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Abstract This paper explores the response to risk of
smallholder agricultural producers in the face of variable
and changing climate in Cameroon. The low rainfall dis-
tribution in some regions of the country and the high inter-
seasonal variability of rainfall makes crop production, on
which the livelihood of rural inhabitants is based, a risky
enterprise. Women farmers in Cameroon are an important
group for whom risk aversion influences production out-
comes and welfare. This study identifies and analyses the
effect of climate risks on the productive activities and the
management options of male and female farmers. Women-
owned farms, on average, record profits of US$ 620 per
hectare to about US$ 935 for crop enterprises across the
different agroecological zones. Comparatively static results
indicate that increases in climate variability and the
uncertainty of climate conditions have an explicit impact
on farm profit. The impacts of increased uncertainty in
climate and risk aversion are ambiguous depending on the
agroecology. Ex-ante and ex-post risk management options
reveal that female-owned farms in the northern Sahel
savannah zone rely on more sophisticated strategies to
reduce the impact of shocks. While adapting to uncertain
climate positively influences profit levels, risk measured as
the variance of rainfall or temperature per unit variation in
profit is significant. This analysis stresses the increased
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importance of climate risk management as a prelude to
the panoply of adaptation choice in response to expected
climatic change.
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Introduction

For Cameroon, like most countries in sub-Saharan Africa,
agriculture is truly important. Agriculture and forestry
sectors provide employment for the majority of the popu-
lation. About 80% of the country’s poor live in rural areas,
and work primarily in agriculture. About 35% of Camer-
oon’s GDP originates in agriculture and related activities,
with close to 70% of the national labour force employed in
agriculture. Cameroon’s economy is therefore predomi-
nantly agrarian and the exploitation of agricultural and
other natural resources remains the driving force for the
country’s economic development. Small-holder farmers
produce 98% of food consumed. The crop and production
practices are based on their local knowledge and experi-
ence that has been developed over the years.

In rural Cameroon, crop production is the major source
of income for households. Three-quarters of the food-crop
farmers are women. Women work the fields for long hours,
in off- and on-seasons, to supply homes, markets and
community with food. The subsistence farming practised is
aimed mainly at stabilising production (Fonchingong
1999). The evolution of the sector and the adoption of
modern practices is low, and this constraint is reinforced by
the increasing involvement of female-headed households in
the sector as female farmers owners and managers. How-
ever, while Cameroon’s agriculture is on a long march to
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productivity, the food crop sector, which is dominated by
women, is still highly dependent on basic inputs, with
climate (rainfall, temperature, etc.), light and water the
main drivers of crop growth. Local farmers have developed
several management and coping mechanisms to reduce the
risks of crop production and to ensure productivity under
varying environmental conditions.

The key uncertainty for agriculture outlook in the
country is the weather. Despite relative improvements in
technology and yield potential, the weather is still inher-
ently an important factor in Cameroonian agriculture. The
low rainfall distribution in some regions of the country and
the high inter-seasonal variability of rainfall makes crop
production, on which the livelihood of rural inhabitants is
based, a risky enterprise (Molua 2002). Extreme inter-
annual variability of rainfall' in the northern drier regions
of the country is not uncommon, inducing droughts or
floods and often creating serious repercussions for agri-
cultural and nonagricultural commodities. Increased soil
erosion and nutrient depletion associated with climatic
variability and environmental change present a threat to
food security and the sustainability of agricultural pro-
duction in parts of sub-Saharan African, with government
and development agencies already investing resources to
promote soil conservation practices as part of an effort to
improve environmental conditions and reduce poverty
(Kassie et al. 2008). While, for instance, Mueller and
Osgood (2009) suggest a link between large precipitation
shocks in rural areas and urban poverty, de Haen and
Hemrich (2007) also demonstrate how extreme conditions
and natural disasters could have significant implications
and challenges for food security.

Given the pronouncements of climate studies on the
evidence of global warming (Molua 2003, 2006;
Kurukulasuriya et al. 2006; Stern 2006; IPCC 2007), there
is concern that climatic impacts on food production and its
costs will be exacerbated in Cameroon and beyond the
Central African sub-region due to global warming, with its
potential for affecting the climatic regimes of the entire
region. Current climate variation is already altering the
types, frequencies, and intensities of crop and livestock
pests and diseases, the availability and timing of irrigation
water supplies, and the severity of soil erosion (Molua
2009). Income diversification is a major risk-reducing
ex-ante strategy employed by many farmers in the country
and in large parts of sub-Saharan Africa (Seo 2010; Seo
and Mendelsohn 2008; Maddison 2007).

! Climate variability in this paper refers to seasonal rainfall or
temperature variation measured as the deviation of the monthly mean
from the seasonal mean of temperature and rainfall as measured in
weather stations across the country.
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The subsistence farmers’ remedy for climatic variability
in the context of rain-fed agriculture has often been to
establish, on a trial by error basis, a farming system that is
largely conservative and provides a minimum return even
in less favourable seasons. Faced with uncertainties caused
by climate, economic and political events, these farmers’
risk aversion is reinforced. Under these circumstances, and
in the absence of insurance markets, most farmers use ex-
ante risk-minimising strategies to reduce vulnerability
(Maddison 2007; Mapp et al. 1979), especially to climatic
risks.

A review of climate research and the observations
associated with climate variability in Cameroon, raises
some pertinent questions pertaining to the response of
producers to changing climatic conditions: (1) what is the
farm-level agricultural risk associated with climate varia-
tion and change?2 (2) What is the impact of climate
uncertainty on agricultural profitability? This paper seeks
answers to these questions by comparing the exposure of
women-owned and men-owned farms to production risk
induced by climate variation. The rationale for this
research is that agriculture is the mainstay of the economy,
supported by subsistence female farmers, contributing up
to 60% of total value of exports, with farming depending
entirely on the quality of the rainy season.

The paper is organised as follows. The section “Cli-
mate and gender related production: a theoretical nexus”
presents a review of the interrelationship of climate and
gender-related production activities. “Methodology”
examines the analytical framework of uncertainty under
risk aversion. The data and application to female pro-
ducers are discussed in the section “Nature and source of
data”. The empirical findings are presented in “Empiri-
cal findings and discussion”. This latter section shows
how female farm profits have been affected by uncertain
climate and the choice of farm management options.
This research adds to the existing body of knowledge
by employing gender analysis to demonstrate the impact
of climate and attendant consequences on vulnerable
groups.

