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ABSTRACT

This study examined public perception of the impacts of climate
change on water resources and explored adaptation strategies to
mitigate it. Data was obtained using a structured questionnaire
randomly administered to 384 respondents. The questionnaire was
analyzed using descriptive and Chi-square statistics. The results
revealed that 62.4% were males, 37.7% were females, and 73.3%
were below 40 years old; 65.6% were married, 28.7% were not
married, and divorced and widowed were 3.5% and 2.2%
respectively. For education, 80.5% of the respondents are
educated up to the level of tertiary institutions, while 19.5% are
educated up to the level of secondary school. For the awareness
of climate change, 45% are moderately aware, 17.1% have low
awareness, 13.8% have very low awareness, and 18.2% and 6.0%
have high and very high awareness. With a Chi-square statistic (x?)
of 83.85, and a p-value <0.05, the study revealed that education
significantly influences climate change awareness. For the
adaptive strategies, 89.4% said there were no community
initiatives, and 10.6% disagreed. For mitigation, 32.8% said there
is a need for new water conservation measures, 27.6% said there
is a need for community engagements, 26.3% believe there is a
need for improvement of water-related infrastructure, and 13.3%
indicated a need for changes in government policy to address
climate change. The study concluded there was moderate
awareness of climate change among the general public, which
strongly correlates to individuals level of education. The study
therefore recommended adequate water conservation measures to
cope with the declining water resources.

Keywords: Climate change, mitigation, adaptation, Kaduna North
LGA, Water resource management, climate change

INTRODUCTION

Climate change is an escalating global concern that's significantly
affecting various aspects of the environment. Global climate
change threatens the supply of water resources globally and alters
their temporal-spatial patterns (Luo et al., 2017). The World
Meteorological Organization (WMO) reports that 2023 was the
hottest year recorded, with the average global temperature
anticipated to increase by 2°C over the next 20 years (WMO,
2024). According to the most recent forecasts by the
Intergovernmental Panel on Climate Change (IPCC, 2022), by
2100 global temperatures could rise between 1.1°C to 6.4°C. The
ARG Synthesis Report of the IPCC has established that climate
change is a tangible phenomenon, with Africa being the most
vulnerable continent (Ahmed et al., 2024). The warming of the
African continent is expected to beat the global annual mean
temperature this century, with the arid subtropical regions

experiencing greater increases than the more humid tropics (WMO,
2024).

Water is central to the well-being of mankind and the functioning of
sustainable ecosystems, and as such, any variations in climate can
negatively impact the quality and availability of water resources
(Bartlett & Dedekorkut-Howes, 2023). Anthropogenic climate
change is expected to have significant impacts on global
freshwater resources. These impacts include increased
evapotranspiration, resulting from higher temperatures, as well as
a likely increase in the frequency and intensity of droughts, with a
reduction in snowpack and changes in the timing of spring runoff
(Ciampittiello et al., 2024). However, the effects of climate change
on temperature and precipitation patterns have a significant impact
on the availability, distribution, and quality of water sources
because rainfall is a major factor in determining the amount of
water available to meet various demands, including those for
hydroelectric power generation, domestic water supply, agriculture,
and industry (Rankoana, 2020). There is a scientific consensus that
climate change will alter long-term rainfall patterns, impacting water
supply, as well as the possibility of increased frequency of severe
droughts and floods (Pizzorni et al., 2024). Consequently, climate
change poses immense threats and new opportunities for the
development of water resources; Climate change is anticipated to
worsen the quality and availability of water, with far-reaching
consequences for household food security, hygiene, and general
well-being (United Nations Global Compact (UNGC), 2009).
Rainfall in Nigeria has experienced and is still experiencing
changes as a result of a combination of natural factors and human
activities which influence the distribution in different timescales
(Abubakar et al., 2024a; Abubakar et al., 2025). These rainfall
variations have an impact on soil conservation, agriculture, water
resources, and severe weather occurrences, such as floods and
droughts, which have a disastrous impact on food security and are
often accompanied by other tragedies and hardships (Ifabiyi &
Ashaolu, 2015). These changes in water resources are critical to
all sectors of the economy. However, since the effects of climate
change are permanent, we must adjust to the new environment as
they arise. These actions are referred to as adaptation strategies
by the IPCC (2022), which emphasizes that they must operate at
several scales and address both the opportunities and threats
associated with climate change. Since there haven't been many
mitigating measures taken thus far, adaption techniques have
become more crucial to address the limited amount of change and
its effects on local populations (Marquardt et al., 2023).

