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Abstract

Climate change negatively impacts rice productivity in different parts of Africa. As a matter of
necessity, farmers must respond to changing the climate by choosing adaptation strategies that
increase their productivities. Incidentally, studies that documented the impact of climate
change adaptation actions of farmers on rice productivity are few. This study therefore ana-
lyzed the impact of climate change adaptation decisions of farmers on the profitability of rice
production using cross-sectional data gathered from 240 rice farmers selected from Ebonyi
State, an important rice-producing State in Nigeria, Africa’s most populous country. Using
descriptive statistics, multivariate probit regression, instrumental variable regression and
endogenous treatment effect model, the study revealed that the common adaptation actions
of rice farmers involved adoption of minimum tillage, bond and drainage, fertilizer, crop
diversification, livelihood diversification, improved rice varieties, pesticide, nursery, and
adjusting planting and harvesting dates. The study found several significant interactions
between the choice of climate change adaptation actions and socio-economic, farm, institu-
tional and location characteristics of rice farmers. The result further revealed that multiple
adaptation decisions of farmers significantly increased returns to scale and profit of rice pro-
duction. The study concludes that adaptation decisions are effective in increasing the profit-
ability and returns to scale of rice production in the area and other regions with similar
geographical, meteorological and socio-economic contexts.

Introduction

Climate change is a serious problem facing humanity and development. Its impact is not uni-
form across sectors, communities, regions and countries (Tarfa et al., 2019). This implies that
it affects virtually all aspects of life but at varying degrees. Nigeria is susceptible to climate risks
because the majority of the populace (about three-quarter) depend on rain-fed agricultural sys-
tems for their livelihood. The National Adaptation Strategy and Plan of Action on Climate
Change for Nigeria states that if nothing is done to manage climate change-related hazards
and shocks in Nigeria, the country may lose between 2 and 11% of her gross domestic product
by 2020 and this may increase to 6-30% by 2050 (Building Nigeria’s Response to Climate
Change and Federal Ministry of Environment, 2011). This implies that if climate change is
not addressed in long-term action, the costs will be high.

To the people of Ebonyi State, the impact of climate change on agriculture, especially rice
production, is very important. This is because the majority of the inhabitants depend on rice
production for their livelihood. Rice is highly susceptible to climate vagaries because of its sen-
sitivity to changing climatic conditions. Climate change is affecting the livelihoods of rural
communities in Ebonyi, which are mainly rice-based, and increasing their vulnerability as
well (NEST, 2011; Onyeneke et al., 2018a; Choko et al., 2019). The increasing variability,
intensity and erratic nature of rainfall, rising incidence of flood and soil erosion, and serious
decline in agricultural yields are among the obvious climate change hazards ravaging commu-
nities in Ebonyi State Nigeria (Choko et al., 2019). Ebonyi State has a policy on agriculture
which seeks to ‘ensure sustainable increase in food production; production of raw materials
for the industries; employment generation; improved access to agro-inputs; improved extension
service delivery; stimulation of greater private sector investment in agriculture; value addition to
improved processing, packaging and storage; poverty alleviation; and generally improving the
quality of life of rural dwellers’ (Ebonyi State Ministry of Agriculture and Natural Resources,
2010). The possibility of realizing this lofty aim of the State’s agriculture policy is doubtful
considering the increasing risk of climate change in the State. Furthermore, climate change
is not mainstreamed into the policy, indicating that the climate change impacts on rice pro-
duction and profitability will get worse.

Adaptation is an essential response action for minimizing the vulnerability of farmers to
climate change. Many countries in the world have focused on strategic adaptation plans
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and actions to reduce the vulnerability of sectors, communities
and regions. Communities in Ebonyi have been managing climate
risks using indigenous and local adaptation measures (Choko
et al, 2019). Responses to climate change should be
forward-looking and affordable considering the uncertainty and
increasing impact on farmers in Ebonyi State. Given the severity
of current climate impacts and expected vulnerabilities, these
indigenous and local responses will not be sufficient for the neces-
sary adaptation (Tarfa et al, 2019). Making the communities less
vulnerable provides an opportunity for adaptation and opens
frontiers to realize the objectives of agricultural development pro-
grams in the State.

As stated earlier, Ebonyi State is vulnerable to the impacts of
climate change largely because more than three-quarter of the
inhabitants depend on smallholder rain-fed agriculture. The
impact of climate change is very visible in most rural communi-
ties in the State (Onyeneke et al., 2018a; Choko et al., 2019). The
increasing population coupled with high poverty levels is making
huge demands on Nigeria’s natural resources such as agricultural
land and forest resources. Climate change impacts compound
existing pressures on these resources. These challenges, if unad-
dressed, will become sure recipes for food, nutrition and liveli-
hood insecurity in Ebonyi. Therefore, all rational farmers must
pursue adaptation as a response to climate risks. It is in recogni-
tion of the growing impact of climate change on the livelihood of
rural communities in Ebonyi that a study to investigate the strat-
egies that farmers have adopted to manage climate risks and the
determinants and effectiveness of such measures becomes
necessary.

Adaptation is very important in managing risks posed by cli-
mate change to rice farming. The literature on climate change
adaptation strategies of crop farmers in Ebonyi State and
Nigeria is growing (Egwu, 2014; Ezeh and Eze, 2016; Oselebe
et al, 2016; Diagi and Nwagbara, 2018; Ume et al., 2018; Igwe,
2018; Onyeneke et al.,, 2018a,b; Choko et al., 2019). However,
most of these published studies did not pay close attention to
the determinants of adaptation decisions of the farmers in
Ebonyi State. Climate change adaptation studies at a farm or
household level should examine the socio-economic, farm, con-
textual and institutional characteristics that influence farmers’
decisions to adapt or not (Gbetibouo, 2009) and even the inten-
sity of adaptation. This information is necessary to promote pol-
icies and program that support adaptive management.

Furthermore, scientists and policymakers believe that climate
change adaptation contributes to food security, income, efficiency,
profitability or productivity goals of farmers (Di Falco et al., 2011;
Yegbemey et al., 2014; Feleke et al., 2016; Peck, 2017; Kabir et al.,
2017; Thamo et al., 2017; Berhe et al., 2017). However, this is not
always the case because addressing different climate change stres-
sors in isolation often lead to maladaptation which turns out to
increase the risk of climate change or diminish the buffer and
adaptive capacities of farmers (Yesuf and Bluffstone, 2009;
Haydu, 2010; McDowell and Hess, 2012; Barnett and O’Neill,
2013; Karlan et al.,, 2014; Reidsma et al, 2015; Harrison et al.,
2016; Terdoo and Feola, 2016; Holzkdmper, 2017; Miiller et al.,
2017; Stupak, 2017). This calls for studies which link climate
change adaptation to farmers’ welfare outcomes—returns to
scale, profitability, productivity and food security—as a sure
way to gauge the effectiveness of chosen adaptation strategies
and check maladaptation. Incidentally, research in this context
is rare in Nigeria specifically and Africa generally. This study,
therefore, explored the determinants of adaptation strategies
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chosen by rice farmers in Ebonyi State and the effect of such strat-
egies on farmers’ returns to scale to inform policies, programs and
plans that will help in climate change adaptation management in
the agricultural sector of the State. Specifically, this paper ana-
lyzed the trend of climatic stressors (temperature and precipita-
tion) in the area, examined adaptation decisions of farmers and
the factors that shape such decisions, and determined the effect
of climate change adaptation decisions of farmers on the profit-
ability of rice farming.

