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Abstract

This study examines the impacts of climate change across Nigeria’s diverse climatic, and ecological
zones, including the Sahelian, Sudanian, Guinea Savannah, Mangrove, freshwater, and rainforest
regions. Over the past 50 years, significant temperature increases and erratic precipitation patterns
have led to substantial declines in agricultural productivity, particularly in staple crops like maize,
sorghum, cassava, and yams. Water bodies and such as Lake Chad and the Niger River, have shrunk
considerably, exacerbating water scarcity issues. Health impacts include rising incidences of
vector-borne diseases and heat-related illnesses. Climate models project further temperature increases
and extreme weather events by 2050, underscoring the need for robust adaptation and mitigation
strategies. Community-driven adaptation efforts are in place but require enhanced support for greater
effectiveness. This comprehensive analysis highlights the urgent need for coordinated action to ensure
Nigeria’s socio-economic stability and environmental sustainability. Residences of most of Nigerian
cities are complaining of heat wave, people tend to tire out without easily, it has been observed the fan
are blowing hot air.
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1. Introduction dissipate thick cloud fast from protecting the
people, or that the ozone layer has been
punctured around Nigeria atmosphere, leading
the local to feel that the sun has moved closer.

Africa is particularly sensitive to the effects of
climate change due to her technological and
scientific level of development. Climate change

is not just Africa problem; it is a major Nigeria’s agricultural industry, is crucial to its
worldwide issue (IPCC, 2020). Nigeria has economy, it is highly vulnerable to climate
shown notable climate shifts most recently, change. Adesina (2021) reports lower harvests of
which is similar to other African nations staples like sorghum and maize due to increased
(Adejuwon et al., 2020). The study examines the pests and shifting weather patterns. Irregular
observed shift in Nigeria’s climate zones and rainfall and prolonged dry periods disrupt
posits that it may be caused by the effect of planting seasons (Eze, 2018), while livestock
illegal oil refinery, Cloud movement that faces heat stress and water scarcity (Ayoade,
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2020). While Chinago (2020) and Alexander
(2022) opined that rainfall variability in part of
Nigeria is a dispersion to what it used to be,
therefore the common opinion is that an
anomaly far away from a station mean rainfall is
an indication of climate change.

Water resources are strained, with significant

bodies like Lake Chad shrinking, causing
resource conflicts and affecting availability
(Ogundele, 2022; Ayeni, 2019). Rising
temperatures expand mosquito  ranges,

increasing malaria (Bello, 2020). Heat stress and
urbanization exacerbate respiratory disorders
(Uche, 2019; Emeka, 2021). The shrinking of
water bodies due to excessive
evapotranspiration in one hand and inadequate
rainfall on the other hand affect the balance
between land breeze and sea breeze, a balance
that check heat regime. Alexander (2024) stated
in his work that Lake Chad has reduced
significantly both in volume and in size.

Rainfall patterns have also become increasingly

erratic. Studies by Adeleke (2023) show
significant deviations from  historical
precipitation norms, with some regions

experiencing severe droughts while others face
unprecedented flooding. These variations are
largely attributed to climate change, which
disrupts the hydrological cycle (Ekpo, 2019). For
instance, the recent flooding in the Niger Delta,
as analyzed by Ibe (2020), is linked to unusual
precipitation patterns combined with poor
urban planning and deforestation, exacerbating
the vulnerability of local communities. Despite
the flood observed in the southern part of
Nigeria, the general trend is that the amount of
annual rainfall over the country is reducing over
the years. The implication is that dry soil can
easily heat up it environ through the process of
convention, thereby increase the heat and
temperature around a region.

The economic activities within Nigeria also
account to the raising heat wave in the country,
especially in the south. The method of oil and
gas exploration “GAS FLARING” is a major
contributor of heat and rising temperature.
Besides, illegal oil refineries, oil pollution and
wanton fallen of trees, bush burning, etc. all
added to the raising temperature and heat wave
in Nigeria.

