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Abstract: Climate change poses significant challenges to agriculture, particularly in developing nations like Nigeria, where the
sector is highly dependent on rain-fed farming systems. Extremic weather events such as prolonged droughts, erratic rainfall,
flooding, and rising temperatures threaten agricultural productivity, food security, and rural livelihoods. This study examines the
vulnerability of food crops to climate change, focusing on smallholder farmers' perceptions and adaptation strategies. Using a
multistage sampling technique, data were collected from 480 smallholder farmers across selected agro-ecological zones in Nigeria.
The study employed descriptive statistics and a crop vulnerability scale to assess the susceptibility of key food crops—maize,
cassava, sorghum, rice, millet, soybean, and yam—to climate extremes. Findings reveal that drought is the most critical climate-
induced stressor affecting food crops, with maize and cassava exhibiting the highest vulnerability indices. Flooding also presents a
substantial risk, particularly to maize, while temperature fluctuations have relatively less severe immediate impacts. The study
highlights the importance of climate information dissemination, cooperative memberships, and extension services in enhancing
farmers' resilience. However, limited access to climate information remains a significant barrier to adaptation. Given the observed
variability in crop vulnerability, targeted climate adaptation strategies, including drought-resistant crop varieties, improved drainage
systems, and early warning mechanisms, are recommended. This study underscores the urgent need for climate-smart agricultural
policies and resilience-building measures to safeguard food production and rural livelihoods in Nigeria amid escalating climate
change threats.
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1. Introduction

Globally, climate change remains one of the most severe
challenges facing agriculture, with developing countries
like Nigeria experiencing the most severe consequences
(Omotoso & Omotayo, 2024a). Nigeria's agricultural
sector is highly vulnerable to climate variability due to its
dependence on rain-fed farming systems, making it
susceptible to extreme weather events such as prolonged
droughts, erratic rainfall, flooding, and rising
temperatures (Olutumise & Oparinde, 2022; Sabasi &
Shumway, 2018). These climate-related shocks not only
reduce agricultural yields but also threaten food security,
livelihoods, and economic stability (Omotoso et al., 2023).
The increasing unpredictability of weather patterns
affects crop cycles, disrupts planting and harvesting
schedules, and exacerbates pest and disease outbreaks,
further worsening productivity losses (Omotayo &
Omotoso, 2025). Given that agriculture contributes
significantly to Nigeria’s GDP and employs a large
proportion of the rural population, addressing climate
change impacts on the sector is critical for national
development and poverty alleviation (Dumenu & Obeng,
2016).

Noteworthy, climate change-related floods and droughts
are becoming more common in Nigeria, posing a
significant threat to agricultural households (Olutumise
et al., 2021; Omotoso & Omotayo, 2024a). According to
(Mishra et al., 2021; Omotoso et al., 2024), rising average
global temperatures lead to global warming, affecting
precipitation and negatively impacting agricultural
activity and crop productivity. Nigeria's crop season is
expected to shorten due to heavy reliance on rain-fed
which is particularly vulnerable to climate change (Fadare
et al., 2024; Omotoso & Omotayo, 2024c). Subsequently,
few studies (Omotoso & Omotayo, 2024a; Sikka et al.,
2018) have assessed crop vulnerability at the household
level, where livelihood activities are concentrated.
Research on agricultural system vulnerability to climate
change often focuses on cropping systems rather than
identifying specific crop vulnerability to extreme weather.
Consequently, assessing crop vulnerability to particular
climatic extremes in Sub-Saharan Africa, and Nigeria

specifically, to inform climate change adaptation planning
(CCAP) is limited.

Nigeria's agricultural sector has consistently showcased
its significance, contributing about 30% to GDP and
sustaining the livelihoods of 60% of the population
(Olutumise et al., 2021; Omotoso & Omotayo, 2024a).
Nonetheless, prospective expansion is jeopardised by
climate change owing to the population's significant
reliance on natural resources and rain-fed agriculture for
sustenance. Projected alterations in precipitation
patterns and rising temperatures are expected to impose
significant additional problems on a sector already
grappling with the severe consequences of climate change
(Bazzana et al., 2022). Climate change directly negatively
impacts agriculture through crop failures, the emergence
of novel pest and disease patterns, soil infertility,
diminished water retention, and agricultural demand
(Dumenu & Obeng, 2016). Furthermore, the stability of
crop yields and food supplies will be adversely impacted
by alterations in climatic factors, which will differentially
influence physical, economic, and social access to food
due to reductions in agricultural productivity, elevated
food prices, and diminished purchasing power (Omotayo
& Omotoso, 2025; Omotoso et al., 2024).