Climate and gender-related production: a theoretical
nexus

The risks faced by agriculture have often been classified
into such categories as production, marketing, financial,
legal and human risks. Farming is a financially risky

2 Climate change here refers to change in national precipitation and
temperature over time due to variability. It is measured as the
statistical deviation of annual seasonal means from the 50-year
seasonal mean as measured in regional weather observatories.
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Fig. 1 Interpolated estimated dekadal distribution in different regions of Cameroon (Source: NOAA/FEWSNet, http://www.cpc.ncep.noaa.gov/
products/fews/; FAO/NRCB-Agrometeorology Group, http://www.fao.org)

occupation. On a daily basis, farmers are confronted with
an ever-changing landscape of possible price, yield, and
other outcomes that affect their financial returns and
overall welfare. The consequences of decisions or events
are often not known with certainty until long after those
decisions or events occur, so outcomes may be better or
worse than expected. Climate variability, measured as the
annual variation in the level of precipitation, which may
fluctuate around particular trends or cyclical long-run pat-
terns, impacts on farm production activities. In certain
years, rainfall supply is beyond or below specified average
conditions. Climate variability is particularly critical for

agricultural production when moisture availability drops
below the optimal level required for biomass growth during
different stages of the agricultural cycle, resulting in
reduced yields. In Cameroon, farming cuts across the dif-
ferent climate regimes shown in Fig. 1. Ground station and
Satellite estimate of rainfall show strong regional varia-
tions in the country with increasing dryness from the
southern humid region of the country to the northern
Sahelian zone; with possibility of strong interannual and
inter-seasonal variations within each region (FAO 2010).
Climate variability becomes critical in the country when
shortfall in water availability in a given region is beyond
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the recurrent seasonal rainfall pattern that farmers consider
the benchmark for selecting their cropping system and
activity pattern. As a result, farm household livelihoods
become more vulnerable to shocks and stress. Variability in
rainfall is thus a major cause of risk that threatens liveli-
hoods in households where income is strongly dependent
on rain-fed agricultural production.

Farmers respond to climate risks in varying ways,
depending whether they are risk neutral or risk averse. The
implications of rainfall variability become visible at three
different levels: (1) changes in yield, (2) changes in prices,
and (3) adjustments in (disposable) income.> The risk-
aversion literature holds that farmers tend to use fewer
inputs than would have done if they maximized expected
profit due to risk aversion. There is wide acceptance that
farmers only partially adopt or do not adopt at all even
when the new technologies may provide higher returns to
land and labour than the traditional technologies. Such new
technologies are not costless. Risk averse farmers are
similarly weary of associated costs of new technologies
that may impinge on their income levels both in the short-
run and long-run. This perception is particularly significant
in climate dependent agricultural production in rural Africa
associated with imperfect or missing credit markets and the
absence of a formal weather-indexed insurance market.
Morduch (1992), Rosenzweig and Binswanger (1993) and
Dercon (1996) provide some illumination on the economic
behaviour and response of risk-aversion farmers make in
production decisions. de Janvry (2000) reports that
households can reduce exposure to consumption risk
through risk management (interventions which are ex-ante
relative to income realizations) and through risk coping
(ex-post relative to income), and there is hence a trade-off
between the two. Since risk management has an opportu-
nity cost on expected income, improved access to risk
coping instruments may allow households to take higher
risks in production and achieve higher expected incomes
(Seo and Mendelsohn 2008; Maddison 2007; Binswanger
and Rosenzweig 1993; Morduch 1992; Binswanger 1980).
Access to risk coping instruments, such as flexible credit,
by the poor has been used as a way of raising expected
incomes.

Female producers in Cameroon are an important group
for whom risk aversion influences production outcomes
and welfare. A subgroup that is seriously constrained and
on whom policy choices must be addressed is the female-
headed household and female farm-owners. A significant
body of literature has focussed on the disadvantages faced
by women producer groups (Fonchingong and Fonjong

3 The latter effect refers directly to the availability of purchasing
power to ensure household welfare. Changes in yields and prices can
partly compensate each other.
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2002; Buvinic and Gupta 1997; Appleton 1996; Bindlish
and Evenson 1993; Jones 1986; Guyer 1984). The chal-
lenges faced in the farm-fields of women producers cannot
be dissociated from the communal and intra-household
power relations that determine access to assets and pro-
ductive resources. More so, the power of traditional gender
structures as rooted in the legal environment perpetuates a
disincentive for ownership of assets and productive
resources that may be needed to overcome climatic
challenges.

The dynamic nature of contemporary African farming
and the changing traditional gender-specific nature of
farming patterns has resulted in a steady rise in the number
of women de facto farm managers. This trend is most
prominent in the African region, with nearly three times as
many women-headed households in rural areas than in
other regions (Jazairy et al. 1992). Not only do women
outnumber men in the agricultural labour force, but they
also work more hours in agriculture than men in Kenya and
Nigeria (Saito et al. 1994). The average daily hours in
agricultural and non-agricultural economic activities by
gender for Burkina Faso, Kenya, Nigeria and Zambia show
that women farmers work on average 4—6 h longer per day,
excluding the hours that women spend on their reproduc-
tive tasks such as fetching fuelwood and water, cooking,
cleaning and otherwise taking care of family members and
children (Saito et al. 1994). This implies that either as farm
owners, managers or labourers, rural women account for a
significant proportion of farm labour—almost 60% of the
agricultural labour force (Jazairy et al. 1992)—requiring
the tools and assets to be productive.

