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a b s t r a c t

This study measured the impacts of drought tolerant maize varieties (DTMVs) on productivity, welfare,
and risk exposure using household and plot-level data from rural Nigeria. The study employed an
endogenous switching regression approach to control for both observed and unobserved sources of
heterogeneity between adopters and non-adopters. Our results showed that adoption of DTMVs
increased maize yields by 13.3% and reduced the level of variance by 53% and downside risk exposure by
81% among adopters. This suggests that adoption had a “win-win” outcome by increasing maize yields
and reducing exposure to drought risk. The gains in productivity and risk reduction due to adoption led
to a reduction of 12.9% in the incidence of poverty and of 83.8% in the probability of food scarcity among
adopters. The paper concluded that adoption of DTMVs was not just a simple coping strategy against
drought but also a productivity enhancing and welfare improving strategy. The results point to the need
for policies and programs aimed at enhancing adoption as an adaptation strategy to drought stress in
Nigeria and beyond.
© 2017 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Agriculture in Africa is highly vulnerable to climate change and
variability (Schlenker and Lobell, 2010; Haile et al., 2017). The
occurrence of climate change-induced rainfall shock in general and
drought shock in particular affects food security in many devel-
oping countries (Wossen et al., 2016). As a result of climate change,
droughts have become more severe, longer, and more frequent
(Hyman et al., 2008). The economic costs can, therefore, be enor-
mous as drought has the potential to cause a severe food crisis,
hunger and malnutrition, as well as sustained long-term poverty
traps due to the limited adaptive capacity of smallholders (Collier
et al., 2008; Bryan et al., 2013). Of particular interest, at least in
the context of Africa, is the adverse effect of drought on the pro-
duction of maize, Africa's most important food crop. Maize is grown
on nearly 30 million ha of land, supporting over 300 million people
on the continent (Tambo and Abdoulaye, 2012; La Rovere et al.,

2014; Fisher et al., 2015). However, maize is also a crop that is
highly susceptible to drought. According to Fisher et al. (2015),
around 40% of Africa's maize-growing areas face occasional drought
stress, resulting in yield losses of 10e25%. Moreover, Schlenker and
Lobell (2010) pointed out that production of maize would decline
by 22% in sub-Saharan Africa (SSA) by 2050 due to climate change.
Reducing the vulnerability of maize producers to drought shocks is,
therefore, an important entry point to improve productivity and
hence reduce the prevalence of food insecurity and poverty.

Efforts have been made to develop adaptation strategies against
drought stress. Notable among these was the DTMA project -
Drought Tolerant Maize for Africa - which was initiated with the
aim of developing and deploying drought-tolerant maize varieties
(DTMVs). As the project targeted production zones where the
rainfall patterns and climatic conditions varied considerably within
and among seasons, the varieties that were developed were
selected for high yield potential under both drought stress and
favourable growing conditions. Over 200 distinct DTMVs were
released in 13 countries across SSA with the support of the DTMA
project in the last nine years (Fisher et al., 2015). These varieties* Corresponding author.
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were endowed not only with tolerance to drought but also with
high levels of lysine and tryptophan, better nitrogen use-efficiency
and resistance to the major foliar diseases (Fisher et al., 2015).
Adoption will therefore be crucial as it might reduce the variance
and downside risk (probability of crop failure) associated with
maize production.

A drought shock, besides exacerbating current levels of food
insecurity, may lead to sustained long-term asset poverty traps as
poor farmers may sell their key assets, such as land and livestock, as
a coping measure. In addition, drought-induced crop failures can
adversely affect labour supply to agricultural production, educa-
tion, and health outcomes. The lack of formal insurance and social
safety nets in many African countries implies that the risk of
drought can be consequential and that variance and downside risk-
reducing technologies can provide substantial gains for poor and
food insecure farmers (Kostandini et al., 2013). As such, DTMVs can
serve as a risk reducing technology option in the absence of formal
insurance and safety net mechanisms (La Rovere et al., 2014; Fisher
et al., 2015). In doing so, they will enhance food security while
acting as an insurance against crop failure. However, empirical
evidence on this insurance function is non-existent.

