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Abstract

Farmers in developing economies often struggle to adapt to climate change and their decisions to adapt usually hinges
on perception and prevailing socio-economic factors. This study examines factors controlling farmers’ decision to
adapt to climate change and evaluate the impact of such decisions on farm output. Using primary data from 138
rice farming households in Ndop-Cameroon, we employ the probit model with endogenous switching regression to
investigate the impact of the farmers’ adaptation decisions on output. The results indicate that access to credits, other
incomes, farmers’ age, extension services and farmer groupings form key factors that significantly affects farmers’
decision to adapt to climate change. Strategic implementation of adaptive measures, significantly increased average
output of adapters by 49 %. Building resilience against climate change and ensuring food security, therefore requires
stakeholders to take into account existing management strategies and the underlying factors influencing these. This
study suggests the crucial need for institutional advancement and policy changes towards credit accessibility for rice
farmers. More local farmers’ associations should be created and extension services improved to enhance effective
adaptation and farmers’ vulnerability.
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1 Introduction

Feeding the world’s growing population under climate un-
certainties is a major challenge facing farmers in both de-
veloped and developing nations. Growing arguments firmly
agree that climate change highly affects agricultural systems
and areas of less developed countries will be hardest hit
(Dube et al., 2016; Jalloh et al., 2013). Population growth
together with climate change and myriads of other environ-
mental constraint constitutes serious threats to food secur-
ity in many parts of Cameroon, Africa and the world. En-
suring food security in the midst of climate change is in-
creasingly becoming a complex scenario requiring urgent
response from all sectors of the global economy (Kim et
al., 2017). While a significant body of research exist on
the impacts of climate crises and adaptation (Chen et al.,
2014; Mendelsohn, 2012; Khanal et al., 2018), adequate
studies on adaptation putting farmers at the center of re-
search is limited. A better understanding of vulnerability,
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adaptability, decision and impact on crop yield is essential
in designing flexible-adaptive-coping strategies that integ-
rally deal with climate hazards in Cameroon. As the world
responds to COVID-19, stakeholders also have a chance to
rebuild and modernise policies towards a more efficient and
resilient food system, against environmental issues. By and
large, household decisions and policies that constrain and ul-
timately reduce greenhouse gas emissions will mitigate po-
tential impact of climate change.

According to IPCC (2014), adaptation to climate change
refers to adjustments in natural or human systems in re-
sponse to actual or expected climatic stimuli which mod-
erates harm or exploits beneficial opportunities. Adapta-
tion at farm level involves any change(s) in capital or be-
haviour made by actors (household, firm, government) to re-
duce harm or increase potential gains from climate change.
It involves two stages; perceiving the change then decid-
ing whether or not to adapt, and which strategy should be
adopted. Given that there is no one-size-fits-all-solution to
adaptation, identifying true measures that supports farm pro-
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ductivity remains a difficult problem. The “set of mechan-
isms that minimises marginal cost and maximises net bene-
fits” are efficient for adaptation. Specific answers to par-
ticular questions such as; which action(s) need to change;
where should change be effected; how and at what level of
production should change take place are therefore critical
for effective adaptation (Khanal et al., 2018; Mendelsohn,
2012). Unfortunately, imperfect information and uncertainty
remains the ultimate limitation to efficient adaptation par-
ticularly for less developed nations.

It is widely established that human activities are largely
responsible for climate crises (IPCC, 2013). Climate change
induces extreme weather events around the world, causing
changes faster than vulnerable populations and farming sys-
tems can cope with. Empirical studies indicate that even
moderate increases in temperatures and/or changes in rain-
fall patterns have negative impacts manifested through crop
failure and yield loses for major cereal crops (Van Ittersum et
al., 2016). While these adverse conditions poses a big bur-
den, some studies predict beneficial effects for some crops
(e.g. sweetcorn in Denmark) if suitable adaptation meas-
ures are implemented (Ainsworth & McGrath, 2010). Ice
melting at the poles will mean more agricultural land avail-
able for farming. However, this is compromised by loss of
coastal land as sea level rises. Other studies predict impacts
and trends that are highly uncertain at the spatial and tem-
poral scales (Knox et al., 2012). Despite these uncertainties,
it is clear that the magnitude of projected changes require
adaptation and transformation which typically depends on
the complex interaction of bio-physical, social and economic
conditions of the farmer (Smit et al., 2006).

A number of studies have simulated the possible effects
of climate change on rice production in Sub-Saharan Africa.
Some indicate that rice yields in West and Central Africa
would slightly decline and those of East and Southern Africa
would slightly increase with climate change (Lobell et al.,
2008). Van Oort et al. (2018), predicts increase in irrigated
rice yields thanks to favorable temperatures and CO2 fer-
tilisation in East Africa, while that of West Africa will de-
crease. Cameroon based study predicted that net revenue for
rice crop production will fall as temperatures or precipitation
increase or decrease (Molua, 2007). The effects are still quite
uncertain for many parts of Africa. However, whether the
ultimate impacts are mild or severe, conscious farmers and
stakeholders must be precautionary and prepare tactics that
individually or collectively assist vulnerable communities to
adapt to climate changes. Excellent progress has been made
in China and other Asian countries particularly in identify-
ing growth poles and relocation of major rice fields (Li et al.,
2015).

Agriculture in Cameroon is the backbone of the econ-
omy, employing over 70 % of the population and contrib-
uting about 76 % to GDP (MINADER, 2018). The country
is sometimes known as the breadbasket of Central Africa.
Agricultural production is mostly seasonal and highly de-
pendent on rain-fed. It is characterised by low level input and
capital investment following farmers’ low purchasing power.
The high reliance of the economy on weather sensitive activ-
ities like agriculture, makes Cameroon highly vulnerable to
the effects of climate crises.

Cameroon, like many other African countries is far from
self-sufficiency in rice production; a situation which is pro-
jected to worsen following climate crises (Van Ittersum et
al., 2016). Malnutrition and food insecurity is still a major
challenge in Cameroon. According to the Food and Agricul-
tural Organisation, there is high prevalence of undernourish-
ment in almost all sub-regions of Africa (FAO, 2019). This
chronic crisis has been driven by a variety of factors includ-
ing economic shocks, social and political conflicts and above
all, climate change and land degradation. Rice is one of the
main crops grown in Cameroon, and has become the most
rapidly growing food source for millions of people. Accord-
ing to the Ministry of Agriculture and Rural Development
(MINADER), domestic demand for rice in Cameroon is es-
timated at 576,949 tons on an average national production
of 140,710 tons (MINADER, 2020). Despite great poten-
tials, rice production in Cameroon is still far below demand
leaving the country at the mercy of imports to meet domestic
demand. With population growth, climate change and un-
certainties, providing enough of this staple food is a seri-
ous issue challenging local producers. Keeping up with the
growing population and per-capita rice consumption will re-
quire substantial yield gap closure and area expansion, or
continues import dependency.