Risk is a central part of livelihoods in agrarian house-
holds in sub-Saharan Africa. Risky returns occur in female-
owned farms because either the yields or prices or both are
uncertain. Often, uncertainties arise from the influence of
uncontrolled variables whose levels are unknown. If the
probability of distribution of a return relative to the
uncontrolled variables can be specified only conditionally
on controlled variables, the choice and level of controlled
variables will influence the distribution of the return.
Therefore, in such a case, the choice and levels of con-
trolled inputs should allow for risk effects.* Therefore, in
response to recurrent drought and commodity price shocks,
households respond with sophisticated strategies to manage
or reduce risk ex-ante and ex-post to cope with the

* An individual is said to be risk neutral if the utility of the expected
value is equal to the expected utility. In such cases, the individual is
said to have a linear utility function. An individual is said to be risk
averse if his or her von Neumann—Morgenstern (NM) utility function
is strictly concave, i.e. if the utility of the expected value is greater
than the expected utility. Similarly, an individual is said to be a risk
lover if his or her NM utility function is strictly convex (Takayama
1994).
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consequences of risk once shocks occur (Morduch 1995;
Dercon 1996, 2002). Siegel and Alwang (1999) developed
a taxonomy of risk-coping strategies for rural households
facing risk, noting that household assets are the stock of
wealth used to generate wellbeing—usually divided into
tangible and intangible wealth, with tangible wealth
encompassing natural, human (e.g. education and health
status), physical (e.g. land, equipment, work animals,
jewelry) and financial (e.g. cash, savings, and access to
Credit) capital. Intangible assets result from the interaction
of members within households as well as from households
with each other inside the community and beyond. These
include gender relations, social ties and networks, includ-
ing participation in associations and organisations, and
intra-household relations (Siegel and Alwang 1999). Some
other researchers have explored the outcome of these
strategies in greater detail. Morduch (1995) and Dercon
(2002) identify some ex-ante strategies to include activity
and asset diversification, migration patterns and speciali-
sation into low-risk activities and ex-post coping strategies
through the use of ‘self-insurance’ via precautionary sav-
ings or using informal community or network-based risk-
sharing arrangements. While these strategies have been
observed to influence consumption and income, shocks are
not fully insured, leading to variations in welfare outcomes
(Just and Pope 1979; Rosenzweig and Binswanger 1993;
Dercon 2004). In high risk environments such as arid
zones, economic behaviour, performance of producer
groups and household welfare are affected for many years
after the shock (Udry 1994; Morduch 1995; Townsend,
1995; Dercon 2002; Fafchamps 2003; Dercon et al. 2005).

However, many strategies are unavailable or prove
ineffective for the poor, especially when the risks are
covariate. Households living on very low incomes and
limited wealth become highly risk adverse since even a
small disruption in income flows can have devastating
effects. Such risk aversion retards the development process
by limiting household incentives to adopt productivity-
enhancing technologies and to specialise in activities where
comparative advantages exist. Such risks also affect the
credit-worthiness of rural households and constrain credit
markets. The empirical expositions of Seo and Mendelsohn
(2008), Maddison (2007), Bar-shira et al. (1997) and Baker
et al. (1993) indicate that farm risk management involves
the identification, evaluation, and implementation of
strategies to reduce uncertainty in the revenue flow.
Implementing risk-reducing strategies comes at a cost, and
these costs have to be weighed against potential benefits.
For instance, while hedging generally results in reduced
risk, it also often significantly reduces profits, which
reflects a trade-off between risk and return.

Given the nature of risk for farm households, it is quite
logical to expect rural households to diversify their

sources of income. Recent literature has reemphasised the
role of diversification in development.5 Seo (2010), Ellis
(2000) and Hardaker et al. (1998) indicate that diversifi-
cation may be used both under conditions of economic
improvement as well as economic decline, especially in
the agriculture sector. It is intuitive to expect small
landowners to have limited opportunities for income from
farming. These households use their labour resources in a
variety of ways. Working on other farms in the commu-
nity for either direct income or in-kind payments is
common among the rural poor. Even jobs that do not
involve farm work may be directly related to agricultural
production in some fashion (e.g. food processing, trans-
portation, or input supply for farming). By the same
token, the well being of the farming sector can have a
direct bearing on jobs that are not tied directly to
agriculture.

Methodology

We focus on an ex-ante analysis at planting time, when the
farmer does not know the weather conditions during the
growing season. In this context, crop yield is treated as a
random variable, conditional on decisions made at planting
time. We analyze the effects of crop profitability and farm
income. Evaluated ex-ante at planting time, crop yield,
profit and farm income are random variables that depend
on weather patterns during the growing season. Thus, there
is a need to specify and estimate their distribution function,
conditional on technology, climate, and the choice of crops
(Chavas et al. 2001; Antle and Goodger 1984; Antle 1983).
Econometric methods can be used to estimate the distri-
bution function (see e.g. Nelson and Preckel 1989; Kaylen
et al. 1992; Gallagher 1986; Goodwin and Ker 1998;
Ramirez 1997). The following section provides the
framework for estimating conditional means and condi-
tional variances of the relevant variables over time and at
different ecological zones in Cameroon.

Decision making under uncertainty

Decision making under uncertainty has been modelled and
studied by Antle (1983, 1987), Chavas and Holt (1996) and

5 Since many of the sources of the diversified portfolio of income
remain tied to the well being of farming in the community, any shocks
that hurt the local agricultural output can place the diversified income
of the rural poor in jeopardy. For example, a wide-spread natural
disaster (drought or flood) that creates significant yield loss for crops
and damages grassing lands for livestock can have a devastating
impact on all sources of income. Thus, even a well-diversified
portfolio of income for the rural poor may still be vulnerable to a
significant covariate risk: natural disasters.
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Chavas et al. (2001). Relying on the analytical exposition
of Chavas et al. (2001), we assume farms in Cameroon are
producing under uncertainty. Under technology f, farm
profit is represented by the stochastic function n (x, ¢, e),
where x is a (n x 1) vector of inputs and e is a vector of
uncontrollable factors that are not known to the decision
maker at the time when x is chosen. The vector e is treated
as a random vector with a given probability distribution
G. It includes the unpredictable effects of weather on farm
production. In this context, the influence of input choice
x on farm profit depends on both weather effects e and
technology 7. Assume that inputs are chosen to maximise
the expected utility of profit:

EU(m) :/U(n)éG, (1)

where E is the expectation operator based on the
information available at the time decisions are made. The
von Neumann-Morgenstern utility function U(n) represents
the risk preferences of the decision maker, with 0U/0r > 0.
Thus, we assume that farm decision-making is represented
by the following optimisation problem:

x* (1) solves max,{EU|[n(x,t,¢)]} (2)

Making Eq. 2 empirically tractable requires information
about the expected utility EU(m). A convenient approach is
to rely on the moments of stochastic profit n. Let:

wn(x,t) = En(x, t,e) = /n(x, t,e)dG(e) (3)

where dG(e) is the mean profit or first moment of profit.
Then, assuming differentiability, expanding U(m) in an
m-th order Taylor series about p;7 and taking expectation
gives

m lal
EU( ) :uln +Z |:l' oni ,uln

i=2

m 1 al
— Ul + 3 [} S s @

B )|

where wn(x, 1) = E[(a(x, 1, €) — pyn(x, 1)'] is the i-th
central moment of =n, i =2, ..., m. As Chavas et al.
(2001) note, Eq. 4 shows how expected utility depends on
mean profit p;m(x, f), on the variance of profit u,n(x, 1),
on the skewness of profit psm(x, t), etc. In turn, each
moment of profit depends on the input decision x and on
technology f. Equation 4 applies under very general
conditions. It requires only that the first m moments of «
are finite. As such, it allows for many probability distri-
bution functions for the random variables e, thus pro-
viding a flexible representation of the uncertainty. Under
risk neutrality, the utility function U(rw) is linear and
maximising Eq. 4 reduces to maximising expected profit
wn(x, t) = En(x, t, e).
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However, there is strong empirical evidence that most
farmers are risk averse (e.g. Seo and Mendelsohn 2008;
Chavas and Holt 1996; Saha et al. 1994; Young 1979). If
rainfall, per se, declines (or increases) are perceived at
acceptable levels and the expectant damage to crop is low
enough, it does not pay to take control measures and invest
in time, effort and money to control for the perceived
effects. However, as declines (or excesses) continue
towards possibly a hydrological drought (or floods) it
reaches a point where the perceived damage would justify
taking control measures (see Maddison et al. 2007). As
shown in Fig. 2 below, risk averse farmer may accom-
modate some risk. The level of risk that can be tolerated at
a particular time and place without a resultant economic
crop loss is noted as the economic threshold; and the
economic damage level is that point at which the incre-
mental cost of climate control is equal to the incremental
return resulting from the climate control. Farmers, espe-
cially with experience, intuitively tend to have report a
feel/perception of some kind threshold rainfall levels their
croplands can tolerate.

Technically, therefore, under risk aversion, *UR* < 0
means that the variance of profit u,m becomes relevant in
Eq. 1. This suggests a need to estimate the moments of
profit w;.(x, 1), i = 1, 2,... This can be done by specifying a
parametric form for each p;, and estimating the corre-
sponding parameters. Let W;, = fi(x, t, f;), where f; is a
vector of parameters representing the effects of x and ¢ on
the i-th moment of profit y;,, i = 1, 2,... Then, consider the
econometric model:

T =fi(x, 1, B;) + Vir (5)

where vy, is an error term distributed with zero mean,
E(vy,) = 0. Assume that we obtain a sample of
observations on profit = and on the variables (x, ). Then,
treating (x, f) as exogenous variables, Eq. 5 is a standard

Us$

AAAAAAAAAAAAAAAAAA Cost of
Ny Control

'''''''''''' Farm
Profit

Mitigation
e S

Economic
threshold

Climatic variation

Fig. 2 Economic threshold of perceived risk
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regression model where the parameters f; can be
consistently estimated by the least squares method. Let
pi be the least squares estimator of f5; in Eq. 3, giving
Vie = 7 — fi(x, t, f5) as the least squares residual. f§; being
a consistent estimator of f;, it follows that v, is a
consistent estimator of v, Using (5), we obtain
E[(v12)'] = E[(m — pt1)'] = pir. It follows that:

(Vln)i: fi(x7 Z, ﬁz) + Vin (6)

where v;, is an error term distributed with mean zero,
E(W;;) =0, i > 2. This suggests the following model
specification:

(Vin)i:ﬁ(xa tv ﬁz) + Vir, 12 2 (7)

Again, assuming a sample of observations on profit ©
and on the exogenous variables (x, t), consider Eq. 7 as a
regression model and let f§f be the least squares estimator
of 8; in Eq. 7. Because v{, is a consistent estimator of v;7,
it follows that 5 is a consistent estimator of f§; in Eq. 7,
i > 2 (see Antle 1983). Thus, the least squares estimation
of Egs. 6 and 7 gives consistent estimates of the central
moments of profit, including mean profit u,, = fi(x, t, f57)
and the variance of profit u,, = f>(x, #, 7). This provides a
framework for the empirical investigation of the
distribution of profit as it changes with technology ¢ and
the input choices x.

Under risk neutrality, expression Eq. 2 implies that
the input choice x would be chosen so as to maximize
expected profit E(w) = fi(x, #, f5;). Alternatively, under
risk aversion, production decisions in Eq. 2 would take
into consideration both mean profit f(x, f, f5), and the
variance of profit f>(x, ¢, 7). If we restrict our attention
only to these first two moments, then risk aversion will
imply some trade-off between expected profit and the
variance of profit (e.g. Meyer 1987). As noted in Fig. 2,
under risk aversion, the decision maker will always
choose to obtain the highest possible expected profit for
a given variance, or the smallest possible variance for a
given expected profit (e.g. Anderson et al. 1977). In line
with the assertions in the seminal works of Markowitz
(1959) and Milgrom and Roberts (1992), this defines the
“mean—variance frontier”, or equivalently a “mean—
standard deviation” frontier. Without information on the
exact risk preferences of the decision maker, the optimal
decision in Eq. 2 will be a point on this frontier (Chavas
et al. 2001). Under risk neutrality, it would correspond to
the point where the expected profit is the largest possi-
ble. Under extreme risk aversion, it would correspond to
the point where the variance (or standard deviation) of
profit is the smallest possible (which is typically asso-
ciated with lower expected profit). Under intermediate
situations, it would trade off increases in expected profit
with decreases in variance (or standard deviation)

depending on the degree of risk aversion of the decision
maker.’

