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Abstract

The current state of climate change presents a serious threat to the supply of clean water sources throughout the
world. Moreover, the adverse effects of climate change pose a potential risk not only for the availability but also
for the quality of drinking water. The aim of this paper is to conduct a research on the issue of the interrelation
between climate change and the accessibility of drinking water under the conditions of changing weather. This
research analyzes the problem from the perspective of the current developments within Nigeria, where the effects
of climate change are highly detrimental due to the insufficiency of water management infrastructure. In addition,
the research provides insights into the increasing rate of occurrence of water-borne illnesses as the consequences
of climate change. Based on the results of the analysis of the existing research on the topic, the importance of
implementing climate-resilient technologies is emphasized

Keywords: Climate Change; Potable Water Security; Water Resource Management, Adaptation Strategies,
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Introduction

Climate change represents a severe challenge to
the global environment and human societies. Apart
from having an ecological impact, the phenomenon
poses serious socio-economic risks to different
aspects of human life, especially with regards to the
issues of the growing water demand despite various
global mitigation efforts on the international, state
and sub-state levels (Abbas et al., 2022). The
negative consequences of climate change have
already been observed in terms of lower food
security and decreased access to clean water in
Nigeria (Anabaraonye et al, 2021; Niyi-Odumosu et
al., 2025).
An essential relationship exists between the
processes of climate change and the accessibility of
drinking water, which is defined as clean water that
is considered appropriate for human use and
consumption and is derived from surface and
underground water resources (Omokaro et al.,
2024). Indeed, the negative effects of climate change
exacerbate the challenge of having enough potable

water in Nigeria. According to the projections
provided by (Ogunbode et al., 2025), the climate
effects will pose a significant obstacle to obtaining
clean water by 2030, which will make the
achievement of SDG 6 problematic.

Insufficient access to potable water increases the
prevalence of waterborne and vector-borne diseases
such as diarrhea, cholera, and malaria, among others
(Sogbanmu et al., 2020; Agbasi et al., 2024; Ayejoto
et al., 2024). These adverse health outcomes also
result in an economic burden because they increase
the pressure on the healthcare system of Nigeria.
Shehu & Nazim (2022) emphasize the high
economic costs of climate-related illnesses. For
instance, a study carried out by the Johns Hopkins
Bloomberg School of Public Health revealed that
annual economic losses in Nigeria due to cholera
total approximately $271 million (JHU, 2022).

Nigeria is a country with abundant water resources,
amounting to 286.2 km? of water per year (Ngene et
al., 2021). However, the uneven geographical
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distribution and the marked seasonality of these
water resources create a serious impediment to
achieving the SDG 6. In addition, the ineffective
water management caused by institutional failure
and conflict among different stakeholders
complicates the problem of accessing water further.

Considering these difficulties, the present
literature review aims to identify the effects of
climate change on potable water supply in Nigeria.
It further proposes targeted, actionable strategies to
mitigate these impacts, with particular emphasis on
strengthening  governance  frameworks and
promoting equitable utilization of the nation’s
abundant water resources
Global Attempts at Climate Change Mitigation

A staggering 3.6 billion people are currently
vulnerable to climate change impacts from
droughts, floods, storms, heat stress and food
insecurity (Paz et al., 2024; Haber et al., 2025). This
number will only continue to rise as long as global
temperatures keep climbing. The G7 summit made
the global governance of climate change. This effort
metamorphosed through three stages, the first
environment regime was between 1979 to 1989;
that strategized on leadership of an increasingly
effective inclusive environment. The second phase
was witnessed between 1992 to 2004; which harped
on deference to the UN’s ineffective, selective,
development-first regime and a return to an
increasingly effective, G20-supported, inclusive,
environment-first regime from 2005 to 2015 (Kirton
et al., 2018). This attempt failed due to non-
compliance and accountability. Furthermore,
(Hickmann et al., 2021) pointed that in the past few
years, the United Nations Framework Convention
on Climate Change Secretariat has expanded its
original spectrum of activity by engaging different
sub-national and non-state actors into a policy
dialogue which is important to achieve progress in
the international climate negotiations. The UN went
further to institute the UN Water Action Decade
(2018-2028) to support the achievement of water-
related SDGs to avert the global water crises due to
climate change. The EU is also playing a leading
role in international climate negotiations.
Conferences such as the 26th United Nations
Climate Change Conference of the Parties (COP26)
in Glasgow in 2021 demonstrated the strive for
action to combat climate change and help
vulnerable nations. The Intergovernmental Panel on
Climate Change reports (IPCC) highlights a number