Adaptation options

The importance of adaptation in climate change management
cannot be overemphasized. The vulnerability of rice production
to climate change has received attention from researchers.
Terdoo and Feola (2016) observed rice production, especially in
sub-Saharan Africa, is highly sensitive to climate change.
Therefore, there is an urgent need to reduce the vulnerability of
the rice sector to climate change. Adapting rice production to cli-
mate change is necessary to increase farmers’ yields and food
security. There are several local adaptation practices used by farm-
ers in managing climate risks in different parts of the world. Some
of the local adaptation practices include minimum tillage, drain-
age and bond, combined use of organic and inorganic fertilizer,
crop diversification, improved rice varieties, use of nursery, use
of pesticides, livelihood diversification and changing planting
and harvesting dates (Oselebe et al., 2016; Roco et al., 2017;
Unique-Kulima, 2017; Quan ef al, 2019; Rondhi et al., 2019;
Teklewold et al., 2019).

Several researchers have noted the importance of minimum
tillage in controlling flood and erosion, enhancing soil fertility
and climate resilience as well as conserving the environment
(Verhulst et al., 2012; Kuntashula et al., 2014; Richards et al,
2014). The combined use of organic and chemical fertilizer is
also an important climate change adaptation strategy in agricul-
tural production. Climate change depletes soil fertility through
increased flooding, erosion, runoff and washing away of soil nutri-
ents (Brevik, 2013) thereby adversely affecting soil pH, water
holding capacity, bulk density and other soil properties
(Garcia-Fayos and Bochet, 2009). Correct use of organic and
chemical fertilizers (in terms of getting the fertilizers from the
right sources, using the right rate and applying the fertilizer at
the right time and place) enhances soil fertility and increases
yield thereby reducing farmers’ vulnerability to climate change.
Similarly, improved rice varieties have been used by many farmers
in managing climate risks (Unique-Kulima, 2017; Aryal et al,
2017). Early maturing rice varieties, for instance, are better suited
for managing delayed onset and early cessation of rain that now
characterize agricultural production in many parts of Nigeria
(Babatunde et al., 2011; Tarfa et al.,, 2019).

The construction of local drainages and bunds for managing
climate risks in agricultural systems has received considerable
attention by researchers (Iglesias and Garrote, 2015;
Roesch-Mcnally, 2016; Mo et al., 2017; Onyeneke et al., 2018a).
These practices help to reduce flooding and erosion on agricul-
tural lands and farms and increases farmers’ resilience to climate
change (FAO, 2012; Iglesias and Garrote, 2015; Morton et al.,
2015; Roesch-Mcnally, 2016; Mo et al, 2017; Roesch-Mcnally
et al., 2017; Onyeneke et al., 2018a).

Crop diversification reduces the impacts of climate change on
farmers and contributes to their buffer capacity (Belay et al., 2017;
Fadina and Barjolle, 2018; Tarfa et al., 2019). Crop diversification
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contributes to climate change adaptation in rice production
because production and income risks are spread through planting
different crops, which in turn leads to minimization of farmers’
vulnerability (Lin, 2011; FAO, 2018; Waha et al., 2018; Huang
et al., 2014). Similar to crop diversification, diversifying into dif-
ferent livelihood activities also protects farmers against climate
shocks. Lasco et al. (2011), Idoma et al. (2017), Fadina and
Barjolle (2018) and Ho and Shimada (2019) demonstrated the
benefits of livelihood diversification in climate change manage-
ment. Livelihood diversification builds farmers’ resilience to cli-
mate change by spreading their income and production risks
(Nigerian Environmental Study Action Team and Woodley,
2012). Use of nursery in rice production helps farmers adapt to
climate vagaries (Deng et al, 2017; Oselebe et al, 2016;
Bhandari, 2009). Having the rice seedlings on the nursery first
before transplanting to the field enables farmers to make a better
decision on whether to transplant the seedlings to rice field or not
and the best time to transplant considering climate risks.

The incidence of pests and diseases is increasing due to the
changing climate (Harvey et al., 2014; Warren et al, 2018).
Changing climatic conditions may create new pests and insects
in crops (Ibrahim, 2014; Macfadyen et al, 2018; Heeb et al,
2019). With the rising prevalence of crop pests and diseases, the
demand for pesticides is also increasing. Pesticide combination,
appropriate application rate, time and place conserve the environ-
ment and soil and contribute to climate resilience and incremen-
tal yield (Heeb et al., 2019). Researchers have reported the use of
pesticides for climate change adaptation (Dhakal et al, 2016;
Bhandari, 2009; Fadina and Barjolle, 2018). Climate change is
increasing the variability, pattern and distribution of rainfall in
sub-Saharan Africa (Choko et al, 2019; Onyeneke et al., 2017).
The changing rainfall regimes observed in sub-Saharan is affect-
ing rice agronomic practices such as time for planting and har-
vesting. Farmers have resorted to adjusting their planting and
harvesting dates as a strategy for managing changing rainfall pat-
tern, duration and distribution. This adaptation practice is popu-
lar among farmers in developing countries (Arimi, 2014; Ezeh
and Eze, 2016; Mbah and Ezeano, 2018; Gahatraj et al., 2018;
Tarfa et al., 2019).

Methodology
Study area

The study was carried out in Ebonyi State. Ebonyi State is located
between latitudes 5°40" and 6°45’ north of the Equator and long-
itudes 7°30’ and 8°46’ east of the Greenwich Meridian. The cli-
mate of the state is mainly that of the tropical rainforest and
derived savannah. This climate favors the cultivation of rice.
The inhabitants of the state are mainly farmers. The population
of the state as in 2016 was 2,880,383 persons (Central Bank of
Nigeria, 2016) with about 80% of this population living in poverty
(National Bureau of Statistics, 2012). This demonstrates how vul-
nerable the state is to climate risks.

Sampling technique and data collection

Ebonyi State is divided into three zones — Ebonyi South, Ebonyi
Central and Ebonyi North zones. There are five Local
Government Areas (LGAs) in Ebonyi South, four LGAs in
Ebonyi Central and four LGAs in Ebonyi North. Rice is cultivated
in all the LGAs. This paper adopted cluster sampling and
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partitioned the State into three clusters — Ebonyi North, Ebonyi
Central and Ebonyi South. In each cluster, two LGAs were ran-
domly selected. The paper used random selection because rice is
cultivated in all the 13 LGAs of Ebonyi State. The LGAs selected
were Ivo and Afikpo South LGAs from Ebonyi South, Ikwo and
Ishielu LGAs from Ebonyi Central, and Izzi and Ohaukwu LGAs
from Ebonyi North. After this stage, the author chose four commu-
nities from each of the study LGAs. This made the number of
sampled communities 24. The final stage of the sampling process
was the selection of ten rice farmers from each sampled community
making the sample size of the study 240 rice farmers.