Nature and source of data

To understand the impact of climate on agriculture, we
purposefully study agrarian households in Cameroon. Pri-
mary data is thus employed. The data is obtained from the
nationwide field survey conducted under the GEF/World
Bank-sponsored survey on climate and African agriculture,
coordinated by the Centre for Economic and Environ-
mental Policy (CEEPA). The objective of the household
survey is threefold, viz. (1) to generate reliable represen-
tative sample quantitative data on netput prices costs, net
revenue, farmland values, and other socioeconomic deter-
minants of agricultural performance in Cameroon; (2) to
generate qualitative information on farmer perceptions
concerning the nature of long-term changes in temperature
and rainfall in farm locations, and the short and long-term
adaptation strategies farmers employ to mitigate potential
adverse effects of climate; (3) to achieve substantial vari-
ation in the data set, covering all the agro-ecological zones
in the country, as well as the major and minor crops, rain-
fed and irrigated agriculture, small and large scale pro-
duction, and traditional and improved technology-based
agriculture. All the selected divisions and villages/towns
were covered during the survey in eight agro-ecological
zones.” A sample comprising of 800 households was
interviewed from 50 out of the then 58 administrative
divisions in Cameroon. In the current study we purpose-
fully disaggregate from the dataset, households headed by
women, i.e. with no male figure in the decision-making
process, and households that are male-headed. This gives a
sample of 362 female-owned farms and 438 male-owned
farms across three major agroecologies in the south, west
and northern regions of the country. These three regions are
studied for their spatial importance as poles of agricul-
ture in the country supplementing agricultural supplies to
neighbouring regions and zones. The ecology and

S While least square estimation provides a consistent estimate of the
parameters of the conditional moments [e.g. in Eqs. 6 and 7], it will
be of interest to test hypotheses about these parameters. In general,
the conditional moment specifications suggest the presence of
heteroscedasticity (e.g. Just and Pope 1979; Yang et al. 1992). This
must be taken into consideration in conducting hypothesis testing. We
examine this by implementing the procedure proposed by White
(1980), which gives consistent estimates of the standard errors in the
presence of general heteroscedasticity.

7 These are the Sahel, Sudan savanna, Low savanna, High savanna
(savanna-montane), Forest-savanna ecotone, Guinea savanna, Humid
equatorial and Littoral moist equatorial forest. This classification is
based on the variability in precipitation, average temperature,
vegetation, relative humidity, reference evapotranspiration, wind
speed and total solar radiation.
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socioeconomic characteristics of the study sites are
described in Molua and Lambi (2006). The current study is
delimited to examine the effects of rainfall and temperature
on farming activity. While global climate change is
embodied in temperature, rainfall, carbon dioxide, run-off
and their interaction, in tropical agriculture rainfall and
temperature are, however, significant limiting conditions
that determine the carrying capacity of the biosphere to
produce enough food for the human population and
domesticated animals (see Reilly et al. 1996; Rosenzweig
and Liverman 1992; Parry et al. 1988; Thompson 1975).
This study therefore assesses the balance of the effects of
rainfall and temperature on agricultural holdings in Cam-
eroon. The data on rainfall and temperature is generated
from the Africa rainfall and temperature evaluation system
(ARTES),® and regional area average extrapolated with use
of ArcGIS (Lokupitiya et al. 2007; Satti and Jacobs 2003).

Empirical findings and discussions
Risk management options

About 92% of farmers employ more than one form of risk-
management and risk-coping strategy to maximise profits
and protect production activities from adverse climatic
conditions. Primarily, about 80% of female farmers
diversify production and income alternatives to minimise
the effects of climate risks or maximise use of all resources
available to households. A wide variety of crops are grown
across the different ecological zones in the country. This
allows farmers to choose among differing combinations of
inputs and crop outputs when responding to rainfall vari-
ations. Female farmers, however, tend to shift to crop
mixes that require less labour and capital, away from some
field crops in response to rainwater reductions. The high
water requirements of several field crops lead to movement
away from field crops to fruits, nuts and vegetables. The
shift in crop mix appears to have significant impacts on the
demand for farm inputs for both male and female farmers.

However, a gender-based difference in accessing pro-
duction resources is observed. Though in male-headed
households, men and women are observed to have

8 The Artes (Africa Rainfall and Temperature Evaluation System)
published by the World Bank in collaboration with climate centers,
provides basic statistics of rainfall and temperature for the continent
of Africa based on NOAA’s Gridded Africa Rainfall and Temper-
ature Climatological Dataset. Two basic series were provided by
NOAA, one is the daily rainfall and temperature from 1 January 1977
to 31 December 2000. The other is the monthly precipitation from
January 1948 to December 2001. This is complemented with recent
NOAA/FAO satellite information. The precipitation data measures
the amount of rainfall in millimetres per unit of area. The temperature
is measured in degrees Celsius.
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Table 1 Access of women to decision making and resources in
farming households. Source: computed from Survey Data, 2005

Percent of respondents

Type of crop to cultivate 43.5
Harvesting 39.8
Selling produce 554
Income expenditure 323
Right and access to information 25.6
Right and access to credit 23.2
Right and access to land ownership 29.7

complementary roles, sharing or dividing tasks in farm
production, in some cases, women and men have distinctly
different tasks and responsibilities with varying access to
production inputs and support services. As shown in
Table 1, women generally have much less access to
resources than men. In reporting their access to farming
information, financial capital and farmland, 25.6, 23.2 and
29.7% of women living in male-headed households attested
to having access to these resources. In terms of decision
making, 43.5, 39.8, 55.4 and 32.3% of women make
decisions on the type of crop to cultivate, when to harvest,
where to sell and how to spend farm income. The causes of
the low proportion of women having access to productive
resources are rooted in discriminatory traditions and atti-
tudes and women’s inadequate access to decision-making.
Some studies have shown that throughout Cameroon,
women have insufficient access to land, credit, agricultural
inputs and technology, training and extension, and formal
marketing services. While the national law gives women
equitable access to land and productive assets, in practice
such access is more often through male heads of house-
holds, and many rural women are not aware of their rights
and obligations. Such lack of ownership or access to pro-
duction resources may have implications on output and
farm returns. And as the production environment changes
and efforts to adapt intensify, these differences become
even more important for ex-post and ex-ante risk man-
agement strategies.

