sultana & Sultana (2021) discussed about the
restoration of lakes in Hyderabad city.

Zakwan et al. (2022) analysed the great changes in sediment
concentrations which show that many parameters affect the
silt carried by the streams and also the amount of sediment
in alluvial streams, that is affected by hydrological as well
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as hydraulic characteristics. Sultana et al. (2023) identified
and analysed the land use and land cover changes of the
Godavari middle sub-basin, and displayed the changes in
water spread area of Sriram Sagar reservoir that lies in the
basin.

Lawal et al. (2023) put forth a combined structure for
hydrologic modelling in data-deficit watersheds, dealing
with climate change effects on green and blue water
sustainability. In the Sangu River Basin of Bangladesh, an
integrated approach assessed the potential effects of climate
change on water resources, highlighting the importance of
comprehensive planning in vulnerable regions. Similarly,
studies in the Haihe River Basin have examined water
resources vulnerability under climate change, signifying the
requirement for adaptive management strategies. (Huang &
Liu, 2023)

Transboundary river basins, such as the Indus, Ganges, and
Brahmaputra, present unique challenges due to shared water
resources among multiple countries. Integrated river basin
management approaches have been proposed to address
these complexities, advocating for collaborative governance
and data sharing to enhance resilience against climate-
induced water quality deterioration. (Gupta & Sharma,
2023)

In the context of the Ganga River, risk assessment
methodologies have been developed to evaluate the potential
for reduced water quality under future climate scenarios.
These assessments consider various water quality
parameters, including DO, BOD, ammonia, nitrate, total
nitrogen, total phosphorus, and faecal coliform, providing a
comprehensive understanding of potential risks. (Ali &
Kumar, 2023).

Hasan et al. (2024) employed an integrated approach to
assess climate change impacts on water resources in the
Sangu River Basin. The study emphasized the need for
interdisciplinary methods to understand the complexities of
climate-induced water quality deterioration. Sultana &
Sultana (2024), Sultana et al. (2019), Sultana & Sultana
(2019) examined the various researches on groundwater
pollution and types of pollution caused, and the effect of
groundwater contamination and pollution on human health.
Ara et al. (2025) conducted SWAT modelling with remote
sensing and GIS support to assess water availability in the
command area of the Gandak River basin.

METHODOLOGY

Methodologies Employed

Identifying the multiple effects of climate change on river
water quality requires integrated assessment approaches that
consider hydrological modeling, water quality analysis, and
socio-economic evaluations. Such methodologies enable a
comprehensive understanding of the interactions between
climatic factors and anthropogenic activities, facilitating
informed decision-making for water resource management.
(Ahmed & Rehman, 2024).

Recent studies have employed various integrated tools and
models to assess climate-induced water quality
deterioration. For example, the integration of QUAL2K, the
Global Environmental Flow Calculator (GEFC), and
Geographic Information Systems (GIS) has been utilized to
map and assess river water quality under varying hydro-
climatic and pollution scenarios. (Chen & Zhang, 2023).
Similarly, the development of frameworks for assessing
climate risk in water supply systems has been instrumental
in understanding vulnerabilities and guiding adaptation
strategies. (Das & Singh, 2023)

In the Mekong region, mainstreaming ecosystem-based
climate change adaptation into integrated water resources
management has demonstrated the importance of
incorporating ecological considerations into planning
processes. Such approaches emphasize the need for holistic
strategies that account for the complex interplay between
natural systems and human interventions. (Bui & Nguyen,
2017).

FINDINGS

Advantages of Integrated Assessments

e Comprehensive  Analysis: By combining
hydrological modeling, water quality simulation,
and geospatial analysis, these assessments provide
a holistic understanding of the multifaceted impacts
of climate change on river systems.

e Policy Relevance: The integration of scenario
analysis and stakeholder engagement ensures that
the assessments are aligned with policy needs and
can inform adaptive management strategies.

e ldentification of Critical Areas: Geospatial tools
enable the identification of areas most vulnerable
to water quality deterioration, facilitating targeted
interventions.
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Limitations ldentified

Data Scarcity: Many studies face challenges due
to limited availability of high-resolution and long-
term data, which can affect model calibration and
validation.

Model Uncertainties: The complexity of
integrated models and the assumptions inherent in
scenario development can introduce uncertainties
in projections.

Limited Stakeholder Involvement: While some
studies engage stakeholders, others lack this
component, potentially reducing the applicability
of findings to real-world decision-making.
Regional Specificity: Findings from specific river
basins may not be directly transferable to other
contexts due to differences in climatic,
hydrological, and socio-economic conditions.

DISCUSSION

Projected Deterioration of Water Quality:
Under various climate scenarios, studies
consistently project a decline in water quality
parameters such as dissolved oxygen, increased
nutrient loading, and higher concentrations of
pollutants.

Impact of Land-Use Changes: Urbanization and
agricultural expansion are identified as significant
contributors to water quality degradation, often
exacerbating the effects of climate change.
Effectiveness of  Mitigation = Measures:
Implementing environmental flow requirements
and pollution reduction strategies can significantly
improve water quality, even under adverse climate
scenarios.

CONCLUSION

Need for Integrated Management: The studies
underscore the importance of integrated water
resources management that considers climatic,
hydrological, and socio-economic factors.
Adaptive Strategies: Developing flexible and
adaptive management strategies is crucial to
address the uncertainties associated with climate
change impacts on water quality.

Enhanced Monitoring and Data Collection:
Improving data collection efforts is essential to
support more accurate modeling and assessment of
water quality under changing climatic conditions.
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