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Abstract. Nigeria’s guinea savanna produces the bulk of the food consumed in the country and climate
change is adversely affecting agriculture in the area. Farmers in the area respond differently to climate
change based on their perception. Yet, studies that systematically link farmers’ perception on climate
change to scientific data from meteorological stations are rare in Nigeria’s guinea savanna. Much rarer
are studies that consider the simultaneity in the adaptation decisions of the farmers. This study therefore
aimed at analysing farmers’ perception in comparison with meteorological data and the determinants of
adaptation efforts of crop farmers in the areas with data from Nasarawa State of Nigeria. To achieve this
aim, the study combined time-series data on climatic variables obtained from a weather station and
cross-sectional data from 160 smallholder farmers selected from the area. The study applied descriptive
statistics, trend analysis, and multivariate probit model in analysing data collected. The study showed
reduction in volume of rainfall and significant increase in surface temperature with the farmers having
firm perception of these changes. The farmers responded to the changes in temperature and rainfall by
choosing adaptation strategies such as use of improved crop varieties, soil and water conservation, tree
planting, changing dates of sowing and tillage options, irrigation, diversifying their means of livelihood,
and farmland management. Interestingly, these strategies were complementary and farmers’
socioeconomic and institutional characteristics significantly determined adaptation in the area. Therefore,
considering farmers’ socioeconomic characteristics and improving the institutions will help in future and
planned adaptation efforts of governments.

Keywords: crop farmers, climate risk management, determinants, multivariate probit model

Introduction

Climate change, which can be described at various scales — regional, national, or
global — is a non-random change in the average weather conditions of a place overtime
(Adejuwon, 2004; BNRCC, 2007; Nigerian Meteorological Agency, 2017). Empirical
evidence confirms that the Earth has experienced a significant rise in temperature —
between 0.65°C and 1.06°C — over the past 100 years (IPCC, 2013, 2014). The warming
is real and significant but has varied across time and space with greenhouse gases,
emanating from anthropogenic activities, being the major cause (Crosson, 1997; IPCC,
2014).
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Climate change can retard/impede efforts being made by nations to achieve the
sustainable development goals. The region that will suffer most of the impacts of
climate change is Africa because it is the most vulnerable among other regions of the
world and has the lowest capacity to adapt (Niang et al., 2014). Niang et al. (2014)
documented dramatic and widespread evidence of global warming and other climate
changes. Some of these impacts include threats to global food supply citing a decrease
of up to 2 percent each decade in yields of staple crops like maize, wheat and rice;
freshwater and marine species; ecosystem shift and species extinction; negative impact
on agriculture; migration and security; heat waves, flood; shortage of water resources;
destruction of homes and infrastructure; increased food insecurity; and violent conflict
that lead to the destruction of infrastructure, livelihood opportunities and natural
resources. Scientific evidence suggests that climate change may decline the output of
major staple crops - wheat, maize, and rice (Niang et al., 2014; Olsson et al., 2014;
Magrin et al., 2014; Hijioka et al., 2014; IPCC, 2015).

In Africa, the African Union adopted an African Climate Change Strategy in 2011,
while, in the West African sub-region, ECOWAS has developed and adopted Climate
Change Policy and Strategy Plan (2011). These policy documents provide priority
actions in the region, which shape national climate change policies and strategies in
member countries. The present research has been informed by the global, regional and
national commitments and obligations.

In Nigeria’s guinea savanna, the frequency and severity of heat waves, drought and
intense rainfall is increasing and this is changing the vulnerability and exposure of
economic sectors, livelihoods, people and assets. Agriculture is perhaps the most
sensitive of all the sectors as most of the farmers depend on rain-fed agriculture.
Reduced growing seasons and higher temperatures will affect agriculture (IPCC, 2007,
Babatunde et al., 2011; Federal Ministry of Environment, 2014).

The guinea savanna area of Nigeria is known as the ‘food basket’ of Nigeria.
Therefore, climate change will increase the challenge of food insecurity, compound or
worsen the degree of seasonal hunger that pervades in many parts of Nigeria, especially
Nasarawa State (Babatunde et al., 2011; DCC, 2013, 2014; Ethan, 2015). Dry-spell
occurring any time during the growing season often exposes crops to moisture stress,
hence farmers usually face problems of both too much and little moisture (Babatunde et
al., 2011; Osabo et al., 2014). These have brought about changes in the way smallholder
farmers make decision to adapt to their environment (Ajetomobi et al., 2010).

Lazkano et al. (2016) describe adaptation as any activity that reduces climate
change-induced damages. The literature captures well some adaptation practices used
by farmers in different parts of Nigeria. These include use of improved crop varieties,
conservation practices, planting different crops, farmland management, agroforestry and
irrigation (NEST and Woodley, 2011; BNRCC, 2011; Women Farmers Advancement
Network, 2014; Onyeneke et al., 2017). Even though there are several studies on crop
production and climate change (NEST, 2011; BNRCC, 2011; NEST and Woodley,
2011; Onyeneke et al., 2012; Falaki et al., 2013; Ezeaku et al., 2014; Ibrahim et al.,
2014; Women Farmers Advancement Network, 2014; Odiana and Ibrahim, 2015;
Tiamiyu et al., 2015; Tsojon, 2017), still little is known regarding the
farmers’ perceptions and adaptations in smallholder agricultural production systems in
Nasarawa State in Nigeria’s guinea savanna. In spite of the efforts of researchers in
documenting climate risk management measures in agriculture in Nigeria, there is
scanty empirical evidence on the determinants of the choice of adaptation strategies
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used by crop farmers in Nigeria. Furthermore, farmers by nature adopt multiple
strategies to manage climate risks and such decisions are made simultaneously. Much
rarer are research works accounting for the possibility of simultaneously or sequentially
adopting multiple climate change adaptation strategies by farmers in Nigeria in
particular and sub-Saharan Africa at large. Previous studies on climate change
adaptation of farmers in sub-Saharan Africa mainly treated adaptation strategies singly
without considering the joint and simultaneous adaptation decisions of farmers. Our
study filled this gap in research by analysing the determinants of sequential adoption of
climate risk management of farmers. Understanding farmers’ perception, adaptation
strategies and the complementarity or substitutability of the chosen strategies and their
determinants is important for the determination of the effectiveness of farmers’
adaptation efforts. Such knowledge will enhance policies and programmes directed
towards enhancing the resilience of the agricultural sector of Nasarawa State and
Nigeria. This study therefore aims to assess climate change perception and adaptation
practices of farmers in Nasarawa State, Nigeria. In specific terms, the study:

i) described crop farmers’ socioeconomic characteristics in Nasarawa State;

i) compared trend of climatic data from the meteorological station with farmers’

perception on the changes observed:;
iii) identified and classified farmers’ chosen adaptation strategies to deal with
climate change; and
iv) analysed the effect of farmers’ characteristics on adaptation choices.

Materials and Methods
Study Area

Nasarawa State is located in north-central Nigeria (Figure 1). The State lies within
the guinea savanna and has a tropical climate. Two major seasons characterise the State
— the rainy and dry seasons. The vegetation of Nasarawa is characterised by tall grasses
and scattered trees. The population of Nasarawa State is 1,863,275 persons (National
Population Commission, 2006). The State has thirteen (13) Local Government Areas
namely. The inhabitants of the State depend mainly on agriculture with the production
of varieties of cash crops throughout the year.

Sampling Technique

In selecting respondents for this study, the researchers employed purposive and
random sampling methods. Firstly, two Local Government Areas (LGAS), Lafia and
Toto LGAs, from the thirteen (13) Local Government Areas of Nasarawa State
(Figure 1), that have high concentration of smallholder farmers and visible impacts of
climate change LGAs, were selected. Since Lafia and Toto LGAs have high
concentration of smallholder farmers and are affected by climate change, the
researchers focused on these LGAs and randomly selected four communities in each of
the LGAs. Finally, the researchers selected twenty (20) farmers randomly without
replacement in each selected community making the sample size of the study 160
farmers. The sampling frames were provided by the extension agents working in the
selected communities. Subjective judgment of ten officials of the Ministries of
Agriculture and Environment in the State revealed that about 12 percent of farmers in
the LGAs have been adversely affected by climate change hazards. The researchers
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used this proportion with a z-value of 1.96 for 95% confidence level and 5% error
margin to compute the final sample size which gave about 161 farmers. The formula for
calculating the final sample size is given in Equation 1 as:

where:

n=p(l-p) @E)

n = Final sample size;
p = Proportion farmers adversely affected by climate change (12% or 0.12);

z = Z-value at 95% confidence level (1.96);

E = error margin (5% or 0.05).
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Figure 1. Nasarawa State showing the two selected Local Government Areas and Study

Communities
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Types and Sources of Data

The study collected primary and secondary data. Interview schedule developed by
the researchers was used to collect primary data from the farmers. The information
contained in the interview schedule consisted of household characteristics of the
farmers, institutional factors, perception, and adaptation measures. The researchers
hired eight enumerators to assist in data collection in the eight communities. That is one
enumerator per community. In order to ensure uniform and accurate data collection by
all enumerators, one-day training was held for the enumerators. The researchers
supervised the data collection as the study progressed. The survey was conducted
between January and June 2014. The secondary data collected included climatic data
such as annual temperature means, and annual aggregate rainfall. The climatic data
were annual time-series data obtained in 2014 from the Nigerian Meteorological
Agency for at least a period of thirty years. Due to data availability, the temperature
data covered a period of thirty-three years (1981 — 2013) while rainfall covered a period
of fifty-three years (1961 — 2013).

Method of Data Analysis

Descriptive statistics, trend analysis and multivariate probit analysis were statistical
tools adopted for data analysis. Specific objectives i and iii were achieved with
descriptive statistics. To compare farmers’ perception on climate change and scientific
data from meteorological station, a trend analysis was used to present the change
observed in climate variables in the area and then link that to the anecdotal accounts
from the farmers to check whether there is convergence or divergence. Many
researchers have applied this method to model climate change trend and people’s
perception (Vedwan and Rhoades, 2001; Maddison, 2006; Gbetibouo, 2009).
Multivariate probit regression was used to analyse the determinants of climate change
adaptation decisions of farmers.

Multivariate Probit Model (MVP)

Multivariate probit technique was used to determine the interdependency of the
adaptation practices and the socioeconomic factors influencing adaptation decisions.
Lin et al. (2005) used similar model in their study. The adaptation practices are nominal
variables and the researchers constructed a dichotomous dependent variable to capture
whether such practice was adopted by a farmer or not. If a farmer used such practice,
the researchers coded it as one and coded O for farmers who did not use such practice,
and this makes the dependent variables binary taking only two values — 0 or 1 —
(Gujarati, 1995; Greene, 2003). The study adopted the multivariate probit approach to
model the factors influencing adaptation decisions of the farmers. An important
advantage of the multivariate probit (MVP) framework is its strength in modeling the
simultaneous or sequential decisions farmers make in climate risk management and this
informed the choice of the MVP for this study. Farmers usually make complementary or
substitutive decisions in choosing climate risk management strategies and the
multivariate probit model makes interpretation of such simultaneous adaptation
decisions possible and less difficult. The study has a set of eight binary dependent
variables representing adaptation choices made by farmers, Y1, .. ., Ys such that:

Yi=1if BiX'+ei>0 (Eq.2)
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and
Yi=0if BiX'+¢6i<0,i=12,....8 (Eq.3)

where

i=1,2,....,8are the chosen climate risk management practices/adaptation options; X
represents the vector of the predictors; Bi is the parameter estimates of the predictors;
and ei, random error vectors having a zero mean, unitary standard deviation, and an 8x8
correlation matrix. Equations 2 and 3 represent the multivariate probit framework of
this study.

