
sustainability

Article

The Impact of Adaptation to Climate Change and Variability on
the Livelihood of Smallholder Farmers in Central Ethiopia

Dula Etana 1,2,* , Denyse J. R. M. Snelder 3 , Cornelia F. A. van Wesenbeeck 4 and Tjard de Cock Buning 2

����������
�������

Citation: Etana, D.; Snelder, D.J.R.M.;

van Wesenbeeck, C.F.A.; de Cock

Buning, T. The Impact of Adaptation

to Climate Change and Variability on

the Livelihood of Smallholder

Farmers in Central Ethiopia.

Sustainability 2021, 13, 6790. https://

doi.org/10.3390/su13126790

Academic Editor:

Anastasios Michailidis

Received: 14 May 2021

Accepted: 9 June 2021

Published: 16 June 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 College of Development Studies, Addis Ababa University, P.O. Box 1176, Addis Ababa, Ethiopia
2 Athena Institute of Research, Vrije Universiteit Amsterdam, De Boelelaan 1085,

1081 Amsterdam, The Netherlands; tjard.de.cockbuning@vu.nl
3 Centre for International Cooperation, Vrije Universiteit Amsterdam, De Boelelaan 1105,

1081 Amsterdam, The Netherlands; d.j.r.m.snelder@vu.nl
4 Centre for World Food Studies, Vrije Universiteit Amsterdam, De Boelelaan 1105,

1081 Amsterdam, The Netherlands; c.f.a.van.wesenbeeck@vu.nl
* Correspondence: etanad29@gmail.com

Abstract: Although most micro-level studies show the positive impact of adaptation on food security
and household income, these are only a few of the outcomes adaptation is intended to achieve.
Farmers’ livelihoods function in complex ways such that an understanding the multidimensional
outcome of adaptation is important. These necessitate the use of multiple indicators in the evaluation
of the impact of adaptation. Based on data collected from 810 randomly selected households in
central Ethiopia, this study investigates the impacts of adaptation strategies on the sustainability of
the livelihoods of farmers. The economic, social, and environmental outcomes were integrated to
construct the Livelihood Sustainability Index. The endogenous switching regression model, which
accounts for unobserved heterogeneity and possible endogeneity, was used to examine the impact
of using adaptation strategies. With a mean score of 41, the farmers had lower levels of livelihood
sustainability. Farmers switching crop type, diversifying crops, planting improved seeds, engaging
in land management activities, and using irrigation had a higher livelihood sustainability index
compared to the counterfactual case in which they did not use them. Non-farm employment and
migration significantly increased livelihood sustainability for the using households. However, had
these factors been used by the non-users, it would have resulted in reduced livelihood sustainability.
Farmers using more than four adaptation strategies had more sustainable livelihoods than using fewer
strategies. The findings affirm that adaptation contributes to livelihood improvement. However,
since the farmers are far from achieving a higher level of sustainable livelihoods, policies shall
focus on maximizing the returns to be obtained from using adaptation strategies. This includes
improving access to ecosystem services through environmental protection measures, increasing
production efficiency through improved access to and proper utilization of farm inputs, expanding
irrigation facilities, creating decent employment opportunities, and enhancing farmers’ skills through
entrepreneurial training.

Keywords: diversification; irrigation; migration; non-farm; sustainability

1. Introduction

Climate change and variability (CCV) is among the major threats impinging on the
livelihood of the rural population of developing countries. Vulnerability to CCV overlaps
with poverty in a pronounced way in these countries, leading to distressed livelihoods [1].
Spatial differences and unpredictable temporal changes in climate variables make agri-
cultural activities uncertain and livelihoods strained. The effects of CCV are more severe
among smallholder farmers who rely heavily on rain-fed and climate-sensitive agricul-
ture [2]. It is only when temperature and rainfall are adequate and optimal that farmers
can benefit from their traditional farming systems and livelihood strategies. Boosting
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productivity of smallholder farming amidst variable and uncertain climate conditions is,
therefore, essential to increase crop yields, generate employment opportunities, raise non-
farm income, enhance food security, and improve the livelihoods of the rural population.