This study thus, examines the different factors that may
control farmers’ decision to adapt to climate change, and
analyses the impact of such decisions on farm output. The
study specifically examines the farmers’ perception of cli-
mate change and measures put in place to mitigate impact
on rice farming in the Ndop plain. This baseline information
may serve as a knowledge platform designed to form effec-
tive collaborations between stakeholders and agriculture de-
pendent communities, offering adaptation and development
programs aimed at reducing agrarian vulnerability while im-
proving the production and supply chain of local rice on the
African continent. This study is therefore timely, contribut-
ing to the Cameroon’s emerging economy plan by 2035, and
advancing the realisation of Africa agenda 2063.
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2 Materials and methods

2.1 Study area

This study was conducted in the Upper Noun Valley com-
monly known as Ndop Plain (Fig. 1). It is located in the
Ngoketunjia Division, Northwest region of Cameroon and
lies between 50 42’ and 60 10’ north of the equator and
100 11’ and 100 40’ East of the Prime Meridian (Wirmvem
et al., 2015). The Upper Noun Valley extensively covers
13 villages with a surface area of about 1,152 km2. These
13 villages are administratively divided into three subdivi-
sions (i.e. Ndop central, Babessi and Balikumbat subdivi-
sions) with headquarters in Ndop. The population is mostly
agrarian with rice cultivation as the main activity.

Fig. 1: Map of Ndop plain showing relief and drainage (Source:
Wirmven et al. (2015)

The climate is humid tropical equatorial type with two
distinctive seasons (rainy and dry season). The rainy sea-
son is extensive and last for approximately 8 months from
mid-March to mid-November. Annual average rainfall var-
ies between 1500 and 2000 mm, average temperatures rise
above 21.3 °C with average maximum and minimum daily
temperatures of 27.2 °C and 14.0 °C respectively (Wirmvem
et al., 2015). The plain is surrounded in the North and
Northwest by the Bamenda Highlands and the Oku Moun-
tain range, in the west by the Bamboutos and Lefo moun-
tains and to the East and Southeast by the Mbam and Nko-
gam Massifs (Fig 1). The rock basement is basaltic lava and
trachytes which gives rise to sandy clay soil type found in
the plain. These geologic features are also made of volcanic
rocks in the Oku Mountain range which largely account for
the fertile alluvial volcanic deposits in the floodplain. Nu-
merous tributaries from surrounding highlands unite to form
the Noun River and floodplain with wetland characteristic
suitable for swap rice cultivation. Following the low lying
nature of the plain between the Oku mountain range (Fig. 1),
flooding in Ndop plain is almost inevitable with the coming
of the rains. Human activities including over grazing, sub-
sistence and rudimentary farm practices (e.g. ‘the slash and

burn’ system) have proliferated observed effects (Wotchoko
et al., 2016). Moreover, since the completion of the Ba-
mendjim dam over the Noun River in 1975, the water table
in the plain increased and about 25 % of the Ndop plain is
now exposed to flood hazards. Potential land area for rice
cultivation covers about 15,000 ha while area under cultiva-
tion covers only about 3,366.41 ha (UNVDA, 2019). A huge
gap thus exists with vast unexploited potentials which can be
harnessed to enhance food security in the region.

2.2 Data source

Five major rice producing villages including, Bamunka,
Bamali, Babungo, Babessi and Bambalang in the study area
were strategically selected for this study. Selection was
based on the high prevalence of rice cultivation and high vul-
nerability to extreme weather events (UNVDA, 2019; Cor-
delia, 2019). Data was collected in two phases between
June and July 2019 (rice planting season). Phase one, was a
quality recognition phase where semi structured interviews
and focus group discussions were used to collect informa-
tion regarding the peculiarities and general characteristics
of the villages under survey. Interviews and discussions
involved community elites, leaders of Common Initiative
Group (C.I.G) and field experts from Upper Noun Valley De-
velopment Authority (UNVDA) – a state owned cooperative
in charge of rice production in Ndop plain. These discus-
sions were guided by three contingent questions included
in the questionnaire. First, “do you perceive any changes
in the local climatic condition in the last decade?” If yes,
“what are these?” Secondly,“what has been the impact of
such changes on rice production?’ ‘ this was particularly
designed to capture the farmer’s knowledge and understand-
ing of climate change and to ensure that the adaptation meas-
ures undertaken are a consequence of climate change. Lastly,
“what have you done to deal with such changes?” designed
to identify the adjustments taken by farmers to cope with the
changes. The identified adaptation practices were then in-
cluded in the survey questionnaire to examine the actual ad-
aptations adopted by the sample population. Prior to admin-
istering the questionnaire, a pre-testing with a non-sample
household was carried out to test the applicability of the
questionnaire. Inputs from pre-testing and discussions were
then incorporated into the questionnaire and finalised into
three sections following our objectives.

The second phase focused on a random selection, distribu-
tion and collection of data using a survey questionnaire. A
list of 413 farmers registered in the five villages with farm-
ing experience over 15 years, was obtained from UNVDA.
From this list, farmers were randomly selected with no bias
to gender, socio-cultural or religious affiliations and con-
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tacted for their availability and willingness to participate in
the survey exercise. In total 138 responses were obtained
(Bamunka = 38, Bamali = 16, Babungo = 27, Babessi = 32,
Bambalang = 22 and 3 from extension service agents) from
household decision makers, ranging between the ages of 30
and 70 years. Survey was done with the help of trained re-
search personnel who were able to communicate with re-
spondents face to face in the language best understood by
them. This sample was considered adequate given that, the
population of this area is relatively homogenous (Kongnso et
al., 2020; Cordelia, 2019). There is thus a high probability
that results of a larger sample size would have no significant
difference in the overall results.

2.3 Modelling adaptation and its impact on farmers’ out-
put

We model adaptation to climate change under the Ran-
dom Utility Theory (RUT) which specifies that farmers will
choose between adaptation and non-adaptation based on the
utility they receive. It is assumed that farmers are risk neut-
ral, and their decision to employ adaptation is influenced
by the utility they will derive from adaptation. Farmers
therefore rationally select amongst management options that
maximise net benefits of their action (Abdulai & Huffman,
2014). The farmers’ decision is driven not only by rational
choices but also by socio-economic and cultural norms. In
the context of Cameroon, many of such factors interact to
influence farmer’s decision towards adaptation to climate
change. A high dependency on rain-fed agriculture equally
makes weather conditions (rainfall and temperature) to have
pivotal control over farmers’ adaptation decision. We there-
fore hypothesise that the socio-economic condition of farm-
ing households including, farmers’ age, education, house-
hold size and income, credit access, seed variety, farmers’
association, extension service, droughts and floods, have a
significant influence on farmers’ decision to adapt to climate
change and that adaptation has significant positive influence
on farmers’ output.