Dependent variables of the MVP

The adaptation strategies identified in this study as dependent variables are planting
improved varieties of crops, portfolio diversification, soil and water conservation
practices, adjusting the time of planting, changing soil tillage options, tree planting,
irrigation, and farmland management. These are defined as follows:

1. Use of improved crop varieties: The adaptation options in this category are use of
short gestation crops, use of flood tolerant crop, planting drought-tolerant crops,
cultivating disease/pest-resistant crop cultivars, and planting different varieties of crops.
These strategies have been documented as climate-resilient practices in the agricultural
sector in sub-Saharan Africa (Napier, 1991; Nhemachena and Hassan, 2007; Yegbemey
et al., 2014; Wondimagegn and Lemma, 2016; Mulwa et al., 2017). Any farmer who
adopted at least fifty percent of the options under this category was considered an
adopter of improved crop varieties and was coded 1 while any farmer who adopted less
than fifty percent of the options under this category was coded 0.

2. Portfolio diversification: Piya et al. (2012), Gbetibouo (2009) and Deressa et al.
(2008) classified portfolio diversification as an important climate risk management
measure. The adaptation options in this category include diversifying from agriculture
to non-agricultural activities, crop farming to livestock farming and mixed farming. Any
farmer who adopted at least fifty percent of the options under this category was
considered an adopter of portfolio diversification and was coded 1 while any farmer
who adopted less than fifty percent of the options under this category was coded 0.

3. Soil and water conservation practices: These are very important measures in
managing climate change because they aid in maintaining soil fertility, increasing yield
and improving resilience. The adaptation options here include terracing, mulching,
planting of cover crops, crop rotation and water harvesting. Any farmer who adopted at
least fifty percent of the options under this category was considered an adopter of soil
and water conservation practices and was coded 1 while any farmer who adopted less
than fifty percent of the options under this category was coded 0.

4. Adjusting planting dates: This is a straightforward farm-level climate change
adaptation strategy in Nigeria. The options here cover adjusting planting dates and
shortening the length of growing period. Any farmer who adopted at least fifty percent
of the options under this category was considered an adopter of adjusting planting dates
and was coded 1 while any farmer who adopted less than fifty percent of the options
under this category was coded 0.

5. Changing tillage operations: Changing tillage operations is also very important in
climate change adaptation management in Nigeria. This involves planting on mounds
and/or ridges. Any farmer who adopted this option/category was considered an adopter
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of changing tillage operations and was coded 1 while any farmer who adopted less than
fifty percent of the options under this category was coded 0.

6. Planting trees: This covers tree planting on the farms for protection against
scorching of crops. Any farmer who adopted this option/category was considered an
adopter of planting trees on farms and was coded 1 while any farmer who did not adopt
it was considered non-adopter and was coded 0.

7. lIrrigation: This category includes irrigation and drainage. Any farmer who
adopted at least fifty percent of the options under this category was considered an
adopter of irrigation and was coded 1 while any farmer who adopted less than fifty
percent of the options under this category was coded 0.

8. Farmland management: This involves adjustments in land use and land
management. The main option here is changing land area cultivated. Any farmer who
adopted this option/category was considered an adopter of farmland management and
was coded 1 while any farmer who did not adopt it was considered non-adopter and was
coded 0.

Independent variables of the MVP

The independent variables are:

X1= Education of household head (years spent in school)

Xo= Age of household head (years)

Xs= Household size (hnumber of persons)

Xa= Income (Naira)

Xs= Livestock ownership (number owned)

Xes= Extension contact

X7= Farming experience (years)

Xg= Availability of credit (Naira)

Xo= Farm size (hectares)

X10= Distance to markets (kilometres)

X11= Distance to water sources (minutes)

X12= Disposed to take crop farming risks (Dummy variable; yes = 1, no = 0)
X13= Membership to farmer groups (Dummy variable; 1=member or 0 =not member)

Results and Discussion
Farmers’ Characteristics

Table 1 presents the demographic characteristics of the farmers. Analysing the
demographic properties of farmers is very important in understanding the type of
farmers studied, which has implications on the adaptive capacity, choice and degree of
climate resilient agricultural practices chosen and implemented. Table 1 showed that the
farmers’ average age was 45.66 years which is an indication that they are mainly young
adults. Younger farmers are more experimental and productive than older farmers and
would be more disposed to adopt strategies that build their resilience than their older
counterparts. This result is not far from the findings of other researchers in different
parts of Nigeria. Onyegbula and Oladeji (2017) noted that the average age of rice
farmers in three rice-producing States in Nigeria was 45.3 years while Ifeanyi-Obi et al.
(2017) averred that the average age of cocoyam farmers in Southeast Nigeria was 51
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years. Also, similar findings abound in other parts of Africa. For example, Mulwa et al.
(2017), in their study on farmers’ response to climate risks in Malawi, found that the
average of the farmers was 50 years, Feleke et al. (2016) recorded an average age of
43.4 years among Ethiopian farmers while Nhemachena et al. (2014) found the average
age of Southern African farmers to be 47.41 years.