The author used a climate risk adaptation questionnaire to eli-
cit data from the respondents. The questionnaire was divided into
five sections. Section one covered the socio-economic, contextual
and institutional characteristics of the farmers. Section two dealt
with climate change awareness level of the farmers. This was mea-
sured using a five-point Likert type scale—very low level of aware-
ness, low level of awareness, moderate level of awareness, high
level of awareness and very high level of awareness, with their
respective scores as 1, 2, 3, 4 and 5. Section three covered mea-
sures adopted by the farmers to address climate risks in rice farm-
ing. In eliciting information on adaptation practices used in
addressing climate risks, the author used a ‘grounded approach’
which allowed the adaptation strategies to emerge from the farm-
ers themselves. Nine adaptation practices emerged as strategies
used in counteracting the negative impacts of climate change.
Section four covered inputs and costs of rice production, while
section five was about the output, market price of the output
and the revenue. The survey was conducted from June to
November 2018 with the help of six enumerators—one for each
LGA. Also, data on annual average temperature and yearly total
volume of rainfall for a period of 21 years (1997-2017) were col-
lected from the Meteorological Unit of the Federal College of
Agriculture, Ishiagu in Ebonyi State. This study used all available
climate data from the Federal College of Agriculture Ishiagu,
which appears to be the only institution in the state with meteoro-
logical data spanning over a long period in Ebonyi State.

Method of data analysis

The paper adopted trend analysis to describe the trend of climatic
stressors in the State. The simple linear trend analysis was
adopted to model how temperature and rainfall changed over
time in the area and determine the correlation and trend coeffi-
cient of the linear graphs of the climatic variables with time.
This approach is useful in determining the direction of change
of climatic variables especially ones collected from a single
meteorological station over time. The analysis mainly shows
whether the variables are increasing, decreasing or have remained
unchanged over the period under study (Mudelsee, 2019; Djaman
et al., 2017; Nwosu et al., 2014; Clark et al., 2005). This method is
popular in the climate change literature and has been used by
many researchers in modeling the trend of climatic variables
(Anuforom, 2010; Tarfa et al, 2019; Babatunde et al, 2011;
NEST, 2011; Mudelsee, 2019; Clark et al., 2005). The trend mod-
els are stated thus:

R=f(t) (1)

H=f® ()
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where R, annual volume of rainfall (mm); H, annual average tem-
perature (°C); ¢, time.

In examining measures used in managing climate risks in rice
farming, the author used descriptive statistics to categorize farm-
ers’ responses on their adaptation actions and the number of such
actions adopted. Multivariate probit (MVP) regression was
employed in analyzing the determinants of adaptation. There
are nine adaptation options identified in this study, which formed
the endogenous variables of the MVP model of this study. The
model is stated thus:

Y, =1if 8X; +& >0 3)

and
Y, =0ifdX;+e <0j=1,2,...,9 (4)
where Yj, adaptation strategies of the jth farmer; j, 1,2, ... ,9 are

the number of identified adaptation options.

X; is a vector of the independent variables; 8, parameter esti-
mates of the independent variables and €, the error term
(Mulwa et al., 2017). The endogenous and independent variables
of the MVP are elaborated below.

Endogenous variables

The author investigated the actions rice farmers take in managing
climate risks. The responses indicated that there are nine categor-
ies of adaptation practices used by rice farmers to manage risks
associated with climate change. These include minimum tillage,
drainage and bonds, combined use of fertilizer (organic and inor-
ganic fertilizer), crop diversification, improved rice varieties, use
of nursery, use pesticide, livelihood diversification, and adjusting
planting and harvesting dates. These measures are used as the
endogenous variables in both the MVP and instrumental variable
regressions (IVRs) conducted in this study. These adaptation
strategies are further stated as follows in the MVP model:

Y;, minimum tillage (yes =1, no = 0); Y,, drainage and bonds
(ves =1, no =0); Y3, use of organic and inorganic fertilizer (yes =
1, no =0); Yy, crop diversification (yes = 1, no =0); Ys, improved
rice varieties (yes = 1, no = 0); Y, use of nursery (yes =1, no =0);
Y, use of pesticide (yes = 1, no = 0); Yy, livelihood diversification
(yes =1, no =0); Yy, adjusting planting and harvesting dates (yes
=1, no=0).

Independent variables

Several socio-economic, institutional, contextual and farm charac-
teristics affect climate change adaptation in crop production
(Tarfa et al., 2019). After literature review and consultation with
researchers and extension agents in the State, the following vari-
ables were chosen as independent variables affecting rice farmers’
adaptation decisions to climate change:

X, education (years spent in school); X5, age (years); X3, house-
hold size (number of persons); X, income (Naira); X5, gender
(male=1, female=0); X4 contact with agricultural extension
agents (yes = 1, no = 0); X;, farming experience (years); Xg, marital
status (married = 1, not married = 0); Xy, credit (Naira); X,, farm
size (Ha); X;;, member of farmer association (yes=1, no=0);
X5, received training on rice farming (yes = 1, no = 0); X3, experi-
enced flood (yes =1, no=0); X4, Ebonyi South (yes=1, no=0);
X5, Ebonyi Central (yes =1, no=0); X;s Ebonyi North (yes=1,
no=0).
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In determining the impact of adaptation methods on the
returns to scale of rice farming, the IVR was used. A valid instru-
ment is required for this model. There are basically two criteria
for selecting an instrument—relevance criterion and exclusion
criterion (Chege et al., 2015). A valid instrument must be signifi-
cantly related to the endogenous variable (relevance criterion)—
adaptation options (measured as the number of adaptation
options adopted by the farmer), and not related to the dependent
variable (exclusion criterion)—returns to scale of rice farming.
The return to scale is the ratio of the total value of rice output
to the total cost of production. Awareness to climate change
emerged as a valid instrument for this model because it was not
related returns to scale from the result of the simple regression
carried out between returns to scale and awareness to climate
change. However, farmers’ awareness level climate change was sig-
nificantly related to the number of adaptation options (see
Table 5) and was exogenous to all the other independent vari-
ables/control variables in the model. To further check the suitabil-
ity of the level of awareness to climate change variable as the valid
instrument of this study, an additional variable (number of house-
hold members that have received training on climate change man-
agement) was introduced into the IVR model as a new instrument
and tests of overidentifying restrictions were conducted. The
results of the Sargan (score) %* and Basmann y> were not statis-
tically significant. This further confirms the validity of the level
of awareness of climate change as a suitable instrument for the
model. Therefore, awareness of climate change satisfied all the
conditions for selecting valid instruments. The model is stated
below:

Zi = 01Ci + G + (5

Ci = Dif)l + 62Gi + Wy (6)

where Z;, returns to scale of the ith farmer; C;, adaptation actions
of the ith farmer (count) with parameter estimate, ; G;, vector of
independent variables with parameter vectors, o,; D; climate
change awareness level with parameter estimate, 6;; 1; and p,,
error terms.