Adaptation is widely indicated as a promising strategy to respond to CCV and achieve
sustainable development [3]. The tremendous effects of CCV on the livelihood of small-
holder farmers necessitate supporting adaptation and ensuring that adaptation strategies
are effective in sustaining livelihoods. According to Moser and Ekstrom [4], adaptation
is “changes in social-ecological systems in response to actual and expected impacts of
climate change in the context of interacting non-climatic changes” (p. 22026). Adaptation
involves not only taking measures to minimize current vulnerability, but also behavioural
change to adjust livelihood strategies to respond to future CCV. Farmers in Ethiopia uti-
lize a wide range of adaptation strategies including, but not limited to, adjustments of
cropping practices, resource management activities, and diversification to non-farm ac-
tivities [5]. Adaptation can occur through planned intervention by the government and
non-government organizations as well as based on the autonomous decisions of farmers.
Agricultural adaptation is envisaged to mitigate the effects of CCV by improving produc-
tion and food security. Micro-level studies indeed show the positive effect of agricultural
adaptation in increasing crop yields and farm income, and improving food security [6–8].

The livelihood of smallholder farmers functions in complex ways such that under-
standing the multidimensional outcome of adaptation is important. According to the
Sustainable Livelihoods Framework (SLF), livelihood comprises the capabilities, assets,
and strategies utilized by farmers to achieve intended livelihood outcomes [9,10]. The
livelihoods approach, focusing on the people-centred analysis of the intricate interaction
between climate risks, assets, and strategies, mediated by institutions, help to provide
deeper understanding of the diverse ways people make a living [11,12]. A livelihood is
considered sustainable when, without undermining the natural resource base, it is able
to offset risks, withstand or recover from climate risks, maintain or enhance capabilities
and assets, and provide net livelihood benefits in the short and long term [9,10]. The
SLF approach shifts livelihood research from narrowly focusing on the economic sense of
increasing income to multi-sectoral consideration of entitlements and vulnerability [11].
The impact of adaptation is reflected in the livelihood outcomes. Livelihood outcomes
refer to changes brought about by using adaptation strategies to a wide range of objec-
tives including improvements in human wellbeing, food security, income, and health, and
sustainably using natural resources [10]. In this vein, the effectiveness of adaptation is
conceived in this study as the achievement of multidimensional economic, social, and
environmental objectives, which, altogether, contribute to sustainable livelihoods.

Most studies on the micro-level impacts of adaptation in Ethiopia focus on livelihood
outcomes such as crop yields, food security, and income/poverty. These studies are insight-
ful because food security and income are the key components of human wellbeing and
economic factors are the most anticipated objectives of farmers. However, these compo-
nents constitute only a few of the several livelihood outcomes intended to be achieved [13].
Moreover, the chosen adaptation strategy may not necessarily achieve multiple objectives
that are essential to sustain livelihoods. One adaptation strategy benefits farmers in one
aspect, whereas it may adversely affect another aspect of their livelihoods. For instance, a
study in Burkina Faso and Ethiopia showed that although the construction of water storage
facilities for domestic consumption and irrigation improved water availability, it increased
the transmission of water-related diseases such as schistosomiasis and malaria [14]. Adap-
tation strategies may also exacerbate vulnerability and the unintended negative effects
may outweigh the benefits. In Mali, among households with temporary male migrants,
the loss of manpower increased the burden of women to engage in activities traditionally
undertaken by men, which increased their vulnerability and reduced their wellbeing [15].
Also, short-term benefits of an adaptation may eventually increase vulnerability in the long
term. Cattle ranching as an adaptation strategy in Mexico and Guatemala, for instance,
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induced deforestation which has negative consequences on biodiversity, exacerbating
future vulnerability to CCV [16].