Many countries in Sub-Saharan Africa (SSA) are experiencing
water stress. According to studies, water extraction in Nigeria
throughout the 1990s averaged 28 cubic meters per person per
year (World Bank, 2003). In 2004, the International Dialogue on
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Water and Climate illustrated that water stress will surge
significantly in SSA. There is a growing focus on conducting climate
change research using bottom-up methodologies, which means
studying the local level where the risks and impacts are primarily
experienced (Bardosh, 2015). Adaptation to climate change cannot
be accomplished through individuals alone but must be executed
by the community by sharing a common understanding of the risks,
consequences, and measures required to adapt (Biswas &
Rahman, 2023). A community-based adaption technique enables
individuals to plan for and deal with the consequences of climate
change by concentrating on community-led procedures grounded
in communities' objectives, needs, knowledge, and skills (Midgley
etal., 2012). The measures might be used to empower populations
to apply their own understanding and decision-making processes
to deal with the effects of climate change (Mugambiwa, 2018).
Furthermore, in places like Kaduna North, where there is a heavy
reliance on rainfall as a source of water for domestic, agricultural
and industrial uses, it becomes crucial to understand how climate
change is influencing its availability, as well as the mitigation and
adaptation strategies needed to address these changes.
Therefore, this study explored the public perception of the status of
water resources, the impact of climate change on these resources,
and the community-based adaptation practices adopted to ensure
the availability and accessibility of quality and safe water for
household consumption. The study results prove that community-
based participation in addressing water scarcity could be important
in climate change adaptation to improve climate resilience in local
communities through integrated and adapted water resource
management.

MATERIALS AND METHODS

Study Area

Kaduna North LGA lies between latitudes 10° 04' and 10° 30" North
of the Equator and between longitudes 7° 20" and 7° 30' East of
the Greenwich Meridian (Figure 1). It is bounded in the North by
the Igabi Local Government Area and in the West by both Kaduna
South and Igabi Local Government Areas of the state. It is also
bounded in the South and East by the Kaduna South Local
Government Area (Baba et al., 2020). The climate of Kaduna North
is characterized by alternating wet and dry periods (Képpen Aw).
The rainy season spans from April to the middle of October, with a
peak in August, and the dry season lasts from October to April of
the following year (Abubakar et al., 2024a). The annual average
rainfall in Kaduna is about 1323 mm/year. The interplay between
two air masses has a directimpact on seasonal variations in rainfall
(Abubakar et al., 2025).

The highest air temperature is recorded in April every year (28 °C)
while the lowest is recorded every December (22.9°C) until January
(23.1°C) (Abubakar et al., 2024a). During the wet and dry seasons,
the typical atmospheric relative humidity is, respectively, 70-90%
and 25-30%. The highest water loss through evaporation takes
place in the dry season (Musa & Abubakar, 2024). Kaduna State is
situated in the Guinea Savanna Ecological Zone, where tree
densities and other vegetation decrease as one moves towards its
northern region. The zone is important, both as a major provider of
cereals and tubers because of its significantly greater rain in
contrast to the more northern Sudan and Sahel Savannas
(Abubakar & Abdussalam, 2024; Atedhor, 2016).
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Figure 1: Map of Kaduna North Local Government Area
Source: Adapted from GRID3 - Nigeria, 2024

Data Collection

The purpose of the survey was to assess the awareness,
knowledge, attitude and perception of the public on the influence of
climate change on water resources management in Kaduna North
LGA, Kaduna. Before data collection, an iterative process of survey
conceptualization, questionnaire design, pilot interviews, and
modifications was conducted.

