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Climate change is expected to bring higher temperatures, changes to rainfall patterns and in many places
increased frequency and severity of extreme weather. Climate change is slated to affect the global food
equation both on the supply and demand side as well as local level food systems where small farm com-
munities often depend on local and their own production. As climate change has become more pro-
nounced, the risk to land-based food security faced by many of the world’s poor, such as rural
communities in Ethiopia and Niger, seems to have become more intense and less predictable. To avoid
food insecurity in response to climatic and other stressors, adaptation by small-scale, subsistence farms
needs to be accelerated. To effectively intervene to do so, there is a need to understand adaptive behavior
in terms of its drivers and its relation with welfare outcomes such as food security. In this paper, we
develop a conceptual framework of risk and adaptation, use regression and cluster analysis and the most
recent version of the Living Standards Measurement Surveys data for rural areas in Ethiopia and Niger, to
advance our understanding. We find that adaptation is associated with lower food insecurity in Ethiopia
but not in Niger. Formal education appears as a central element of adaptive capacity and is associated
with both adaptive production and income strategies. Female-headed households are much less adapted
to a changing climate. Perceived risk based on past hazard experience is crucial for adaptation. Results
from the cluster analysis confirm that spatial poverty traps exist. To maintain or enhance welfare in
the short term and resilience in the long run in the face of a changing climate, policy makers would do
well to focus on micro-regions identified as highly food insecure and build adaptive capacity through,
for example, gender inclusive education interventions.
� 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Climate change is manifested both through gradual shifts away
from stable climatic circumstances and through climate-related
extreme events. Climate change already affects human and natural
systems. The number of climate-related catastrophes has more
than tripled since the 1980s (Munich Re, 2020) and extreme events
such as heatwaves, floods and droughts continue to increase in fre-
quency and severity (IPCC, 2018). Areas where agriculture is the
backbone of economic activity are particularly exposed to climate
change. Drought and extreme heat are estimated to have led to
decreases in national cereal production across the globe of 9–10
percent (Lesk et al., 2016). Limited resources and low adaptive
capacity render the rural areas of many developing countries - such
as Niger and Ethiopia, which are under study here - particularly
vulnerable. In fact, one quarter of all damage (in US dollars) to crop
yields and food system infrastructure caused by drought and
extreme heat is happening in developing countries (FAO, 2015).
Land-based food insecurity is one of the eight key risks associated
with climate change (IPCC, 2018). Recent estimates suggest that
690 million people worldwide suffer from hunger daily and that
two-thirds of people who are hungry live in rural areas (FAO
et al., 2020; Laborde et al., 2020). Climate change is expected to
affect agricultural production and further undermine food security.
For wheat, rice and maize in tropical and temperate regions, cli-
mate change without adaptation will negatively impact production
for local temperature increases of 2 �C or more above late 20th cen-
tury levels, although individual locations may benefit (IPCC, 2014).
To support and sustain smallholders who can be economically dev-
astated by a single season of lost crops or animals, adaptation
needs to be accelerated.
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Table 1
Key socio-economic indicators in Ethiopia and Niger.

Ethiopia Niger

GDP per capita USD 936 USD 565
Population size 115 million 23 million
Mean years of schooling 3.8 2.6
Gender parity index in education 0.93 0.86
Urbanization (% of population) 21% 17%
Human Development Index 0.47 (173/189) 0.37 (189/189)
Vulnerability index 0.56 (162/181) 0.66 (180/181)
Adaptation readiness 0.32 (149/181) 0.33 (141/181)
Worldwide governance indicators �0.80 (�2.5–2.5) �0.76 (�2.5–2.5)
Agriculture (% of GDP) 34% 38%
Agriculture (% of labor force) 67% 75%

Notes: data are for the most recent year they were available, usually 2019. The
vulnerability index and adaptation readiness are from ND-GAIN. With the exception
of mean years of schooling from Our World in Data, the gender parity index in
education from UNICEF and the urbanization rate from UN Population Division, all
data are from the World Bank (2019).
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In contrast to mitigation, which needs to take place at a global
scale to be effective, adaptation defined as ‘‘the process of adjust-
ment to actual or expected climate and its effects, in order to moderate
harm or exploit beneficial opportunities” (IPCC, 2019) can take place
at a number of scales, from local to global, addressing climate-
related problems at that particular level, and making use of capac-
ities available to that group of actors (Grothmann & Patt, 2005).
Small-scale, subsistence farms across sub-Saharan Africa already
adapt their behavior in response to a changing climate. One way
in which smallholders reduce their vulnerability to climate-
related events on-farm is through adaptive production strategies.
Drought-tolerant or climate-smart varieties of staple crops, for
example, have been introduced and adopted across the continent
(Fisher et al., 2015; Issoufou et al., 2017; Zougmoré et al., 2018).
Diversifying the sources of livelihood for subsistence farmers
beyond agriculture – an adaptive income strategy – also plays a
significant role in withstanding the adverse impacts of climate
change and in reducing poverty. However, on-going adaptation is
highly context specific as farming environments tend to be hetero-
geneous and adaptive capacity differs across households. Soil fer-
tility conditions, for example, can vary at short distances and
enabling conditions for agricultural intensification are variable
(Van Lauwe et al., 2019). Also, due to a lack of connectivity to
regional, national or even international markets, smallholders in
sub-Saharan Africa tend to produce largely for subsistence and
trade in local markets. This means that heterogeneous local level
food systems exist.

Understanding adaptive behavior is key to accelerating adapta-
tion. While much has been written on adaptation strategies in
mixed crop-livestock systems throughout Africa (e.g. Thornton &
Herrero, 2015; Descheemaeker et al., 2016), the determinants of
and constraints to climate smart technology adoption (e.g. Asfaw
et al., 2016) and income diversification (see Loison, 2015 for an
overview), the development of a robust theory around adaptive
behavior of smallholders and its empirical testing has remained
wanting. In this paper, we address this gap in the literature and
integrate the concepts of climate risk, adaptation and resilience
into a farm household model. We then use regression analysis
and nationally representative data for both countries to assess
adaptive capacity of farm households and how adaptation, in the
form of adaptive production and income strategies, affects house-
hold welfare. Given the above mentioned spatial heterogeneity,
needs-based adaptation planning is crucial. However, existing vul-
nerability assessments are at the national level or only point to
hotspots (Chen et al., 2018; Byers et al., 2018; Ericksen et al.,
2011) while the nascent literature on the use of micro-region
typologies to guide development interventions (see Torero, 2014;
Maruyama et al., 2018; Marivoet et al., 2019) does not yet consider
climate risk. To contribute to this strand of the literature and guide
policy makers in their adaptation planning, we use our regression
results to compute the risk of food insecurity and the proliferation
of adaptive production and income strategies at the subnational
level and use cluster analysis to develop a micro-region rural risk
typology.

Our regression results reveal that adaptive capacity particularly
in the form of land, livestock and formal education is important for
uptake of both adaptive production and adaptive income strate-
gies. We also find that there is an important gender dimension to
adaptation. Adaptation matters for household welfare although
not to the extent that we would have expected. We see for both
countries that at the subnational level the risk of climate change
impact is unequally distributed. Both countries contain critical
micro-regions that have high food insecurity, are highly exposed
and highly vulnerable to climate hazards. In terms of policy impli-
cations, interventions to build up the asset base are likely to accel-
erate adaptation and enhance household resilience to climate
2

shocks. Critical micro-regions may need to be prioritized for these
interventions.
2. Background

In contrast to European countries or the US, most countries in
Sub-Saharan Africa are highly vulnerable to climate change
(WMO, 2019). Ethiopia and Niger - the two countries selected for
this study - are both partly Sahelian and hence particularly
drought-prone. In fact, variable climate and exposure to current
and future climate change in conjunction with its poor socio-
economic conditions, render Ethiopia a highly vulnerable country.
Table 1 shows that the vulnerability component of the ND-GAIN
index, which measures a country’s exposure, sensitivity and capac-
ity to adapt to climate change, is 0.56 (rank 162/181)(Notre Dame
Global Adaptation Index, 2019). The combination of challenges
from current and future climate change and poor socio-economic
conditions in the world make Niger the second most climate vul-
nerable place in the world. The estimate of the vulnerability com-
ponent of the ND-GAIN index, is 0.66 (rank 180/181).