The analysis was taken a step further to provide unbiased esti-
mates of the impact of adaptation on the profitability of rice pro-
duction. This was done using the endogenous treatment effect
model, which takes care of unobservable factors that may affect
the treatment and outcome. Any farmer who combined five or
more adaptation options to manage risks associated with climate
change in rice production was coded 1, and any farmer who used
less than five adaptation options was coded 0. The profit of rice
production was estimated by subtracting the total cost of rice pro-
duction from the total revenue. The model of the endogenous
treatment effect used in this paper is stated thus:

ATE(x;) = E(ya — yio |xi» Dy) 7)
ATET(x;) = E(yin — yio % T; =1, Dy) (8)
ATENT(x;) = E(yir — yio %, Ti =0, D;) )

where E, the mean operator; T;, treatment taking only two values,
1 and 0. It takes the value of 1 for farmers using five or more


https://doi.org/10.1017/S1742170519000486

58

Robert Ugochukwu Onyeneke

Temperature (°C)
[ ]
[=] w

&

Note: ***Significant at 1% level
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y = 0.206x*** + 29.056
R=0.654

Fig. 1. Linear trend of annual average temperature in Ebonyi State from 1997 to 2017. Data source: Federal college of agriculture Ishiagu, Ebonyi State.

adaptation options and 0 using less than five adaptation options;
D;, climate change awareness level of farmers serving as the
instrument; x;, vector of explanatory variables; y;;, profit of the
ith rice farmer in the subpopulation of farmers using five or
more adaptation options; y;;, profit of the ith rice farmer in the
subpopulation of farmers using less than five adaptation options;
ATE, average impact of climate change adaptation on the profit of
rice production in the population; ATET, average impact of cli-
mate change adaptation on the profit of rice production on the
subpopulation of farmers using five or more adaptation options;
ATENT, average impact of climate change adaptation on the
profit of rice production on the subpopulation of farmers using
less than five adaptation options.

Results and discussion
Trend of temperature and rainfall in Ebonyi State

Temperature

Figure 1 shows the trend of average temperature in Ebonyi State
for the period under study. The figure indicates that temperature
in Ebonyi State over time was increasing and significant. The
coefficient of correlation between temperature and time is signifi-
cant and strong in the area. This means that the temperature in
the area has changed significantly. Figure 1 shows this clearly.
This implies that global warming in Ebonyi is significant. This
is similar to the documentation of Nwosu et al. (2014),
Babatunde et al. (2011), NEST (2011) and Anuforom (2010).
These researchers reported an increasing and significant tempera-
ture trend in different States in Nigeria’s rainforest and derived
savannah zones, where Ebonyi is situated. Rising and significant
trend in surface and atmospheric temperature in different parts
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of the world are well documented. Rising temperature may impact
rice farming negatively through stress, reduced soil fertility,
increased incidence of pests and diseases, and scorching.

Rainfall

The rainfall volume in Ebonyi showed a slight increase over time.
The trend, though not significant, shows high variability in rain-
fall distribution in the area (Fig. 2). This signifies that rainfall pat-
tern and distribution in the State is becoming highly variable, and
the occurrence of extreme rainfall events such as flood is likely
under this new climate. This is in line with the findings of
Onyeneke et al. (2017). Flood will affect rice farming negatively
through the destruction of land and other farm assets. The unpre-
dictability of rainfall in terms of onset, cessation and distribution
affects sowing and harvesting dates and other activities in rice
production.

Descriptive characteristics of sampled farmers

The author first presented the result of the socio-demographic
characteristics of the farmers in Table 1 before reporting and dis-
cussing the climate change adaptation actions in rice production.
Table 1 shows that the average age of the farmers was 43.89 years
with an average farm size of 2.74 hectares, average household size
of five persons and farming experience of 17.48 years. Married
men dominated rice production in the area with about 68% of
them having access to agricultural extension services. Also, 49%
of the farmers were members of farmers’ associations, while
only 24% received training on rice farming. Seventy-five percent
of the farmers reported that their farms have been affected by
flood before the survey. This result signifies that about three-
quarter of the sampled have experienced climate change event
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Fig. 2. Linear trend of annual aggregate rainfall in Ebonyi State from 1997 to 2017. Data source: Federal college of agriculture Ishiagu, Ebonyi State.
Table 1. Descriptive characteristics of sampled farmers Table 2. Distribution of farmers according to adaptation practices
Standard Adaptation practice Frequency Percentage
Descriptive characteristics Mean deviation
Minimum tillage 151 62.9
Education 12.27 5.06
Drainage and bonds 83 34.6
Age 43.89 9.44
Inorganic and organic fertilizers 160 66.7
Household size 4.99 138
Crop diversification 202 84.2
Gender 0.70 0.46
Improved rice varieties 164 68.3
Contact with agricultural extension 0.68 0.47
agents Use of nursery 208 86.7
Farming experience 17.48 6.84 Use of pesticides 174 72.5
Marital status 0.90 0.29 Livelihood diversification 204 85.0
Farm size 2.74 0.86 Adjusting planting and harvesting dates 180 75.0
Membership of farmers’ association 0.49 0.50
Received training on rice farming 0.24 0.43
e ot 075 0.49 Plantmg al?d/or l}ar_'vestmg d'ates, using pestlc_ldes, cgltlvatlr%g
improved rice varieties, combined use of organic and inorganic
Sample size (N) 240

(flood) and the farmers also reported that they have adopted
available adaptation measures in their area to manage the effects
of climate change.

Adaptation actions

Table 2 shows rice farmers’ responses to climate change. Rice
farmers adopted broad range strategies in managing risks asso-
ciated with climate change in Ebonyi. These include using nur-
sery, livelihood diversification, crop diversification, adjusting
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fertilizer, minimum tillage and use of drainage and bonds. Use
of nursery was the most common adaptation practice for climate
change management in the area. Majority (86.7%) of the farmers
adopted this practice. Nursery plays an important role in rice
farming because it helps in quickening rice germination and
growth (Oselebe et al., 2016). The reasons for the high adoption
rate of this practice are to guide against climate-associated risks
(scorching and flooding on the field) on the field and to quicken
germination and growth.

Livelihood diversification, which is a risk management strat-
egy, was adopted by 85% of the farmers. Diversifying into other
sources of income guides farmers against risks associated with cli-
mate change. When rice farms are affected by climate change,
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Fig. 3. Percentage distribution of farmers according to the number of adaptation practices adopted.

farmers depend on other sources of livelihood to cater for their
families. Ho and Shimada (2019) and Idoma et al. (2017) also
reported livelihood diversification as an important and common
adaptation strategy to climate change risk management in
Africa and Asia. Also, crop diversification was highly adopted
by the farmers. About 84% of the farmers adopted this practice.
Farmers in sub-Saharan tend to plant different crops on their
farms as a way to manage risks and maximize the use of land.
Tarfa et al. (2019) found that crop diversification is the most com-
mon adaptation strategy to climate change in the Guinea Savanna
area of Nigeria. FAO (2018), Waha et al. (2018), Huang et al.
(2014) and Lin (2011) also observed that crop diversification
helps to moderate climate change impacts by spreading produc-
tion and income risks through planting different crops, thus redu-
cing farmers’ exposure and sensitivity to climate shock.

Adjusting planting and/or harvesting dates was also adopted
by many farmers (75%). The changing pattern of rainfall (onset
and cessation) and variability observed in sub-Saharan Africa
(Choko et al., 2019; Onyeneke et al., 2017) affect sowing and har-
vesting dates for rice and other crops because water is important
for the growth and development of agricultural crops. Also, agri-
culture in this region is largely rain-fed and depends on rainfall
(pattern and distribution) for cultivation and harvesting. Arimi
(2014), Ezeh and Eze (2016), Mbah and Ezeano (2018),
Gahatraj et al. (2018) and Tarfa et al. (2019) reported high adop-
tion rates of this practice by farmers in Africa and Asia.