In spite of the increasing importance of evidence on the effectiveness of adaptation for
policy making and scaling-up of promising strategies, there are methodological challenges
of evaluating the impact of adaptation. Although the outcome of adaptation can best be
measured in the long term, this poses a challenge as adaptation is intertwined with other
development interventions influencing livelihood [17]. Since livelihood changes are the
functions of broader development interventions in which adaptation is only one component,
it is also challenging to attribute observed livelihood outcomes to the use of specific
adaptation strategies. Effective adaptation requires maximizing synergies between the
different components of livelihoods [3]. The heterogeneities in the outcome of adaptation
strategies on the one hand and the need to ensure multiple benefits to maximize synergies
demand the consideration of diverse sets of outputs and short-term outcomes in adaptation
evaluation. However, studies conducted so far have rarely addressed multiple dimensions
of the livelihood outcomes of farmers’ use of adaptation strategies.

Therefore, in this study, we investigated the impact of using adaptation strategies
on livelihood sustainability of smallholder farmers considering multiple economic, social,
and environmental indicators. It adds to the extant literature on the multi-dimensional
livelihood outcomes; the synergies between the different livelihood outcomes; and the
sustainability implications of adaptation strategies pursued by smallholder farmers. The
study also provides policy insights for the development of targeted interventions aimed at
ensuring sustainable livelihoods.

2. Data and Methods
2.1. Description of the Study Areas

Ethiopia is one of the sub-Saharan African countries most vulnerable to CCV. Its
vulnerability arises mainly from excessive dependence on climate-sensitive agriculture.
This study was conducted in three districts (Kembibit, Kuyu, and Boset) from the Oromia
region in central Ethiopia (Figure 1). The three districts dominantly represent highland,
midland, and lowland areas, respectively. These agro-ecological settings cover, respectively,
altitudinal ranges of 2300–3200, 1500–2300, and 500–1500 m above sea level. The midland
areas are characterized by highly rugged terrain, whereas there are slightly sloping and
undulating areas in the highland and lowland areas. About 85% of the population in
these areas live in rural areas where farming and livestock production constitute the main
sources of livelihoods. Farmers produce crops following the bimodal rainfall distribution:
belg rain (short rainy season between March and May) and kiremt rain (long rainy season
between June and September). Sorghum (Sorghum bicolor) and teff (Tef eragrostis) are the
dominant crops produced in the lowland areas. Maize (Zea Mays), sorghum, teff, wheat
(Triticum), and oil seeds are widely produced in the midland areas. In the highland areas,
barley (Hordeum vulgare) and pulses are commonly produced. The areas are characterized
by climate variability and recurrent extreme events. Due to exposure to climate risks and
other socio-economic problems such as a shortage of farmland and limited use of improved
agricultural technologies, the problem of food security is widespread.

2.2. Sample Size and Sampling Technique

The sample size was determined using sample size calculation for a finite popu-
lation [18]. The computation assumptions were 95% confidence interval; 5% level of
significance; and a 60% proportion of households using adaptation strategies. Taking the
population size of one of the districts, the sample size was estimated to be 270 households.
Considering each district as an independent unit, the total sample size was 810 households.
A multi-stage sampling technique was used to identify the sample households. At the
first stage, the three districts were selected considering similarity of livelihood systems
(i.e., mixed farming), prevalence of food insecurity, and representation of different agro-
ecological settings. At the second stage, nine kebele administrations (lowest administrative
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units in Ethiopia), three from each district, were selected using purposive sampling to
ensure that the kebeles selected from each district fall in the same agro-ecological setting. At
the last stage, households were selected using a simple random sampling technique. The
sampling frame was the list of households living in each kebele.
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2.3. Sources of Data and Method of Collection

Primary data were collected from the heads of the sampled households who are
primarily responsible for making livelihood decisions. The data were collected using a
cross-sectional survey questionnaire. A questionnaire with a set of structured questions was
used to collect data on the households’ demographic and socio-economic characteristics,
access to livelihood assets, crop production, access to environmental resources, food
security, and use of adaptation strategies.

2.4. Definition and Computation of Variables

Dependent variable: a sustainable livelihood is measured at a micro level based on
integration of context-specific sets of indicators [19]. The multidimensionality of the
concept of sustainable livelihoods necessitate the use of multiple indicators, which increase
the reliability and precision of its measurement. The Livelihood Sustainability Index (LSI),
the dependent variable of the study, was computed from the list of eleven household-
level proxy indicators, representing environmental, social, and economic dimensions of
livelihood outcomes. The indicators were selected based on the consideration of relevance,
capacity of representing a given dimension, and the availability of data [19].