Multiple biophysical, political and socioeconomic stressors
interact to heighten the vulnerability of the two countries. Table 1
shows that the livelihoods of around two-thirds of the population
of Ethiopia and Niger are dependent on rain-fed agriculture, an
activity that is characterized by small-scale, subsistence farms.
The most immediate risk associated with a changing climate is
therefore that of land-based food security (IPCC, 2007). In Ethiopia,
rainfall variability and associated drought have been major causes
of food shortage and famine. During the last 40 years, Ethiopia has
experienced many severe droughts leading to production levels
that fell short of basic subsistence levels for many farm households
(Di Falco & Veronesi, 2018). Similarly, in Niger a near-average level
of rainfall as in 2008, 2010 and 2012, led to an acceleration in the
real GDP growth rate while below average rainfall as in 2009, 2011
and 2013, generally triggered a deceleration in growth (Wouterse
& Badiane, 2018). Given the seasonality of rain-fed agriculture,
food insecurity even in years of average rainfall is a concern in
the lean-season (Schnitzer, 2019; Hirvonen et al., 2020. For both
Ethiopia and Niger, kilocalorie availability per day is calculated
as less than 2200 calories per person while the stunting rate is
higher than 50 percent (Ericksen et al., 2011).

In dry, marginal environments of Ethiopia and Niger, adaptive
productive strategies such as soil conserving and conditioning
measures are relatively common (Di Falco et al., 2007; Kato
et al., 2011; Kosmowski, 2018). For example, Ethiopia’s Productive
Safety Net Program has been associated with increased tree plant-
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ing by farmers (Andersson et al., 2011). In Niger, one adaptative
production strategy that is pursued in the face of climatic stressors
is the digging of zaï pits, which are small holes (diameter 20–40 cm
and depth 10–20 cm) filled with compost and planted with seeds.
Zaï pits have been shown to contribute to both agronomic and eco-
nomic productivity and resilience of households (Wouterse, 2017).
Adaptive income strategies are also relatively common in both
countries. In Ethiopia, households earn income from selling pro-
cessed agricultural products, non-agricultural businesses or ser-
vices from home such as shops and trading of goods on the
street or in a market. Some households are involved in firewood
collection, preparation and sale and taxi/pickup truck services
(Proctor, 2014). In Niger, activities are more likely to be off-farm
and include individual non-agricultural enterprises such as extrac-
tion, manufacturing, trading and services (Dedehouanou et al.,
2018). Engagement in wage labor is limited in both countries con-
tributing less than five percent of rural income (Davis et al., 2018;
Dillon & Barrett, 2017). Households that pursue an adaptive
income strategy are thought to be less exposed to direct impacts
of droughts and floods, provided that their alternative income
sources are neither correlated with rainfall, nor directly or indi-
rectly dependent on agriculture (i.e. exposure falls to the extent
that complementary sources of income and food are non-
covariate) (Devereux, 2007). Important insights into adaptive
behavior can be gained from studying the determinants of ongoing
adaptation and assessing the adaptive capacity of rural households.

Table 1 also shows that the average score on the worldwide
governance indicators is �0.80 in Ethiopia and �0.76 in Niger for
a range of possible values from �2.5 to 2.5, which means that
the quality of governance is at the lower end of the spectrum.
The worldwide governance indicators capture the traditions and
institutions by which authority in a country is exercised. This
includes the process by which governments are selected, moni-
tored and replaced; the capacity of the government to effectively
formulate and implement sound policies; and the respect of citi-
zens and the state for the institutions that govern economic and
social interactions among them (Kaufmann et al., 2010). As Table 1
shows, Ethiopia ranks 173rd on the Human Development Index
and Niger last, which puts both countries in the low human devel-
opment category. The Human Development Index is a summary
measure for assessing long-term progress in three basic dimen-
sions of human development: a long and healthy life, access to
knowledge and a decent standard of living. Also, according to
Table 1, average years of schooling are less than four in Ethiopia
and about 2.5 in Niger, which means most people do not finish pri-
mary school. The gender parity index in education is 0.93 in Ethio-
pia and 0.86 in Niger, which means that particularly in Niger,
enrolment in primary education for girls is significantly lower.

The governments of Ethiopia and Niger have taken substantial
strides towards identifying priority sectors and defining adaptation
goals. In its National Adaptation Plan (NAP) submitted to the
UNFCCC in 2019, Ethiopia identified vulnerable sectors and a suite
of adaptation options for implementation at all levels and across
the different sectors. In Niger, a NAP roadmap was prepared, which
aligned its adaptation activities with existing initiatives like the
Nigeriens Nourish the Nigeriens (3N) initiative that aims to build
to national capacity for food production and supply and strengthen
food security and disaster resilience. With the ratification of the
Agenda 2063 both countries have committed to become a part of
a pan-African strategic framework that aims to deliver on its goal
for inclusive and sustainable development.

Adaptation readiness captures a country’s ability to leverage
investments and implement adaptation options. Readiness is a
combined index, taking into account economic, governance and
social aspects that together aim at forming a conducive enabling
environment for adaptation implementation. Table 1 shows that
3

the readiness index for Ethiopia while still low at 0.32 (rank
149/181) has steadily increased since 2016. The positive trend
for Ethiopia in the most recent years was primarily driven by pos-
itive developments in doing business, regulatory quality, rule of
law and reduced corruption indicators. Similarly, for Niger, the
index is 0.33, up from about 0.28 in 2015. For Niger, the main pos-
itive trends were in doing business, reduced corruption, education
and ICT infrastructure. However, the comparative low scores on
the adaptation readiness index imply that it remains challenging
for both countries to leverage the finance required to implement
their adaptation plans (UNEP, 2021).

Table 1 has described national level indicators but the risk of
climate change impact is unequally distributed within countries.
Farming environments in sub-Saharan Africa are highly heteroge-
neous. For example, soil fertility conditions can vary at short dis-
tances and enabling conditions for agricultural intensification are
variable (Van Lauwe et al., 2019). Studies of climate change
impacts on agricultural land use that combine sets of climates with
fixed socio-economic scenarios, have identified African ‘hotspots’
where climate change impacts are projected to become increas-
ingly severe by 2050 and food insecurity is currently a concern.
The southern part of Niger, for example, is found to have a partic-
ularly high multi-sector risk score as do the lowlands in the east
and west of Ethiopia (Byers et al., 2018). The south of Niger is also
projected to contain a high concentration of vulnerable people by
2050, particularly at higher warming (e.g. 3 �C) while both the
low-lands and Ethiopia would contain high concentration of vul-
nerable people by 2050. Using a range of bio-physical indicators,
Ericksen et al. (2011) have identified ‘hotspot’ locations across East
andWest Africa The southern part of Niger, for example, is found to
have low exposure to a decrease in the length of the growing per-
iod but be highly sensitive to this change in the climate and have
low coping capacity. Parts of Ethiopia’s highlands have high expo-
sure to a decrease in the length of the growing period and are also
highly sensitive to this change and have low coping capacity. Also,
highly heterogeneous local level food systems exist in both coun-
tries. This is mainly due to a lack of connectivity to regional,
national or even international markets, which means smallholders
tend to largely produce for subsistence and trade in local markets.
For example, there are areas where scarce and marginal resource
conditions have produced spatial poverty traps but also those that
despite their natural endowments and economic potential are
more prone to food insecurity due to, for example, a lack of trans-
port infrastructure. This spatial heterogeneity both in physical and
economic terms means that to inform adaptation planning more
granular data is required.
3. Adaptation, climate risk and resilience

The IPCC (2014) report defines the risk associated with climate
change as the probability of occurrence of hazardous events or
trends multiplied by the impacts if these occur. Risk Rð Þ is assumed
to have three dimensions: hazards Hð Þ – climate physical events or
trends, exposure Eð Þ and vulnerability Vð Þ. Exposure is defined as
the presence of livelihoods in places and settings that could be
adversely affected and vulnerability as the propensity or predispo-
sition to be adversely affected. While the hazard component of risk
is primarily a function of biophysical factors, exposure and vulner-
ability are also influenced by socio-economic factors (IPCC, 2014)
and the focus of our conceptualization.