of climate change impacts that could be avoided by
limiting global warming to 1.5°C which by 2100
will reduce global sea level rise by 10 cm lower
compared with 2°C (IPCC, 2018). Africa is ascribed
as the most vulnerable continent to climate change
impacts under all climate scenarios (AFDB, 2025).
The African Group of Negotiators (AGN) has
become a much more significant bargaining
coalition in the global climate change negotiations
(Roger, C., and Belliethathan, 2016). Many
countries are developing their own plans to adapt to
the expected impacts (Okon et al., 2021). For
instance, Olujobi and Odogbo (2024) expressed that
the National Climate Change Policy for Nigeria
2021-2030 is to assist the country in hugely
reducing greenhouse gas (GHG) emissions and
mitigate the socio-economic impacts of adverse
effects of climatic change including potable water
availability and. However, the plethora of
legislation enacted to regulate climate change as
reducing the potential adverse effects of climate
change most especially on the country’s potable
water sources for citizens’ wellbeing and national
development is not effective (Daudu and Idehen,
2024).

3. Sources of potable water in Nigeria

Groundwater and surface water constitute the
two principal categories of natural water resources,
serving as the primary sources of water for human
and environmental needs worldwide. These
resources are vital for sustaining life, agriculture,
industry, and ecosystems. In Nigeria, the potential of
surface and groundwater resources is considerable.
Omokaro et al., (2024) estimates that the country
possesses approximately 267.3 billion cubic meters
of surface water and 51.9 billion cubic meters of
groundwater. Despite the abundant water resources
available in the country, the sources of surface and
ground water represent the most convenient ways to
obtain water in the context of developing countries
such as Nigeria (Adelagun et al., 2021).

Climate change has several direct and indirect
impacts on groundwater and surface water
resources. First, it affects their recharging processes
as it influences such hydrological processes as
evapotranspiration and precipitation. Second,
climate change has indirect effects on groundwater
as it promotes activities that result in deforestation
and excessive water withdrawal, which adversely
impacts the replenishment of groundwater resources
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(Swain et al., 2022; Mishra, 2023; Rotimi et al.,
2024). The surface water supply can also be
negatively affected by climatic change as
temperature variations, increased evaporation,
precipitation rates, and runoff volume can alter the
water supply (Mafimisebi and Martins (2024)).
A number of studies in Nigeria have explored the
usage of ground water and surface water as drinking
water resources. Namadi et al., (2024), who
conducted a research in Zuru — a town situated in the
southern part of Kebbi State, found out that both
groundwater and surface water were used by local
people. Nevertheless, the authors concluded that the
former was preferable as the water quality exceeded
WHO standards. A similar conclusion was reached
in another study carried out by Raimi et al., (2018),
where the water sources used in the Central District
of Bayelsa State were analyzed. They found out that
rain water (61%), river (13%), pipe-borne water
(33%), boreholes (91%) and hand-dug wells (3%)
represented the main sources. Moreover, the authors
mentioned that these water sourcing patterns were
characteristic of other regions in the area.

In Edo State, in the Ikpoba Okha Local
Government Area, Omoregie et al., (2025)
discovered that approximately 83.6% of local
households relied on boreholes to meet their
domestic needs. The reason behind the prevalence of
this source was that the area possessed a unique
geological composition that allowed the existence of
ground water. In their research in the Akure North
Local Government Area of Ondo State, Famose and
Olajuyigbe (2023) revealed that the majority of
inhabitants used protected hand-dug wells as their
water source. Nevertheless, as the authors note,
these wells were rather unreliable as they lacked
water during the dry periods.

In addition to the conventional sources of
water, many communities across Nigeria tend to use
commercially packaged water. Indeed, the
increasing number of businesses treat the water from
various sources and pack it in sachets and plastic
bottles, providing people with an option to buy
water. This tendency is justified by affordability and
easy access to such bottled water (Olanipekun et al.,
2024; Oniyefu et al., 2024).

4. Climate Change Factors and water
availability in Nigeria

Climate change is usually manifested through
such phenomena as rising global temperatures,
changes in rainfall, rising sea level, and

desertification (Table 1). Currently, the climate of
Nigeria features rising temperatures as a
consequence of global warming, which is mostly
connected to the accumulation of greenhouse gases
(GHGs) such as carbon dioxide (CO-) and methane
(CHa). These GHGs result from industrial activities
and deforestation. As a consequence of their
constant emission, the climate changes in terms of
temperature and other crucial parameters (Ayejoto
et al., 023).