Assuming YAi is the utility (yield) a farmer derives
from adaptation and YNi the utility farmers derive from
non-adaptation, farmers typically implement adaptation if
YAi >YNi. Following the example of Abdulai et al. (2014),
we present the farmers’ adaptation decision by a latent vari-
able (Ai∗) which captures the expected benefits derived from
farmers’ adaptation decision.

A∗i = αiZi + ηi (1)

Ai =

1 A∗i > 0

0 otherwise

A∗i is a latent variable equal to 1 for all farming household
i that choose to implement any form of adaptation and 0 oth-
erwise. αi is the parameter to be measured and Zi, a vector
of household characteristics. In this stage, we employ the
probit model which is widely used in economic literature to
estimate binary variables. The model is estimated by Full
Information Maximum Likelihood (FIML), and restricts the
probability between 0 and 1, contrary to the linear probab-
ility model which fails to impose such restrictions. Thus,
violating the homoskedasticity and normality of errors. As
climate changes, famers experience either productivity in-
creases or decreases, so perceived changes pushes them to-
wards varying inputs and farming techniques. In this study,
we build a second model on the impact of adaptation using
the following production function, specified in log.

Yi = βiXi + µi (2)

Yi is the quantity of rice produced per hectare; Xi is a set
of farm characteristics including farmers’ decision to adapt.
β is a vector of parameters to be estimated and µµ is the er-
ror term. With adaptation as a dummy variable, two econo-
metric challenges may arise when estimating the impact of
adaptation on rice yield. An endogeneity problem could oc-
cur given that adaptation is assumed to be exogenous to rice
output, meanwhile it is potentially endogenous. Secondly,
a sample selection bias may occur given that, farmers who
adapt may have systematically different characteristics from
those who do not adapt. Empirically, selection bias occurs
when the unobservable factors influence both the error terms
of the adaptation (η) and the outcome equation (µ), result-
ing in a correlation between η and µ (Abdulai & Huffman,
2014). Unobservable household characteristics may equally
affect both the household’s decision to adapt and their out-
put (Di Falco et al., 2011). We therefore employ the En-
dogenous Switching Regression model (ESR) developed by
Lee and Trost (1978) to account for the endogeneity and
selection bias challenge. This model identifies the impact
of adjusting farm management practices on the mean out-
put of farmers who adapt. To improve the identification of
the model, we use ‘extension service and farm group’ vari-
ables as selection instruments, assuming that these variables
may directly influence farmers’ adaptation decisions but not
output. Given the households decision to apply adaptation
measures, a separate outcome function can be specified for
farmers who adapt and those who do not adapt; - ‘Adapters’
and ‘Non-Adapters’.

Regime 1 :

YAi = βAXAi + µAi, i f Ai = 1 (3)
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Regime 2 :

YNi = βN XNi + µNi, i f Ai = 0 (4)

Where; YAi and YNi are rice output produced per hectare and
specified in log for adapters and non-adapters respectively.
The vector βA and βN are parameters to be estimated. The
error terms η, µAi and µNi are assumed to have a trivariate
normal distribution with zero mean and the following cov-
ariance matrix:

Cov(η, µA & µN) =
∑

=


σ2
η σηA σηN

σAη σ2
A σAN

σNη σNA σ2
N


Where:

Var(η) = σ2
η and Var(µA) = σ2

A, Var(µN) = σ2
N

Cov(µA, µN) = σAN , Cov(µA, η) and Cov(µN , η) = σNη

The sample selection bias may lead to non-zero covariance
between the error term of the selection equation and the out-
come equations (Maddala, 1983). Since YAi and YNi are not
observed simultaneously, the covariance between µAi and
µNi is not defined. According to Lee & Trost (1978), the
expected values of the error terms µAi and µNi conditional
on the sample selection are given as follows:

E[µAi| Ai = 1] = σAη

ϕ
(

Ziα
σ

)
Φ
(

Ziα
σ

) = σAηλAi (5)

and

E[µNi| Ai = 0] = σNη

ϕ
(

Ziα
σ

)
Φ
(

Ziα
σ

) = σNηλNi (6)

ϕ(.) and Φ(.) are the standard normal probability density
function and cumulative distribution function respectively.
The term λA and λN refer to the inverse Mills ratio evalu-
ated at Ziα and are incorporated in the outcome equations to
account for selection bias. This approach is limited by the
fact that it generates heteroskedastic residuals, which cannot
be used without complex adjustments to obtain consistent
standard errors (Lokshin and Sajaia 2004). In an attempt to
investigate how adaptation decisions may impact rice out-
put amongst the different categories of farmers, this study
accesses the treatment and heterogeneity effect on farmers’
output. The impact can be examine by first specifying the
potential outcome mean, calculated respectively for adapters
and non-adapters as follows.

E[YAi|Ai = 1] = XAiβA + σAηλAi (7)

E[YNi|Ai = 0] = XNiβN + σNηλNi (8)

In the same way, the expected outcome of the same adapter,
had this person chosen not to employ adaptation mechanisms
and the same non-adapter had this person chosen to adapt is
given as follows:

E[YNi|Ai = 1] = XAiβN + σNAηλAi (9)

E[YAi|Ai = 0] = XNiβA + σAηλNi (10)

Change in outcome owing to application of innovative farm
management options can then be specified as the difference
between implementation and non-implementation otherwise
known as the average treatment effect on the treated (ATT).
Thus the ATT is the difference between equation (7) and (9)
given as follows:

ATT = E[YAi|Ai = 1] − E[YNi|Ai = 1]

= XAi(βA − βN) + (σAη − σNη)λAi
(11)

Similarly, we can calculate the average treatment effect on
the untreated (ATU) i.e. farmers who did not adapt. This is
given by the difference between equations (8) and (10)

ATU = E[YNi|Ai = 0] − E[YAi|Ai = 0]

= XAi(βN − βA) + (σNη − σAη)λNi
(12)

Since sample selection is taken into account through λAi and
λNi in equation (11) and (12), ATT and ATU generate un-
biased estimates of the impact of adaptation on rice yield.
Regardless of adaptation decisions, farming households that
adapted may have produced more than those who did not ad-
apt based on unobserved characteristics. Following Di Falco
et al. (2011), this heterogeneity effect can be measured by
the difference between the expected yield function described
in equation (7) and (10):

HA = E[YAi|Ai = 1] − E[YAi|Ai = 0]

= (XAi − XNi)(βAi + (λAi − λNi)σAη
(13)

Likewise, the heterogeneity for households that decided not
to adapt is given by the difference between equations (8) and
(9):

HN = E[YNi|Ai = 1] − E[YNAi|Ai = 0]

= (XAi − XNi)(βNi + (λAi − λNi)σNη
(14)

We employ the ‘movestay’ command in STATA 14 to esti-
mate parameters of the ESR model (Lokshin & Sajaia 2004).
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Table 1: Summary and descriptive statistics of the sample distribution

Variable Description Mean Std. Dev.