To operationalize the concepts of risk, vulnerability and expo-
sure into measurable observations at the farm household level,
we interpret risk as referring to the stochastic dynamics of house-
hold welfare and in particular the propensity to avoid and escape
from food insecurity. Vulnerability is taken to mean the absence



Fig. 1. Conceptual framework of adaptation and resilience.

1 In both countries, hired labor is scarcely used on the farm.
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of adaptive production strategies and exposure the absence of
adaptive income strategies. Levels of exposure and vulnerability
are thus synonymous, respectively, with the extent to which
households have diversified their sources of livelihood (adaptive
income strategy) and/or have implemented on-farm adaptation
strategies (adaptive production strategy).

We subsequently impose a structural relationship on these con-
cepts and postulate that risk is the result of the interplay of hazards
with exposure and vulnerability R ¼ f H; E;Vð Þ. Second, we assume
that exposure and vulnerability describe the outcome of changes in
adaptive production and income behaviour to maintain welfare in
the face of climate disruptions (Burton et al., 1993). Adaptive pro-
duction behavior constitutes strategies that reduce climate risk of
farm operations. Adaptive income behavior constitutes strategies
that reduce climate risk of the livelihood. Subsequently, we distin-
guish endogenous and exogenous components. Hazards are exoge-
nous, although their experience is not, while exposure and
vulnerability are the outcome of changes in adaptive production
and income behaviour to maintain welfare in the face of climate
hazards, R ¼ f H;V Hð Þ; E Hð Þð Þ: Both are endogenous and explained
by a household’s capacity to adapt and previous hazard experience.
Fig. 1 gives a schematic overview of the conceptual framework of
adaptation and resilience.

As Fig. 1 shows, two additional concepts complete our theory of
change. First, adaptive production and income behavior is deter-
mined by adaptive capacity. Adaptive capacity refers to the condi-
tions that enable people to anticipate and respond to change, to
minimize the consequences, to recover, and take advantage of
new opportunities (Cinner et al., 2018). A key underlying determi-
nant of adaptive capacity is the availability of capital (financial,
social or human). Education, in particular, is thought to be one of
the most effective enablers of adaptation (Feinstein & Mach,
2020; Lutz et al., 2014). Adaptive capacity is also determined by
the willingness and capability to convert resources into effective
adaptive action. This is also demonstrated by the feedback loops
from preserved welfare to adaptive capacity and the learning and
experience of climate related events to adaptive capacity. Second,
if adaptation would enable households to preserve (or enhance)
welfare over time and in the face of myriad stressors and shocks,
then we can call the household resilient (Barret & Constas, 2014).
Given the heterogeneity in farming and institutional environments
4

within a country, a systematic classification of spatial types (or a
typology) according to their common characteristics in terms of
food insecurity and ongoing adaptation, is a useful tool for priority
setting for interventions that could enhance the adaptive capacity
of households and their resilience. In what follows, we develop a
modeling framework, which is used as the basis for our empirical
work.
4. Empirical analysis of adaptation, climate risk and resilience

We use a basic farm household model (e.g. Singh et al., 1986)
modified to describe decision making for the two adaptation
strategies in the form of input and labor allocation adjustments
and their impact on household welfare.

U ¼ E U Fa; Fm;H;Xp
� �� � ð1Þ

In (1), the household maximizes an expected utility function
with home produced goods, Fa, market-purchased goods, Fm; and
home time, H as arguments while Xp are preference shifters.
Households maximize welfare subject to an income constraint (2).

Fapa þ Fmpm ¼ Qapa þ Yo þ N ð2Þ
In (2), pa are prices for agriculture produce and Qapa indicates

income from agriculture, Yo income from non-agricultural activi-
ties and N is non-labor income. All rural households in our sample
are engaged in farming. Agricultural output, Qa; is generated
according to:

Qa ¼ g La;A;Xkð Þ þ t Að Þh ð3Þ
In (3), La is household labor allocated to agriculture, A are adap-

tive productive strategies such as implementation of soil conserv-
ing and conditioning measures or using drought resistant seed
varieties, Xk are productivity shifters including land.1 In (3) h is a
stochastic term reflecting the climate impact on agricultural produc-
tion h � N 0;r2

� �� �
and t represents the effect of the intensity of

adaptation investments on climate risk (Wouterse & Taylor, 2008).



2 The LSMS-ISA is a standardized nationally representative household panel
conducted in seven countries (Burkina Faso, Ethiopia, Malawi, Mali, Niger, Nigeria,
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Many households also derive income from non- or off-farm activi-
ties. These tend to be self-employment activities rather than wage
labor. Income from these activities is generated according to:

Yo ¼ f Lo;Xkð ÞjK ð4Þ
In Eq. (4) Lo is household labor supply allocated to nonfarm

activities, Xk are productivity shifters including fixed and human
capital. Engagement in non- or off farm activities is constrained
requiring for example investment capital. Because there is no mar-
ket for credit, the household is constrained by its adaptive capacity,
Kmax.

K � Kmax ð5Þ
The time constraint of the household is given by:

T ¼ Lo þ La þ H ð6Þ
The income and time constraints can be combined by incorpo-

rating (4) into (3) and rearranging gives the full income con-
strained defined as:

Y� ¼ pa Qa � Fað Þ � pmFm þ bw T � Hð ÞþYo þ N ð7Þ
The full income constraint is made up of the value of agricul-

tural produce minus ‘‘purchase” of own agricultural produce, mar-
ket purchases, the value of the household’s time endowment
minus ‘‘purchase” of home time consumption, non-farm income
and non-labor income. Because agricultural factor markets in
Ethiopia and Niger are not complete and not competitive, we usebw as the shadow wage rate for labor (Dillon & Barrett, 2017). Given
the aforementioned incompleteness of markets, we solve this
problem sequentially as in Sadoulet and De Janvry (1995). We first
obtain the Langrangian for this problem by substituting Eqs. (3),
(4), (5) and (6) into (1).