Use of pesticides, planting improved rice varieties and use of
fertilizer were adopted by a significant percentage of the farmers.
Table 2 shows that 72.5, 68.3 and 66.7% of the farmers used pes-
ticides, improved rice varieties and fertilizers, respectively, in
responding to climate risks. Agrochemicals and improved rice
varieties are very important inputs in rice farming. These inputs
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also contribute to controlling pests and diseases, which may
arise due to increasing risks associated with climate change
(Harvey et al., 2014; Warren et al., 2018). Similarly, fertilizers
(organic and chemical) enhance soil fertility, which has been
depleted by climate change through increased flooding, erosion,
runoff and washing away of soil nutrients (Brevik, 2013) thereby
adversely affecting soil pH, water holding capacity, bulk density
and other soil properties (Garcia-Fayos and Bochet, 2009).
Correct use (fertilizer best management practices) of organic
and inorganic fertilizers by applying the right quantity of fertilizer
from a right source at the right time and place helps to build
farmers’ resilience to climate change, restores soil fertility with
the co-benefit of conserving the environment (Dinesh and
Vermeulen, 2016; International Fertilizer Association, 2016).
These were the reasons why many farmers opted for these strat-
egies in responding to climate change. Nwalieji and Onwubuya
(2012), Herath and Thirumarpan (2016), Ezeh and Eze (2016)
and Idoma et al. (2017) found these practices important in man-
aging climate risks.

Planting  improved rice varieties (early maturing,
disease-resistant and flood-tolerant varieties) is an important
climate-resilient strategy and 68.3% of the farmers opted for
this strategy in climate change management. Table 2 also shows
that about 63% of the farmers adopted minimum tillage as an
adaptation action in managing climate risks. The benefits of min-
imum tillage as a climate-smart agricultural practice are well-
documented in the literature. These include conservation of the
environment, reduced erosion, reduced vulnerability to climate
change, soil fertility improvement and increased yield (Marenya
et al, 2017; Grabowski et al., 2014; Gattinger et al., 2011; FAO,
2000). These benefits could be the central reason why many
opted for this option as climate change management strategy.
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Table 3. Pairwise correlation coefficients of adaptation actions by rice farmers

Adaptation strategies Y, Y, Y3 Y4 Ys Ye Y7 Ys Yy

Y1 1.000

Y, 0.060* 1.000

Y3 0.102* 0.136** 1.000

Ya 0.234** —0.069 —0.081* 1.000

Ys 0.160** 0.145** —0.131** —0.048 1.000

Ye 0.260*** —0.263*** —0.087* 0.059 0.265*** 1.000

Yz 0.248*** —0.159** —0.079* —0.007 —0.212** 0.093* 1.000

Ys 0.087* —0.164* 0.073* 0.011 0.114** —0.058 0.027 1.000

Yy 0.137** 0.055 0.123** —0.186** 0.143** 0.098* 0.057 0.030 1.000

Likelihood ratio test of rho21 =rho31 =rho41 =rho51=rho61 =rho71=rho81 =rho91 = rho32 =rho42 = rho52 = rho62 = rho72 = rho82 = rh092 = rho43 = rho53 = rho63 = rho73 = rho83 = rho93 =
rho54 = rho64 = rho74 = rho84 = rho94 = rho65 = rho75 = rho85 = rho95 = rho76 = rho86 = rho96 = rho87 = rho97 = rho98 = 0: x? (36) = 84.448***,
Note: Y; = minimum tillage, Y, = drainage and bonds, Y3 = use of organic and inorganic fertilizer, Y, = crop diversification, Ys =improved rice varieties, Ys = use of nursery, Y; = use of pesticide,

Ys = livelihood diversification, Yy = adjusting planting and harvesting dates.
***P<0.01, **P<0.05, *P<0.10.

Figure 3 shows the percentage distribution of rice farmers
according to the number of adaptation options adopted. It can
be deduced from the figure that the farmers adopted multiple
adaptation strategies to counteract the negative effects of climate
change on rice production. More than 90% of the farmers
adopted between five and eight adaptation strategies in managing
risks associated with climate change. This implies that the adap-
tation strategies exhibited some degree of interdependency. This
is similar to the findings of Tarfa et al. (2019) in the Guinea
Savanna area of Nigeria. Several studies (see Maguza-Tembo
et al., 2017; Saguye, 2016; Bate et al., 2019; Aryal et al., 2018;
Ojo and Baiyegunhi, 2018; Fadina and Barjolle, 2018) across
Africa have reported similar results and it was clear from the find-
ings that farmers usually combine multiple strategies in respond-
ing to climate change. This result informed the choice of MVP
model to analyze the determinants of farmers’ adaptation
decisions.

Determinants of adaptation decisions in rice farming

The result of the pairwise correlations of the adaptation actions of
the MVP model presented in Table 3 indicated that rice farmers
simultaneously adopted different adaptation practices for man-
aging climate impacts. The correlation results of the MVP yielded
36 possible pairs of adaptation strategies in rice farming. Of the 36
pairs, the correlation coefficients of 26 pairs were significant. This
indicates that the error terms of the multiple adaptation equations
are correlated. The likelihood ratio ) reported in Tables 3 and 4
was statistically significant indicating the overall significance of
the MVP making it an appropriate model for analyzing the deter-
minants of adaptation decisions of rice farmers. Minimum tillage
and bonds exhibited significant positive association implying that
rice farmers consider these options as complements. Also, min-
imum tillage yielded significant positive correlation coefficients
with other seven strategies (fertilizer use, crop diversification, live-
lihood diversification, use of improved varieties, use of nursery,
adjusting planting and harvesting dates and use of pesticides).
This implies that minimum tillage complements all the other
adaptation measures. Drainage and bond exhibited a negative
association with the use of nursery, pesticide and livelihood diver-
sification meaning that these pairs were substitutes while the use
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of fertilizer and improved rice varieties yielded positive and sig-
nificant relationship with bond and drainage indicating that farm-
ers considered these combinations as complements. Use of
fertilizer complemented livelihood diversification and adjusting
planting and harvesting dates but yielded negative association
with crop diversification, use of improved rice varieties, nursery
and pesticides. The use of rice-improved varieties complemented
the use of nursery, pesticide, livelihood diversification and adjust-
ing planting and harvesting dates. Also, the relationship between
the use of nursery and the use of pesticide was positive and sig-
nificant implying that the pair was complementary. Similarly,
the use of nursery complemented adjusting planting and harvest-
ing dates.

Socio-economic characteristics
The results of the effect of certain farmers’ socio-economic, farm,
institutional and location characteristics on adaptation decisions
are presented in Table 4. The study identified seven important
socio-economic characteristics of farmers affecting their adapta-
tion decisions. They include farming experience, marital status,
education level, age, household size, income and gender. The edu-
cational level of farmers was statistically and positively related to
the adoption of fertilizer, improved rice varieties, nursery, pesti-
cide and livelihood diversification. This implies that education
increased the uptake of the strategies. Educated farmers are usu-
ally more innovative and experimental than the uneducated farm-
ers. Therefore, educated farmers are in an advantageous position
of adopting technologies that will enhance climate resilience.
A 1-year increase in the number of years spent in school is likely
to increase the adoption of fertilizer by 0.7%, improved rice var-
ieties by 0.4%, nursery by 1.5%, pesticide by 1.3% and livelihood
diversification by 3.3%. This result highlights the importance of
education in climate-resilient rice production in the area and
similar contexts. The finding corroborates the results of various
studies across Africa Teklewold et al. (2019), Amusa et al.
(2015), Fadina and Barjolle (2018), Aryal et al. (2018) and
Saguye (2016), who respectively reported that education influ-
ences the uptake of similar adaptation practices.