Age Farmer’s age 50.43 8.95
Gender Dummy (1= male; 0 otherwise) 0.51 0.5
Adaptation Dummy (1= adapted to climate change; 0 otherwise) 0.63 0.48
Climate belief Dummy (1= belief climate change; 0 otherwise) 0.89 0.31
Family-size Dummy (1= household >5; 0 otherwise) 0.8 0.39
Education Dummy (1= attended Primary education; 0 otherwise) 0.82 0.38
Extension Dummy (1= receive extension service; 0 otherwise) 0.39 0.48
Income level Annual income (000 XAF) 655.14 257.87
Other income Dummy (1= income from off-farm activities; 0 otherwise) 0.54 0.49
Farm-size Household farm size (hectares) 1.33 0.54
Seed variety Dummy (1= access improved seed variety; 0 otherwise) 0.59 0.49
Experience Years of rice production. 11.19 3.76
Input Amount on farm inputs (000 XAF) 51.84 7.45
Output Quantity of rice produced (kg ha-1) 2385.51 846.94
Credit Dummy (1= access to credit; 0 otherwise) 0.42 0.49
Farm group Dummy (1= farmer’s group member; 0 otherwise) 0.67 0.47
Droughts Dummy (1= affected by drought; 0 otherwise) 0.6 0.49
Floods Dummy (1= affected by floods; 0 otherwise) 0.79 0.41

3 Results

3.1 Farmers’ perception on climate change

The summary statistics is presented in table 1. About 89 %
of the sample population belief in climate change and about
63 % consciously employ one or two adaptation mechanism
to cope with actual or expected effects of climate change.

A sub-sample of farmers who belief in climate change was
obtained and observed that about 72 % of households per-
ceive increasing temperatures and about 46 % perceive de-
creasing rainfall over the years. Others perceive increasing
extreme events of floods and droughts which are common-
place in the plain. Almost every household in the sample
perceived increasing flood occurrences (Table 2).

Table 3 presents the different characteristics of adapters
and non-adapters. The average output for adapters is 1172.2
kg ha−1 higher than that of non-adapters. It is also evident
that adapters have greater access to credit, receive higher ex-
tension service and improved seed varieties.

3.2 Adaptation measures

The adaptation strategies commonly employed by farmers
are shown in Fig. 2. Construction and maintenance of water-
ways is the most common practice. Adjusting planting dates
is also common, while others plant improved seed varieties.
The use of soil conservation techniques is least adopted by
farmers in the plain.

Table 2: Farmers’ perception on climate variability (n=123).

Climate variable Trend Percentage

Temperature
Increasing 72.36

Decreasing 5.69

No change 21.95

Rainfall
Increasing 12.2

Decreasing 46.46

No change 41.46

Drought
Increasing 57.72

Decreasing 4.88

No change 37.4

Floods
Increasing 80.49

Decreasing 2.44

No change 17.07

Fig. 2: Adaptation strategies adopted by farmers in Ndop plain
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Table 3: Farm and household characteristics for adapters (A; n=88) and non-adapters (NA; n=50).

Adapters Non-Adapters

Variable Description Mean SD Mean SD MD A/NA

Adaptation 1= adapted; 0= otherwise 1 0 0 0
Gender 1= male; 0= female 0.43 0.5 0.64 0.5 -0.21∗

climate belief 1= belief climate change; 0= otherwise 0.99 0.1 0.72 0.5 0.27∗∗∗

Age farmers’ age (year) 46.2 6.8 57.8 7.4 -11.59∗∗∗

Household-size 1= household >5; 0 otherwise 0.93 0.3 0.58 0.5 0.35∗∗∗

Education 1= attended primary education; 0 otherwise 0.91 0.3 0.52 0.5 0.39∗∗∗

Extension service 1= receive extension service; 0 otherwise 0.6 0.5 0.02 0.1 0.46∗∗∗

Income level Annual income (000 XAF) 757 251 476 151 280.61∗∗∗

Other income 1= income from off-farm activities; 0 otherwise 0.75 0.4 0.18 0.4 0.57∗∗∗

Farm-size Household farm size 1.44 0.6 1.14 0.5 0.30∗∗

Seed variety 1= access improved seed variety; 0 otherwise 0.83 0.4 0.18 0.4 0.65∗∗∗

Farm experience Years of rice production 9.7 3.1 13.8 3.5 −4.12 ∗∗∗

Input Amount on farm inputs 51.9 7.3 51.8 7.7 0.075
Output rice produced 2810 738 1638 380 1172.23∗∗∗

Credit access 1= access to credit; 0 otherwise 0.61 0.5 0.08 0.3 0.53∗∗∗

Farm group 1= farmer’s group member; 0 otherwise 0.87 0.3 0.3 0.5 0.57∗∗∗

Drought 1= affected by drought; 0 otherwise 0.75 0.4 0.34 0.5 0.41∗∗∗

Floods 1= affected by floods; 0 otherwise 0.89 0.3 0.6 0.5 0.29∗∗∗

3.3 Drivers of adaptation to climate change

The factors controlling farmers’ adaptation decision and
its impact on farmers’ output are estimated by FIML and
presented in Table 4. The results show that access to credit
and farmers’ age significantly influences farmers’ decision
to adapt to climate change with p< 0.01. However, access to
credit positively influence farmers’ decision to adapt, while
farmers’ age is negatively related. Other incomes received
by the farmer, extension service, and farmers’ grouping also
positively influences farmers’ decision to adapt at p< 0.05
level of significance. Extreme weather events also positively
influence farmers’ decisions. The incidence of drought sig-
nificantly influence adaptation at p< 0.05 while floods con-
siderably controls farmers’ decision at p< 0.01.

3.4 Impact of adaptation on farm output

The correlation coefficient (ρA and ρNA) are both nega-
tive for adapters and non-adapters but statistically significant
for adapters with p = 0.024. Only farm size significantly ex-
plain higher yields for both adapters and non-adapters while
farmer’s age and credit access have differential impact on
rice yield (table 4).