L ¼ EU pag La;A;Xkð Þ þ t Að Þhþ f Lo;Xkð ÞjK þ N; T � La � Lo;Xp
� �

þ k Kmax � K
� �

ð8Þ
where k > 0ifKmax ¼ K and.k ¼ 0ifKmax > KÞ

We derive the following decision rules for labor allocation to
non or off-farm activities and demand for adaptive production
strategies:

E
dU
dF

dYo

dLo

� �
jK

max

K
� E

dU
dF

pa
df
dLa

� �
ð9aÞ

E
dU
dF

pa
dg
dA

þ dt
dA

h

� �
> 0

�
ð9bÞ

Demand for non or off farm labor and adaptation inputs is thus
given by:

L�o ¼ L�o pa; pm; bw;Xk; h;K
� � ð10Þ

A� ¼ A pa;pm; bw;Xk; h
� � ð11Þ

Given optimal allocations, we can solve for consumption
demand in terms of prices and full income, Y� as:

Fa;m ¼ Fi pa; pm; bw;Y�� �
; i ¼ a;m ð12Þ

Fa;m ¼ Fi pa; pm;Y
� bw;K;N;Xp;Xk; T; h
� �� ð13Þ
Tanzania, Uganda). Because of their high vulnerability, Niger and Ethiopia were
selected as pilot countries. In the future, we hope to expand the typology work to all
seven countries. For both Niger and Ethiopia, one additional wave exists. For Niger
ECVMA data was collected in 2011 and for Ethiopia ESS data in 2013–14. While the
inclusion of an additional wave of data would add valuable insights into, for example,
the feedback loops depicted in Fig. 1, there are some differences between the two
waves in each country, which render their inclusion beyond the scope of the current
study.
5. Empirical strategy and data description

Having derived the demand for food, we can define food secu-
rity as determined by the difference between caloric availability
and needs or C� ¼ C � c where C is caloric availability and c is
5

the consumption need for a household, C� � 0 indicates that the
household is food secure while C� < 0 indicates that the household
is food insecure (Feleke et al., 2005). The dependent variable (food
security) is measured using a subjective indicator with households
considered as food insecure if they expressed a fear of not having
enough to eat in the seven days preceding the survey. Based on
the proxy, the household observed to be food secure F ¼ 1ð Þ is
assumed to have C� � 0 while the household observed to be food
insecure (F ¼ 0Þ is assumed to have C� < 0. Since the dependent
variable is discrete, food security can be cast as a qualitative
response model where pF is the probability of food security.

pF ¼ Prob F ¼ 1ð Þ ¼ Prob
X

biXi þ ei > 0
� 	

ð14Þ

The discrete version of demand for labor input for non- or off-
farm activities is given as:

pLo ¼ Prob Lo > 0ð Þ ¼ Prob
X

bjXj þ ej > 0
� 	

ð15Þ

The discrete version of demand for adaptation inputs is derived
from (11) as:

pA ¼ Prob A ¼ 1ð Þ ¼ Prob
X

bkXk þ ek > 0
� 	

ð16Þ

In Eqs. (14), (15) and (16), the b0s are parameters to be esti-
mated while X contains the exogenous variables derived from
the model. Both the adaptive production and income strategy are
modeled as a function of the same set of exogenous variables.
Descriptives of the variables in X are given in the annex. Because
the dependent variables of Eqs. (15) and (16) become independent
variables in Eq. (14), we jointly estimate Eqs. (14), (15) and (16)
using a seemingly unrelated multivariate probit model. To control
for unobserved heterogeneity, we use kebele level fixed effects for
Ethiopia and community level fixed effects for Niger. The error
terms ei, ej and ek are distributed as multivariate normal, each with
a mean of zero, and variance–covariance matrix V , where V has
values of 1 on the leading diagonal and correlations (qij = qji etc.)
as off-diagonal elements.

Data used for the regression and cluster analysis are the most
recent wave of the World Bank LSMS-ISA survey, the 2015–16
Ethiopian Socioeconomic Survey (ESS) in Ethiopia and the 2014
Enquête Nationale sur les Conditions de Vie des Ménages et l’Agri-
culture (ECVMA) in Niger.2 Data are nationally representative and
were collected for both urban and rural households. Given the focus
of this study on adaptation in agriculture, we only include rural
households in our analysis. Our sample therefore contains 2,136
households in Niger and 3,680 in Ethiopia. The ESS survey consists
of three rounds of visits to the household. The first round of the
ESS was carried out in September and October 2015 and collected
information on post-planting agriculture activities. The second
round was conducted in November-December 2015 and fielded the
livestock questionnaire to collect information on ownership, produc-
tion and utilization of livestock, and livestock by products. The third
round took place from February-April 2016 to collect information for
post-harvest agriculture. The first visit for the ECVMA was made
after the planting season (July-September 2014). The second visit
was made after the harvest season (November 2014-January 2015).



Table 2
Risk and its dimensions in Ethiopia and Niger.

Ethiopia Niger

Food insecure (1 = yes) 0.20 (0.40)1 0.57 (0.50)
Vulnerable (1 = yes) 0.50 (0.50) 0.68 (0.47)
Exposed (1 = yes) 0.46 (0.50) 0.49 (0.50)
Hazard experience (1 = yes) 0.34 (0.47) 0.36 (0.48)
Number of households 3,680 2,136
Number of regions 9 7
Number of zones/departments 68 63
Number of woredas/communes 770 256

1 Standard deviation in parentheses.
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In terms of our dependent variables, Table 2 shows that 57 per-
cent of rural households in Niger and 20 percent in Ethiopia were
food insecure.3 The Table also shows that almost 70 percent of
households in Niger and half of households in Ethiopia had not
implemented an adaptive production strategy. Table 2 shows that
about half of households in Ethiopia and Niger had not used an adap-
tive income strategy. Finally, Table 2 shows that a little over a third
of households in both countries had experienced a drought or flood
related shock in the five years preceding the survey.

For the cluster analysis, we aggregate the indicators of food
insecurity, vulnerability and exposure to the zonal level in Ethiopia
and the department level in Niger. As Table 2 shows, zones are a
second level subdivision of Ethiopia, below regions and above wor-
edas while in Niger departments are a second level subdivision
below regions and above communes. The indicators thus, respec-
tively, measure the share of households in zone or department that
were food insecure, vulnerable and exposed. We use a two-step
cluster analysis. We first identify groupings for each of these vari-
ables by running pre-clustering and then by running hierarchical
methods. We use the square Euclidian distance as our distance
measure and the between-groups linkage as our clustering
method. We categorize these three dimensions into low/moder-
ate/high classes known as ‘‘natural” breaks. The natural breaks
approach uses Jenks Natural Breaks algorithm, which, similarly to
cluster analysis methods, minimizes differences within classes,
and maximizes them across classes.4
6. Estimation and cluster analysis results

Table 3 and 4 display the seemingly unrelated multivariate pro-
bit regression results for our three variables of interest explained
by hazard experience, adaptive capacity and socio-economic and
bio-physical characteristics.

For Ethiopia, we find that hazard experience is negatively corre-
lated with vulnerability. This finding implies that households that
had experienced a drought or a flood in the 12 months preceding
the survey, were more likely to have engaged in on-farm adapta-
tion thereby reducing their vulnerability. Hazard experience is also
positively associated with exposure. This result could be indicative
of a poverty trap where hazard experience has eroded on-farm
adaptive capacity. We can also see that exposure is associated with
increased food insecurity. We further see that that households
with a better educated head feel less food insecure. Also, house-
holds that hold more cattle feel more food secure. Cattle is widely
3 Data on food security was collected in Ethiopia in September and October 2015
and in Niger between July and September 2014 both are before harvest, a period in
which food insecurity tends to be higher.

4 This approach reduces the arbitrariness in the positioning of the cutoffs between
classes, by finding ‘‘natural” breaking points that preserve clusters of ‘‘similar” units.
The category groups generated by the natural breaks approach can be very uneven,
and the resulting typology map can have fewer classes or some classes with very few
regions, but it is a more natural reflection of the underlying data.
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understood as a consumption smoothing mechanism (Dercon,
1998). In terms of socio-economic shifters of the risk dimensions,
we find that education is correlated with lower vulnerability and
exposure. Better educated household heads are more likely to have
put in place on-farm adaptation measures thereby reducing their
vulnerability. Also, more education is related to livelihood diversi-
fication through, for example, engagement in non-farm activities
and hence reduced exposure to climate risk. These results corrob-
orate earlier findings that education is an effective enabler of adap-
tation (Walker & Salt, 2012). Learning basic literacy, numeracy, and
abstraction skills is thought to enhance cognitive capacities
through raising the efficiency of individuals’ cognitive processes
and logical reasoning. Accordingly, because engagement in adap-
tive production and income strategies is initiated by stressors, such
as perception of climate risk, followed by assessments of the
household’s ability to respond to the threat, the more educated
tend to have greater risk awareness because of better understand-
ing of the consequences of the pursuit of adaptive strategies (Lutz
et al., 2014). While the role of education in reducing vulnerability
and exposure for households in Ethiopia is unambiguous, gender
differences are less clear cut. Male household heads are more likely
to have put in place on-farm adaptation measures and are thus less
vulnerable. In contrast, male and older household heads are less
likely to have diversified their livelihood and are therefore more
exposed to climate related events. In terms of productivity shifters,
higher cattle holdings are associated with reduced vulnerability
but higher exposure. This makes sense as cattle can easily be liqui-
dated to invest in on-farm adaptation but higher cattle holdings
may also make it more challenging to diversify due, for example,
lack of available labor. Households that hold more land are simi-
larly more exposed.