Age significantly decreased the probability of uptake of bond
and drainage, crop diversification and nursery but significantly
increased the uptake of minimum tillage. This implies that
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Table 4. Multivariate probit result of determinants of adaptation actions.

Variables Y1 Y, Y3 Ya Vs Ye Yy Y Yo

X1 0.005 (0.28) 0.022 (1.22) 0.007 (2.03)** 0.206 (1.01) 0.004 (2.22)** 0.015 (1.70)* 0.013 (1.73)* 0.033 (1.73)* 0.013 (0.71)

X, 0.020 (2.07)** —0.020 (—2.07)** —0.014 (—1.49) —0.032 (—2.66)*** 0.002 (0.26) —0.004 (—0.35) —0.025 (—2.40)** 0.009 (0.76) —0.002 (—0.17)
Xs —0.036 (—0.36) 0.058 (2.16)** 0.160 (1.79)* 0.195 (1.74)* —0.112 (—1.14) 0.062 (0.51) —0.157 (—1.47) —0.006 (—0.05) —0.099 (—0.90)
Xa 2.16e-07 (0.53) 4.25e-08 (0.10) 3.44e-07 (1.90)* 1.39e-07 (1.79)* 1.61e-08 (2.04)** 1.58e-06 (2.20)** 8.24e-08 (1.90)* 8.93e-07 (2.04)** 4.86e-07 (1.08)
Xs —0.201 (—0.79) 0.067 (0.27) 0.019 (0.07) —0.562 (—1.88)* —0.044 (—0.18) —0.008 (—1.91)* 0.238 (0.90) 0.080 (0.27) —0.086 (—2.31)**
Xs —0.006 (—0.02) 0.013 (1.70)* 0.141 (1.73)* 0.032 (1.91)* 0.140 (1.72)* 0.226 (1.89)* 0.140 (1.70)* —0.049 (—0.21) 0.001 (2.05)**
X 0.024 (1.78)* —0.007 (—0.50) 0.004 (2.07)** —0.004 (—0.24) 0.001 (0.06) 0.013 (1.75)* 0.001 (2.01)** —0.027 (—1.63) 0.018 (1.18)
Xa —0.359 (—1.12) 0.047 (2.15)** 0.365 (1.16) —0.047 (—0.12) 0.162 (0.53) 0.231 (0.65) 0.405 (1.27) 0.146 (2.40)** —0.406 (—1.11)
Xo 3.72e-07 (0.68) 1.26e-06 (2.18)** 4.27e-07 (1.79)* 1.40e-06 (1.69)* 6.17e-07 (2.27)**  5.53e-08 (2.06)**  2.61e-07 (2.47)** 2.24e-06 (1.65)* 2.39e-07 (0.48)
Xio —0.050 (—0.22) 0.151 (2.07)** 0.122 (1.71)* 0.212 (1.78)* 0.010 (1.91)* 0.004 (2.13)** 0.065 (2.29)** —0.363 (—2.24)** —0.067 (—0.28)
X1 0.135 (0.64) 0.219 (1.03) 0.588 (2.69)*** 0.368 (1.69)* 0.040 (0.19) 0.543 (2.14)** 0.212 (0.97) —0.128 (—0.53) 0.447 (1.91)*
X1z 0.002 (0.01) 0.579 (2.20)** 0.079 (2.21)** 0.212 (1.75)* 0.009 (2.09)** 0.005 (2.02)** 0.059 (2.23)** 0.187 (0.60) 0.057 (0.21)
X13 0.556 (2.75)*** 0.130 (1.69)* 0.454 (2.26)** 0.154 (1.69)* 0.004 (0.02) 0.062 (2.25)** 0.069 (0.35) 0.297 (2.18)** 0.277 (1.27)
Xia —0.326 (=1.21) —0.038 (—1.98)** 0.237 (1.85)* 0.052 (1.71)* 0.220 (0.76) 0.069 (2.19)** —0.188 (—0.67) —0.011 (—0.01) 0.282 (1.97)**
Xis 0.601 (2.20)** —0.200 (—1.77)* —0.350 (—1.33) 0.021 (2.07)** 0.258 (0.95) 0.171 (2.23)** —0.256 (—0.96) 0.302 (0.84) 0.264 (1.87)*
Xis 0.232 (1.89)* —0.400 (—3.13)*** —0.328 (—1.24) 0.355 (1.94)* —0.260 (—1.06) 0.136 (2.42)** 0.070 (0.26) —0.863 (—2.67)*** 0.062 (4.06)***

Likelihood ratio x*

252.19%**

Note: values in parenthesis are z-values.
***P<0.01; **P<0.05; *P<0.10.
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Table 5. Instrumental variable regression estimates of the impact of adaptation
on returns to scale of rice production

Adaptation Returns to scale
Variable equation equation
Adaptation 0.877

(3.40)***
Awareness 0.027
(2.85)***

Education 0.020 (1.85)* 0.013 (2.04)**
Age —0.003 (—0.35) —0.004 (—1.74)*
Household size —0.077 (—0.86) 0.061 (1.71)*

Income

8.47e-08 (2.24)**

1.02e-07 (2.35)**

Gender

—0.118 (-1.70)*

0.187 (0.50)

Extension contact

0.073 (2.41)**

0.164 (2.38)**

Farming experience

0.012 (2.04)**

0.006 (1.90)*

Marital status

0.142 (0.50)

—0.050 (—0.18)

Credit 8.65e-08 (2.28)** 1.24e-07 (3.20)***
Farm size 0.173 (1.76)* 0.165 (3.30)***
Member of farmer 0.248 (1.95)* 0.214 (1.84)*

association

Received rice
farming training

0.248 (2.16)** 0.239 (3.70)***

Experienced flood 0.387 (2.18)** 0.391 (3.70)**

Ebonyi South 0.278 (2.20)** 0.300 (0.37)

Ebonyi Central 0.040 (1.70)* 0.052 (1.90)*

Ebonyi North 0.351 (3.06)*** 0.097 (2.06)**

Note: values in parenthesis are t-values.
***Significant at 1% level, **Significant at 5% level; *Significant at 10% level.

younger farmers adopted bond and drainage, crop diversification
and pesticide more than older farmers. This is expected because
younger farmers are more experimental and productive and
could try practices and technologies that would enhance their
adaptive and buffer capacities. A 1-year increase in the age of
farmers resulted in a 2, 3.2 and 2.5% decrease in the adoption
of bond and drainage, crop diversification and pesticide, respect-
ively. This is similar to the findings of Tarfa et al. (2019),
Onyeneke et al. (2018a), Maguza-Tembo et al. (2017) and Aryal
et al. (2017), who respectively found a negative relationship
between age and adoption of climate change adaptation practices
in farming. For minimum tillage, older farmers tended to adopt
this practice more than their younger counterparts. The reason
could be largely as a result of the knowledge and experience
older farmers have gained over time in using this practice to
maintain soil fertility, conserve the environment and respond to
flood and erosion. Research findings have demonstrated the posi-
tive relationship between age and adoption of minimum for soil
fertility management and climate change adaptation (Nyambose
and Jumbe, 2013; Grabowski et al., 2014; Ntshangase et al., 2018).