The environmental aspect of livelihood outcomes can be conceived in terms of ecosys-
tem services [20]. Among them, provisioning services are important for the livelihoods
of rural populations [21]. They depend for subsistence on provisioning ecosystem ser-
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vices which include access to fuelwood for energy consumption, collection of wood for
construction materials, access to pasture for livestock, etc. [21]. Hence, the environmental
dimension of sustainable livelihoods was measured considering farmers’ access to and use
of fuelwood, woods for construction materials, woods for preparation of farming tools,
and access to pasture for livestock grazing.

Food security status, perceived health status, and life satisfaction were used to rep-
resent the social dimension of livelihood outcomes. Food security status was measured
using the Household Food Insecurity Access Scale (HFIAS). Based on a nine-item scale and
focusing on a four-week recall period, HFIAS measures the access component of household
food insecurity [22]. Since higher values of the scale show severe levels of food insecurity,
it was reversed for the computation of the index. The efforts made by households to
improve their livelihoods is partly reflected in the health status of their members. In this
vein, perceived health status was measured by asking a four-point scale question about
perception of the health status of household members. Life satisfaction was used assuming
that households can best assess their overall wellbeing. This indicator captures broader
dimensions of livelihoods than the use of income and expenditure-based measures of
wellbeing.

The economic dimension of livelihood outcomes was measured using land productiv-
ity, labour productivity, number of months of food self-sufficiency from own production
during years of poor rainfall, and wealth index. Using self-reported cereal outputs per
hectare of farmland, land productivity was computed as the quantity of yield obtained
from the cultivated land. Labour productivity was measured by dividing total yield output
per unit of man-equivalent labour force size. Land and labour productivity were consid-
ered as economic efficiency indicators because high productivity provides farmers with
better access to food, income, and health. The wealth index was constructed from data on
10 types of productive and non-productive asset ownership (plough/beam, axe, shovel,
radio/tape-recorder, mobile phone, table, chair, bed, sponge-mattress, and corrugated iron
roof), which shows long-term economic status. These items were internally consistent to
measure wealth index (Cronbach alpha = 0.74). Then, principal component analysis (PCA)
was used to construct the wealth index of each household.

Since each variable was measured on a different scale, it was first standardized to
a scale of 0 to 1. The standardized values of each component were calculated using the
following equations which were used for variables whose functional relationship with
sustainable livelihood was positive (1) and negative (2), respectively.

Vij =
Vx − Vmin

Vmax − Vmin
(1)

Vij =
Vmax − Vx

Vmax − Vmin
(2)

where Vij was the standardized value of variable i for household j, and Vx, Vmax, and Vmin
were the observed, maximum, and minimum values of each variable, respectively.

After standardization, the index for each component was calculated using the follow-
ing equation.

Cij =
∑n

i=1 Vij

n
(3)

where Cij was index of the component i for the household j, Vij was the standardized values
of the variables that make up the component i for household j, and n was the number of
variables in each component.

Once the index for each component was computed, the LSI was calculated as follows:

LSIi =
∑3

i=1 WCi Cij

∑3
i=1 WCi

(4)
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where Cij was the index value of component i for household j, and WCi was the weight of
each component C, determined by the number of variables in each component. The com-
putation of LSI was made using a balanced weight average assuming that each component
contributes equally to the overall LSI. The computed value of LSI was finally multiplied
by 100 to be measured on a scale from 0 to 100, higher values showing more sustainable
livelihoods.

Predictor variables: the predictor variables of the study were the major adaptation
strategies used by the farming households. These strategies, which were commonly used
by farmers in the study areas, were changing planting time, changing crop type, crop
diversification, using improved seed varieties, land management activities, irrigation,
engaging in non-farm activities, and pursuing migration [5,23]. The variables took the
value of 1 if used by the households and 0 otherwise.