As shown in Table 2, ex-ante and ex-post risk man-
agement options differ among the different agroecologies
in the country, with female farming households in the
northern Sahel savannah zone developing more sophisti-
cated strategies to reduce the impact of shocks. In the other
zones, risk management in the crop systems involve the
farmers tailoring their farming decisions to the season
ahead, by adopting some practices that are flexible, such as
choosing certain soils, crops and varieties, and varying
their proportions in mixed/inter-cropping systems; altering
the area planted by crop and location; using genotypes
of varying maturity, e.g. planting early maturing short-
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Table 2 Adaptation choices of female versus male farmers in Cameroon. Source: computed from Survey Data, 2005

Management options Adaptation choices

Humid moist forest
(Southern Cameroon)

Sahel savanna
(Northern Cameroon)

High savanna
(Western Cameroon)

Female Male Female Male Female Male
adoption adoption adoption adoption adoption adoption
rate (%) rate (%) rate (%) rate (%) rate (%) rate (%)
Soil management Apply soil amendments, 55 59 63 68 76 77
e.g. farmyard manure
Increased fertiliser application 32 43 38 47 45 51
Change site 37 62 25 72 15 42
Others 15 17 32 35 26 29
Crop management Multiple-cropping 85 49 78 40 32 26
Mixed-cropping 70 54 65 59 28 19
Mono-cropping 25 61 86 74 90 95
Plant protection, e.g. staking, 67 83 54 61 32 38
shading and shelter
Seed treatment 35 42 46 47 73 58
Application of pesticides 30 55 35 58 42 47
Drought tolerant varieties 26 33 45 52 75 63
Others 19 16 25 29 35 31
Water management Rainwater harvesting 34 56 48 67 69 82
Manual watering 36 41 43 52 54 65
Increased use of irrigation 25 27 28 39 43 61
Others 10 17 19 27 33 36
Farming operations Early planting 65 57 54 21 35
Late planting 26 39 45 48 61 56
Early crop harvesting 59 48 55 51 28 26
Late crop harvesting 18 29 46 58 77 82
Storage 35 44 43 49 65 52
Prompt marketing 84 63 87 74 45 31
Others 23 27 15 21 25 33
Socio-cultural activities Traditional ceremonies 17 29 18 37 15 24
Religious prayers 20 16 24 19 36 24
Migration 5 12 11 16 17 21
Others 21 14 32 27 38 31

duration varieties; adjusting sowing time and sequence;
applying or withholding suitable soil amendments, fertil-
izers and pesticides; varying seeding rates, plant spacing
and row orientation to match seasonal expectations;
adjusting water conservation practices depending on soil
moisture status and climate. In addition to farming options,
farming households also undertake a range of consumption,
investment, or income generation strategies to cope with
expected shortages, such as migrate to seek employment;
undertake non-farm economic activities; disinvest house-
hold and personal assets; avoid selling remaining food
stocks; and reduce non-food expenditures.

As revealed in Table 2, about 55% of women farmers in
the humid forest zone rely on soil amendments such as
farmyard manure, as opposed to 63 and 76% of farmers in

the high savannah and Sahel savannah, respectively. The
use of fertiliser as a response option to climate variability is
corroborated in Alem et al. (2010), who find evidence that
fertiliser use responds to rainfall variability, with the
intensity of current year’s fertiliser use positively associ-
ated with higher rainfall levels experienced in the previous
year. The inaccessibility to fertilizer means that producers
rely on alternatives such as mulching and increased mul-
tiple crop. For instance, 85% of women farmers in the
moist humid zone employ multiple cropping as a coping
mechanism, whilst 78 and 32% of farmers in the High and
Sahel savannah, respectively, adopt multiple cropping as a
crop management option to adapt to variable climatic
conditions. An important observation is that, in farm
practice adjustments that require extensive use of
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Fig. 3 Distribution of profits in male and female-owned farms

resources, such as changing farm site or rainwater har-
vesting, male farmers show a greater response rate than
female farmers. This may account for the different levels in
the profitability of the holdings.

Measuring farm profit as revenue minus cost on per
hectare basis and computed for all the three zones studied,’
Fig. 3 shows that in the milder climatic regions of the
humid forest and high savannah male producers record
higher returns than females, while in the harsh drier regions
females observe higher profits than males, reaching an
annual maximum of about US$ 842 and US$ 526,
respectively. That female profit levels in the humid south
are higher than male returns in the drier north could be
explained by socio-cultural and environmental differences
in the practice of cropland agriculture.

In addition to the farm management choices noted in
Table 2, risk-coping strategies for both groups are
observed to involve self-insurance (through precautionary
savings) and informal group-based risk-sharing. During
periods of long dry-seasons, there is attempt to earn addi-
tional income through a reallocation of labour, including
temporary migration, earning income from collecting wild
foods (for own consumption) and gathering activities (such
as increased firewood collection). About 5% of women
farmers compared to 12% of men farmers in the moist
humid zone consider migration as an option to cope with
climate risks. Similarly, about 11% of female farmers
compared to 16% males in the High savannah, and 17%
females as against 21% of males in the Sahel savannah,
report to have moved from another location as an adapta-
tion to changing climatic stress.

On the whole, ex ante, the risks in the production pro-
cess and the need for ‘income smoothing’ are ensured
through income diversification. Some farmers combine
activities with low positive covariance and income-

° Information on input and output prices with sufficient variation
across farms in the different study regions are accounted for in the
profit and income estimations. Hence, with producers being price-
takers in all the markets, prices are endogenous to the estimation, with
market prices and access to the market accounting for profit levels.