Hazard experience in Niger is associated with lower vulnerabil-
ity suggesting that households that had experienced hazards had
put in place on-farm adaptation measures. Neither vulnerability
nor exposure are associated with food insecurity. Reverse causality
may be at play here wheremore food insecure households aremore
likely to have engaged in on-farm adaptation or have diversified
their livelihood thereby reducing the influence of vulnerability or
exposure on food insecurity. The role of education is prominent also
in Niger with households with more educated heads feeling less
food insecure. Gender differences also explain food insecurity with
male headed households feeling more food secure. Both cattle and
land holdings and are associated with lower food insecurity. Again,
the role of education as an enabler for adaptation comes out clearly
as better educated household heads are more likely to have diversi-
fied their livelihoods reducing their exposure. Female headed
households are both more vulnerable and more exposed. Older
household heads are less likely to have diversified their livelihoods.
In Niger, where households tend to be larger, we also note that labor
availability explains diversification.

There are three main takeaways from this analysis. First, adap-
tive capacity particularly in the form of land, livestock and formal
education is important for uptake of both adaptive production and
adaptive income strategies. Although we did not interact the adap-
tive capacity variables with the sex of the household head, access
to resources can vary across households within the same commu-
nity and female headed households are often less well-endowed in
terms of land (see for example Quisumbing et al., 2019). Second,
there is an important gender dimension to adaptation. In both
countries, female headed households are more vulnerable because
they have not engaged in adaptative production strategies. In
Niger, female headed households are also more food insecure.
Interestingly, perceptions of risk and experience with shocks and
stressors also strongly vary between people. For example, the
underrepresentation of women in many spheres is said to influ-
ence risk prioritization and responses to shocks and stressors, such



Table 3
Regression results for determinants of food insecurity, vulnerability and exposure in Ethiopia.

Food insecure (1 = yes) Vulnerable (1 = yes) Exposed (1 = yes)

Hazard experience (1 = yes) �0.502 (0.065)*** 0.321 (0.067)***
Vulnerable (1 = yes) �0.076 (0.119)
Exposed (1 = yes) 0.419 (0.151)**
Sex of household head (1 = male) �0.150 (0.092)* �0.571 (0.093)*** 0.354 (0.088)***
Age of household head (years) 0.003 (0.002)** 0.001 (0.002) �0.001 (0.001)
Education of household head (years) �0.024 (0.009)** �0.025 (0.008)*** �0.014 (0.008)*
Household size (number) 0.011 (0.013) �0.012 (0.012) 0.018 (0.011)
Landholdings (ha) �0.074 (0.049) 0.002 (0.002) �0.004 (0.002)*
Cattle holdings (ha) �0.244 (0.048)*** �0.181 (0.027)*** 0.142 (0.024)***
Distance to road (km)/100 �0.029 (0.124) 0.369 (0.129)*** �0.053 (0.122)
Distance to town (km)/100 0.002 (0.082) 0.585 (0.098)*** 0.002 (0.084)
Distance to market (km)/100 0.128 (0.057)** �0.135 (0.065)** �0.040 (0.059)
Distance to border (km)/100 0.111 (0.027)*** 0.095 (0.030)*** �0.023 (0.029)
Precipitation z-score (2015)1 0.465 (0.044)*** 0.131 (0.041)***
Temperature (⁰C) (2015)/10 �0.110 (0.031)*** �0.037 (0.029)
Precipitation (mm) (2015)/10 �0.004 (0.001)*** 0.001 (0.001)
Potential wetness index (2015)/10 0.586 (0.139)*** �0.023 (0.014)
Elevation (m)/10 �0.006 (0.002)*** �0.002 (0.002)
Constant �1.22 (0.19)*** 4.25 (1.01)*** �0.066 (0.966)
Pseudo R-squared 0.09 0.26 0.10
Number of observations 3,680

Robust standard errors in parentheses; kebele level fixed effects not reported; *significant at 10 percent level; **5 percent level; ***1 percent level.
1 Rainfall z-scores are computed as the annual rainfall for the year under study minus the average annual rainfall for the 10 preceding years divided by the standard

deviation. We use Climate Hazards Group InfraRed Precipitation with Station (CHIRPS) precipitation data and compute rainfall z-scores for the year in which the survey was
conducted, 2015–16 in Ethiopia and 2014 in Niger.

Table 4
Regression results for determinants of food insecurity, vulnerability and exposure in Niger.

Food insecure (1 = yes) Vulnerable (1 = yes) Exposed (1 = yes)

Hazard experience (1 = yes) �0.208 (0.081)** 0.029 (0.073)
Vulnerable (1 = yes) �0.265 (0.187)
Exposed (1 = yes) �0.222 (0.175)
Sex of household head (1 = male) �0.302 (0.097)*** �0.302 (0.101)*** �0.263 (0.091)***
Age of household head (years) 0.004 (0.002) 0.001 (0.002) 0.006 (0.002)***
Education of household head (years) �0.024 (0.014) * �0.015 (0.015) �0.024 (0.015)*
Household size 0.001 (0.009) 0.000 (0.010) �0.045 (0.008)***
Landholdings (ha) �0.013 (0.005)*** �0.011 (0.006)* 0.009 (0.005)**
Cattle holdings (ha) �0.023 (0.013)* �0.011 (0.016) �0.000 (0.008)
Distance to road (km)/100 0.092 (0.361) 1.105 (0.565)* 0.009 (0.004)**
Distance to town (km)/100 0.322 (0.183)* �0.468 (0.281)* �0.053(0.235)
Distance to market (km)/100 �0.374 (0.247) �0.262 (0.281) �0.059 (0.240)
Distance to border (km)/100 0.076 (0.224) �0.386 (0.325) 0.092 (0.256)
Precipitation z-score (2014) 0.571 (0.158)*** 0.021 (0.141)
Temperature (⁰C) (2014)/10 �1.659 (0.542)*** �0.158 (0.483)
Precipitation (mm) (2014)/10 0.022 (0.026) �0.014 (0.020)
Potential wetness index (2014)/10 0.126 (0.089) �0.032 (0.085)
Elevation (m)/10 �0.101 (0.031)*** �0.029 (0.028)
Constant 0.377 (0.700) 53.04 (16.66)*** 6.03 (14.96)
Pseudo R-squared 0.26 0.27 0.21
Number of observations 2,136

Robust standard errors in parentheses; community level fixed effects not reported; *significant at 10 percent level; **5 percent level; ***1 percent level.
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as the purchase of insurance (Quisumbing et al., 2019). For exam-
ple, Delavallade et al. (2015) indicate that in West Africa men tend
to weigh risks to their farm activities more heavily while women
are more concerned about shocks affecting the health and school-
ing of household members. This points to a sharp difference in the
kinds of shocks that men and women are likely to insure against,
and their willingness to-pay for a given coping instrument. This
could be relevant here because of the relationship between hazard
experience and adaptation with female headed households adapt-
ing much less. Third, adaptation matters for household welfare
although not to the extent that we would have expected. This
could be due to the use of a single wave of the data. It is possible
that exploitation of the panel nature of the LSMS-ISA data would
7

reveal a stronger relationship between adaptation and welfare in
the long term.