However, there is a dearth of empirical data on the specific
vulnerability of Nigerian crops to climate extremes.
Rigolot et al. (2017) define vulnerability as the degree to
which a system is either unable to manage the adverse
effects of climate change or is susceptible to them. The
definition of vulnerability in this study is the degree to
which climate change adversely affects the production of
food crops (Danso-Abbeam et al., 2018). In recent years,
vulnerability has become a significant theme in the
literature on climate change. This is due to its role in
providing information that facilitates the understanding,
assessment, and evaluation of the circumstances of
communities and individuals impacted by climate-
induced disasters (Bazzana et al., 2022; Dumenu &
Obeng, 2016). The Intergovernmental Panel on Climate
Change (IPCC) wunderscores the importance of a
comprehensive assessment and understanding of the
susceptibility of regions to climate change in order to




enhance the development of resilience enhancement and
adaptation strategies. In Nigeria, empirical evidence
(Omotoso & Omotayo, 2024a; Wassmann et al., 2019)
suggests that agricultural systems are vulnerable to
climate change, particularly to stresses such as drought,
low rainfall, arid periods, and elevated temperatures
(Muriuki et al., 2023).

Research (Bazzana et al., 2022; Kogo et al., 2021) has
demonstrated communities' vulnerability to climate
change and their adaptive tactics. Notwithstanding the
significance of these evaluations on the region's
vulnerability to climate change, the degree to which staple
food crops (maize, sorghum, rice, millet, soybean, and
yam) are imperiled by climate change remains
inadequately examined. This research examines
smallholder farmers' perception of crop vulnerability to
climate change to evaluate crop-specific vulnerability and
its implications for adaptation strategy and resilience
enhancement.

2. Method and materials
2.1 Study area

The research was carried out in a certain number of
farming communities that are well-known for their
production of food crops such as maize, cassava, and
vegetables. These communities were chosen from among
the six geopolitical zones that encompass five of Nigeria's
six agro-ecological zones (AEZs): the southeast,
southwest, northwest, northeast, and northcentral.
Nigeria has a land mass of 923,768 square kilometres and
is located in the West African region. Its longitudes range
from 3 degrees to 14 degrees and its latitude range from
4 degrees to 14 degrees. The Republic of Benin is located
to the west of Nigeria, Chad and Cameroon are located to
the east of Nigeria, and Niger is located to the north of
Nigeria at the land border. Its coastline is located on the
Gulf of Guinea in the south, and it shares a border with
Lake Chad which 1is located in the northeast.
Approximately eighty percent of the population is
employed in agriculture, making it the primary sector of
the economy (Omotoso & Omotayo, 2024a).

Yams, cassava, rice, sorghum, beans, maize, and cotton
are some of the other crops that are grown at this
establishment. The wet season, which begins in the
middle of April and continues through October, and the
dry season, which begins in November and continues
through March, are the two distinct seasons that are
characteristic of the Kingdom. It is separated into four
agricultural development program (ADP) zones for the
purpose of agricultural development, particularly in the
field of extension delivery systems.

2.2 Sampling procedure and data analysis

The research utilised a multistage sampling method to
choose 480 food crop producers from the southwestern
Agricultural Ecological Zone in Nigeria. The initial phase
involved a deliberate selection of two states, Oyo and
Ogun, from the southwestern Agricultural Ecological

Zone, recognised as the foremost producers of cassava
and maize in Nigeria. The second stage involves the
deliberate selection of three (3) Agricultural Blocks per
state, resulting in a total of six blocks. The third stage
entails the deliberate selection of two (2) Extension Cells
per block, amounting to twelve cells across the six blocks.
The concluding phase is the random selection of 40
members from the Cassava/Maize farmers' groups inside
each designated cell. The process resulted in the interview
of 480 smallholder farmers for the study. Data were
gathered regarding the farmers' attributes, including
household size, output/yields, and prices for the 2024
agricultural season. Additionally, data regarding their
perception of climate change and vulnerability status
were gathered.