Table 5 presents a linear regression of farmers’ output and
adaptation. Here, output significantly depend on adaptation

with p< 0.001. The causal effect of adaptation on rice yields
is presented in table 6. The table presents estimates for the
average treatment effect (ATT), the average treatment effect
on the untreated (ATU) and the heterogeneity effect (HE).

4 Discussion

Ndop plain is exposed to climate hazards. As estab-
lished in table 2, farmers in the plain perceive climate
change through increasing temperatures and increasing ex-
treme events of floods and droughts. This is confirmed
by meteorological evaluations of Cordelia (2019). This
study observed that many farmers were conscious of cli-
matic changes and had undertaken one or two measures to
cope with such changes. Maintenance of drainage patterns
is widely practiced by farmers in the plain to control floods
and irrigate rice fields during dry periods (Fig. 2). This
agrees with the work of (Kongnso et al., 2020). Most farm-
ers equally shift planting dates following the onset of the
rains, while many others plant improved seed variety such
as NERICA (New Rice for Africa). Increase use of chem-
ical fertilisers is also seen amongst farmers.
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Table 4: Farmers’ perception on climate variability (n=123).

Explanatory Rice output (log)

variables Adapt. (Y) A (Y) NA (Y)

_Cons
-12.1 5.684∗∗∗ 4.222∗∗∗

(8.409) (0.668) (0.796)

inputs
2.67 0.377∗∗ 0.706∗∗∗

(1.88) (0.157) (0.173)

Age
-0.116∗∗∗ 0.00987∗∗∗ 0.000935

(0.045) (0.003) (0.004)

Education
-0.0817 0.0177 0.0364

(0.675) (0.085) (0.06)

Household-size
-0.908 -0.0245 -0.0184

(0.861) (0.095) (0.061)

Credit access
2.844∗∗∗ 0.181∗∗∗ -0.116

(0.942) (0.047) (0.105)

Other income
1.747∗∗ 0.0401 0.0662

(0.715) (0.048) (0.073)

Farm-size
1.445 0.136∗∗∗ 0.188∗∗∗

(0.965) (0.041) (0.061)

Seed variety
0.604 0.0704 0.0678

(0.745) (0.069) (0.076)

Drought
1.253∗∗ -0.0047 -0.0519

(0.592) (0.049) (0.057)

Floods
3.517∗∗∗ -0.0763 0.119∗∗

(1.327) (0.073) (0.059)

Farm group
1.799∗∗

(0.705)

Extension service
2.360**

(0.969)

σA -1.613∗∗∗
(0.081)

σNA -1.699∗∗∗
(0.107)

ρA -0.672∗∗
(0.297)

ρNA -0.287
(0.365)

Adapt. = Adaptation; A = Adapters; NA = Non-Adapters
∗p< 0.1, ∗∗p< 0.05 , ∗∗∗p< 0.01 (significant at 10 %, 5 % & 1 %);
Standard Error in parenthesis

4.1 Drivers of adaptation to climate change

Farmers’ decision to undertake adaptation is significantly
controlled by access to credit. The positive significance of
this factor indicates that farmers with access to credit are
more likely to employ adaptation measures. This significant
result is in line with Ateka et al. (2021), and underlines
the role of finance and credit in the adaptation process of
climate change. Adaptation often requires huge capital in-

Table 5: Linear regression for farmers’ output.

Variable Coefficients Std.Err.

_Cons -108.85 419.96

Adaptation 701.91∗∗∗ 170.35

Age 20.99∗∗ 6.63

Education 139.16 131.78

Household size -58.78 142.27

Credit 363.86∗∗ 113.57

Other income 103.91 110.48

Farm group 44.36 120.62

Farm size 349.28∗∗∗ 90.59

Seed variety 70.88 133.19

Extension 428.64∗∗∗ 122.15

Drought -20.80 102.84

Floods 34.83 125.30

R2 0.66

F-stat 20.07

N 138
∗p< 0.1, ∗∗p< 0.05 , ∗∗∗p< 0.01 (significant at 10 %,
5 % & 1 %); Standard Error in parenthesis.

Table 6: Farmers’ perception on climate variability (n=123).

Sample
group

Adaptation statue
Treatment
effectA NA

A HHs
2707.598 1866.424 TT=841.174∗∗∗

(26.72) (14.05) (1.791)

NA HHs
2526.97 1783.662 TU=743.308∗∗∗

(12.21) (21.51) (1.19)

Het. eff.
180.628∗∗∗ 82.762∗∗∗*

(0.299) (0.169)

A HHs = Adapting households; NA HHs = Non-Adapting
households; Het. eff. = Heterogeneity effects
∗p< 0.1, ∗∗p< 0.05 , ∗∗∗p< 0.01 (significant at 10 %, 5 % & 1 %);
Standard Error in parenthesis.

vestment. Financial exclusion of the local population nega-
tively affects sustainable rice production and exacerbate the
level of poverty (Abraham & William 2018; Ofeh & Thalut,
2018). Financial systems should be more concern with cli-
mate crises given that clients may one day be hit by climate
change and may be unable to pay their bank loans. Cen-
tral bankers need to creatively employ the enormous powers
at their disposal and use its monetary policies to promote
activities that help prevent climate change (Dikau & Volz,
2021). Improved mechanisms towards financial inclusion of
farmers will be a beneficial process by which financial ser-
vices are made easy and available to rice farmers. In the
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same way, farmers involved in off-farm activities were more
likely to undertake adaptation, perhaps due to supplement-
ary incomes from other sources. This agrees with Abdulai &
Huffman (2014). Oppong & Bannor (2018), also argue that
off-farm job participation is one of the main climate change
adaptation strategy for small-scale, rain-fed dependent rice
farmers in Upper Volter Ghana. Farmers should therefore
be given training to available off-farm job opportunities to
reduce the adverse impact of climate change on their liveli-
hood (Ofeh & Thalut, 2018).

The positive and significant relationship between exten-
sion services and adaptation also imply that, farmers with
reliable extension service contacts were more likely to im-
plement adaptation strategies to cope with climate change
than farmers with no access to extension services. This per-
haps, is closely linked to the role of access to information
and other resources that empower the farmer to adopt some
climate risk coping strategies (Belay et al., 2017). This is
also in line with Maponya & Mpandeli (2013), who observed
that, the odds of being affected by climate change is higher
for farmers who receive information from extension service
in South Africa than those who do not. Extension service in-
volves monitoring and evaluating the performance of farm-
ers. Participatory extension approach opens farmers to re-
search and development on the one hand and places them
at the center of research on the other (Deressa et al., 2009;
Kongnso et al., 2020).