Household size demonstrated a positive and significant effect
on the adoption of drainage and bond, fertilizer application and
crop diversification. Household size, always used as a proxy for
family labor in farming, increased the uptake of drainage and
bond, fertilizer application and crop diversification because
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labor is required to implement these adaptation practices and
which in most instances are provided farm family members
(Onyeneke et al., 2012). An additional person in the farmers’ fam-
ily would increase the adoption of drainage and bond, fertilizer
application and crop diversification by 5.8, 16 and 19.5%, respect-
ively. Abid et al. (2015) and Ali and Erenstein (2016) also
observed a significant positive relationship between household
size and adaptation to climate change.

Income increased the uptake of fertilizer, crop diversification,
improved rice varieties, nursery, pesticide and livelihood diversi-
fication. Teklewold et al. (2019), Amusa et al. (2015) and Agabi
(2012) found similar results in their respective studies. Income
helps farmers to acquire inputs and technologies such as
improved rice varieties, pesticide and fertilizer. For farmers who
opted for livelihood diversification as a means of enhancing resili-
ence to climate shocks, income also assisted in pursuing other
means of livelihood.

Gender had a negative and significant coefficient with crop
diversification, use of nursery and adjusting planting and harvest-
ing calendar. This implies that female farmers adopted crop diver-
sification and nursery and adjusted planting and harvesting
calendar more than male colleagues. Women are more involved
in farming than men and this could be the reason why they
adopted these strategies more readily than men (Nchu et al,
2019). Being a female farmer increased the adoption of crop
diversification, nursery and adjusting planting and harvesting cal-
endar by 56.2, 0.8 and 8.6%, respectively. This is similar to the
findings of Aryal et al. (2018) in India where women adopted site-
specific nutrient management, laser land leveling, stress-tolerant
varieties and crop diversification as climate-smart agricultural
practices. Onyeneke et al. (2012) also recorded similar findings
in the Niger Delta region of Nigeria.

Rice farming experience yielded a positive effect on the adop-
tion of minimum tillage, fertilizer, nursery and pesticide. This
implies that experienced farmers adopted these strategies for
managing climate risks more than the inexperienced farmers.
Adaptation is a learning process and experienced farmers have
gained a better knowledge of adapting rice farming to climate
risks than inexperienced or less experienced farmers. Also,
Saguye (2016) and Fadina and Barjolle (2018) found that experi-
ence enhances climate change response. A 1-year increase in
farming experience increased the adoption of minimum tillage
by 2.4%, fertilizer by 0.4%, nursery by 1.3% and pesticide by 0.1%.

Marital status recorded a positive and significant coefficient
with the adoption of bond and drainage as well as livelihood
diversification. Married farmers adopted these measures more
than their counterparts who are not married. This is similar to
the findings of Balew et al. (2014) who found a positive relation-
ship between marital status and adaptation to climate change in
Ethiopia. Being a married farmer increased the adoption of
bond and drainage by 4.7% and livelihood diversification by
14.6%.

Farm characteristics

The farm size variable showed a positive and significant impact
on the likelihood to adopt drainage and bond, fertilizer, crop
diversification, improved rice varieties, nursery and pesticide.
Farmers with larger farm holdings opted for these adaptation
practices more than their counterparts with smaller landholdings.
The impact of farm size on the uptake of livelihood diversification
was significant and negative implying that farmers small farm size
diversified their means of livelihood more than their counterparts
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with larger hectarage of land cultivated. A one hectare increase in
farm size led to 15.1, 12.2, 21.2, 1, 0.4 and 6.5% increase in the
likelihood of adopting drainage and bond, fertilizer, crop diversi-
fication, improved rice varieties, nursery and pesticide, respect-
ively, but decreased the uptake of livelihood diversification by
36.3%. Adaptation occurs rapidly in larger farms because farmers
with larger landholdings, often referred to as large-scale farmers,
would seek resilient practices to climate shocks as a way to
respond and increase productivity. Such farmers usually have
the capacity to invest in risk management in farming and are bet-
ter positioned to adapt. This is similar to the findings of Aryal
et al. (2018), Maguza-Tembo et al. (2017), Amusa et al. (2015)
and Ayanwuyi et al. (2010) who found that farm size increases
the probability of uptake climate change adaptation practices.

An earlier experience of flood significantly increased the
uptake of minimum tillage, drainage and bond, fertilizer applica-
tion, crop diversification, nursery and livelihood diversification.
An earlier experience of flood increased the probability of adopt-
ing minimum tillage, drainage and bond, fertilizer application,
crop diversification, nursery and livelihood diversification by
55.6, 13, 45.4, 15.4, 6.2 and 29.7%, respectively. Farmers who
had experienced climate shocks tend to adapt to future risks as
they would not want to be victims again. Mulwa et al. (2017)
found similar results in Malawi.

Training and services

The impact of agricultural extension services on adaptation was
positive across all adaptive responses but significant on the adop-
tion of drainage and bond, fertilizer application, crop diversifica-
tion, improved rice varieties, nursery, pesticide, and adjusting
planting and harvesting dates. Agricultural extension plays an
essential role in technology adoption (Maddison, 2007) and this
could be the reason why it positively impacted the adoption of cli-
mate change resilience practices in this paper. Agricultural exten-
sion providers are increasingly becoming aware of climate change
and are disseminating technologies and information useful for cli-
mate change resilience in rural farming communities. Having a
contact with agricultural extension agents increased the uptake
of drainage and bond, fertilizer application, crop diversification,
improved rice varieties, nursery, pesticide, and adjusting planting
and harvesting dates by 1.3, 14.1, 3.2, 14, 22.6, 14 and 0.1%,
respectively. This corroborates the findings of Ojo and
Baiyegunhi (2018), Aryal et al. (2017) and Abid et al. (2016)
that agricultural extension service enhances farmers’ responses
to climate change.

Credit access significantly increased farmers’ adaptive capacity
through adopting drainage and bond, fertilizer, crop diversifica-
tion, improved rice varieties, nursery, pesticide and livelihood
diversification. Credit is an important factor in climate risk man-
agement because finance is required to acquire inputs needed for
adaptation. Farmers’ own financial resources are usually limited
and may not be sufficient to buy the essential inputs (such as
pesticide, fertilizer and improved rice varieties) needed for
responding to climate risks. This finding is consistent with previ-
ous results (Ojo and Baiyegunhi, 2018; Onyeneke et al., 2018a; Ho
and Shimada, 2019) that credit enhances adaptation to climate
shocks.

The variable of training on rice farming was positively and sig-
nificantly related to the adoption of drainage and bond, fertilizer,
crop diversification, improved rice varieties, nursery and pesticide.
This means that farmers who had received training on rice farm-
ing were more likely to respond to climate risks through the use of
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drainage and bond, fertilizer, crop diversification, improved rice
varieties, nursery and pesticide. Farmers build their adaptive cap-
acity through learning and receiving training on rice farming
exposes farmers to improved rice management practices and tech-
nologies, and prepares them to respond to climate risks. Having
received training on rice farming increased the uptake of drainage
and bond, fertilizer, crop diversification, improved rice varieties,
nursery and pesticide by 57.9, 7.9, 21.2, 0.9, 0.5 and 5.9%, respect-
ively. This result is consistent with the findings of Arimi (2014)
and Trinh et al. (2018), who observed that training increases
farmers’ adaptation to climate change.