While Agbasi ef al., (2023) observed a moderate
correlation between maximum temperature and
annual water supply, more conclusive findings were
reported by Abaje & Oladipo (2019). Their
longitudinal study analyzed temperature and rainfall
data from 1971 to 2016 across three meteorological
stations situated along a geographic transect in
Kaduna State. The results revealed a significant
temperature rise of 1.03°C within the study period,
coupled with an acute shortage of water supply,
thereby reinforcing the direct impact of rising
temperatures on water availability. In addition to
rising temperatures, climate change has also led to
increased variability and instability in rainfall
distribution across Nigeria. Both northern and
southern regions have experienced irregular and
unpredictable rainfall patterns, which have far-
reaching implications for freshwater availability.
(Udeh et al., 2025) emphasized that high
temperatures further complicate water quality by
increasing the solubility of minerals and other
substances in water bodies, which can alter their
chemical composition and potentially make them
unsafe for consumption.

Omopekunola et al., (2023) examined
precipitation variability across Northeast Nigeria
from 1991 to 2021 using ECMWF ERAS reanalysis
datasets. According to them, there are negative
rainfall trends in cities such as Jalingo, Yola, and
Bauchi, which vary in range from —0.0153 mm/year
to —0.247 mm/year. At the same time, positive
rainfall changes were observed in such cities as
Maiduguri, Yobe, and Gombe and ranged between
0.043 mm/year and 0.243 mm/year. Such
geographic differences reveal that the effect of
climate change on rainfall patterns varies widely.
Another study carried out by Salami et al., (2025)
based on data collected by the Nigerian
Meteorological Agency (NiMet) also demonstrates
regional disparity in the precipitation pattern.
Indeed, Tropical Wet (Mangrove and Swamp)
region has the greatest mean annual rainfall (>2,300
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mm), whereas the Sahel Savannah region has the
lowest rainfall (<450 mm). Moreover, according to
the researchers' projections, there will be a decrease
in rainfall in the next ten years (-0.057 mm/decade).

One of the most devastating outcomes of climate
change is the phenomenon of drought. As stated by
Engelman et al., (2025), combined with geopolitical
risks, drought leads to the shortage of water. Indeed,
the prolonged droughts in Nigeria cause
desertification, which results in the spreading of
sand dunes, lack of surface water, and siltation and
negatively impacts water quality (Udeh et al.,
(2025). Drought and desertification represent
significant environmental and socio-economic
threats as they account for approximately 38% of
Nigeria's territory (Lawal & Gbadegesin, 2022;
Yahaya et al., 2024).

Floodings represent yet another adverse outcome
of climate change with a strong effect on the
availability of water sources. According to Omokaro
et al., (2024), about 20% of Nigeria's population is
prone to flood. These populations are located mainly
in the lowland and riverine areas that include
downstream parts of the Niger, Benue, Cross River
and Lagos State. Climate predictions suggest the
further decline in the level of precipitation over
northern territories and increasing number of intense
floods in the south. Floodings obstruct access to
conventional surface water such as rivers, streams,
and lakes as well as groundwater, deteriorating their

quality (Akinluyi et al., (2022). In the course of their
analysis of the physicochemical properties of
ground water in a coastal community of Bayelsa
State affected by flooding, the researchers found
alarming results. According to their findings,
43.34% of the studied water samples had poor water
quality, and 5.44% — very poor. In addition, the
researchers noted that 3.33% of boreholes had
unsuitable water for consumption, and thus, needed
special processing.

The process of rising sea level that follows
global warming and climate change affects the
coasts of Nigeria and contributes to flooding. As a
result, the region faces serious consequences such as
coastal erosion, wetland inundation and, finally,
intrusion of saltwater to the freshwater aquifers.
According to Olorunlana (2024), such consequences
lead to water quality degradation and to an increased
need for expensive desalination or filtration
technology. In turn, Agbasi et al., (2025) conducted
a study on the environmental and water quality
impacts of floodwater intrusion to boreholes and
domestic wells and found that the quality of ground
water had been severely deteriorated. In addition,
Meye et al., (2025) note the vulnerability of
groundwater to microorganism contamination due
to the process of eluviation.

Table 1: Climate change factors and evidences from
Nigeria.