2.3 Analytical technique and Vulnerability
specification

Descriptive statistics, including mean and standard
deviation, were employed to analyse the quantitative data,
with results displayed in tables and graphs. A crop
vulnerability scale was developed to evaluate the
susceptibility of each crop to the extremes of climate
change on an individual basis. To evaluate a crop's
susceptibility to climate change, smallholder farmers in
each selected community were solicited to identify the
crops most vulnerable to climatic extremes, including
drought, flooding, excessive sunlight, wildfires, and arid
intervals. A pre-field study done in March 2023 found
maize and cassava as the primary food crops cultivated in
the selected communities. A Likert scale was developed
for each crop, featuring options of very high (4), high (3),
moderate (2), low (1), and very low (0.5), enabling farmers
to assess their susceptibility to each climate change
extreme. The average mean for each crop to each of the
climate extremes was calculated to help estimate the
vulnerability score for each crop under each of the
extremes. Vulnerability scores exceeding 0.5 for each crop
under each climate extremes were viewed as extremely
high according to the World Bank's (2012) interpretation
of the vulnerability scale, and they may have an impact
on the crop or crops' level of productivity.

3. Results and discussion
3.1 Socioeconomic characteristics of farming
households

Table 1 presents the descriptive statistics of the farming
households surveyed in this study, highlighting key
demographic, economic, and agricultural production
variables. The results indicate that the average quantity
of maize harvested per hectare was 11.6 tons, while
cassava production averaged 15.8 tons per hectare. The
variability in yields suggests differences in farm
productivity, which may be influenced by factors such as
farm size, soil fertility, access to inputs, and climate
conditions. The average farm size of 8.3 hectares, with a
wide range from 1 to 22 hectares, indicates that
smallholder farmers with limited land resources coexist
with relatively larger-scale producers. Additionally, the




average age of household heads is 49.2 years, which
suggests that most farmers are middle-aged or older,
which aligns with studies indicating that the ageing
farming population in Africa poses challenges to
agricultural productivity and innovation (Omotayo &
Omotoso, 2025; Sikka et al., 2018).

The gender distribution reveals that 62.9% of the
household heads are male, which is consistent with (Kogo
et al., 2021; Mutengwa et al., 2023) reported that male
farmers often have better access to resources such as
land, credit, and agricultural extension services
compared to their female counterparts. In terms of
economic factors, 72.6% of the farmers reported having
off-farm income sources, which is in line with studies
indicating that livelihood diversification is a common
coping strategy for smallholder farmers in response to
climate shocks (Gebrehiwot, 2015). Membership in
cooperative societies was high, with 77.2% of farmers
participating, which suggests that social capital plays an
important role in accessing credit, market information,
and adaptation resources. Additionally, 82.2% of farmers
had contact with extension agents, reflecting the potential
for technology dissemination and climate-smart
agricultural practices through extension services.
However, access to climate information was relatively low

at 42.3%, which could limit farmers’ ability to make
informed adaptation decisions.

The findings underscore the importance of climate
information and extension services in enhancing farmers'
resilience to climate change. Studies (Omotoso &
Omotayo, 2024b; Sabasi & Shumway, 2018) have shown
that access to climate information significantly improves
farmers' adaptive capacity, enabling them to adjust
planting dates, adopt drought-resistant crops, and
implement soil conservation techniques. Limited access
to climate information may explain the variability in farm
productivity, as farmers without timely weather forecasts
and climate projections may struggle to mitigate risks
thereby contributing to the vulnerability indices. Figure
1 presents extreme climatic factors affecting respondents’
crops, it is essential to understand how various climatic
stressors influence smallholder agriculture in Nigeria.
Extreme climate events such as droughts, floods, erratic
rainfall, and temperature fluctuations can significantly
impact crop productivity, leading to food insecurity and
economic hardship for farming households (Omotoso &
Omotayo, 2024c). Notably, rising temperature extremes,
flood and drought negatively impact crop growth,
accelerating evapotranspiration, increasing plant stress
and vulnerability, which ultimately reduces yields
(Danso-Abbeam et al., 2018; Fadare et al., 2023).