Control variables: livelihood sustainability is influenced by several demographic, socio-
economic, institutional, and environmental factors. We controlled for these variables to
examine the net effect of using adaptation strategies. These variables were age of the
household head, sex of the household head (male, female), man-equivalent labour force
size, dependency ratio, educational level of the household head (no education, primary and
above), access to financial capital (no access, access to credit/saving/remittance), access to
farmers’ trainings (no, yes), membership in farmers’ groups (no, yes), walking distance
from a market centre (in minutes), and walking distance from a farmers’ training centre
(FTC) (in minutes). To control for differences in climate conditions and other development
variations, we included agro-ecological dummies as control variables. The results of a
correlation test and collinearity diagnostic showed that there was no collinearity between
these variables.

2.5. Data Analysis

In the absence of a random assignment of farming households into adapting and non-
adapting households, construction of a counterfactual is one of the means through which
livelihood outcome can be attributed to the use of adaptation strategies. Endogenous
switching regression (ESR) is an econometric technique that is used to overcome the
problem of endogeneity and self-selection through a construction of a counterfactual
against which the impact of adaptation can be investigated [24]. ESR is widely used for
impact assessment based on cross-sectional evidence [8,25,26]. Through estimation of the
expected outcomes of adaptation in the actual and counterfactual cases for both adapting
and non-adapting households, ESR helps to compare the difference between what has
actually happened due to use of an adaptation strategy and what would have happened
in the absence of its use. ESR addresses selection bias and endogeneity problem by
simultaneously estimating the selection and outcome equations using the full information
maximum likelihood method [24]. In the selection equation, we estimated the effects of
household characteristics on the decision to adapt, which is a binary choice involving use
or non-use. In the outcome equation, a separate model was fitted to examine livelihood
sustainability for users and non-users. Given that most adaptation decisions are made at
the household level, our unit of analysis was household.

Conditional on the use of adaptation strategies, the outcome equations are given as:

Y1i = X1iβ1 + ε1i if I = 1 (5)

Y2i = X2iβ2 + ε2i if I = 0 (6)

where Y1i and Y2i refer to the outcome variable, LSI, for adapting and non-adapting house-
holds, respectively; X1i and X2i are vectors of exogenous variables influencing livelihood
sustainability; β1 and β2 are vectors of parameters to be estimated; and εi are error terms.

The accuracy of the estimates of ESR depends on the use of valid instruments to
identify outcome equation from the selection equation. For model identification, we used
exclusion restriction in which variables affecting the selection equation (i.e., adaptation



Sustainability 2021, 13, 6790 7 of 21

decision) are excluded from the outcome equation (i.e., livelihood sustainability). We
used membership in farmers’ group, attending farmers’ training, and access to weather
information from government offices as selection instruments. These variables are sources
of knowledge and information that help farmers to be aware of changes in weather condi-
tions, the importance of taking action, and the use of adaptation strategies. They were also
reported to be valid instruments in previous studies [8,25,26]. The validity of the instru-
ments was further examined using a falsification test. The results show that the selected
instruments were valid as they jointly and significantly influenced the decision to adapt
but had insignificant effect on LSI for non-adapting households (Table A1 in Appendix A).
In the case of irrigation, we used membership in farmers’ groups as an instrument.

E[Y1i, Ai = 1] = X1iβ1 + σ1ελ1i (7)

E[Y2i, Ai = 1] = X1iβ2 + σ2ελ1i (8)

E[Y1i, Ai = 0] = X2iβ1 + σ1ελ2i (9)

E[Y2i, Ai = 0] = X2iβ2 + σ2ελ2i (10)