Table 1. Socio-economic characteristics of the farmers (n = 160)

Variable Frequency Percentage Average
Age (Years)
Less than 40 50 31.25
41-50 70 43.75
51-60 22 13.75 45.66 years
Above 61 18 11.25
Total 160 100.00
Sex
Female 3 1.88
Male 157 98.12
Total 160 100.00
Marital Status
Married 150 93.75
Single 6 3.75
Widowed 3 1.88
Divorced 1 0.62
Total 160 100.00
Educational level (Years)
No Formal Education (0) 23 14.38
Primary Education (1-6) 34 21.25 10.1 years
Secondary Education (7-12) 48 30.00 '
Tertiary Education (12-18) 53 33.12
Total 160 100.00
Farm size (Ha)
0.1-1.9 94 58.75
1.91-2.9 44 27.50 4.31Ha
2.91-5 22 13.75
Total 160 100.00
Household size (Number
of Persons)
1-5 34 21.25
6-10 70 43.75 10 persons
11-15 56 35.00
Total 160 100.00

Majority (98.12%) of the farmers were males. Thus, male-headed households are
predominantly involved in agriculture in the area than the female-headed households.
This may be connected to ownership of agricultural production resources in the area as
men have more access to the resources than females, and hence will adapt more readily
to climate change than females. Mulwa et al. (2017), Wondimagegn and Lemma (2016),
Asfaw and Admassie (2004), Tenge et al. (2004) documented male dominance in
agriculture across sub-Saharan Africa. The majority of the farmers (93.75%) were
married with both partners alive which is similar to the percentage (92.00%) recorded
by Ifeanyi-Obi et al. (2017) among farmers in Southeast Nigeria. In many rural
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agricultural communities, husbands, wives and children work in the farm which usually
compensates farm labour needs of the household and increases agricultural production.

The level of education of farmers showed that majority of the farmers (85%)
received a formal education suggesting that the farmers are literates. Similar level of
literacy was recorded by Okpe and Aye (2015) among farmers in Makurdi, Benue State
of Nigeria. With this level of education, farmers in the area would be readily disposed to
adopting strategies that will help them manage climate change. The result of household
size indicates that the farmers have large families with an average of 10 persons per
family. The farmers were smallholders because they operated an average farm size of
4.31 ha. This may support or discourage adaptation depending on the farm management
options and decisions pursued by the farm household.

Comparison between Farmers’ Perception of Climate Change and Meteorological
Station’s Recorded Data

The study also analysed trend of climate data recorded for a long period. The trends
in recorded climate data were then linked to farmers’ perception of the changes.
Climatic variables (temperature and rainfall) were explained to smallholder farmers
using their knowledge of local weather conditions and the researchers sought their
perception on changes in the climatic variables for at least for the past twenty years.

Temperature

Perception on changes in temperature is classified into three categories- “decreased”,
“unchanged” and “increased” (Table 2). The result indicates that most farmers (76.25%)
perceived that long-term temperature is increasing.

Table 2. Farmers perception on change in temperature (n = 160)

Perception Frequency Percentage
Decreased 23 14.38
Unchanged 15 9.38
Increased 122 76.25
Total 160 100.0

Temperature data from the weather station showed an increasing and statistically
significant trend and correlation with time (Figure 2). Time is therefore, a major
determinant of temperature changes observed in Nasarawa State. This confirms that
global warming is real and significant in Nasarawa State. Babatunde et al. (2011) and
Anuforom (2010) reported significant and steady increase in the temperature of the
savanna region of Nigeria where Nasarawa is located. Scientists in different parts of
Africa and Asia have documented similar evidence. For example, Fosu-Mensah et al.
(2010), Akponikpe et al. (2010), Nwajiuba and Onyeneke (2010), Acquah-de Graft and
Onumah (2011), Enete and Onyekuru (2011), Acquah-de Graft (2011), Fosu-Mensah et
al. (2012), Falaki et al. (2013), Umeh and Chukwu (2015), Biola et al. (2015), Olujobi
(2015), Nkwusi et al. (2015), Ndamani and Watanabe (2016), and Ehiakpor et al. (2016)
documented evidence of increasing temperature across different countries in West
Africa. Maddison (2006), Kurukulasuriya and Mendelson (2006), Nyanga et al. (2011),
Mandleni and Anim (2011), Gandure et al. (2013), Hitayezu et al. (2017) recorded
steady increase in surface and atmospheric temperature across Southern Africa while in
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East Africa, Gbegbelegbe et al. (2018), Mkonda and He (2017), Mutunga et al. (2017),
Kebede and Gizachew (2017), Mwalusepo et al. (2015) found that most agroecological
zones in East Africa are experiencing rising temperature. Shrestha (2014) recorded
changing temperature in Nepal.

29.0

vy =0.034x™* + 27,
R=0.813**

28.5

28.0 -

27.5

Temperature (°C)

27.0

Figure 2. Trend of average temperature in Nasarawa State from 1981 to 2013. Nb: **
Significant at 1% level of probability

There is convergence in temperature data from the meteorological station and
anecdotal accounts from the local crop farmers. Consequently, farmers’ perception of
climate change through observation of temperature increase could affect the climate
change adaptation decisions they make. This corroborates the findings of Rakgase and
Norris (2015), Ugwoke et al. (2012), Onumadu and Okore (2012), Nwosu et al. (2014)
in Nigeria; Boansia et al. (2017) in Ghana and Burkina Faso; Ogalleh et al. (2012),
Mwalusepo et al. (2015), Mutunga et al. (2017) in Kenya; and Jiri et al. (2015) in
Zimbabwe. These scientists showed that farmers perceived increasing temperature in
their respective study areas.

Aggregate Rainfall Volume

Most of the farmers (77.50%) averred that rainfall in the area is reducing in
aggregate volume (Table 3).

Table 3. Farmers’ perception on change in total rainfall volume (n = 160)

Perception Frequency Percentage
Decreased 124 77.50
Unchanged 2 1.25
Increased 34 21.25
Total 160 100.0