Membership of farmer association had a positive and signifi-
cant impact on the adoption of fertilizer, crop diversification, nur-
sery and adjusting planting and harvesting. Farmers receive
important information about climate risks and improved farming
techniques from their associations. They also share their experi-
ences and farm-related problems with fellow members who
often render assistance by providing advice or other forms of sup-
port in solving the problems encountered by such farmers. This is
in line with the findings of Kassie et al. (2013), Onyeneke (2017)
and Ojo and Baiyegunhi (2018).

Location

Previous studies (Aryal et al., 2018; Liverpool-Tasie et al., 2018;
Below et al., 2012; Hinkel, 2011) have demonstrated the import-
ance of location in climate change adaptation. All the agricultural
zones yielded a significant and positive impact on the adoption of
crop diversification, nursery and adjusting planting and harvest-
ing calendar. This implies that these adaptation measures were
practiced in all locations in the area. Contrarily, the agricultural
zones exhibited an inverse relationship with the probability of
adopting bond and drainage. Having a farm or living in Ebonyi
North significantly decreased the uptake of diversifying means
of livelihood. This could be associated with the fact that the agri-
cultural zone produces the bulk of the main local rice in the State
popularly known as Abakaliki rice.

Impact of adaptation on the profitability of rice production

To consistently model the impact of climate change adaptation on
the profitability of rice production, the author adopted IVR and
endogenous treatment effect models, which jointly control for
every bias—observable and unobservable factors—that might
lead to overestimating or underestimating the impact. An instru-
ment is required to successfully apply this model, and farmers’
awareness level of climate change emerged as the valid instrument
of this study because it met the relevance and exclusion criteria of
the models.

Instrumental variable estimates of the impact of adaptation on
returns to scale of rice production

Table 5 presents the result of IVR of the impact of adaptation on
returns to scale of rice production. As stated earlier, awareness
emerged as a significant predictor of adaptation to climate
change. This is a priori correct because farmers who respond to
climate change must be aware that the climate has changed and
seek for actions to respond. This study further revealed that as
awareness level increased, the intensity of adaptation increased
too. This implies that policy measures or programs for increasing
awareness of climate change among farmers will result in
increased resilience. Deressa et al. (2008) and Gbetibouo (2009)
noted that adaptation involves two stages—perception (in this
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Table 6. Endogenous treatment effect estimates of the impact of climate
change adaptation on the profitability of rice production

Average
Average treatment
Average treatment effect on
treatment effect on the
Outcome Unit effect the treated non-treated
Profit Naira 342,608.9 382,981.6 101,795.3
(14.26)*** (17.34)*** (10.43)***

Note: ***Significant at 1% level.
Values in parenthesis are z-values.

case awareness) and adaptation. Also, other researchers (Ricart
et al., 2018; Abid et al.,, 2015; Adger et al., 2009) have documented
the importance of climate change information and awareness on
adaptation.

Adaptation to climate change was a significant predictor of
returns to scale of rice production. The number of adaptation
practices increased the returns to scale of rice production.
A unit increase in the number of climate risk management mea-
sures yielded a corresponding 0.877 increase in the returns to
scale. This implies that for farmers to increase their profit and
productivity, they need to increase their resilience by increasing
the number of adaptation practices. This is in line with the find-
ings of Roco et al. (2017) that adaptation significantly increased
farm-level productivity. Similarly, Ali and Erenstein (2017)
found that climate change adaptation strategies increased food
security and reduced poverty in Pakistan. This finding evidences
the importance of adaptation in rice productivity and profitability.
Education, household size, income, extension, farming experi-
ence, farm size, access to credit, membership of farmers’ associ-
ation, rice farming training, experienced flood, having farms in
Ebonyi North and Ebonyi Central agricultural zones were the
control variables that significantly increased returns to scale of
rice production while age decreased the returns to scale of rice
production.

Endogenous treatment effect estimates of the impact of
adaptation on the profitability of rice production

Table 6 presents the result of the endogenous treatment effect
model of the impact of adaptation on the profitability of rice pro-
duction. The average treatment effect (ATE) of the model shows
that using five or more adaptation options in rice production sig-
nificantly increased the profitability of the business in the entire
population of rice farmers by ¥342,608.9 (US$945.60). The
ATE on the treated also indicates that farmers who used five or
more climate change adaptation practices in rice production
recorded significant incremental profit. Their profit in rice pro-
duction increased by ¥N382,981.6 (US$1057.03). Interestingly,
farmers who used less than five adaptation options also recorded
increased and significant profit. Their profit increased by
N101,795.3 (US$280.95) as a result of combining less than five
adaptation responses to climate change. However, the incremental
profit of this group of farmers (]8101,795.3) was not as high as the
group of farmers that used five or more adaptation options
(N382,981.6) as well as that for the entire population of rice farm-
ers (N342,608.9). Roco et al. (2017) found a similar result in
Central Chile where climate change adaptation increased tech-
nical efficiency of farmers. Similarly, Kuntashula et al. (2014) esti-
mated the impact of adaptation strategies such as minimum
tillage and crop rotation on maize yield and production. Their
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findings indicated that adaptation strategies significantly
increased maize yield and production in Zambia. The finding
demonstrates the growing importance of climate change adapta-
tion in rice production in particular and agriculture in general.

Conclusion

This paper investigated the effect of rice farmers’ chosen climate
risk management measures on returns to scale of rice production
in Ebonyi State. Trend analysis was used to model the change
observed in climatic variables over time, MVP regression was
employed to analyze the determinants of simultaneous adaptation
decisions of rice farmers while IVR modeled the impact of farm-
ers’ adaptation actions on returns to scale of rice production.
Temperature and rainfall are changing with temperature increas-
ing significantly and rainfall demonstrating high variability. This
implies that climate change is real in the area and this informed
farmers’ decision to adapt. The descriptive analysis shows that
farmers are responding to changing climate through adaptation.
They have adopted a wide range of strategies to counteract the
adverse impacts of climate change. Such strategies include min-
imum tillage, use of fertilizer, crop diversification, improved rice
varieties, use of nursery, pesticide, livelihood diversification and
adjusting planting dates.

The pairwise correlation result indicates that farmers make
simultaneous decisions in the choice of adaptation strategies.
The adaptation strategies chosen are interdependent with most
of them exhibiting complementary relationships while few are
substitutes. Socio-economic, farm and location characteristics of
farmers as well as access to training and services drive choices
made in climate change adaptation. Interestingly, being a female
farmer increased the adoption of several adaptation strategies.
This study therefore concludes that increasing women’s access
to production resources will increase agricultural resilience of
Ebonyi and other regions with similar contexts. Income, farm
size, credit and agricultural extension are major drivers of adapta-
tion especially the adoption of fertilizer, pesticide, improved var-
ieties, crop diversification and livelihood diversification.
Therefore, increasing farmers’ access to land, credit, extension ser-
vices as well as income opportunities are going to increase the
buffer and adaptive capacities of rice farmers.

This study demonstrates the importance of climate change
awareness in adaptation. The need to increase climate change
awareness campaigns in rural areas cannot be overemphasized.
This will help increase farmers’ resilience to climate change.
This paper validates the importance of linking climate change
adaptation to farmers’ productivity as an effective way of checking
maladaptation. In this study, adaptation to climate change is an
important predictor of rice productivity and profitability.
Therefore, this paper recommends that climate change adaptation
should be mainstreamed into agricultural policies, plans and pro-
grams that aim at increasing agricultural productivity and
profitability.
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