@ Springer

skewing, i.e. taking up low risk activities even at the cost of
low return. Some households are involved in a variety of
activities, including farm and off-farm activities, use sea-
sonal migration to diversify or focus on low risk activities
even at the cost of a low return. Interestingly, formal credit
appears to contribute only little to reducing income risk and
its consequences. Where accessibility is ensured, formal
loans from microfinance programmes serve investment and
consumption purposes via their fungibility. Formal insur-
ance markets for agriculture is typically absent. Informal
credit and informal insurance, however incomplete, help in
mitigating uncertainty and allow some producers to cope
with risky incomes. While traditional credit systems
(rotating savings) often include a lending possibility, which
is used for consumption purposes, informal credit markets
also appear to adjust to high-risk environments. For
instance, accessibility to credit possibly accounts for the
observed disparity in the study regions in the use of fer-
tilizer, and as Alem et al. (2010) note abundant rainfall in
the previous year could depict relaxed liquidity constraints
and increased affordability of fertilizer, which makes
rainfall availability critical in severely credit-constrained
environments.

Analysis of the mean and variance of profit

Not only do male farmers observe higher returns than
females, with men-owned farms recording on average US$
550 per hectare and women-owned farms observe average
returns of US$ 480 per hectare, there is significant variation
in farm return within groups across the zones. Women-
owned farms record profits in the range of US$ 620 per
hectare per household to about US$ 840 for crop enter-
prises across the different agroecological zones. As shown
in Table 3, a comparative analysis of the three agroecolo-
gies, reveals higher profits accruing to farmers, especially
males, in the High Savannah zone.

The zonal variation in revenue and profits is possibly
explained by climatic fluctuations, market price fluctua-
tions and social conditions. Areas with high inter-annual
variability of rainfall, which are located on the northern
Sahel savannah zone, observe consistently higher price
levels for staples such as sorghum, millet and rice. How-
ever, since the examined commodities are tradeable across
the national territory, price changes are not likely to be a
problem for producers as regional gains and losses in
production offset each other for a small net change in
national output. Changes in exogenous factors, e.g. climate,
impacting the biological output and yield are more likely to
be a problem. This is in line with observations in Mainardi
(2010), who studied the determinants of yields and prices
of local crops and find that most crop yields are found to be
weakly price-responsive, with seasonal rainfall elasticities,
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Table 3 Summary statistics of profit (US$) in three agroecological zones. Source: Computed from Survey Data, 2005
Location N Parameter
Mean Standard deviation Maximum Minimum
Humid moist forest (Southern Cameroon) Female (n = 162) 460.5 212.5 620.6 311.4
Male (n = 185) 680.7 360.4 943.8 425.6
High savanna (Western Cameroon) Female (n = 125) 582.5 340.5 935.5 250.8
Male (n = 167) 705.5 370.7 972.4 435.7
Sahel savanna (Northern Cameroon) Female (n = 75) 495.3 333.1 842.3 170.5
Male (n = 86) 370.9 205.6 525.5 230.3

suggesting that staple food crops have slight price margins
and relative resilience to rainfall shortages. To account for
such marginal changes, however, producers in Cameroon
diversify their production options and income sources as
households become increasingly exposed to both price and
climate risks. For instance, about 65% of all household
incomes in the northern Sahel come from non-cropping
sources, against 45% in the rainforest region. In the High
Savannah region, non-crop incomes are more diversified in
terms of sectors and less co-variant with the food crop
economy, thus insulating the household better against
climatic fluctuations.

Relationship between profit and climate risk

Exploring the implications of climate risk on expected
farm profit, we employ the maximum likelihood estima-
tion procedure with profit as the dependent variable and
climatic factors as the independent variables. Risk is
measured in three forms: (1) variance of climate vari-
ables, (2) variance of non-farm income, and (3) variance
of climate variables per unit variation of non-farm
income. The non-farm income (NFI) variable captures
two effects: the impact of economic factors (e.g. tangible
wealth) on farm profit, as well as the impact of social
factors (i.e. intangible wealth). Rainfall (temperature) is
the anomaly of farming season rain (temperature) mea-
sured as deviation of farming season mean from annual
mean for each of the farming communities within the
three zones studied. These deviations (anomalies) from
their mean, which account for the unreliability and var-
iability of climatic variables, are subjected to econo-
metric tests to ascertain their impact on farm profit. And
by estimating profit, account is inherently made on the
direct effects of climate on the yields of different crops
as well as the indirect substitution of different inputs, the
introduction of different activities and other potential
farm adjustments to different climates. Hence, the anal-
ysis is guided by the assumption that, to varying degrees,
farms trade-off profitability and risk when making

decisions, preferring less uncertainty in ultimate profits
for any given level of expected profits.'®

As Fig. 1 posits, farmers in different regions and eco-
logical zones are associated with different levels of climate
and hence varying risk, and Table 2 shows that they
respond differently to the risks they face. As anticipated
under risk aversion and yield uncertainty, the regression
coefficients for climate variance are significant in all three
ecological zones. Table 4 shows that risk measured as
variations in rainfall has a positive significant impact on
both expected profits and variance in profits. Rainfall and
temperature anomaly are significant across all zones having
a priori an expected negative sign, while their squared
terms are highly significant. The latter reveal that in
Southern Cameroon mean profit decreases by 11.2% in
female-managed farms for a 1 standard deviation (SD) of
rainfall from the mean value. Temperature anomaly simi-
larly decreases profit by 1.8% for a 1SD of temperature
from the mean value. Furthermore, the impact on profit
increases significantly with the squared terms. The impacts
are stronger in the drier Sahelian regions. The squared
terms being strongly significant implies that the observed
relationships are non-linear. The squared term for rainfall is
negative, implying that further deviations may lead to
negative outcomes. More importantly, the negative influ-
ence of the squared terms highlight that the price effect
resulting from declines in output level may not be sufficient
to cushion declines in farm earnings. Temperature varia-
tions exhibit similar effects, albeit with lower significance.
These findings confirm the a priori expectation that tropical
rainfall acts more of a limiting factor in crop production
than temperature in the region. However, the low signifi-
cant influence of temperature could be reinforced by

' To ensure marginal price changes do not mitigate the welfare
effects, we compute and use marginal changes in the expected profit.
Thus, the marginal impact of a single climate variable, e.g. rainfall
RF;, on profit is evaluated on the extent of variation of that variable
E[0n/dogr,]. The obtained marginal change in profit is hence the
marginal welfare effect of the change in the variation of the
exogenous climate variables. This approach controls for the overes-
timation of the welfare effects due to price variation.
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long-term global warming, with negative consequences
since most crops in the region, especially cereals, are
already operating at their temperature optimum.