Climate Change Factor Impact on Water Availability Reference

Increased evaporation Reduced water
levels impaired water quality

Ayejoto et al., 2023
Agbasi et al., 2023

Rising Temperatures

Abel & Amachigh 2024
Salami et al., 2025

Changes in Rainfall Patterns Prolonged droughts
Intense rainfall causing flooding and

Inconsistent rainfall patterns

Akinluyi et al., 2022
Ladan et al., 2024

Desertification Reduced groundwater recharge
Lower Water Quality

Water scarcity

Olorunlana, 2024
Agbasi et al., 2025
Meye et al., 2025

Saltwater intrusion
Contamination of groundwater
High cost of water treatment

Sea Level Rise

State of Accessibility to Clean Water in Nigeria
State of Accessibility to Clean Water in Nigeria
Access to potable water is universally regarded as a
basic human right, and everyone has the right to
enjoy adequate and safe water without being
discriminated against based on gender, age, social or

economic background. Nonetheless, the present
global situation indicates that access to clean water
is quite difficult because millions of people across
the globe do not have access to this basic human
need. It is evident that this challenge is mostly
prevalent in developing countries such as Nigeria.
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For instance, according to UN (2019), Nigeria is
considered one of the countries with poor access to
potable water. Shehu & Nazim (2022) supported this
view, adding that wide accessibility to clean water
remains to be another problem experienced in
Nigeria.

The already challenging water situation is now
further aggravated by climate change since it causes
water insecurity through irregular rainfalls, heat
wave occurrences, floods, among others. In Ado-
Odo Ota, Ogun State, for example, most of the
residents depend entirely on the private sources of
water because of the poor qualities of the public
supplies in the locality, according to Emenike et al.,
(2017). Similar trends have been observed in other
states, whereby the access to the potable water is
through individual means as opposed to relying on
the municipal water facilities. In the same way,
Solihu & Bilewu (2021) indicated that in Oyo State,
the accessibility to the clean water depends on
personal initiatives. Therefore, the growing reliance
on private measures indicates that access to safe
drinking water in Nigeria remains to be a huge
concern.

In the rural communities of northern Nigeria, water
scarcity is also quite a challenge for the inhabitants.
For instance, in his study, Sawyerr et al., (2024)
reported that the rural communities within the north
are currently facing difficulties in accessing potable
water due to either poor or non-functioning water
facilities in such regions. There are also differences
in access to improved water sources among different
regions in Nigeria. Adelagun et al, (2021)
conducted a geographical assessment on the
improvement in drinking water accessibility among
different geopolitical zones within the country. In
the North Central, North Eastern, and North Western
zones, the respective proportions are 52.2%, 27.3%,
and 42.5%. Conversely, the South West and South
East zones have higher percentages of access at
72.27% and 54.1%, respectively. Hence, there are
disparities among the geographical regions of the
country in terms of water accessibility.

This inequality in access to clean water is attributed
to the rural-urban divide by scholars in this field.
Nonetheless, in the case of Nigeria, Adedotun et al.,
(2024) argued that socioeconomic factors such as
household income, level of educational attainment,
infrastructural development, and governmental
interest are the main reasons for the difference.
Based on this analysis, it becomes clear that there
are several reasons for the lack of potable water in
Nigeria. Therefore, there is a need for concerted
efforts from the government and other relevant
parties to come up with practical policies to deal
with the current water problem. Besides expanding
the infrastructural coverage of water facilities in

rural communities, upgrading and repairing existing
and obsolete water supplies in the whole country is
a priority.

Effect of Climate Change on water
infrastructure and supply systems in Nigeria

Climate change is anticipated to bring about a
number of adverse effects on the water infrastructure
systems. Fan et al., (2023) suggested that climate
change has several negative impacts on the
sustainability and resilience of the water
infrastructure  systems. In  Nigeria, water
infrastructure management is conducted through a
collaborative approach among the Federal Ministry
of Water Resources (FMWR), National Water
Resources Institute (NWRI), River Basin
Development Authorities (RBDAs), the Nigeria
Hydrological Services Agency (NIHSA), and
Nigeria Integrated Water Resources Management
Commission (NIWRMC). All these institutions
collaborate with state and local government
agencies to formulate and implement water policies
as well as ensuring provision of service to different
communities. However, the success of these policies
and activities is hindered by several challenges
which include, but not limited to, technical,
institutional, social, financial, political, and
environmental issues. In addition, the increasing
influence of climate change poses some additional
obstacles to overcoming the problems of water
management and failing infrastructure in Nigeria,
according to Adeoti et al., (2023).