Results for the cluster analysis are given in Table 5. In both
countries, we distinguish five types of micro-regions: critical, high
risk, medium risk with high exposure, medium risk with high vul-
nerability and low risk. Table 5 shows that in critical areas, food
insecurity is high as are exposure and vulnerability. As indicated,
high vulnerability is indicative of a lack of on-farm adaptation
and exposure is indicative of a lack of livelihood diversification.

In high-priority areas, food insecurity remains high but liveli-
hoods are less exposed and vulnerability is moderate. There are
two types of medium-priority areas, one where exposure is still
moderate or high, and vulnerability is low to moderate meaning



Table 5
A micro-region typology of food security and the level of adaptation.

Micro-region type Food insecurity Vulnerability Exposure

1 Critical High High High
2 High priority High Medium Medium
3 Medium risk w/ exposure Medium Low or medium Medium or high
4 Medium risk w/ vulnerability Medium Medium or high Low or medium
5 Low priority Low Medium or Low Medium or Low

Fig. 2. Micro-region risk typology for Ethiopia.
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that livelihoods have remained largely based on agriculture but
that households have engaged in some on-farm adaptation. The
second type of medium-priority area is less exposed in the sense
that livelihoods are diversified, but more vulnerable, because less
on-farm adaptation has taken place in these micro-regions. Finally,
low priority areas have low food insecurity but can still have mod-
erate exposure and vulnerability.

Figs. 2 and 3 present the micro-region typology maps for Ethio-
pia and Niger resulting from the cluster analysis described above.

We see for both countries that at the subnational level the risk
of climate change impact is unequally distributed. There is one
department in Niger and four in Ethiopia that can be considered
critical in terms of their need for adaptation. These micro-regions
have high food insecurity, are highly exposed and highly vulnera-
ble to climate hazards. For Niger the critical department is Thcin
Tabaradene. This department in the north of the Tahoua region,
which is partly in the Sahelian zone and extremely arid and houses
large numbers of transhuman and nomadic pastoralists, was iden-
tified as experiencing stress in terms of food security by FEWS NET
in 2014.5 In Ethiopia critical zones are Nuer, Borena, Liben. All three
zones are in the lowlands and have a high share of pastoralists. Nuer
is prone to flooding and Borena and Liben are at risk of drought.
According to FEWS NET, in 2015 both Borena and Liben though
5 FEWS NET Data Center | Famine Early Warning Systems Network.
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not Nuer were stressed in terms of food insecurity. Both countries
also contain a high number of medium-risk regions with high expo-
sure. In contrast to Ethiopia, Niger also counts a high number of
medium-priority areas with high vulnerability. The low priority
micro-region of Arlit contains uranium mines, which means that
incomes are likely to be more diversified. The Niger river flows
through the departments of Say and Gaya allowing for flood reces-
sion agriculture and gardening. The departments of Birni N’Konni
and Madarounfa border the seasonal Maggia river and households
are engaged in irrigated cash cropping of primarily onions for urban
areas of Nigeria. As a policy tool, therefore, the micro-region typol-
ogy can give guidance on where to intervene to support households
to adapt to a changing climate. Critical and high-priority areas are
representative of the spatial poverty traps that exist and would need
to be prioritized to accelerate adaptation.

In combination with our regression results, the typology result-
ing from the cluster analysis can provide some general guidance on
what the best types of interventions are to maintain or enhance
household welfare and in the long run achieve resilience. There
are essentially two ways to strengthen adaptive capacity by either
shifting the current state of households or by changing behavior
through reducing risky exposure (Barret & Constas, 2014).
Resources, in particular, land and the more liquid cattle holdings
are important for adaptation presumably because they enable
households to invest in adaptation. Cash transfers could be a way
for households to strengthen their asset base. Education clearly is



Fig. 3. Micro-region risk typology for Niger.
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an integral element of adaptive capacity. In addition to formal edu-
cation, the current state of households could be shifted by,
research-based adaptation learning support. The latter is thought
to accelerate social and policy change by maximizing learning
before and during adaptive decision-making (Lutz et al., 2014).
For example, agricultural extension programs in Ethiopia (a well-
established system of non-formal education) have been shown to
change farming practices by encouraging farmers to adopt new
cultivation and conservation techniques and by introducing
drought – or disease-tolerant crop varieties (Di Falco et al.,
2011). Because adaptive capacity does not only concern resources
but also the willingness and capability to convert resources into
effective adaptive action, education-related interventions could
also target the perceived efficacy of a risk-reducing adaptation
response or even strengthen the perceived self-efficacy or per-
ceived ability to perform or carry out an adaptive response
(Grothmann & Patt, 2005).
7. Conclusions and policy implications

Climate change is expected to affect agricultural production and
further undermine food security, in particular in Sub-Saharan Afri-
ca’s rural areas. Small-scale, subsistence farms in these areas
already adapt their behavior in response to a changing climate
through adaptive production and adaptive income strategies. How-
ever there is substantial heterogeneity in the extent to which
smallholders have been able to adapt. To support and sustain
smallholders, there is a need to accelerate adaptation. Understand-
ing adaptive behavior is key to successful adaptation action and
insights can be gleaned from this heterogeneity. In this paper, we
have incorporated farm household economic behavior into the
conceptualization of risk, adaptation and resilience. We have sub-
sequently extended a basic farm household model with equations
pertaining to adaptation decision-making and linking these to a
welfare outcome.
9

The empirical estimation of reduced form equations derived
from the model reveals that adaptation is associated with
increased welfare but only to a limited extent. We also find that
female-headed feel less food secure and that asset holdings are
important for perceived food security. Female headed households
are less likely to have engaged in on-farm adaptation in both coun-
tries. Results for exposure are mixed. In contrast to Niger, female-
headed households in Ethiopia are more diversified and thus less
exposed compared to their male counterparts. There is thus a case
to build adaptive capacity of female headed households particu-
larly to increase on-farm adaptation. Formal education plays an
important role in the perception of food security and for adapta-
tion. This is important as it suggests that investments in education
would result in a double-barreled pay-off both in terms of welfare
and adaptation. Investments in education does seem to be a virtu-
ous pathway towards resilience. We also find that asset ownership
is an important driver of adaptation. This finding suggests that
adaptive behavior could be enhanced through cash transfers that
would allow households to build up their asset base. Hazard expe-
rience is also strongly associated with adaptation. This is interest-
ing as it confirms that adaptation can take place autonomously
although it needs to be noted that risk perception also strongly var-
ies between people. We also find that there is considerable spatial
variation in food insecurity and adaptation in both countries with a
number of micro-regions being classified as critical or high-risk.
Clearly, by allowing for prioritization, a classification of risk at
the level of micro-regions aids adaptation planning. When looking
to accelerate adaptation, policy makers would do well to prioritize
these critical and high-priority areas.

The use of a single wave of data means that we have only been
able to assess whether adaptation is correlated with welfare in the
short-run. Future research should exploit the panel nature of the
LSMS-ISA data to measure the strength of the feedback loops of
experience and learning from climate shocks and enhance or main-
tained welfare in the face of a shock to see whether adaptation
could lead to resilience.
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Annex
Table A1
Variable descriptives for regression analysis.