The results in upper part of Table 4 enable us to
examine these relationships by gender. For each zone, we
estimate the variation of climatic factors that maximizes
expected income. For male-managed farms in Southern
Cameroon, variations in rainfall, temperature and non-farm
income tend to lower expected farm profits by 9.2, 1.2 and
2%, respectively. The respective values for expected farm
profit in female-managed farms in the same zone are 11.2,
1.8 and 2.2%. As seen in the lower part of Table 4, vari-
ations in climatic variables reinforce the variations in farm
profit, with returns to female-managed farms consistently
more impacted than that of their male counterparts. And as
one moves further north to the drier parts of the country,
the variations are more significant for both male and
female-managed farms and the expected profits are maxi-
mised under larger variations in climatic factors. Risk
measured as the variance of rainfall or temperature per unit
variation in non-farm income is also significant and
positive.

The positive sign across all agroecologies and farming
groups indicates the resilience of adaptation choices in
cushioning against profit declines. This informs that the
potential for adaptation to alleviate income vulnerability
may not be influenced solely by cultural practices, but also
by historical experiences in changing environmental con-
ditions. As such, farmers in the High Savannah zone show
a relatively large trade-off between expected return and
risk, whereas the trade-off is less pronounced under the
Sahel savannah zone and relatively less pronounced in the
Humid Moist Forest zone. This means that, for farming in
the Sahel zone, risk can be reduced without much reduction
in expected profit by employing farm practices and
adopting crops that are tolerant to prevailing and projected
climatic conditions. This would imply that a moderately
risk-averse farmer chooses a drought-tolerant crop to avoid
risk while not sacrificing much in expected profit.

On the other hand, for farms in both the High Savannah
and Humid Forest zones, the mean profit-risk trade-off is
more significant and the choice of crop and farming prac-
tices would depend on farmers’ risk preferences. For
example, a risk-averse farmer has incentive to harvest and
store rainwater, but a risk-neutral farmer would choose to
grow early maturing crops because this may increase
expected profit. These differences among farms in different
ecological zones emanate from the costs incurred and dif-
ferent options employed in adapting to varying and
changing climate. In particular, when the adaptation costs
are minimal, planting a high yielding variety produces both
higher expected profit and higher risk. Alternatively, when
adaptation cost becomes significant, using a high yielding

hybrid has only a modest effect on expected net return
while significantly increasing risk exposure. This high-
lights the importance of technology and associated costs.
On investigating the linkages between technological
change and production risk, Kim and Chavas (2003) find
that technological progress contributes to reducing the
exposure to risk, with the effect varying across sites. The
Cameroonian experience with technology and regional
variations is similar to observations in other parts of the
continent. For instance, Kassie et al. (2008) investigate the
impact of stone bunds on the value of crop production per
hectare in low and high rainfall areas of the Ethiopian and
find that plots with stone bunds are more productive than
those without such technologies in semi-arid areas but not
in higher rainfall areas, apparently because the moisture
conserving benefits of this technology are more beneficial
in drier areas. This indicates that the performance of stone
bunds varies by agro-ecology type, suggesting the need for
designing and implementing appropriate site-specific
technologies. This corroborates the observation of Olsson
et al. (2005) that the increasing vegetation greenness across
the Sahel in recent times could be due to improved land
management as an adaptation choice.

Implications, recommendations and conclusion

While farm-level adaptation brings benefits associated with
decreased yield variability, farm activities that are under-
taken to increase crop protection increase income volatility
in the short-run, creating a disincentive to adapt for more
risk-averse farmers. As a result, to stabilise income, a
significantly greater proportion of female farmers than
male farmers opt for low cost adaptation methods such as
mulching and mixed cropping, which impact less on farm
earnings yet positively contribute to yield stabilisation. In
general, profit and income levels are observed to increase,
in the short-run, in the drier areas with certain climatic
conditions. However, when drier conditions are reinforced,
profits decline. Hence, female farmers in milder zones tend
to be more reactive in adopting conservation and protective
methods than proactive farmers in already harsh climatic
zones. Risk coping strategies are thus observed to be
insufficient in milder zones. The estimate of the contribu-
tory effect of farm management options in influencing
revenue levels highlights their role in poverty alleviation in
a setting in which farming is the predominant source of
sustenance income. The employment of periodic migration
in the harsher regions may be an insufficient response to
enhance a households’ long-term wellbeing, for, as noted
by Mueller and Osgood (2009), large short-term rainfall
shocks may damage the long-term income of households
that have permanently migrated from rural to urban areas.
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This outcome is consistent with the behaviour of credit-
constrained rural households who are willing to accept
lower long-term income in urban areas following the
depletion of their productive assets during an adverse
shock.

In essence, therefore, climate variability undermines
agricultural development, by further impoverishing low-
income farm households, reducing agricultural yields and
incomes, and reducing productivity in rain-fed farming
systems. Government crop commodity programs can help
female farmers reduce the variability in overall profit.
There is a need to institute commodity programs for basic
food and cash crops such as corn, groundnut, soybean, rice
and cotton, to remove both the yield risk and the market
risk by ensuring a farmer a target price for a guaranteed
quantity on each hectare enrolled in the program. This will
allow farmers to grow important nutrient field crops that
appear to have a lower expected return than other crops.
This must be combined with formal or informal insurance
and credit transfers, which will have to merge with
extension service effort to stabilise food and income levels.

In addition, the observed climatic risks could be
managed through agro-biodiversity and agri-environmental
policies as highlighted in the variation and stability
between farmers in the humid forest zone and those of the
drier Sahelian region. According to Baumgartner and
Quaas (2010) agro-biodiversity can provide natural insur-
ance to risk-averse farmers by reducing the variance of
crop yield, and to society at large by reducing the uncer-
tainty in the provision of public-good ecosystem services.
With the empirical results from Cameroon showing
regional disparities in farm returns, risk management
strategies need therefore to be adapted to both the location,
type and ownership of farm. These options seem particu-
larly relevant in a context where global warming contrib-
utes to increasing weather uncertainty.
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