Nigeria geographically is located between
latitude 3° east to 15° east and longitude 4° north
to 14° north. Rainfall distribution over Nigeria

54

. Journal of Progress in Engineering and Physical Science

decreases northward, except on few highland
areas like Jos, which is a breeding ground for
orographic rainfall. Ologunorisa and Alexander
(2004, 2007) pointed out that thunderstorm is a
major contributor of rainfall in the north of
Nigeria.

Nigeria land mass is 923,768km?. Land occupied
98.59% of Nigeria, while water occupied just
1.41%. The highest point in Nigeria is the
Chappal Waddi standing at 2,419m above sea
level in Adamawa Mountain. The Atlantic Ocean
is the lowest point in Nigeria Om sea level.

Nigeria climate is influenced majorly by the
movement of the Inter Tropical Discontinuity
(ITD), which is influenced by the Maritime air
mass and the Continental air mass. Areas below
the ITD experiences rainfall and areas above it is
dry season. In terms of vegetation Nigeria has
grassland, forest and montane vegetation. The
soils around the Niger Delta region of Nigeria
are fragile (Chinago, 2017).

Adaptation and mitigation methods are crucial
in tackling these issues. Abubakar (2021) asserts
that in order to strengthen agricultural
resilience,  integrated  techniques  fusing
traditional skills with cutting-edge technology
are required. This involves producing crop types
resistant to drought, putting in place effective
irrigation systems, and embracing sustainable
land management techniques. Furthermore, in
order to control flooding and lessen urban heat
islands, green infrastructure must be
incorporated into urban planning (Olawale,
2022).

Policy and governance play an essential part.
Some of the adverse consequences can be
lessened through the adoption of effective
climate policies that support environmentally
conscious agriculture, encourage renewable
energy, and enforce environmental rules. Ikenna
(2021) highlights how critical foreign money and
collaboration are to bolstering Nigeria’s climate
policies. Moreover, community involvement and
education are essential for developing

adaptability and resilience at the local level
(Chukwu, 2020).

2. Materials and Methods
2.1 Data Collection

To assess shift observations, a
multi-faceted data collection approach was
employed, incorporating both primary and
secondary data sources.

climate
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2.2 Climatic Data

Historical and current climatic data, including
temperature and precipitation records, were
obtained from the Nigerian Meteorological
Agency (NIMET). The data spanned over 50
years (1970-2020) to capture long-term trends.
Advanced statistical tools were used to analyze
these data sets, focusing on annual mean
temperatures, rainfall patterns, and the
frequency of extreme weather events (Obot,
2021).

Nigeria’s agricultural industry, essential to its
economy, is highly susceptible to climate
change. Adesina (2021) reports lower harvests of
staples like sorghum and maize due to increased
pest activity and shifting weather patterns.
Irregular rainfall and prolonged dry periods
disrupt planting seasons (Eze, 2018), while
livestock faces heat stress and water scarcity
(Ayoade, 2020).

Water resources are under severe strain, with
significant bodies like Lake Chad drastically
shrinking, leading to resource conflicts and
reduced water availability for consumption and
agriculture (Ogundele, 2022). Rising
temperatures and erratic rainfall worsen this
situation (Ayeni, 2019). Mosquito ranges have
expanded, increasing malaria incidence in
previously low-risk areas (Bello, 2020). Heat
stress, exacerbated by wurbanization and
industrialization, leads to respiratory disorders,
particularly affecting the elderly and young
(Uche, 2019; Emeka, 2021).

2.3 Statistical Analysis

Descriptive and inferential statistics were used
to analyze climatic, agricultural, and health data.
Time series analysis helped identify trends and
anomalies in temperature and rainfall patterns
(Eze, 2018). Regression analysis was employed
to explore the relationships between climate
variables and agricultural yields, water levels,
and health outcomes (Adesina, 2021).