There are many facilities that form part of water
infrastructure system in Nigeria. The dams are
considered to be very important in the country
because of the crucial tasks such as bulk water
supply, hydropower production, and flood
mitigation among others. Generally, the dams
constructed after 1960 have mainly served the
purpose of providing water for domestic uses, not
irrigation. However, the last few decades have seen
the construction of multipurpose dams whose
purpose is to serve as the sources of water supply,
irrigation, power production, and ecosystem
services, Adeniran et al., (2021). Unfortunately,
these facilities have become more vulnerable to
climate change. Kainji Dam in Nigeria serves as an
example of such facilities. This is Nigeria's oldest
and largest hydroelectric dam located on the river
Niger. Machina and Sharma (2017) conducted a
comprehensive  study  concerning  rainfall,
temperature, power generation, reservoir inflow,
average turbine discharge, and storage capacity of
the Kainji Hydropower Station. According to their
findings, the trends in temperature are rising
whereas rainfall amounts are declining, indicating
climatic change in the region. This has caused the
decrease in reservoir inflow and storage capacity of
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the dam, thereby affecting its power generation
capabilities. Therefore, there is a need to develop
and incorporate resilient water infrastructure
management mechanisms to cope with climate
change in Nigeria.
Water infrastructures at the state and local
government levels are mostly represented by
boreholes, which are established by State Ministries
of Water Resources in places where municipal water
supply is not available. Over time, however, poor
maintenance, lack of funds, and other governance
issues have affected the provision of potable water
through these institutions. Due to this, the majority
of the inhabitants in the community have resorted to
private measures including drilling of boreholes to
meet their water requirements. According to
Okhuebor and Izevbuwa (2020); Ojo et al., 2025, a
lot of households drill their own boreholes to ensure
their accessibility to clean water. On the effect of
climate change on boreholes, Aribisala et al., (2015)
found that in the Ondo State, there was no climatic
impact on boreholes based on the information
collected for this study. Fadare & Okonofua (2024)
indicated that climatic changes have influenced
boreholes' yield in Benin City. They reported that
climatic changes in the area led to the rise of the
ground-water level from 136.80 meters to 81.10
meters. In turn, this implies changes in the water
table in the area as a result of climate change.
Water distribution infrastructures are crucial for the
reliable delivery of water sources to people. In
Nigeria, however, most of the piping infrastructures
are poorly maintained or nonexistent. Fan et al.,
(2023); Wols & Van Thienen (2016) noted that
piping infrastructure experiences structural integrity
issues due to the increased temperature which makes
them burst or leak, leading to inconsistency in water
pressures. In addition, climate-induced temperature
changes have a negative impact on the structural
strength of pipe material and can contaminate the
water inside. To make things better, it is important
to protect water infrastructure from the negative
consequences of climate change. Every aspect of the
water supply needs to be taken care of.
Climate Change Impacts and Diseases Outbreak
in Nigeria

It goes without saying that the availability and
quality of the country's water resources for
consumption have continuously declined due to
water scarcity and pollution by multiple
contaminants. Climate change adds up to this issue,
being one of the main environmental factors having
a negative impact on water availability, quality, and
use. This climatic phenomenon is responsible for the
increase in occurrence of different diseases
associated with contaminated water sources. Some
of the life-threatening conditions are cholera,

typhoid fever, diarrhea, schistosomiasis,
salmonellosis, dysentery, and giardiasis. All these
illnesses are associated with drinking water
contaminated with pathogens.

Microclimatic conditions have a significant effect
on the survival of different waterborne pathogens
because they influence the reproduction and
dissemination of these microorganisms. According
to Ahmed (2020), fluctuations in precipitation and
temperature can be used as predictors of the
occurrence of waterborne infections because they
serve as the triggers for the outbreaks of these
pathogens. The presence and stability of Escherichia
coli, Salmonella, Shigella, Cryptosporidium,
Campylobacter, and other bacteria causing
waterborne diseases has risen as a result of climate
change, Noureen et al., 2022; Adabara et al., 2024;
Bello et al.,, 2024. Temperature influences the
reproduction rate of different pathogens whereas
precipitation contributes to their dissemination in
the environment through rain.

One of the examples of the influence of climate
change on water resources and subsequent public
health can be traced in Borno State, Northern
Nigeria. Extreme rainfall has resulted in severe
floods, a phenomenon that is believed to be caused
by climate change in the region. The consequence of
these natural disasters has been the formation of
many water ponds in the camps of internally
displaced persons. As a result of flooding, Aborode
et al., (2025) found that IDPs face serious problems
related to the outbreak of waterborne diseases
because of unsanitary conditions in their temporary
homes. Thus, floods increase the risk of such
diseases as cholera and typhoid. Moreover, they are
at risk of contracting vector-borne diseases such as
malaria because of the favorable environment
created in their camps.

In another study conducted by Agbasi et al.,
(2023), it was stated that climate change affects the
physico-chemical properties of surface and
groundwater resources, including such parameters
as pH, turbidity, conductivity, and heavy metals and
microbial loads. Besides, there are significant
fluctuations in precipitation and temperature that
contribute to contamination of water sources with
different hazardous substances. In turn, these
phenomena act as a predictor of diseases that can
occur as a result of contaminated water. This
indicates that accurate climate monitoring is needed
to predict climatic anomalies. In addition, it would
be helpful to develop surveillance systems which
can track changes in climatic and environmental
parameters and link them to water quality and
occurrence of certain illnesses. In conclusion,
climate-informed public health measures are

U TAJEET Vol. 20 (special) (https://doi.org/10.51459/futajeet.2026.20.special.597)



Rotimi et al. /[FUTA Journal of Engineering and Engineering Technology/ 20(special), 182-197, 2026

necessary to control the occurrence of waterborne
diseases.