As production risk is the inherent feature of African agriculture,
investigating the risk reducing effects of DTMVs is one of the ob-
jectives of this paper. We considered risk exposure in addition to
productivity as both the variability and skewness of maize yield
affect adoption decisions. In this context, besides their effect on
productivity, DTMVs can generate benefits by reducing farmers'
exposure to risk in general and downside risk in particular.1 Since
any firm economic understanding of the potential roles of DTMVs
under climate change and variability requires an understanding of
the dynamics and cross-sectional patterns of adoption, the paper
also examined the main determinants of adoption as well as the
potential benefits associated with it. The main contributions of this
paper are twofold: (1) to investigate how adoption affected pro-
ductivity as well as exposure to drought risk by explicitly esti-
mating its effect on the variance and skewness of maize yields; and
(2) to assess the effects of adoption on household food security and
poverty. The rest of the paper is organized as follows. Section 2
presents the conceptual framework. The data and descriptive sta-
tistics as well as the empirical estimation strategy are presented in
Section 3. The results are presented in Section 4. Section 5 con-
cludes with implications for policy.

2. Conceptual framework

Following Koundouri et al. (2006), we investigated the under-
lying effects of production risk and the risk-mitigating role of
DTMVs within the expected utility framework. In particular, we
used the moment-based (Antle, 1983) approach which enables the
flexible estimation of a stochastic production function under un-
certainty. Consider a typical maize producing farmer with a pro-
duction function y ¼ g (x, s, w, e), where y is maize output, x is a
vector of inputs other than DTMVs, s represents improved seeds (in
this case, DTMVs), w is weather variables, e is a vector of village
fixed effects, and g (x, s, w, e) represents the corresponding pro-
duction technology, given x, s, e, and w. We assume that the pro-
duction function is strictly concave and twice differentiable with
the usual conditions g0ðx; s;w; eÞ>0 and g

00 ðx; s;w; eÞ<0. Further-
more, suppose that a typical farmer acquires input xwith a unit cost

of r and DTMVs with a unit cost of c. In our setting, the source of
production risk is the weather conditions (w)whose distribution is
given by w � cðwjuÞ, where u is the micro-climate variables such
as drought shock. This distribution is exogenous to the farmer's
action. This is the only source of risk we considered; prices p and
cost of production c&r are assumed to be non-random as farmers
are price-takers in both input and output markets.

To capture the riskiness of the production process, we followed
the approach of Di Falco and Chavas (2006), Antle (1983), and Zhang
and Antle (2016). In particular, we captured the risk component of
the production function by introducing the variance and skewness
of maize yield through the moment-based approach as follows:

E
h
gðx; s; e; wÞ � f1ðx; s; e; wÞÞk

i
¼ fkðx; s; e;w; bkÞck � 2 (1)

where f1ð$Þ ¼ Eðgðx; s; e;wÞ represents the mean of the production
function. Given the above equation, the first moment (mean) of the
production function is defined as:

E½gðx; s; e;wÞ� ¼ f1ðx; s; e;w; b1Þ � cs� rx ¼ m1 (2)

Similarly, the second moment (variance) of the production
function is defined as:

E
h�

gðx; s; e;wÞ � Eðgðx; s; e;wÞÞÞ2
i
¼ m2 (3)

and the third moment (skewness) of the production function is
defined as:

E
h�

gðx; s; e;wÞ � Eðgðx; s; e;wÞÞÞ3
i
¼ m3 (4)

As shown by Antle (1987), the specification in Eqs. (2)e(4) can
be further expressed as a function of all the moments of the pro-
duction function using the third order Taylor approximation of the
expected utility function as:

E½uðpÞ� ¼ f1ðx; s; e;w; b1Þ; f2ðx; s; e;w; b2Þ; f3ðx; s; e;w; b3Þ
¼ ðm1;m2;m3Þ: (5)

where p is the net return from production. Since the farmers are
risk-averse they maximize the expected utility of net returns from
maize production in the following way:

Emax
xs

E½uðpÞ� ¼ uðm1;m2;m3Þ: (6)

The optimum condition for the adoption of DTMVs in elasticity
form is then given by:

m*1 �
cs
m1
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�
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�
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��
U*
3 ¼ 0 (7)

where m*j ¼
vuj

vs , s2 is the variance (or second central moment) of ðpÞ
and s3 is the skewness (third central moment) of p (Antle, 1987; Di
Falco and Chavas, 2006). From the above optimal condition, m*1 � cs

m1

captures the marginal net return of choosing DTMVs ðs*Þ and the
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depicts the marginal

risk premium of adopting DTMVs (Chavas, 2004; Di Falco and
Chavas, 2006; Zhang and Antle, 2016). Since DTMVs are risk-
reducing, we would expect farmers to choose them, based on the

marginal net return
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1 We included skewness of yield since the variance does not distinguish between
unexpected bad events and unexpected good ones. By capturing the skewness of
maize yield, we can examine the effect of adoption of DTMVs on downside risk (e.g.,
a decrease in the probability of crop failure).
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