This study also advance that, a unit increase in member-
ship of farm group is more likely to increase the probability
of adaptation. This is possibly due to the farmers’ open ac-
cess to shared information and innovations (Brown & Denis,
2015; Junior & Wander, 2021). Local farmers’ groups com-
monly bring together members with the goal of enhancing
their strength and ability through capacity building programs
that break down technicalities involved in adaptation mech-
anisms. Moreover, commitment with farmers’ organisations
generally encourages collective thinking, farmer-to-farmer
communication and corporate adaptation practices which re-
duce the heavy burden of adaptation by an individual farmer
(Karim & Thiel, 2017). Strengthening local farm organisa-
tion consequently increases the probability of adaptation.

The climate related variable (drought and floods) also in-
dicate strong positive influence on farmers’ adaptation de-
cision in the study area. The significance of these variables is
evident that the adaptation measures implemented by farm-
ers are correlated with climate change. The positive signi-
ficance of droughts and adaptation suggests that farmers af-
fected by drought are more likely to implement adaptation
measures on their farms following dryer conditions. The in-
cidence of drought pushes affected households to adjust their

farm management processes in respond to such eventualities
(Chen et al., 2014). Similarly, farmers affected by floods
over the years were even more likely to develop adaptation
mechanisms that can reduce effects of flood hazard. Recur-
rent flooding in the plain often caused severe damages on
crops as many hectares are washed away, leading to lower
output. The recurrent flood occurrence along with severe
damages significantly shapes farmers’ decision to implement
innovative technologies that inherently deal with present and
future flooding events. These findings are in line with Huang
et al. (2015) in their China based study and Khanal et al.
(2018) in Nepal, who suggested that farming households af-
fected by drought and floods were more likely to employ
climate change adaptation strategies on their farms. Alaud-
din & Sarker (2014) reported that, the greater the severity of
drought, the greater the likelihood of farmers adopting sup-
plementary irrigation and switching to water saving non-rice
and horticultural crops.

The age of the farmers in this study had a significant in-
verse relationship with farmers’ adaptation decision. This
implies that the probability of adaptation significantly de-
creases with age of the farmer. This is consistent with khanal
et al. (2018). It can be predicted that older farmers lack
the incentive or interest to adopt climate change adaptation
measures. Most of them may simply lack the ability to en-
gage into adaptation practices that sometimes require phys-
ical strength. Moreover, older farmers may be more attached
to traditional farming methods familiar to them than adopt-
ing modern techniques which are resistant to climate change
(Kim et al., 2017; Ateka et al., 2021).

Contrary to our expectation, farmers’ education, avail-
ability of improved seed variety, farm and household size
were statistically insignificant in the model. In certain ways,
these results are surprising in the light of the rhetoric and
theory surrounding their use as a development instrument
in the general case of climate change adaptation strategies
(Kanburi et al., 2019; Deressa et al., 2009). Turning to-
wards a deeper look at the literature surrounding these vari-
ables, we can theorise that, increasing knowledge does not
change social behaviour of many people. Many are aware
of environmental issues better than before, yet continue to
act in unsustainable ways. Many farmers are reluctant to
change. They remain attached to indigenous knowledge
with little or no consideration of adaptation. These beha-
viours agree with Kahneman (2002 Nobel Memorial Prize
winner), who argues that rationality is impossible with finite
minds (Kahneman, 2003). Following Kollmuss & Agyeman
(2002), other factors such as perceived barriers to change,
personal relevance and social norms are more important pre-
dictors to behaviour than knowledge. Household-size may
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also be insignificant following population dynamics and cli-
mate change. Population growth weakens the capacity of
poor communities to adapt to climate change. Moreover,
mass migration owing to climate change may significantly
reduce available labour required for adaptation (Stephenson
et al., 2010). Further research with a larger sample may how-
ever present different results. Nonetheless, the positive re-
lationship with adaptation reveals that adaptation increases
with a unite change in household size.

4.2 Impact of adaptation on rice output

A simple independent-sample t-test was applied to check
the impact of adaptation on rice yield for each group of ad-
apters and Non-adapters. The statistics indicate that house-
holds who adapted significantly produce on average 1172 kg
ha-1 more than household who did not adapt (table 3). This
significant difference may be meaningful but not reliable to
measure the effective impact of adaptation on rice yield (Ab-
dulai et al., 2014). We also estimate a linear regression on
production including adaptation as a dummy variable. The
results show a positive and significant impact of adaptation
on rice yield, showing that farmers’ output is highly depend-
ent on adaptation (table 5). However, this simple approach
is limited by its assumption that adaptation is exogenously
determined, meanwhile it is potentially endogenous. Results
may be misleading as the differences might have been caused
by unobserved characteristics of the farmer (Di Falco & Ver-
onesi, 2013).

We therefore employ the endogenous switching regression
model with FIML which simultaneously estimate the selec-
tion equation and the outcome equation to yield consistent
standard errors as mentioned above. According to the re-
sults presented in table 4, columns 3 and 4 respectively for
adapters and non-adapters, ρA is statistically significant for
adapters, indicating self-selection in adaptation. Thus, adap-
tation may not have the same effect on non-adapters if they
choose to implement adaptation (Kanburi et al., 2019). The
negative sign indicate positive bias, suggesting that farmers
who choose to implement adaptation measures have higher
yields than a random individual from the sample would have.
Farmers with output greater than average, therefore have a
higher probability of implementing adaptation (Abdulai &
Huffman, 2014). The insignificance of the covariance term
for non-adapters suggest that in the absence of adaptation,
there will be no significant difference in the average out-
put of the two categories of farmers caused by unobserv-
able factors. The difference between the coefficients of the
rice yield equation and the outcome equations indicate the
presence of heterogeneity. ρA <ρNA showing that adaptation

increases farmer’s output greater than they would without
adaptation (Khanal et al., 2018).