Recent Projections of Water Availability by
Climate Models

Climate and hydrological models play a
significant role in studying the impacts of climate
change on water resources, including the issues
related to water availability and quality. Through
these models, researchers and policymakers are able
to conduct simulations of future climatic conditions
to determine the impacts of these events and
formulate corresponding adaptation policies.
Economic, environmental, and social factors can
help assess the possible consequences of particular
policies or environmental change, Jobe (2025).
Climate models have been used in Nigeria to
determine how climate change will affect water
resources. According to Shiru et al., (2021), General
Circulation Models (GCMs) have revealed the
decrease in precipitation and water storage during
the rainy season and increase during the dry season.
In another simulation study on the streamflow
response of the Ala River in Akure, Nigeria,
(Akinwumi et al.,, 2021) concluded that due to
climate change and its impact on precipitation in the
region, the increase in surface runoffs will be
persistent. Hence, it will be important to adopt
appropriate water management policies in this
region to mitigate the adverse impacts of climate
change.

Kanoma & Abdulkadir (2021) developed
Regional Climate Models (RCMs) with 0.5° x 0.5°
spatial resolution for projecting climatic changes in
Gusau, Zamfara State, Nigeria. The findings
revealed an increase in temperature by 1-3°C by
2040, 3°C by 2070, and 2-5°C by 2100. There
would be also increases in rainfall by 6.7-20% by
2040, 10-20% by 2070, and 10-30% by 2100. These
climatic changes are likely to lead to the increase in
surface runoffs and aquifer recharge. On the
contrary, water quality in such cases may be
negatively affected by high surface runoff and
flooding. Therefore, investment in stormwater
storage facilities for government agencies and large-
scale water consumers is recommended in this area.
Another similar study was conducted by
Animashaun et al., (2023), where the Soil and Water
Assessment Tool (SWAT), forced by Coordinated
Regional Climate Downscaling Experiment
(CORDEX RCMs), was used for analyzing
climate-induced changes. Simulations have been
conducted during 1971-2000 and 2100 in four global
warming levels (GWLs). It was projected that the
increase in annual rainfall would be accompanied by
runoff, evapotranspiration, and potential
evapotranspiration. The study also projected the
water shortage during the beginning of rainy season

which indicates the importance of having sufficient
water storage. Besides, Olasechinde et al., (2024)
used the dynamically downscaled GCMs from
Coupled Model Intercomparison Project Phase 5
(CMIP5). This model allowed for simulating the
impact of climate change during 2100 using
multimodal ensemble approaches, which is very
valuable to provide accurate forecasts of future
climatic conditions.

In addition to surface water models, groundwater
models are also used to project climate changes in
relation to water resources. In order to identify the
patterns of groundwater contamination risk in
Nigeria, Nwozor et al., (2025) applied GIS-based
hydrological modeling. The study emphasized the
importance of protecting recharge zones to ensure
the long-term sustainability of groundwater
resources for potable use. Despite the progress made
with  traditional modeling techniques, one
significant gap remains: the limited integration of
machine learning algorithms into climate and
hydrological modeling efforts in Nigeria. Advanced
machine learning techniques offer the potential to
enhance model accuracy, uncover hidden patterns in
large climate datasets, and support the development
of more responsive and adaptive water resource
management strategies. Their integration could
greatly improve the predictive capacity of existing
models and inform more strategic, real-time
interventions to safeguard potable water availability
under evolving climate conditions. In summary,
climate and hydrological models are vital for
anticipating climate change impacts on Nigeria’s
water systems. However, their full potential,
particularly in the area of machine learning, has yet
to be realized. Expanding the use of these advanced
tools will be critical in developing resilient water
supply systems capable of adapting to the
uncertainties of a changing climate.