Table 1. Variable description and descriptive statistics of the farming household (n=480)

Variables Description Mean Std. Dev. Min Max
Maize Quantity of maize harvested (ton/ht) 11.6 4.9 3 21
Cassava Quantity of cassava harvested (ton/ht) 15.8 7.7 2 16
Farm size Area cultivated (hectares) 8.3 5.1 1 22
Age Age of the HH in years 49.2 29.1 31 72
Sex Gender of HH (1=male, O=otherwise) 0.629 0.437 0 1
Marital status Marital status of HH (1=married, O=otherwise) 0.680 0.227 0 1
Off income Off-farm income (1=yes, O=otherwise) 0.726 0.331 0 1
Experience Farming experience (years) 11.3 4.1 4 16
Cooperative Membership of cooperative society (l=yes, 0.772 0.225 0 1
O=otherwise)

Hh size Number of household members 7.2 3.1 1 12
Extension Contact with extension agent (1=yes, O=otherwise 0.822 0.401 0 1
Climate Access to climate information (1=yes, 0.423 0.186 0 1

O=otherwise)




= Drought

= Flood

= High/Temerature intensity
= Heavy rainfall

= Bush fire

Fig. 1. Extremes climatic factors affecting respondents’ crops.

3.2 Extreme climatic factors and crop
vulnerability

The study assessed the vulnerability of food crops to
different climatic stressors — drought, flooding, and high-
temperature intensity. Results indicate that drought
poses the most significant threat to food crop production,
with maize (0.773), cassava (0.626), millet (0.577), and
yam (0.601) showing high vulnerability indices. Flooding
is also a critical concern, primarily affecting maize (0.622)
and cassava (0.505), while millet and yam appear to be
more flood resilient. Conversely, high-temperature
intensity has a comparatively lower impact on all crops,
suggesting that temperature fluctuations alone are not a
major determinant of vulnerability in the study area. The
high vulnerability of food crops to drought is consistent
with global climate studies, which emphasize water
scarcity as a leading cause of food insecurity in sub-

Saharan Africa (Bazzana et al.,, 2022; Omotoso &
Omotayo, 2025). Prolonged dry spells reduce soil
moisture, lower yields, and threaten livelihoods (Omotayo
& Omotoso, 2025; Sabasi & Shumway, 2018).

Consistently, flooding presents a crop-specific challenge,
affecting maize and cassava more than millet and yam
while high-temperature stress appears to be less severe,
its long-term effects on crop physiology and pest
outbreaks require continued monitoring and adaptation
strategies (Mutengwa et al., 2023). This highlights the
need for crop diversification, flood-resistant seed
varieties, and improved drainage systems to mitigate the
adverse impacts of extreme rainfall events. Furthermore,
early warning systems and land-use planning policies
must be strengthened to reduce farmers' exposure to
flood-related risks.

Table 2. Vulnerability index and perceived effects of climatic factor on food crop production

Climatic factors Food crop Mean
Maize 0.773
Cassava 0.626
Drought Millet 0.577
Yam 0.601
Vulnerability Index 0.619
Maize 0.622
Cassava 0.505
Flood Millet 0.102
Yam 0.117
Vulnerability Index 0.201
Maize 0.212
Cassava 0.129
High/Temperature Millet 0.137
intensity Yam 0.185
Vulnerability Index 0.122

Crops with mean values below 0.5 (50%) exhibit reduced vulnerability to climate extremes, whilst those with mean scores
beyond 0.5 demonstrate heightened sensitivity to climate extremes




4. Conclusion and Recommendations

This study assessed the vulnerability of food crop farming
to climate change impacts in Nigeria. The findings reveal
that drought is the most severe climatic threat,
significantly affecting major food crops such as maize,
cassava, millet, and yam. Flooding also poses challenges,
particularly for maize and cassava, whereas high-
temperature intensity has a relatively lower impact on all
crops. The vulnerability index underscores that different
crops respond differently to climate stressors,
highlighting the need for targeted adaptation strategies.
The study reinforces the importance of climate-smart
agriculture in mitigating the negative effects of extreme
weather conditions on food security and rural livelihoods.
Farmers' adaptive capacity depends on access to climate
information, extension services, and membership in
cooperative societies. The study emphasizes that
proactive adaptation measures such as drought-resistant
crop varieties, efficient water management, improved
drainage systems, and early warning systems are
essential for reducing climate risks. Strengthening
institutional support and promoting farmer education
programs will further enhance resilience to climate
variability. Addressing these vulnerabilities is critical for
ensuring sustainable agricultural productivity and food
security in the face of increasing climate change threats.
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