Ethiopia (2015–16) Mean Std. dev. Min. Max

Education of household head (years) 1.46 2.93 0 15
Age of household head (years) 49.41 15.70 18 98
Sex of household head (1 = male) 0.92 0.28 0 1
Household size (number) 5.35 2.09 1 17
Landholdings (ha) 1.34 7.37 0 69
Cattle holdings (ha) 0.82 1.26 0 14
Distance to road (km) 16.06 21.07 0 242
Distance to town (km) 40.16 33.93 0 214
Distance to market (km) 67.00 50.25 0 283
Distance to border (km) 251.48 110.17 13 501
Precipitation z-score �1.06 0.87 �2.62 1.33
Temperature (⁰C) 19.41 3.55 10.90 29.40
Precipitation (mm) 1088 408 144 2 018
Potential wetness index 12.64 1.92 0 36
Elevation (m) 1 849 588 203 3 357
Number of households 3,680
Niger (2014) Mean Std. dev. Min. Max
Education of household head (years) 0.85 2.37 0 12
Age of household head (years) 47.21 14.34 17 98
Sex of household head (1 = male) 0.87 0.34 0 1
Household size (number) 7.88 3.84 1 33
Landholdings (ha) 5.89 7.22 0 89
Cattle holdings (ha) 0.92 3.52 0 51
Distance to road (km) 13.30 18.41 0 124
Distance to town (km) 66.10 46.88 0.20 211.90
Distance to market (km) 64.46 45.49 0.20 237.70
Distance to border (km) 127.23 77.15 0.80 405.60
Precipitation z-score �0.31 0.61 �3.03 1.21
Temperature (⁰C) 28.18 9.02 20.70 29.60
Precipitation (mm) 370 118 40 822
Potential wetness index 15.05 3.94 12 36
Elevation (m) 348 130 136 1 745
Number of households 2,136
References

Andersson, C., Mekonnen, A., & Stage, J. (2011). Impacts of the Productive Safety Net
Program in Ethiopia on livestock and tree holdings of rural households. Journal
of Development Economics, 94(1), 119–126.

Asfaw, S., Di Battista, F., & Lipper, L. (2016). Agricultural technology adoption under
climate change in the Sahel: Micro-evidence from Niger. Journal of African
Economies, 25(5), 637–669.

Barrett, C. B., & Constas, M. A. (2014). Toward a theory of resilience for international
development applications. Proceedings of the National Academy of Sciences, 111
(40), 14625–14630.

Burton, I., Kates, R., & White, G. (1993). The environment as hazard (2nd ed.).
Guilford.
10
Byers, E., Gidden, M., Leclère, D., Balkovic, J., Burek, P., Ebi, K., et al. (2018). Global
exposure and vulnerability to multi-sector development and climate change
hotspots. Environmental Research Letters, 13(5), 055012.

Chen, C., Hellmann, J., Berrang-Ford, L., Noble, I., & Regan, P. (2018). A global
assessment of adaptation investment from the perspectives of equity and
efficiency. Mitigation and Adaptation Strategies for Global Change, 23(1),
101–122.

Cinner, J. E., Adger, W. N., Allison, E. H., Barnes, M., Brown, K., Cohen, P., et al. (2018).
Building adaptive capacity to climate change in tropical coastal communities.
Nature Climate Change, 8, 117–123.

Davis, B., Di Giuseppe, S., & Zezza, A. (2018). Households in rural Africa still rely on
agriculture. In Agriculture in Africa: Telling Myths from Facts (pp. 65–73).
Washington: World Bank Group.

Dedehouanou, S. F. A., Araar, A., Ousseini, A., Harouna, A. L., & Jabir, M. (2018).
Spillovers from off-farm self-employment opportunities in rural Niger. World
Development, 105, 428–442.

Delavallade, C., Dizon, F., Hill, R., & Petraud, J. (2015). Managing Risk with Insurance
and Savings: Experimental Evidence for Male and Female Managers in West Africa.
IFPRI Discussion Paper 1426. International Food Policy Research Institute.

Dercon, S. (1998). Wealth, risk and activity choice: Cattle in Western Tanzania.
Journal of Development Economics, 55(1), 1–42.

Descheemaeker, K., Oosting, S. J., Tui, S. H. K., Masikati, P., Falconnier, G. N., & Giller,
K. E. (2016). Climate change adaptation and mitigation in smallholder crop–
livestock systems in sub-Saharan Africa: A call for integrated impact
assessments. Regional Environmental Change, 16(8), 2331–2343.
Devereux, S. (2007). The impact of droughts and floods on food security and
policy options to alleviate negative effects. Agricultural Economics, 37, 47–58.

Di Falco, S., Chavas, J. P., & Smale, M. (2007). Farmer management of production risk
on degraded lands: The role of wheat variety diversity in the Tigray region,
Ethiopia. Agricultural Economics, 36(2), 147–156.

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

Di Falco, S., & Veronesi, M. (2018). Managing environmental risk in presence of
climate change: The role of adaptation in the Nile Basin of Ethiopia. In Climate
Smart Agriculture (pp. 497–526). Cham: Springer.

Dillon, B., & Barrett, C. B. (2017). Agricultural factor markets in Sub-Saharan Africa:
An updated view with formal tests for market failure. Food Policy, 67, 64–77.

http://refhub.elsevier.com/S0305-750X(22)00074-2/h0005
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0005
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0005
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0010
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0010
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0010
http://refhub.elsevier.com/S0305-750X(22)00074-2/h9005
http://refhub.elsevier.com/S0305-750X(22)00074-2/h9005
http://refhub.elsevier.com/S0305-750X(22)00074-2/h9005
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0020
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0020
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0020
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0025
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0025
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0025
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0025
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0030
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0030
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0030
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0035
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0035
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0035
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0040
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0040
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0040
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0045
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0045
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0045
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0050
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0050
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0055
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0055
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0055
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0055
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0060
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0060
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0065
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0065
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0065
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0070
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0070
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0070
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0075
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0075
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0075
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0080
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0080


F. Wouterse, M. Andrijevic and M. Schaeffer World Development 154 (2022) 105884
Ericksen, P. J., Thornton, P. K., Notenbaert, A. M. O., Cramer, L., Jones, P. G., & Herrero,
M. T. (2011). Mapping hotspots of climate change and food insecurity in the global
tropics. CCAFS report 5. Copenhagen: CCAFS.

Feleke, S. T., Kilmer, R. L., & Gladwin, C. H. (2005). Determinants of food security in
Southern Ethiopia at the household level. Agricultural Economics, 33(3),
351–363.

Food and Agriculture Organization of the United Nations. (2015). The Impact of
Natural Hazards and Disasters on Agriculture and Food and Nutrition Security – A
Call for Action to Build Resilient L livelihoods. Food and Agriculture Organization
of the United Nations.

FAO, IFAD, UNCF, WFP, & WHO. 2020. The state of food security and nutrition in the
world 2020. Transforming food systems for affordable healthy diets. Food and
Agriculture Organization of the United Nations.

Feinstein, N. W., & Mach, K. J. (2020). Three roles for education in climate change
adaptation. Climate Policy, 20(3), 317–322.

Fisher, M., Abate, T., Lunduka, R. W., Asnake, W., Alemayehu, Y., & Madulu, R. B.
(2015). Drought tolerant maize for farmer adaptation to drought in sub-Saharan
Africa: Determinants of adoption in eastern and southern Africa. Climatic
Change, 133(2), 283–299.

Grothmann, T., & Patt, A. (2005). Adaptive capacity and human cognition: The
process of individual adaptation to climate change. Global Environmental
Change, 15(3), 199–213.

Hirvonen, K., Sohnesen, T. P., & Bundervoet, T. (2020). Impact of Ethiopia’s 2015
drought on child undernutrition. World Development, 131, 104964.

IPCC. (2007). Climate Change 2007: Impacts, Adaptation and Vulnerability.
Contribution of Working Group II to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change. In Parry, M., Canziani, O., Palutikof,
J., van der Linden, P., & Hanson, C. (Eds.). Cambridge University Press.