Specific Strategies for mitigating the impacts on
Water Availability in Nigeria

Integrated Water Resources Management
(IWRM) was officially adopted in Nigeria in 2004
as part of the National Water Resources Policy. The
IWRM framework was designed to promote a
sustainable, coordinated, and holistic approach to
water resource management by balancing the social,
economic, and environmental dimensions of water
utilization. The ultimate goal is to ensure equitable
and efficient use of water resources while preserving
them for future generations. However, despite its
adoption, the practical implementation of IWRM
across Nigeria has faced several setbacks. Chief
among these is the absence of a comprehensive legal
and institutional framework capable of enforcing
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IWRM principles at a national scale, as the required
legislative approval remains pending. In addition to
legislative gaps, climate change and administrative
inefficiencies have been identified as critical
obstacles hindering the successful implementation
of IWRM principles in the country (Martins et al.,
2025). This review, therefore, explores innovative
and actionable strategies aimed at strengthening
water resource management systems in Nigeria,
particularly in light of the increasing challenges

posed by climate change. The objective is to
mitigate its adverse impacts on potable water
availability in both rural and urban areas across the
nation (Table 2). Among the key strategies proposed
are: rainwater harvesting (RWH), seawater
desalination, wastewater recycling, and sustainable
groundwater management.

Table 2: Specific strategies for mitigating climate change impart on water availability

Strategy Implementation Modifications for advancement Reference
Challenges

Rainwater Storage infrastructure Smart Control System Infusion of Zhang et al., 2019

Harvesting Water quality concerns | advanced filtration system Wartalska et al.,
2024

Desalination High energy cost Green Desalination Hindiyeh et al.,
2021
Khondoker et al.,
2023.

Water Public perception Constructed wetland Bao et al., 2023

Recycling Secondary Pollutants Electrocoagulation coupled system Ajibade et al.,
2023

Sustainable Over-extraction Artificial Intelligence (Al) aided Singh & Sharma

Groundwater Regulation enforcement | remote sensing technologies (2023)

Management Sadeghi-Jahani et
al., (2024)

Rainwater Harvesting (RWH) emerges as a
viable and adaptive strategy that enables the
collection and reuse of rainwater, particularly for
domestic consumption. As a decentralized and
sustainable water supply option, RWH is highly
effective in mitigating water scarcity, reducing
dependency on conventional water sources, and
improving climate resilience. Performance indices
for RWH systems such as water saving efficiency,
reliability, and stormwater capture efficiency,
demonstrate the technique’s potential for broad
application. However, given the expected changes
in rainfall patterns due to climate change, there is a
pressing need to scale up RWH systems as a life-
saving intervention (Zhang et al., 2019; Wartalska
et al., 2024). Wartalska et al., 2024 further noted
that RWH also reduces flood risks and prevents
surface water contamination. In arid and drought-

prone regions, RWH provides an alternative source
of potable water and helps to buffer communities
against the effects of prolonged dry seasons
(Kuzucu & Gokgen, 2024). The practice of
harvesting rainwater dates back to centuries ago.
With innovations of technology, however,
rainwater harvesting today is not only possible but
highly effective. Thanks to technological
advancement in terms of smart technologies,
sustainable construction materials, architectural
designs, and water filtration techniques, it is
possible to decontaminate and purify collected
rainwater, making it safe for drinking.

One innovative way of securing high-quality
potable water from the adverse effects of climate
change is through seawater desalination. Seawater
desalination is emerging as an important option in
the context of increasing water scarcity. This
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method involves removing contaminants such as
salts and other ions from seawater, rendering it
suitable for consumption. Desalination is
particularly relevant in light of rising temperatures,
salt intrusions into freshwater sources and sea level
rise. New technologies for desalination are
increasingly  geared towards sustainability,
commonly referred to as "greener desalination"
(Hindiyeh et al., 2021; Khondoker et al., 2023). The
establishment of strategically-placed desalination
facilities in coastal areas would serve to reduce the
pressure on inland water resources, cater to
increased urban population demand and mitigate the
impact of rising sea levels and coastal erosion. The
major limitation of conventional desalination
technologies is the amount of energy used in the
process. To make these technologies viable and
cost-effective, renewable energy sources must be
used.

Recycling and reusing treated sewage and
industrial effluents also plays an important role in
water security. This practice is consistent with UN
SDG 6, Target 6.3, aimed at reducing untreated
wastewater by half and encouraging the safe reuse
of water in households. Recycling of wastewater
reduces freshwater demand and mitigates
environmental pollution, helping to sustain water
availability during times of drought. However,
public opinion and lack of public awareness stand
as major obstacles to wastewater reuse in Nigeria.
People remain hesitant of using recycled water for
fear of health hazards that may result from
secondary pollutants in the water (Alade, 2019;
Rotimi et al., 2021). Fortunately, significant
progress is being made towards the development of
technologies capable of eliminating these
contaminants from treated wastewater. In
particular, research is showing remarkable success
in employing constructed wetlands and
electrocoagulation coupled systems as the most
efficient ways to treat domestic and industrial
wastewaters (Ajibade et al., 2023; Phu et al., 2025;
Ajibade et al., 2021; Mmonwuba et al., 2024).
Groundwater management is yet another critical
component of an effective climate-resilient water
strategy. Groundwater is the most important source
of potable water, especially in rural and semi-urban
settings.  Overextraction and  groundwater
contamination are some of the main problems
affecting groundwater availability in the region.