A preliminary survey consisting of questions was created and
categorized into four sections: 1) resident demographics and
background; 2) residents' awareness of climate change; 3)
residents' mitigation and adaptive strategies to influence climate
change on water resources management. Age, gender, education
level, marital status, and occupation were among the closed-ended
questions in the sociodemographic variables of interest section.
This applies to questions about their awareness of climate change.

Sampling Procedure, Size and Techniques

A sampling procedure and techniques were employed, where the
proportion of a research population was adequately selected to
represent the study population. However, since the local
government has twelve (12) wards, the study area is stratified
according to the political wards. These wards are Shaba, Gaji,
Unguwan Liman, Maiburuji, Kabala Costain/Doki, Gabasawa,
Unguwan Sarki, Badarawa, Unguwan Dosa, Kawo, Hayin Banki
and Unguwan Shanu (INEC, 2015).

A sample size indicates the proportion of a research population
adequately selected to represent the study population. The sample
size of this study was found to be 384, and it was determined based
on Cochran's (1953) formula for calculating sample size, with finite
population correction.

B x? Np(1 —p)
SCEm-nrepa-p

Where s = required Sampling Size (Household)

X2 = the table value of chi-square for 1 degree of freedom at the
desired confidence level (0.05 = 3.841)

N = Total Number of Household

P = The Population Proportion (Assumed to be 0.50)

d = The Degree of Accuracy or Level of Precision (0.05)

S = 3.841(75000 to 1000000) 0.50(1-0.50)

0.052 (75000 to 1000000-1) + 3.841 X 0.50(1-0.50)

S$=384
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This formula was chosen because of its ability to capture a large
number of populations as it contains many statistical variables such
as chi-square table value, population proportion, degree of
accuracy and confidence level. As the population increases the
sample size also increases at a diminishing rate and remains
relatively constant at slightly more than 380 sample size cases
(Krejcie & Morgan, 1970). However, the sample size used for this
study can be used in a population that is greater than and equal to
seventy-five thousand (= 75,000) and less than one million (<
1,000,000).

Reliability Test

A reliability test was carried out to measure the degree to which the
research instrument (questionnaire) yields consistent results.
Statistical Package for Social Sciences (SPSS v27) was used to
test the validity and reliability of the questionnaire. Measured for
the questionnaire, the Cronbach's alpha coefficient ranged from
0.83 to 0.92, as indicated in Table 1. As a result, the Cronbach's
alpha coefficient was greater than the 0.70 cutoff point.

However, after the field survey conducted by the research team,
only 369 questionnaires were usable, as some couldn’t be
retrieved, while others were not usable. This yielded a 92.18%

3.5 If yes, please specify

Source: Authors’ Compilation, 2023

Data Analysis
Descriptive statistics and crosstabulation were used to analyze the
respondents based on their sociodemographic attributes.
Crosstabulation combines categorical data into a table, with each
cell providing the frequency (raw or proportional) of observations
that fit the categories indicated by that cell (Momeni et al., 2018).
The summary data presented in cross-tabulated form can
subsequently be used for a variety of statistical tests, the majority
of which are based on the chi-square distribution (Putra & Wibowo,
2023).
Furthermore, to understand the relationship between residents’
level of education and awareness of climate change, the Chi-
Square test of independence was applied. Hypotheses tested by
the study are:
e Null Hypothesis (Ho): There is no association between
Education Level and Climate Change Awareness.
e  Alternative Hypothesis (Hy): There is a significant
association between Education Level and Climate

response rate. Change Awareness.
This Chi-square is calculated using Equation (i)
Table 1: Cronbach'’s Alpha for the Questionnaire ) (0-E)?
Cronb X°= Z £ ©
Attribute Factor ach’s Where O is the observed frequency, and E is the expected
alpha frequency. Additionally, if p < 0.05, reject Ho, which says the level
1. Awareness of education significantly influences climate change awareness.
(Awareness 1-3) 1.1 Level IOf Awareness 084 Else, if p > 0.05, accept the Ho, which says there is no significant
1.2 Perceived changes association. Data were presented in tables and charts using
1.3 Observed changes descriptive methods with the help of SPSS v27.
RESULTS AND DISCUSSION
2. Climate 2.1 How do you perceive This study discussed the roles of respondents’ levels of education
Change Impacts ~ climate  change affecting as well as community efforts in adopting and promoting strategies
water resources in  your for water conservation using a well-structured questionnaire.
region? 0.92

(Impacts 1-2) 2.2 In your opinion, what are
the major factors contributing
to the vulnerability of water

resources to climate change?