The result of the trend analysis on volume of rainfall in the area shows a high inter-
annual variability in volume of rainfall which also resulted in a negative and very low
correlation between rainfall volume and time (Figure 3). The result implies that
aggregate rainfall volume shows a slight but insignificant reduction while surface
temperature is getting hotter in Nasarawa State. If this trend continues Nasarawa and the
Guinea Savanna may experience increasing challenges of climate change in the nearest
future. This may aggravate the risks of floods and droughts as observed by Babatunde et
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al. (2011) and Anuforom (2010). Farmers’ perceptions on aggregate volume of rainfall
in other savanna regions across Africa recorded declining aggregate rainfall volume and
change in the pattern of rainfall (Maddison, 2006; Nhemachema and Hassan, 2007;
Yesuf et al., 2008; Mandleni and Amin, 2011; Sofoluwe et al., 2011; Fosu-Mensah et
al., 2012; Tessema et al., 2013; Olujobi, 2015; Mwalusepo et al., 2015; Ehiakpor et al.,
2016; Ndamani and Watanabe, 2016; Hitayezu et al., 2017; Mkonda and He, 2017;
Mutunga et al., 2017; Kebede and Gizachew, 2017; Boansia et al., 2017; Gbegbelegbe

etal., 2018).
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Figure 3. Trend of total annual rainfall in Nasarawa State from 1961 to 2013

Adaptation Strategies

The various climate change adaptation measures farmers adopt were classified into
eight broad categories as shown in Table 4 and they include cultivating improved crop
varieties, portfolio diversification, practicing soil and water conservation, adjusting time
of sowing, changing tillage operations, planting trees, irrigation, and farmland
management. These are considered important climate change adaptation strategies in
Nigeria (BNRCC, 2011; Okpe and Age, 2015; Onyegbula and Oladeji, 2017; Onyeneke,
2018).

Crop diversification — cultivating different crops — was adopted by majority of the
farmers (95.00%). The dominant practice under crop diversification is intercropping of
sorghum, maize with sweet potatoes and cowpea or melon (Agboire, 2017). This option
is not expensive to practice and farmers have various crops at their disposal to plant.
This may be the reason for greater adoption of this option. Furthermore, Bradshaw et al.
(2004), Smit and Wandel (2006), Speranza (2006) noted that planting different crop
varieties is an important farm-level climate change adaptation strategy. The increasing
unpredictable nature of Africa’s climate predisposes farmers to risk and shock
associated with climate change, hence, makes them to grow different crop varieties.
Planting short gestation crop varieties was also commonly practiced by farmers
(73.75%) in the area. Farmers living in low rainfall and warm climates switch to short
gestation crop varieties in managing climate risks (Wondimagegn and Lemma, 2016).

Mixed farming was the commonly used (68.75%) practice under portfolio
diversification by the farmers followed by diversifying from farm to non-farm
livelihood activities. Mixed farming is not new to farmers in the area. Farmers who
ab initio combined livestock production and crop production are gradually intensifying
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on crop production only because of increasing scarcity of fodder for livestock like
cattle, sheep and goat. Farmers in the area whose animals are affected seriously by
climate change are resorting to only crop production, especially farmers living in the
low-lying plains of the area. This may be connected to the fact that, some farm
household members who rear livestock in the area move around in search of pasture,
and the rangelands in the State are becoming drier, thereby making fodder unavailable
for the farmers and their livestock. Instead of the continuous search of pasture
everywhere and the resultant conflicts that follow, the original livestock farmers are
now settling near watersheds and low-lying plains where water is almost available all
year round, and are cultivating crops and grasses in such areas in order to survive.
Another related practice is farmland management which 78.13% of the farmers adopted.
This was not far from the adoption level of farmland management reported in the study
of Onyeneke et al. (2018).

Table 4. Distribution of farmers according to climate change adaptation strategies adopted
(n =160)

Adaptation Strategy Frequency Percentage
1.Use of improved varieties

Use of short gestation crops 118 73.75
Use of flood tolerant crop 93 58.13
Use of drought tolerant crops 91 56.88
Use of disease/pest resistant varieties 94 58.75
Planting different varieties of crops 152 95.00
2. Portfolio diversification

Diversifying from farm to non-farm activities 109 68.13
Changing from crop farming to livestock farming 106 66.25
Mixed farming 110 68.75
3. Soil and water conservation

Terracing 77 48.13
Mulching 112 70.00
Planting of cover crops 112 70.00
Crop rotation 113 70.63
Water harvesting 99 61.88
4. Changing planting dates

Adjusting planting dates 126 78.75
Shortening the length of growing period 122 76.25
5. Changing tillage operations

Planting on mounds and planting on ridges 126 78.75
6. Planting Trees

Planting Trees 112 70.00
7. Irrigation and drainage

Irrigation/watering 70 43.75
Drainage 79 49.38
8. Farmland management

Changing land area cultivated 125 78.13

The commonly practised conservation strategies were crop rotation, cover cropping
and mulching. Mulching was practised due to its benefit in soil moisture conservation
and soil fertility management which often increases farmers’ yield. These are similar to
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the reasons adduced by Agele et al. (2000) and Onyeneke (2016a) for the high adoption
rates of mulching in their research works. The reasons for embarking on cover cropping
lies in the fact that cover crops suppress weeds, conserve soil moisture, and add nutrient
to the soil. These are in line with the explanations given by Sanginga and Woomer
(2009), Olaitan and Omomia (2006) and Egbule et al. (2012). Crop rotation is also a
common adaptation strategy by farmers in the area and the probable reason for its
adoption by about 70.63% of the farmers is because it enhances production, controls
pest and diseases, conserves soil moisture and is less expensive. Sorghum, maize and
soybean are very important crops cultivated by many farmers in the State and a very
important crop rotation practice in the State observed in the course of data collection of
this study was planting of Striga suppressive soybean varieties in rotation with sorghum
and maize.

Furthermore, about 79.00% of the farming households reported that because of the
erratic rainfall pattern in the area, they now change the time of planting to match the
current distribution and pattern of rainfall. Also, 76.25% of the farmers reported that the
growing periods have been shortened. This is now a common practice that farmers
across sub-Saharan Africa use in managing vagaries of rainfall that characterise the
region. Tadross and Hewitson (2005) have documented the frequency at which farmers
change the time of planting in Zimbabwe.

Changing tillage operations was another common (78.75%) practice because of its
characteristic benefit of controlling farm erosion and soil moisture conservation. It can
also contribute to soil carbon sequestration (Niggli et al., 2009).