After estimating the model parameters, the effect of each adaptation strategy was cal-
culated by computing the expected livelihood outcome (i.e., LSI) for adapting households
(Ai = 1) and non-adapting households (Ai = 0) using Equations (7)−(10). λ1 and λ2 show
inverse mills ratio calculated from the selection equation and used to correct for selection
bias in the ESR model. While 7 and 10 show the actual expected LSI, 8 and 9 show the
counterfactual expected LSI, for users and non-users, respectively. Following Di Falco,
Veronesi and Yesuf [8], the average treatment effect on the treated (ATT) was computed
as the difference between the expected LSI for households that adapted (7) and the coun-
terfactual hypothetical case that the households did not adapt (8). The average treatment
effect on the untreated (ATU) was calculated as the difference between the expected LSI
that would have been obtained in the counterfactual hypothetical case that farmers decide
to adapt (9) and the expected LSI for households that did not adapt (10). In addition,
base heterogeneity (BH) and transitional heterogeneity (TH) effects were calculated from
the conditional expectation equations [8]. The LSI of households that used an adaptation
strategy may be better than households that did not use regardless of their decision to use
the strategy due to unobservable characteristics. The BH effect for the use and non-use
of adaptation was measured as the difference between Equations (7) and (9), and (8) and
(10), respectively. The effect of using an adaptation strategy could be larger or smaller for
households that used an adaptation strategy compared to the households that did not use
the strategy in the counterfactual case that they would have used. This statistics, given by
the TH, was measured as the difference between ATT and ATU.

3. Results
3.1. Description of the Sample

The average age of the sample household heads (HHH) was 47 years (Table 1). The
average man-equivalent labour force size of the households was about 2.4, which was
nearly the same in the three agro-ecological settings. However, there was significant differ-
ence between the three areas in dependency ratio. The average size of landholding was
1.8 hectare in which farmers in the highland areas had relatively larger size of landhold-
ings. The number of oxen owned by the farmers was 1.4. There was significant difference
between the three areas in farmers’ access to financial capital, attending farmers’ training,
and membership in farmers’ groups. Very high proportion of the households used fertilizer
with nearly similar distribution in the three agro-ecological settings. Farmers travel more
than an hour to reach a market centre in all areas whereas it took them less than an hour
to reach FTCs. The average annual rainfall of both the short and long rainy seasons was
relatively higher in the midland areas. The amount of belg rainfall was smaller in the
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highland areas and the of kiremt rainfall was smaller in the lowland areas. Higher average
annual temperature was observed in the lowland areas.

Table 1. Mean distribution of the characteristics of sample households by agro-ecological settings.

Variables
All Households

Highland Midland Lowland
Mean

Difference a
Mean SD

Age of HHH (years) 47.0 15.9 47.6 48.7 44.8 4.45 *

Sex of HHH (female = 1) 0.13 0.34 0.11 0.15 0.14 1.19

Labour force size 2.39 1.09 2.46 2.33 2.37 0.99

Dependency ratio 1.13 0.88 1.03 1.09 1.27 5.34 **

Education of HHH
(≥primary) 0.32 0.47 0.27 0.39 0.31 4.45 *

Size of land (in ha) 1.82 1.95 2.34 1.31 1.81 19.51 ***

Number of oxen 1.37 1.18 1.66 1.28 1.16 13.4 ***

Member of farmer group
(yes = 1) 0.23 0.42 0.30 0.19 0.20 5.59 **

Received farmers’ training
(yes = 1) 0.61 0.49 0.70 0.62 0.52 9.23 ***

Access to financial capital
(yes = 1) 0.47 0.49 0.59 0.43 0.39 12.28 ***

Used fertilizer (yes = 1) 0.92 0.27 0.97 0.96 0.82 26.87 ***

Used herbicide or pesticide
(yes = 1) 0.81 0.39 0.85 0.91 0.66 31.47 ***

Distance to a market (in
minutes) 113.24 80.96 107.59 99.18 132.94 13.09 ***

Distance to FTC (in
minutes) 35.31 30.17 21.27 51.45 33.20 82.28 ***

Access to weather
information (yes = 1) 0.65 0.47 0.67 0.67 0.60 1.86

Belg rainfall (15 years) 122.4 122.4 67.1 212.6 87.5 15.32 ***

Kiremt rainfall (15 years) 676.2 266.5 680.5 962.8 385.2 84.38 ***

Annual temperature (15
years) 17.4 3.5 14.8 15.1 22.3 1350.92 ***

Sample size 810 270 270 270 –
a—difference in mean values of the observed variables between the three agro-ecological settings. *** p < 0.001; ** p < 0.01; * p < 0.05.