3. Adaptation 3.1 Are there any ongoing

Sociodemographic Characteristics

Table 2 revealed the sociodemographic characteristics of the
respondents. This includes the sex, age range, marital status, level
of education, occupation and income of the respondents.

Table 2: Sociodemographic Characteristics of the Respondents

efforts or initiatives in your Sex Frequency Per cent

community or region to adapt Male 230 623

to the impacts of climate

change on water resources? ~ 0.83 Female 139 377
(Attitude 1-5) 321fyes, Total 369 100

3.3 What do you consider to

be effective  adaptation Age Range

strategies to mitigate the 20-30 88 238

consequences of climate

change on water resources? 31-40 184 499

34 Have you personally 41-50 70 19.0

adopted any practices or Above 50 27 73

technologies to cope with Total 369 100

changes in water availability
or quality?

Marital Status
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Single 106 28.7
Married 242 65.6
Divorced 13 35
Widowed 8 2.2
Total 369 100

Level of Education

Secondary 72 19.5
Tertiary 297 80.5
Total 369 100

From Table 2, the majority of the respondents are male, with 62.4%
of the total population, while females make up 37.7% of the
population. This contradicts the study of Jibril et al. (2021) which
revealed that 63% of the population were females. For the age
range of the respondents, the results also showed that 73.3% of
the respondents are below the age of 40, which indicates a very
young population. People between the ages of 41 and 50 years
make up 19% of the population, while those above 50 years of age
make up only 7.3%. This is similar to the findings of Ariyo et al.
(2021) that people below the age of 40 make up 60.87% of the
population. The respondents' relatively young age indicates that
the study reflects the perceptions and educational experiences of
a younger generation, which is crucial for understanding current
trends and environmental challenges.

The results also showed that 65.6% of the respondents were
married, 28.7% were single, while divorced and widowed made up
3.5% and 2.2% of the respondents, respectively. This is similar to
the findings of Nwankwo et al. (2023) which revealed that the
majority of the residents of Kaduna North LGA were married. For
the level of education, the result indicated that the majority of the

80
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., =l
M Student M Academia M Civil Servant B Trader
a) Occupation
Figure 2: Occupation and monthly income of the respondents
Climate Change Awareness

Table 3 revealed the residents’ level of climate change awareness
on water resources.

respondents were educated with 80.5% up to the tertiary level. The
remaining 19.5% were educated up to secondary school. This
indicated the high level of education of the respondents. Higher
educational attainment is typically linked with an enhanced
understanding of environmental and water resource concerns,
encompassing pollution, climate change, and water conservation
(Ardoin et al., 2020).

Occupation and Income of the Respondents

Civil servants make up the largest population of the respondents,
with 71%, followed by traders with 12.2%. Students and staff of
academia make up 10% and 6.8% respectively. This result is shown
in Figure 2a. Academics and students are essential for research
and education regarding the impacts of climate change. Students
and members of the academia can foster innovation in water
resource management practices and inform the public about
adaptive measures (Wonneberger et al., 2020). For the monthly
income, 39.0% of the respondents earn between N100,000 and
N200,000 per month, followed by those who earn more than
N200,000 per month. 21.1% earns between N50,000 and
N100,000, while 7.6% earns below N50,000. This result is shown
in Figure 2b.