However, groundwater management strategies,
such as artificial recharge and banking, along with
protection of recharge zones (Singh & Sharma,
2023; Sadeghi-Jahani et al., 2024; Sadath et al.,
2021). Additionally, technological advancement in
the field of Artificial Intelligence (Al), geographic
information systems (GIS) and remote sensing has
transformed the way we manage groundwater in the
region. These technologies allow water managers to
assess groundwater contamination, replenish
depleted groundwater aquifers, and predict their
dynamics, thereby contributing to the sustainability
of potable water supplies.

Overall, the key to securing a sustainable water
supply amidst climate-induced water stress in
Nigeria relies in embracing technology-driven and
environmentally friendly methods.

Future Research Direction

To effectively mitigate the adverse impacts of
climate change on the availability and accessibility
of potable water in Nigeria, future research should
embrace a multi-disciplinary and holistic approach.
One research focus should be the resilience of
existing water infrastructure such as dams,
boreholes, pipeline networks, and facilities for
water treatment and processing in case of severe
weather phenomena. An assessment of the
performance and resilience of these facilities would
contribute to the development of appropriate
climate resilient water management strategies.
Secondly, nature-based solutions should also be
considered in the search for long-term sustainable
strategies for potable water provision. In particular,
research needs to be done on the potential of
restoring watersheds, conserving wetlands and
managing aquifers as sustainable sources of potable
water. These ecosystem-based measures would not
only help recharge aquifers and improve water
quality but would also reduce runoff and restore
wildlife. They would further contribute to the
community's resilience against climate change.
Moreover, future research should also focus on
socioeconomic studies, including an examination of
the complex interactions between climate change
and potable water in rural and urban settings. Such
research would investigate topics such as the
influence of water scarcity on migration patterns
and urbanization and the disproportionate effect of
water scarcity on the vulnerable populations in the
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region. This area of study would help develop
appropriate adaptation strategies that are socially
inclusive and environmentally  sustainable.
Finally, the current state of water governance in
Nigeria vis-a-vis international climate and
sustainability agreements, such as the Paris
agreement and UN SDGs, needs to be analysed. It
is necessary to determine the strengths and
weaknesses of the current legal and institutional
arrangements in the context of climate change, in
the context of achieving sustainability.

Conclusion

To sum up, climate change emerges as a major and
increasing threat to the availability, accessibility,
and quality of potable water in Nigeria. Despite the
natural endowments of water in the country,
including surface and groundwater reserves, the
ongoing process of climate change and the negative
effects associated with it pose a threat to water
security. Rising temperatures, changing rainfall
patterns, desertification, sea level rise and frequent
droughts and flooding adversely affect the quality
and accessibility of drinking water for millions of
people. However, among these risks lies the
opportunity ~ for  transformation. = Rainwater
harvesting, seawater desalination, wastewater reuse
and  Al-enabled groundwater management
strategies present promising solutions. These
methods can not only improve resilience but also
have beneficial implications for health, sustainable
development and international climate and
sustainability targets.

Recommendations
Based on the foregoing, the following strategic
recommendations are made to enhance climate-
resilient water management in Nigeria:

a) Policy revision and enforcement: The
Federal Ministry of Water Resources,
together with relevant institutions, needs to
revise water management policies. The
policies should explicitly integrate
adaptation and mitigation strategies for
climate change within the IWRM and
National Water Resources Policy.

b) Investment in Infrastructure: Significant
investment is required in  water
infrastructure, including

i. rainwater harvesting systems,

il. wastewater ~ treatment and
recycling facilities and
iii. improved networks for water

storage and delivery.

These upgrades are required to guarantee
adequate supplies of drinking water during
times of drought or floods.

c) Regional Cooperation: Nigeria must
enhance regional cooperation with
neighbouring countries and work towards
adopting common water management,
conservation and distribution strategies.

d) Community engagement and public
awareness: Communities should be
actively engaged in water conservation
and climate adaptation.  National
Orientation Agency (NOA) should launch
sustained public information campaigns
with regard to

i. Climate impacts on water
availability,
ii. Saving water and
iii. Protecting local sources of water.

e) Scientific Research: More money should
be invested in universities and research
institutes to undertake scientific studies
with regard to

i. Impacts of climate change on
water availability in Nigeria

ii. Adaption and mitigation
strategies for climate change.
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