2.4 Qualitative Analysis

Content analysis was conducted on the
qualitative data from field surveys and
interviews with farmers and local communities.
This analysis provided contextual
understanding and validated the quantitative
findings. Thematic coding was used to identify
recurring themes insights related to
adaptation strategies and local perceptions of

and
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climate change (Ayoade, 2020).
2.5 Modeling Approaches

To project future climate scenarios and their
potential impacts, climate models such as the
Regional Climate Model (RCM) and the General
Circulation Model (GCM) were employed. These
models, calibrated with local data, helped
simulate future temperature and precipitation
patterns under different greenhouse gas
emission scenarios (Ojo, 2020).

2.6 Hydrological Modeling

The Soil and Water Assessment Tool (SWAT)
was applied to model the impacts of climate
change on water resources. This model helped
understand how changes in temperature and
precipitation = could affect river flow,
groundwater recharge, and overall water
availability (Emeka, 2021).

2.7 Community Engagement and Participatory
Research

Engagement with local communities was a
crucial component of the research. Participatory
workshops and focus group discussions were
organized to disseminate findings and gather
feedback from stakeholders. This approach
ensured that the research was grounded in local
realities and facilitated the co-creation of
adaptation strategies (Abubakar, 2021).

2.8 Ethical Considerations

The study adhered to ethical guidelines for
research  involving human  participants.
Informed consent was obtained from all
interviewees and survey participants. Data
confidentiality and privacy were maintained
throughout the research process (Olawale, 2022).

3. Results and Findings
3.1 Climatic Data Analysis

The analysis of climatic data revealed significant
trends in temperature and precipitation patterns
across the studied regions. Over the past 50
years, the average annual temperature in the
Sahelian region (Maiduguri) increased by 1.8°C,
while the Sudanian (Kano) and Guinea
Savannah (Makurdi) regions experienced
increases of 1.6°C and 1.4°C respectively.
Notably, the Mangrove, freshwater,
rainforest regions experienced even more severe
temperature increases, with an average rise of
1.1°C, highlighting a more profound impact
than in the savanna regions.

and
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Table 1. Average Temperature increase and Heat increase over the Climatic Zones

Region Average Annual Temperature Increase (°C) Increase in Extreme Heat Days
Sahelian 1.8 20%
Sudanian 1.6 18%
Guinea Savannah | 1.4 15%
Mangrove/Forest | 1.2 12%

The frequency of extreme heat days, defined as
days with temperatures exceeding 35°C, also
increased significantly. For instance, the forested
regions saw a 12% rise in extreme heat days
compared to the 1980s, though lower than what
was observed in the savanna regions, but the
effect seems to be more devastating, since
evaporation is higher in the area.

Precipitation patterns exhibited considerable

variability. The Sahelian region experienced a
15% decline in annual rainfall, contributing to
prolonged dry spells and drought conditions.
Conversely, the Guinea Savannah region saw a
10% increase in rainfall, often leading to
flooding during the rainy season. The forested
regions also experienced erratic rainfall patterns,
with periods of intense rainfall followed by
extended dry spells.

Table 2. Change in Rainfall occurrences and Related Issues

Region Change in Annual Rainfall (%) Increase in Rainfall Events > 50mm/day
Sahelian -15 5%

Sudanian -8 7%

Guinea Savannah | 10 12%

Mangrove/Forest | 5 10%

3.2 Agricultural Data Analysis

Agricultural productivity showed a marked
decline in response to these climatic changes. In
the Sahelian region, maize yields decreased by
25% over the past three decades, while sorghum
yields dropped by 20%. In the forested regions,
the decline in crop yields was equally severe,
with significant losses in crops like cassava and
yams.

Farmers in the forested regions reported

increased pest activity, particularly from the fall
armyworm and other pests, which compounded
the challenges posed by changing climatic
conditions.

3.3 Water Resources Analysis

The analysis of water resources highlighted
significant reductions in water levels of major
bodies. Lake Chad, for instance, has shrunk by
over 90% since the 1960s, as shown in satellite
imagery and corroborated by ground trothing.