Individuals and households with low income are particularly
susceptible to price changes during droughts or shortages since
they spend more of their income on essential requirements like food
and water (Delbiso et al., 2024), whereas high-income levels
frequently correlate with enhanced governance, improved policy
execution, and institutional structures that facilitate equitable water
management (Mwadzingeni et al., 2022). A considerable
percentage of middle-to-high-income earners indicates the
possibility for private sector investment in water infrastructure,
encompassing public-private partnerships (PPPs) for water supply
initiatives (Munoz-Jofre et al., 2023).
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Table 3: Respondents’ Level of Awareness on the Impacts of
Climate Change on Water Resources

How would you rate your

awareness of climate change Freq

and its impacts on water uen Per

resources? cy cent
Very Low 51 13.8
Low 63 171
Moderate 166  45.0
High 67 18.2
Very High 22 6.0
Total 369 100
Changes in local water

availability

Yes 214 58.0
No 155 420
Total 369 100
If yes, state

Drought 76 355
High Rainfall / Flood 38 17.8
Irregular Rainfall 21 9.8
Low G/Water Level 36 16.8
Purity 10 4.7
Drying up of water bodies 23 10.7
Cost 10 4.7
Total 214 100

The results in Table 3 revealed the majority of the respondents
(45%) have moderate awareness of climate change and its impacts
on water resources availability. Also, 30.9% of the respondents’
level of awareness of climate change ranged from low to very low.
Those with high and very high awareness of climate change make
up 24.2% of the respondents. According to Johnson et al. (2022),
communities with limited climate change awareness may find it
challenging to implement water conservation practices or endorse
infrastructure enhancements designed to alleviate these effects.
Also, 58% of the respondents observed changes in local water
availability as a result of climate change, while 42% have not
observed any changes. Among the 58% who reported noticing
changes, the majority (35.5%) believed that climate change is
responsible for low rainfall and drought occurrences, and 27.5%
believed climate change is responsible for low groundwater
availability or drying up of water bodies. 17.8% believed climate
change is responsible for high rainfall, which causes severe floods.
9.8% believed it causes irregular rainfall (amount, onset and
cessation). Those who believed climate change affects water
quality and those that believed climate change is responsible for the
high cost of water make up 4.7% each.

Relationship Between Level of Education and Climate Change
Awareness

Table 4 reveals the result of the Chi-square statistics, showing the
relationship between the level of education and climate change
awareness in Kaduna North LGA.

Table 4: Relationship Between Level of Education and Climate
Change Awareness
Chi-Square Tests

Asymptotic
Significance (2-
Value df sided)
Pearson Chi-Square  83.8512 4 .000
Likelihood Ratio 40.337 4 .000

N of Valid Cases 369

a. 1 cells (1.3%) have expected count less than 5. The minimum
expected countis 1.
Source: Authors’ Analysis, 2023

From Table 4, the Chi-square revealed Chi-square statistic (x?) =
83.85 p-value = 2.66 x 107"" (very small, almost zero) Degrees of
freedom (dff = 4. Given that the p-value
(0.0000000000000000266) is lower than the alpha (0.05), this
indicates that the correlation is statistically significant. This
confirms the findings of previous studies that climate change
awareness is strongly influenced by education (Ayanlade &
Jegede, 2016; Hess & Collins, 2018; Hoekstra et al., 2024).

Impacts of Climate Change on Water Resources

Figure 3a revealed that 34.7% of the respondents believed climate
change is responsible for the increased drought, 23.8% thought it
is causing more frequent and intense flood events, and 22.5%
believed it is causing a decline in groundwater levels. In
comparison, 17.1% thought it was causing changes in precipitation
patterns. However, only 1.9% indicated others, with no reasons
stated. The opinions of the respondents align with scientific data on
how climate change influences water resources using both direct
(e.g., temperature increase) and indirect (e.g., changed
hydrological cycle) effects (Abbas et al., 2022; Bartlett &
Dedekorkut-Howes, 2023; Rankoana, 2020), and soil moisture
availability (Abubakar et al., 2024b). These realizations highlight
the necessity of focused adaptation plans to reduce the hazards
related to these developments (Ciampittiello et al., 2024).

For the major factors contributing to the vulnerability of water
resources to climate change, Figure 4.3b revealed that most
respondents believe pollution (41.2%) is the main problem,
followed by lack of adequate storage with 34.4%. However, 24.4%
of the respondents believe climate change will increase the rates
of evaporation, exacerbating the loss of surface water. This agrees
with the report of the IPCC (2022) that without adequate storage
capacity, households may struggle to manage climate-change-
driven water resource fluctuations.
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Figure 3: a) Perception of climate change effect on water resources in your region b) Major factors contributing to the vulnerability of water

resources to climate change

Adaptation Strategies

Table 5 revealed that the overwhelming majority of the respondents
(89.4%) said there are no community efforts/initiatives to adapt to
the impacts of climate change on water resources availability in the
study area, while 10.6% disagreed. While 80.5% of respondents
had tertiary education (Table 2), efforts at adaption are still

inadequate. This suggests that awareness by itself might not
translate to action; other challenges including financial constraints
or inadequate institutional support could be present. Given limited
access to information and resources, the small proportion (19.5%)
with secondary education may show less participation in climate
adaptation.