Also, 70.00% of the farmers opted for planting trees on farms to serve as shade and
help in protecting crops from scorching and controlling farm erosion. Farmers also
opted for this strategy because it contributes to mitigation of carbon and increases their
income through sales of the products of the trees planted. This can also be considered as
a climate-smart agricultural practice because it brings “triple wins” of increased
productivity and adaptation (reducing/eliminating scorching of crops and fertilizes the
soil), serving as a sink for carbon dioxide (mitigation of carbon) and increased income
and ecosystem resilience (resilience) (Nwajiuba et al., 2015; Fadina and Barjolle, 2018).

Terracing (48.13%) was not common in the area and may be as a result of
constraining factors such as high labour requirement, frequent inspection, large expanse
of farmland needed, and the huge construction material required (Igbokwe, 1996). Also,
irrigation (43.75%) and drainage (49.38%) were not commonly practiced by the
farmers, perhaps because these options are capital intensive.

The researchers classified the adaptation options into eight broad categories. For
categories having more than one specific adaptation option, the authors summed such
adaptation options and divided by the number of specific adaptation practices
identified/mentioned under such category as presented in Table 4. The quotient was
further converted to percentage by multiplying by 100 and any farmer with a percentage
score of 50 and above was considered as an adopter of such category while those with a
percentage score of less than 50 were considered as non-adopters. These categories
were used as the dependent variables in the multivariate probit model of this study
reported in Table 8.

The result in Table 5 indicates that the level of adoption of the different categories of
climate change adaptation was quite high. Adjusting planting dates and changing tillage
operations were the most common in the list of the categories of climate change
adaptation while irrigation and drainage was the least common.
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Table 5. Distribution of farmers according to adaptation categories adopted (n = 160)

Adaptation Category Frequency Percentage
Improved varieties 103 64.40
Portfolio diversification 103 64.40
Soil and water conservation 110 68.80
Changing planting dates 133 83.10
Changing tillage operations 126 78.80
Planting trees on farms 112 70.00
Irrigation and drainage 90 56.30
Farmland management 125 78.10

The number of adaptation categories adopted by the farmers was presented in
Table 6. It could be deduced from the table that in managing climate risks farmers
adopted various adaptation strategies. The average number of strategies adopted by the
farmers was approximately 6 reflecting the adoption of multiple strategies by farmers in
climate risk management. Therefore, farmers’ decision in climate risk management in
the Guinea savanna is simultaneous and the choice is not mutually exclusive. Hence,
analysis of the determinants of farmers’ adaptation decisions should account for the
simultaneity in the choice of climate risk management strategies. This informed the
choice of the multivariate probit regression which models the sequential decisions
farmers make in climate change adaptation.

Table 6. Distribution of farmers according to number of adaptation categories adopted
(n =160)

Adaptation Category Frequency Percentage
One 23 14.38
Two 3 1.88

Three 4 2.50
Four 17 10.63
Five 17 10.63

Six 20 12.50

Seven 20 12.50
Eight 56 35.00

Total 160 100.00

Average 5.64

Factors determining Choice of Adaptation Category

The multivariate probit model results on the factors determining choices of
adaptation options are presented in Tables 7 and 8. The model is very fit considering the
significance of the likelihood ratio result (Chi? = 202.68, p < 0.01) (Table 8). This led to
the rejection of the hypothesis of independence of the random errors of the different
adaptation models and acceptance of the alternative hypothesis of interdependence of
the adaptation practices.

The test of complementarity and/or substitutability of the adaptation measures was
done using the pairwise coefficients of the multivariate probit result and is presented in
Table 7. Two adaptation measures are considered to be complementary when the
pairwise coefficient is positive while they are substitutes when the resultant pairwise
coefficient has a negative sign. The analysis yielded positive correlations across all the
pairs of adaptation categories in this study except between adjusting planting dates and
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changing tillage operations, which yielded a negative but insignificant correlation. This
implies that the strategies were mainly interdependent and complementary.

The analysis indicated that there was positive and significant interdependence
between household decisions to cultivate improved crop varieties and conserving the
soil, cultivating improved crop varieties and portfolio diversification, adjusting planting
dates and cultivation of improved crop varieties, planting improved crop varieties and
trees on farms, farmland management and cultivating improved crop varieties, planting
improved crop varieties and changing tillage operations and irrigation with cultivation
of improved crops. The model results also suggested that there was positive and
significant interdependence between household decisions to adopt use of irrigation and
farmland management, irrigation and soil conservation, use of irrigation and portfolio
diversification, adjusting planting dates and portfolio diversification, portfolio
diversification and farmland management, portfolio diversification and planting trees on
farms, portfolio diversification and changing tillage operations, soil conservation and
changing tillage operations, soil conservation and adjusting planting dates, soil
conservation and planting trees on farms, and portfolio diversification and soil
conservation. It also suggested that there was positive and significant interdependence
between household decisions to adopt use of planting trees on farm and adjusting
planting date, planting trees on farms and changing tillage operations, and using
improved varieties of crops and adjusting planting date.

Table 7. Correlation coefficients of the adaptation categories (from the MVP) (h=160)

Soiland Changing Changing
water planting tillage
conservation  dates  operations

Irrigation
and
drainage

Farmland
management

Adaptation Improved  Portfolio
Category varieties diversification

Planting
trees

Improved varieties| 1.000
_ Portfolio 0.346* 1000
diversification
Soil and water
conservation
Changing planting
dates
Changing tillage | ) g, 0.092 0.210%  -0.071  1.000
operations
Planting trees 0.424** 0.310** 0.677**  0.688**  0.127 1.000
Irigation and | pocuex g a75%x  Q4e5**  0376%* 0.281%*% 0467**  1.000
drainage
Farmland
management