Table 3. Effect of high Temperature (Evapotranspiration) on Water Bodies

Water Body Reduction in Surface Area (%) Region
Lake Chad 90 Sahelian/Sudanian
Niger River 30 Guinea Savannah

Remote sensing data indicated that the Niger
River’s flow decreased by 30%, particularly
during dry seasons. This reduction in water
availability = has critical implications for
agricultural irrigation and domestic water

supply.
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3.4 Health Data Analysis

Health data analysis revealed a significant
increase in vector-borne diseases. Malaria
incidence rose by 35% in the Sahelian region,
30% in the Sudanian region, and 25% in the
Guinea Savannah region. The expansion of




mosquito habitats due to warmer temperatures
and increased precipitation in certain areas
contributed to this trend.

Heat-related illnesses also surged, with hospital
records indicating a 40% increase in the Sahelian
region, 35% in the Sudanian region, 30% in the
Guinea Savannah region, and 38% in the
Mangrove and forest regions. This rise was
attributed to more frequent and severe heat
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waves.
3.5 Modeling Results

The climate models projected further
temperature increases of 2-3°C by 2050 across all
regions under high emission scenarios.
Precipitation models indicated more extreme
weather events, with increased variability in
rainfall patterns leading to both severe droughts
and intense flooding.

Table 4. Projected raise in Temperature and Estimated Rainfall Change in Pattern

Scenario Projected Temperature Increase (°C) by 2050 | Projected Change in Rainfall Patterns
(%)

High Emissions | 2-3°C +15 (variability)

Low Emissions | 1-1.5°C +10 (variability)

Crop simulation models predicted a decline in
maize and sorghum yields by up to 30% in the
Sahelian and Sudanian regions if current trends
continue. Similar declines were projected for
cassava and yams in the forested regions.
Hydrological models forecasted a 40% reduction
in water availability in Lake Chad and a 20%
decrease in the Niger River’s flow by 2050.

3.6 Community Insights and Adaptation Strategies

Community engagement revealed several
locally driven adaptation strategies. Farmers
reported shifting planting dates, adopting
drought-resistant crop varieties, and utilizing
traditional water conservation methods. These
strategies, while beneficial, were often
insufficient to fully counteract the adverse
effects of climate change.
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Figure 1. Climate Change% Impact on Nigerian Ecological Zone

Figure 1 shows the relationship between
changing climate and the ecological zones.

4. Summary of Findings

The findings from this study underscore the
multifaceted impacts of climate change in
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Nigeria. Significant temperature increases,
erratic rainfall patterns, declining agricultural
yields, shrinking water resources, and rising
health issues paint a stark picture of the
challenges faced by the country. The projections
for future climate scenarios further highlight the




urgency for effective adaptation and mitigation
strategies to safeguard Nigeria’s socio-economic
stability and environmental sustainability.

5. Conclusion

The study on climate shift observation in
Nigeria reveals profound impacts of climate

change across various ecological zones,
including the Sahelian, Sudanian, Guinea
Savannah, and particularly the Mangrove,

freshwater, and rainforest regions. Findings
show significant increases in average annual
temperatures, with the forested regions
experiencing the most severe rise. This,
combined with erratic precipitation, threatens
the country’s socio-economic stability and
environmental sustainability.

Key impacts include a decline in agricultural
productivity, with staple crops like maize,
sorghum, cassava, and yams suffering reduced
yields due to increased pests and shifting
growing seasons. Major water bodies like Lake
Chad and the Niger River are shrinking,
exacerbating water resource challenges for rural
and urban populations, affecting irrigation,
domestic supply, and ecosystem health.

The health sector faces rising vector-borne
diseases like malaria and increased heat-related
illnesses, especially in forested areas. Future
climate scenarios predict further temperature
increases and extreme weather, emphasizing the
need for robust adaptation and mitigation
strategies.

Community engagement and participatory
workshops reveal a range of locally driven
adaptation strategies, such as the adoption of
drought-resistant crop varieties, traditional
water conservation methods, and adjustments in
planting dates. However, these measures, while
valuable, are often insufficient to fully
counteract the adverse effects of climate change.
There is a clear need for more comprehensive
support from governmental and international
bodies to enhance adaptive capacities. This
includes the development of climate-resilient
infrastructure, improved access to accurate
weather forecasting, and greater investment in
sustainable agricultural practices.
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