The estimation of the treatment effect presented in table
6, indicate that the expected rice output produced by the
group of farmers who adapted to climate change is approx-
imately 2707.5 kg ha−1. On the other hand, the expected
output produced by households who did not adapt is about
1783.6 kg ha−1. This implies that adapting households pro-
duced averagely 923 kg ha−1 (49 %) more than non-adapters.
Unlike the mean difference presented in table 3 which may
confound the impact of adaptation decision on rice yield with
the influence of other farm/household characteristics, the
treatment effect account for selection bias stemming from
the fact that adapters and non-adapters may be systematic-
ally diverse. The adapting households would have produced
only about 1866.4 kg ha−1 on average if they decided not to
adapt. Similarly, if the non-adapting households had decided
otherwise i.e. adapted, the expected outcome of their pro-
duction would increase to about 2526.97 kg ha−1. The treat-
ment effect therefore indicates that farming households who
actually adapted increased output by 841 kg ha−1(45 %) and
households who actually did not adapt would have increased
output by 743 kg ha−1 (41 %) if they had implemented adap-
tation. The heterogeneity effect indicates that there exist
some source of diversity amongst farmers which make ad-
apting households better producers than non-adapting house-
holds. This finding is consistent with (Kanburi et al., 2019;
Huang et al., 2015) and submit that employing resilient
adaptation measures against climate change significantly in-
crease rice output in the region. This is evident with the
increasing output reported by UNVDA, from 3,565 tons in
1995 to 20,000 tons in 2017.

5 Conclusion and recommendation

Farming systems around the world have been facing in-
creasing adverse effects on farm productivity owing to en-
vironmental constraints like climate change. This study uses
farm level information to investigate the driving forces be-
hind farmer’s decision to adapt to climate change and the im-
pact on farm productivity. Adaptation to climate changes in
the Ndop plain significantly increases farmers’ output. Thus,
farmers can increase rice supply by systematically employ-
ing strategic adaptation measures on their farms. Building
strong climate resilience amongst rice farmers in Ndop plain
requires new level of consensus and a call for action amongst
stakeholders to improve rice productivity in Cameroon. Spe-
cifically:

• Financial service towards credit accessibility should be
improved with flexible policies developed to include
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local rice farmers. Meanwhile farmers should create
local farming groups, otherwise known as the focal
points for adaptation providing easy access to credits,
communication and technology transfer.

• Extension service that promote information flow
between research development and farmers should be
developed to include technical systems transmitting re-
liable information to farmers. By the same token, local
authorities should map out constructive plans towards
water management with farmers actively involved in
decision making.

• Young farmers should be given the incentive to engage
into rice farming, implement innovative ideas and de-
velop new rice fields with upland farming to reduce the
risk of flood disasters.

While adopting a single or combination of these adapta-
tion strategies reduces vulnerability amongst farmers, gov-
ernment’s intervention in planning adaptation taking into ac-
count, controlling factors is crucial for the development of
rice production and the enhancement of food security in
Cameroon. While this study cuts across farmers’ adapta-
tion decisions and controlling factors, further research is en-
couraged using a multinomial logit model to investigate how
adaptation of each strategy may affect adaptation, taking into
account other strategies.

Acknowledgements

The research presented here was financially supported by
the Chinese Scholarship Council (CSC) and the Ministry of
Education (MOE), Grant No. 17JJD790015.

Conflict of interest

The authors declare that they have no conflict of interest.

References

Abdulai, A., & Huffman, W. (2014). The adoption and im-
pact of soil and water conservation technology: An endo-
genous switching regression application. Land Econom-
ics, 90(1), 26–43.

Abraham, T. W., & Fonta, W. M. (2018). Climate change
and financing adaptation by farmers in northern Nigeria.
Financial Innovation, 4(1), 11.

Ainsworth, E.A., & McGrath, J.M., 2010. Direct effects
of rising atmospheric carbon dioxide and ozone on crop
yields. Climate Change and Food Security, 37, 109-130.

Alauddin, M., & Sarker, M.A.R. (2014). Climate change and
farm-level adaptation decisions and strategies in drought-
prone and groundwater-depleted areas of Bangladesh: an
empirical investigation. Ecological Economics, 106, 204-
213.

Ateka, J. M., Mbeche, R. M., & Muendo, K. M., 2021.
Determinants of protected tomato production technol-
ogies among smallholder peri-urban producers in Kiambu,
Kenya. Journal of Agriculture and Rural Development in
the Tropics and Subtropics, 122(1), 43–53.

Belay, A., Recha, J. W., Woldeamanuel, T., & Morton, J.F.
(2017). Smallholder farmers’ adaptation to climate change
and determinants of their adaptation decisions in the Cen-
tral Rift Valley of Ethiopia. Agriculture & Food Security,
6(1), 24.

Brown, H. C. P., & Sonwa, D. J. (2015). Rural local institu-
tions and climate change adaptation in forest communities
in Cameroon. Ecology and Society, 20(2), 9.

Chen, H., Wang, J., & Huang, J., 2014. Policy support, so-
cial capital, and farmers’ adaptation to drought in China.
Global Environmental Change, 24, 193–202.

Cordelia Givecheh Kometa.NOT CORRECT (2019), Cli-
mate Change Evolution and Indigenous Methods of Flood
Control in the Upper Nun Valley of Cameroon. American
Journal of Traffic and Transportation Engineering, 4(2),
56–66.

Deressa, T. T., Hassan, R. M., Ringler, C., Alemu, T., & Ye-
suf, M., 2009. Determinants of farmers’ choice of adap-
tation methods to climate change in the Nile Basin of
Ethiopia. Global environmental change, 19(2), 248–255.

Di Falco, S., & Veronesi, M. (2013). How can African agri-
culture adapt to climate change? A counterfactual analysis
from Ethiopia. Land Economics, 89(4), 743–766.

Di Falco, S., Veronesi, M., & Yesuf, M. (2011). Does adap-
tation to climate change provide food security? A micro-
perspective from Ethiopia. American Journal of Agricul-
tural Economics, 93(3), 829–846.

Dikau, S., & Volz, U., 2021. Central bank mandates, sus-
tainability objectives and the promotion of green finance.
Ecological Economics, 184, 107022.

Dube, T., Moyo, P., Ncube, M., & Nyathi, D. (2016). The
impact of climate change on agro-ecological based liveli-
hoods in Africa: A review. Journal of Sustainable Devel-
opment, 9(1), 256–267.

FAO, IFAD, UNICEF, WFP & WHO (2019). The State of
Food Security and Nutrition in the World 2019. Safeguard-
ing against economic slowdowns and downturns. Rome,
FAO. Licence: CC BY-NC-SA 3.0 IGO.



242 N. I. Zama / J. Agr. Rural Develop. Trop. Subtrop. 122 – 2 (2021) 231–243

Huang, J., Wang, Y., & Wang, J., 2015. Farmers’ adaptation
to extreme weather events through farm management and
its impacts on the mean and risk of rice yield in China.
American Journal of Agricultural Economics, 97(2), 602–
617.

IPCC Working Group I (2013) Climate change 2013: the
physical science basis. Cambridge University Press, Cam-
bridge, UK/New York

IPCC, (2014): Climate Change 2014: Impacts, Adaptation,
and Vulnerability. Contribution of Working Group II to the
Fifth Assessment Report of the Intergovernmental Panel
on Climate Change. Cambridge University Press, Cam-
bridge, UK.