Table 5: Community-Level Adaptive Strategies on the Impacts of Climate Change on Water Resources

Are there ongoing efforts/initiatives to adapt to the impacts of climate change on water

resources? Frequency Per cent
Yes 39 10.6

No 330 89.4
Total 369 100

If yes, please specify

Water collection and storage are being adopted 15 38.5
Drainage / Flood Control 12 30.8
Adequate Maintenance 7 179
Awareness 5 12.8
Total 39 100

Effective adaptation strategies to mitigate the consequences of climate change on water resources

Water conservation measures
Infrastructure improvements
Policy changes

Community engagement
Total

121 32.8
97 26.3
49 133
102 27.6
369 100

Have you personally adopted any practices or technologies to cope with changes in water availability?

Yes

72 19.5
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No
Total

If yes, please specify

Rain harvesting

Borehole Sinking

Using Water Efficient Appliances
Total

297 80.5
369 100
10 13.9
47 65.3
15 20.8
72 100

Of the respondents, 15 people responded that their communities
were adopting new water collection and storage methods, and 12
responded that they were actively engaged in efforts to clear
drainages for flood mitigation. 7 respondents said they carried out
adequate maintenance on their water infrastructure, while 5
respondents said their communities are carrying out awareness on
the impacts of climate change on water resource availability. Thus,
Rankoana (2020) suggested that without community adaptation
strategies including water conservation, storage, and alternate
supply, water availability for households, agriculture, and
enterprises becomes increasingly unsustainable.

Water conservation (32.8%) and community participation (27.6%)
are recognized as significant strategies for climate adaptation.
However, just 13.3% consider policy reforms vital, which
demonstrates a deficit in comprehending the importance of
governance in climate adaptation.  Infrastructure improvement
(26.3%) demonstrates a recognition of the need for modern water
systems, but its low percentage implies inadequate government or
private investment. Previous studies have argued that sustainable
water management is critical for building resilience against climate
change (Bartlett & Dedekorkut-Howes, 2023). Furthermore,
community-based adaptation practices, such as traditional water
harvesting techniques and local storage solutions (e.g., sand
dams), improve resilience to water scarcity while empowering local
populations (Rankoana, 2020). Participatory approaches also
ensure that adaptation strategies are culturally relevant and
address the specific needs of vulnerable communities (IPCC,
2022). Lastly, 80.5% of the respondents said they have not
adopted any practice to cope with changes in water resource
availability, while only 19.5% reported they have made personal
efforts. Among those who responded yes, 65.3% said they dug
boreholes to have adequate water supply, 20.8% said they were
using water-efficient appliances, and 13.9% said they were into rain
harvesting.

Conclusion

This study provides insight into public perceptions of climate
change implications on water resources and examines adaptation
strategies. Findings revealed moderate awareness of climate
change among the general public, which strongly correlates to
individuals’ level of education. However, the study found a lack of
individual and community-driven climate change water resources
challenges. The findings highlight the critical need for sustainable
water resource management, enhanced community engagement,
water resource-related infrastructural development, and policy to
address the looming threats posed by climate change on water
resource availability.

Additionally, the study found that a few people have adopted
strategies to enhance their resilience to water-related challenges
such as sinking boreholes, use of water-efficient appliances, and
rain harvesting. This necessitates sensitization of the general
public on sustainable adaptive strategies to climate change. The
study recommends focusing on community-based activities,
strengthening water-related infrastructure, and providing a
regulatory framework to enhance resilience to climate change. By
addressing these gaps, policymakers can better equip
communities to cope with the decreasing availability of water
resources and minimize the adverse effects of climate change.
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