**p<0.01

0.428** 0.343** 1.000

0.606** 0.431** 0.632** 1.000

0.427** 0.522** 0.654**  0.650**  0.021  0.577** 0.356** 1.000

The result of the parameter estimates of the multivariate probit model is presented in
Table 8. Education significantly increased adaptation to climate change through
cultivating improved crop varieties, soil conservation, adjusting planting dates, planting
of trees, irrigation and farmland management. More educated farmers understand and
appreciate the benefits associated with cultivating improved crop varieties, soil
conservation, adjusting planting dates, planting of trees, irrigation and farmland
management and possess higher managerial ability in farm businesses than the less
educated ones. This result is in consonance with the research findings of Onyeneke
(2016b) and Nhemachena and Hassan (2007).
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Table 8. Multivariate probit estimates of the determinants of farmers’ adaptation options to climate change in Nasarawa State (n = 160)

Variable Use of i_mproved . Port.fplio_ Soil Conservation Adjusting Change 'I_'illage Planting Trees Irrigation Farmland
varieties Diversification planting dates Operations management
Education 0.008 (2.44)** 0.0003 (0.27) 0.016 (2.29)** | 0.007 (2.23)** 0.003 (0.54) 0.008 (1.80)* 0.011 (1.69)* 0.014 (1.97)***
Age -0.008 (-2.08)** | -0.010 (-1.65)* 0.005 (2.55)** |-0.001 (-2.31)** | 0.00006 (0.70) | 0.006 (1.87)* |[-0.015 (-2.88)***| -0.002 (-0.40)
Household size 0.008 (1.29) -0.001 (-0.10) 0.018 (2.53)** | -0.006 (-1.94)* | 0.011 (1.68)* | 0.015 (2.55)** | 0.019 (2.12)** | -0.007 (-3.49)***
Income 5.43e-07 (2.46)** | 4.10e-07 (1.68)* | 9.69e-07 (1.44) | 7.05e-08 (0.34) [1.22e-06 (2.01)**| 6.59e-07 (1.44) [1.06e-06 (2.50)**| 1.91e-07 (0.42)
Livestock ownership 0.0018 (2.24)** 0.010 (3.11)*** 0.003 (1.98)* | 0.004 (2.39)** | 0.001 (2.77)*** | 0.005 (3.25)*** | 0.007 (3.17)*** | 0.005 (2.58)**
Extension Contact 0.076 (2.92)*** 0.025 (1.64)* 0.018 (2.15)** | 0.017 (2.34)** | 0.057 (2.07)** 0.015 (1.51) 0.013 (1.76)* 0.029 (1.85)*
Farming experience 0.005 (1.74)* 0. 018 (3.33)*** | 0.009 (2.74)*** | 0.001 (3.84)*** | 0.004 (1.34) 0.005 (1.81)* | 0.019 (4.16)*** | 0.004 (2.66)***
Credit 1.11e-06 (2.10)** | 3.87e-07 (2.43)** | 1.06e-07 (0.18) | 3.99e-07 (1.25) | 5.47e-08 (0.10) | 1.19e-06 (1.69)* | 7.32e-07 (1.71)* | 5.14e-07 (0.88)
Farm size 0.019 (1.98)* -0. 003 (-0.20) 0.00001 (2.19)** | 0.008 (1.89)* 0.011 (1.19) 0.005 (0.52) 0.009 (1.88)* 0.007 (1.71)*
Distance to market -0.017 (-3.79)*** | -0.002 (-2.51)** |-0.014 (-2.92)***| 0.002 (0.96) -0.002 (-1.65)* |-0.011 (-2.87)***|-0.018 (-3.42)***|  0.0063 (1.52)
Distance to water source | -0.003 (-2.24)** -0. 003 (-1.41) -0.0006 (-1.76)* | -0.0005 (-0.87) | -0.0001 (-0.11) | -0.0001 (-0.15) | -0.0008 (-0.67) | -0.004 (-2.85)***
Risk orientation 0.007 (1.83)* 0.170 (1.70)* 0.169 (2.37)** | 0.182 (3.23)*** | 0.061 (1.73)* | 0.213 (3.29)*** | 0.147 (1.77)* | 0.295 (3.54)***
Member of farmer group | 0.016 (1.68)* -0.071 (-0.66) 0.021 (0.34) 0.005 (0.20) -0.061 (-1.04) -0.045 (-0.85) | 0.165 (2.21)** -0.053 (-0.80)
Likelihood Chi square 202.68***

Note: values in parenthesis are z-values
*x Significant at 1% level, ** Significant at 5% level
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Age and adoption of improved crop varieties, portfolio diversification, irrigation and
adjusting planting dates yielded significant negative associations while age and soil and
water conservation and planting trees yielded positive relationship. The effect of age on
soil and water conservation as well as planting trees on farms were surprising in the
light of the theory of adoption of technologies. One key reason for this surprising result
could be that soil and water conservation practices identified in this study as well as tree
planting on farms are relatively old practices in the Guinea savanna and the older
farmers are better positioned to adopt such strategies than their younger counterparts
because they understand and appreciate the benefits more. The effect of age and climate
change adaptation is well captured by research results (Boansi et al., 2017; Gbetibouo,
2009; Deressa et al., 2008).

Farmers’ household size significantly increased the likelihood of using soil
conservation, changing tillage operations (digging ridges and mounds), planting trees
and irrigation. These strategies require additional labour from the farmer, which the
household members can provide. Teklewold et al. (2006) also found household size
significant in determining the adoption of poultry technologies. However, household
size diminished the probability of uptake of adjusting planting dates and farmland
management. As the land area cultivated by each farmer reduces, the farm labour
needed by such farmers also reduces which in turn frees some members of the family to
pursue other income-generating activities (Tizale, 2007).

Income increased the probability of adoption of improved crop varieties, portfolio
diversification, changing tillage operations and irrigation. Adaptation to climate change
needs financial capital and information and wealthier farmers would adapt more readily
than their poorer counterparts (CIMMYT, 1993; Franzel, 1999; Knowler and Bradshaw,
2007; Kassie, 2017).