Jalloh, A., Nelson, G. C., Thomas, T. S., Zougmoré, R. B., &
Roy-Macauley, H. eds. (2013). West African agriculture
and climate change: a comprehensive analysis. IFPRI Is-
sue Brief 75 Washington, D.C.: International Food Policy
Research Institute (IFPRI). 4 p.

Junior, O. D. P. O., & Wander, A. E., 2021. Factors for
the success of agricultural cooperatives in Brazil. Journal
of Agriculture and Rural Development in the Tropics and
Subtropics, 122(1), 27-42.

Kahneman, D. (2003). Maps of bounded rationality: Psy-
chology for behavioral economics. American economic
review, 93(5), 1449–1475.

Kanburi Bidzakin, J., Fialor, S.C., Awunyo-Vitor, D., &
Yahaya, I. (2019). Impact of contract farming on rice farm
performance: Endogenous switching regression. Cogent
Economics & Finance, 7(1), 1618229.

Karim, M. R., & Thiel, A. (2017). Role of community based
local institution for climate change adaptation in the Teesta
riverine area of Bangladesh. Climate Risk Management,
17, 92–103.

Khanal, U., Wilson, C., Hoang, V. N., & Lee, B. (2018).
Farmers’ adaptation to climate change, its determinants
and impacts on rice yield in Nepal. Ecological Economics,
144, 139–147.

Kim, I., Elisha, I., Lawrence, E., & Moses, M., 2017. Farm-
ers adaptation strategies to the effect of climate variation
on rice production: Insight from Benue State, Nigeria. En-
vironment and Ecology Research, 5(4), 289–301.

Knox, J., Hess, T., Daccache, A., & Wheeler, T., 2012.
Climate change impacts on crop productivity in Africa
and South Asia. Environmental Research Letters, 7(3),
034032.

Kollmuss, A., & Agyeman, J. (2002). Mind the gap: why
do people act environmentally and what are the barriers
to pro-environmental behavior? Environmental education
research, 8(3), 239–260.

Kongnso, M. E., Kongla, N. L., & Ngala, K. I., 2020. Agri-
cultural Extension Approaches and Climate Change Com-
munication Within the Ndop Rice Sector, North West Re-
gion, Cameroon. International Journal of Social, Political
and Economic Research, 7(2), 125–141.

Lee, L. F., & Trost, R. P. (1978). Estimation of some limited
dependent variable models with application to housing de-
mand. Journal of Econometrics, 8(3), 357–382.

Li, Z., Liu, Z., Anderson, W., Yang, P., Wu, W., Tang, H.,
& You, L., 2015. Chinese rice production area adaptations
to climate changes, 1949–2010. Environmental Science &

Technology, 49(4), 2032–2037.

Lobell, D. B., Burke, M. B., Tebaldi, C., Mastrandrea, M.
D., Falcon, W. P., & Naylor, R. L. (2008). Prioritizing
climate change adaptation needs for food security in 2030.
Science, 319(5863), 607–610.

Lokshin, M., & Sajaia, Z. (2004). Maximum likelihood es-
timation of endogenous switching regression models. The
Stata Journal, 4(3), 282–289.

Maddala, G. S., (1983). Methods of estimation for models of
markets with bounded price variation. International Eco-
nomic Review, 24(2), 361–378.

Maponya, P., & Mpandeli, S. (2013). The role of exten-
sion services in climate change adaptation in Limpopo
province, South Africa. Journal of Agricultural Extension
and Rural Development, 5(7), 137–142.

Mendelsohn, R., 2012. The economics of adaptation to cli-
mate change in developing countries. Climate Change
Economics, 3(02), 1250006.

MINADER; Ministry of Agriculture and Rural Development
Cameroon, (2020). Report on rice production and demand
in Cameroon.

MINADER; Ministry of Agriculture and Rural Development
Cameroon, (2018). Annual Report on the agricultural and
environmental outlook and progress, Yaoundé, Cameroon.

Molua, E.L. (2007). The economic impact of climate change
on agriculture in Cameroon. World Bank Policy Research
Working Paper Series (4364).

Ofeh, M.A., & Thalut, N. (2018). Financial Exclusion and
Sustainable Rice Production: A Model of Poverty Reduc-
tion in Ndop, Cameroon. SSRG International Journal of
Economics Management Studie, 5(12), 8–15.



N. I. Zama / J. Agr. Rural Develop. Trop. Subtrop. 122 – 2 (2021) 231–243 243

Oppong-Kyeremeh, H., & Bannor, R. K. (2018). Off-
Farm Job as Climate Change Adaptation Strategy for
Small Scale Rice Producers in the Volta Region of Ghana.
Journal of Energy and Natural Resource Management,
1(2), 36–42.

Smit, B., & Wandel, J., 2006. Adaptation, adaptive capacity
and vulnerability. Global environmental change, 16(3),
282–292.

Stephenson, J., Newman, K., & Mayhew, S. (2010). Popu-
lation dynamics and climate change: what are the links?
Journal of Public Health, 32(2), 150–156.

UNVDA- Upper Nun Valley Development Authority Ndop.
(2019). Production statistics, UNVDA Ndop Cameroon.

Van Ittersum, M. K., Van Bussel, L. G., Wolf, J., Grassini,
P., Van Wart, J., Guilpart, N., Claessens, L., de Groot, H.,
Wiebe, K., Mason-D’Croz, D., & Yang, H. (2016). Can
sub-Saharan Africa feed itself? Proceedings of the Na-
tional Academy of Sciences, 113(52), 14964–14969.

Van Oort, P.A., & Zwart, S.J. (2018). Impacts of climate
change on rice production in Africa and causes of simu-
lated yield changes. Global change biology, 24(3), 1029-
1045.

Wirmvem, M. J., Mimba, M. E., Kamtchueng, B. T., Wotany,
E. R., Bafon, T. G., Asaah, A. N. E., Fantong, W. Y., Ay-
onghe, S. N., & Ohba, T. (2015). Shallow groundwater
recharge mechanism and apparent age in the Ndop plain,
northwest Cameroon. Applied Water Science, 7(1), 489–
502.

Wotchoko, P., Bardintzeff, J. M., Itiga, Z., Nkouathio, D.
G., Guedjeo, C. S., Ngnoupeck, G., Dongmo, A. K.,
& Wandji, P. (2016). Geohazards (floods and land-
slides) in the Ndop plain, Cameroon volcanic line. Open
Geosciences, 8(1), 429–449