IPCC. (2014). Summary for policymakers. In: Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. In Field, C.B.,
V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.
L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.
R. Mastrandrea, & White, L.L. (Eds.), Contribution of Working Group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press.

IPCC. (2018). Global warming of 1.5�C. An IPCC Special Report on the impacts of
global warming of 1.5�C above pre-industrial levels and related global
greenhouse gas emission pathways, in the context of strengthening the global
response to the threat of climate change, sustainable development, and efforts
to eradicate poverty. In Masson-Delmotte, Zhai, P., Pörtner, H. O., Roberts, D.,
Skea, J., Shukla, P. R., Pirani, A., Moufouma-Okia, W., Péan, C., Pidcock, R.,
Connors, S., Matthews, J. B. R., Chen, Y., Zhou, X., Gomis, M. I., Lonnoy, E.,
Maycock, T., Tignor, M., & Waterfield, T. (Eds). World Meteorological
Organization.

IPCC. (2019). Climate Change and Land: an IPCC special report on climate change,
desertification, land degradation, sustainable land management, food security,
and greenhouse gas fluxes in terrestrial ecosystems. In Shukla, P. R., Skea, J.,
Calvo Buendia, E., Masson-Delmotte, V., Pörtner, H.-O. Roberts, D. C., Zhai, P.,
Slade, R., Connors, S., van Diemen, R., Ferrat, M., Haughey, E., Luz, S., Neogi, S.,
Pathak, M., Petzold, J., Portugal Pereira, J., Vyas, P., Huntley, E., Kissick, K.,
Belkacemi, M., & Malley, J., (Eds.) In press.

Issoufou, O. H., Boubacar, S., Adam, T., & Yamba, B. (2017). Déterminants de
l’adoption et impact des variétés améliorées sur la productivité du mil au Niger.
African Crop Science Journal, 25(2), 207–220.

Kato, E., Ringler, C., Yesuf, M., & Bryan, E. (2011). Soil and water conservation

technologies: a buffer against production risk in the face of climate change?
Insights from the Nile basin in Ethiopia. Agricultural Economics, 42(5), 593–604.

Kaufmann, D., Kraay, A., & Mastruzzi, M. (2010). The Worldwide Governance

Indicators: Methodology and Analytical Issues. World Bank.
11
Kosmowski, F. (2018). Soil water management practices (terraces) helped to
mitigate the 2015 drought in Ethiopia. Agricultural Water Management, 204,
11–16.

Laborde, D., Martin, W., Swinnen, J., & Vos, R. (2020). COVID-19 risks to global food
security. Science, 369(6503), 500–502.

Lesk, C., Rowhani, P., & Ramankutty, N. (2016). Influence of extreme weather
disasters on global crop production. Nature, 529(7584), 84–87.

Loison, S. (2015). Rural Livelihood Diversification in Sub-Saharan Africa: A
Literature Review. The Journal of Development Studies, 51(9), 1125–1138.

Lutz, W., Muttarak, R., & Striessnig, E. (2014). Universal education is key to
enhanced climate adaptation. Science, 346(6213), 1061–1062.

Marivoet, W., Ulimwengu, J., & Sedano, F. (2019). Spatial typology for targeted food
and nutrition security interventions. World Development, 120, 62–75.

Maruyama, E., Torero, M., Scollard, P., Elías, M., Mulangu, F., & Seck, A. (2018).
Frontier analysis and agricultural typologies, ZEF Discussion Papers on Development
Policy. 251. Center for Development Research.

Munich Re. (2020). Annual Report 2020. Munich Re.
Notre Dame Global Adaptation Index. (2019). Retrieved from Country Index // Notre

Dame Global Adaptation Initiative // University of Notre Dame. Accessed
November 25, 2021.

Proctor, F. J. (2014). Rural economic diversification in sub-Saharan Africa.
International Institute for Environment and Development.

Quisumbing, A., Meinzen-Dick, R. S., & Njuki, J. (2019). 2019 Annual trends and
outlook report: Gender equality in rural Africa: From commitments to outcomes.
International Food Policy Research Institute.

Sadoulet, E., & De Janvry, A. (1995). Quantitative Development Policy Analysis. The
Johns Hopkins University Press.

Schnitzer, P. (2019). How to target households in adaptive social protection
systems? Evidence from humanitarian and development approaches in Niger.
The Journal of Development Studies, 55(sup1), 75–90.

Singh, I., Squire, L., & Strauss, J. (1986). Agricultural household models: Extensions,
applications, and policy. World Bank.

Thornton, P. K., & Herrero, M. (2015). Adapting to climate change in the mixed crop
and livestock farming systems in sub-Saharan Africa. Nature Climate Change, 5,
830–836.

Torero, M. (2014). Targeting investments to link farmers to markets: a framework
for capturing the heterogeneity of smallholder farmers. In Hazell et al. (Eds.),
New Directions for Smallholder Agriculture. Oxford University Press

United Nations Environment Programme. (2021). Adaptation Gap Report 2021: The
gathering storm – Adapting to climate change in a post-pandemic world. UNEP.

Van Lauwe, B., Coe, R. I. C., & Giller, K. E. (2019). Beyond averages: New approaches
to understand heterogeneity and risk of technology success or failure in
smallholder farming. Experimental Agriculture, 55(S1), 84–106.

Walker, B., & Salt, D. (2012). Resilience thinking: Sustaining ecosystems and people in a
changing world. Island press.

World Bank. (2019). World Development Indicators. Retrieved from
https://databank.worldbank.org/source/world- development-indicators.
Accessed November 11, 2021.

World Meteorological Organization. (2019). State of the climate in Africa. World
Meteorological Organization.

Wouterse, F., & Taylor, J. E. (2008). Migration and income diversification: Evidence
from Burkina Faso. World Development, 36(4), 625–640.

Wouterse, F. (2017). Empowerment, climate change adaptation, and agricultural
production: Evidence from Niger. Climatic Change, 145(3–4), 367–382.

Wouterse, F., & Badiane, O. (2018). Fostering transformation and growth in Niger’s
agricultural sector. Wageningen Academic Publishers.

Zougmoré, R. B., Partey, S. T., Ouédraogo, M., Torquebiau, E., & Campbell, B. M.
(2018). Facing climate variability in sub-Saharan Africa: Analysis of climate-
smart agriculture opportunities to manage climate-related risks. Cahiers
Agricultures (TSI), 27(3), 1–9.

http://refhub.elsevier.com/S0305-750X(22)00074-2/h0085
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0085
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0085
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0090
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0090
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0090
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0105
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0105
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0110
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0110
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0110
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0110
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0115
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0115
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0115
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0120
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0120
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0145
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0145
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0145
http://refhub.elsevier.com/S0305-750X(22)00074-2/h9000
http://refhub.elsevier.com/S0305-750X(22)00074-2/h9000
http://refhub.elsevier.com/S0305-750X(22)00074-2/h9000
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0150
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0150
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0155
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0155
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0155
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0160
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0160
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0165
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0165
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0170
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0170
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0175
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0175
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0180
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0180
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0200
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0200
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0205
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0205
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0205
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0210
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0210
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0215
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0215
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0215
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0220
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0220
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0225
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0225
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0225
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0240
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0240
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0240
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0245
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0245
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0260
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0260
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0265
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0265
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0270
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0270
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0275
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0275
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0275
http://refhub.elsevier.com/S0305-750X(22)00074-2/h0275

	The microeconomics of adaptation: Evidence from smallholders in Ethiopia and Niger
	1 Introduction
	2 Background
	3 Adaptation, climate risk and resilience
	4 Empirical analysis of adaptation, climate risk and resilience
	5 Empirical strategy and data description
	6 Estimation and cluster analysis results
	7 Conclusions and policy implications
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Annex 
	References