Livestock ownership significantly increased uptake of all the options. Livestock is an
asset to the farmer and could be sold anytime to purchase other farm inputs needed by
farmers and could be responsible for the positive and significant impact recorded across
all the adaptation options. Moreover, livestock dungs and dropping are used in soil
fertility management. Tizale (2007) documented the benefits of livestock in storing
wealth and maintaining soil fertility.

Government extension services significantly increased adoption of all the strategies.
Most of the practices are an integral part of the packages disseminated to farmers across
Nigeria by extension agents. This may be related to the positive and significant impact
of extension services on all the climate change adaptation strategies. This confirms the
increasing role of extension in climate risk management which supports better and
effective agricultural management decisions (Gbetibouo, 2009; Umar et al., 2014;
Duniya and Rekwot, 2015). Tripathi and Mishra (2017) and Mulwa et al. (2017) noted
that extension services help farmers in adopting climate change management strategies.

Another important determinant of climate change adaptation strategies is experience
(Gbetibouo, 2009) and it significantly increased the adoption of improved crop
varieties, portfolio diversification, soil and water conservation practices, adjusting
planting dates, planting trees, irrigation, and farmland management. Fadina and Barjolle
(2018) also found that experience increased uptake of climate change adaptation
strategies in Southern Benin.

Credit access enhanced adoption of improved crop varieties, portfolio diversification,
irrigation and planting trees. Availability of credit reduces financial challenges of
farmers and allows them to buy agrochemicals, seedlings and other inputs. Access to
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credit enhances the adoption of climate change adaptation strategies (Nhemachena and
Hassan, 2007). In rural El Salvador, Sain and Barreto (1996) found access to credit to
have positive impact on adoption of soil conservation technology while Hansen et al.
(1987) reported same result in the Dominican Republic. In Rondonia area of Brazil in
South America, Caviglia-Harris (2002) noted that credit is a significant predictor of
adoption of sustainable agricultural practices.

Farm size significantly increased uptake of improved crop varieties, soil
conservation practices, adjusting planting dates, and irrigation and farmland
management. Most of the climate change adaptation measures are optimally practised in
large farms because farmers who have large farm sizes at their disposal and are more
likely to adopt soil conservation techniques, irrigation, farmland management for the
purpose of increasing soil fertility and efficiency of their farms (Negash, 2013; Erhabor
and Ahmadu, 2013; Wondimagegn and Lemma, 2016) and improved crop varieties for
incremental yield.

There was a negative and significant relationship between distance to the market and
the uptake of improved crop varieties, portfolio diversification, soil conservation
practices, changing tillage operations, planting trees, and irrigation. Nearness and
availability of input in the market facilitate the adoption and intensive use of adaptation
technologies. Also, transportation cost of agricultural inputs increases with market
distance which may discourage farmers from purchasing agricultural inputs and selling
their outputs too (Ulimwengu et al., 2009; Kiprono and Matsumoto, 2014).

Distance to water source also emerged as a significant predictor climate change
adaptation choices of the farmers. This variable was inversely related to the likelihood
of adopting improved crop varieties, soil conservation practices, and farmland
management. The distance from the water source to the home and farm of the farmer
negatively impacts on the quality and volume of water used for farm and domestic
consumption.

Risk orientation demonstrated positive and significant association on adoption of all
the climate risk management strategies - improved crop varieties, portfolio
diversification, soil and water conservation, adjusting planting dates, changing tillage
options, planting trees on farms, irrigation, and farmland management. Adaptation to
climate change requires adoption of technology which involves risk-taking and farmers
who are willing to take the risk of experimenting the technologies will adapt more
readily to climate risks. Farmers who are more disposed to risk-taking were
significantly more likely to increase the adoption of improved crop varieties, portfolio
diversification, soil and water conservation, adjusting planting dates, changing tillage
operations, planting trees, irrigation, and farmland management than their counterparts
who are less risk-oriented.

Membership of farmer groups positively impacted the adoption of improved crop
varieties and irrigation. Farmers get information about innovations from their
associations. Membership to such groups increased the uptake of improved crop
varieties and irrigation. Targeting farmers who are members of farmer groups will be
important in increasing farmers’ adaptive capacity. This result is in line with Mulwa et
al. (2017) finding in Malawi. They found that membership of farmer groups
significantly increased the adoption of disease/pest-tolerant crop varieties in Malawi.
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Conclusion

The research matched perception survey with scientific data from meteorological
agency. We distinguished scientific data and local peoples’ accounts of climate change
and matched both datasets to find convergence or divergence and see to what extent
perceptions data reflects true empirical reality. Farmers’ perception reflects empirical
reality and they have adopted some strategies to respond to the observed vagaries in
climate.

There is interrelationship in the adaptation strategies employed by the smallholder
farmers. Most farming households used improved crop varieties (especially growing
different varieties of crops and those with short gestation period), portfolio
diversification (especially practicing mixed farming and diversifying to non-farm
activities), soil and water conservation (crop rotation, mulching, cover cropping and
water harvesting), adjusting planting dates, and changing tillage operations.
Demographic and farm characteristics and institutions determined climate change
management decisions.

Scientific data and farmers’ experience point to changing patterns of temperature and
rainfall in the region. Therefore, adaptation measures need to focus more on these
climate elements to reduce the impact on farmers by boosting access to the livelihood
assets. Support to farmers should strengthen their capacity and ability to cultivate
improved crop varieties, adopt portfolio diversification, practice water and soil
conservation, and use irrigation. Strengthening public extension services and credit
institutions such as microfinance and commercial banks as well as cooperative societies
should be the priority of government if climate risk management in agricultural
production must be achieved. This will support the achievement of food security and
poverty reduction objectives of the Nigerian government. Local responses and the
adaptive capacity of the farmers cannot be enough but they are very important in
shaping government and development partners’ planned adaptation interventions. The
adaptation practices identified should be integrated into governments’ overall strategies
and policies.
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