3.2. Adaptation Strategies

Farmers in the three agro-ecological settings mainly utilized eight adaptation strategies
in varying proportions (Figure 2). In the highland areas, improved seeds were used by most
households whereas irrigation was the least used strategy due mainly to lack of access to
water. A relatively higher proportion of farmers used irrigation in the midland areas where
small streams are commonly used to irrigate small plots of land to produce vegetables.
However, use of improved seeds was very limited. In the lowland areas, irrigation was
the second most used adaptation strategy. In areas adjacent to the Awash River, modern
scheme irrigation was used to produce both crops and vegetables. In the lowland areas,
non-farm activities, which include trading (grain, livestock, and small shops) and daily
labour works, were mostly used. Few better-off farmers engaged in high-return activities
such as livestock fattening. Farmers also utilized less capital-intensive and low-return
non-farm activities such as daily labour works. Migration was used by many households
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in the highland and midland areas. Adjusting planting time based on the time of onset of
rainfall, changing crop type following seasonal cropping calendar, crop diversification (i.e.,
production of cereals and pulses as well as vegetables), and land management activities
(i.e., terracing, soil/stone bunds, and planting trees) were among the strategies used by
comparable number of households. The average being four strategies, households used
multiple adaptation strategies. Farm-based adaptation strategies were coupled with the
use of production-enhancing farm inputs such as fertilizer, herbicide, and pesticide.
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3.3. Measurement of Livelihood Sustainability

We used PCA to construct LSI. The Kaiser–Meyer–Olkin measure of sampling ade-
quacy (0.751) shows the suitability of the data for factor analysis. The Bartlett’s Test of
Sphericity was statistically significant (Chi-Square = 2547.9; p < 0.001), indicating significant
correlation between the variables. The results of the PCA indicated that the 11 indicators
reliably contributed to livelihood sustainability (Table 2). Taking the Eigen values great
than 1 and factor loadings of ≥0.4, these indicators represented three components of liveli-
hood sustainability. The first factor, named Ecosystem Services Index (ESI), captured four
variables referring to farmers’ access to natural resources. The second factor, labelled as
Social Equity Index (SEI), constituted three variables measuring farmers’ overall wellbe-
ing. The last component, Economic Efficiency Index (EEI), captured variables measuring
productivity and household wealth. Overall, the three components explained 60% of the
variance in farmers’ livelihood sustainability.

With average percentage point of 41, LSI of the sampled farmers was generally lower.
The index was relatively higher in the lowland areas (50.3). The respective values for the
highland and midland areas were 35.7 and 36.8. The post hoc test of comparison showed,
contrary to our expectation, that the indices of both the highland and midland areas were
significantly lower than that of the lowland areas (p < 0.001) whereas the difference between
the highland and midland areas was not statistically significant. The average scores were
relatively lower for land and labour productivity, but relatively higher for food security,
perceived health status, and life satisfaction (Figure 3a). Overall, farmers in all the three
agro-ecological settings performed well in relation to the social equity indicators but lower
in the economic efficiency indicators (Figure 3b). A higher number of households in the
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lowland areas reported better access to ecosystem services. Both EEI and SEI were relatively
higher in the highland areas but lower in the midland areas.

Table 2. Factor matrix of farmers’ livelihood sustainability.

Variables Mean S.D
Factor Loadings

ESI SEI EEI

Construction materials 0.45 0.49 0.888

Firewood 0.50 0.50 0.865

Farming tools 0.35 0.48 0.794

Grazing land 0.26 0.44 0.653

Health status 0.67 0.25 0.844

Life satisfaction 0.67 0.28 0.843

Food security 0.81 0.23 0.664

Labour productivity 0.10 0.10 0.791

Land productivity 0.13 0.09 0.755

Months yield sufficient during poor rainfall 0.36 0.18 0.517

Wealth index 0.49 0.30 0.495

Eigen values 2.94 2.44 1.19

Cumulative total explained variance 27% 49% 60%
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agro-ecological settings.

3.4. Impact of Adaptation to Climate Change and Variability (CCV) on Sustainable Livelihoods

Table 3 shows the estimated LSI of the households under actual and counterfactual
conditions. The values in cells “a” and “d” show LSI of households under actual conditions
corresponding to adapting and non-adapting households, respectively. Values in cells “b”
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and “c” are LSI in the counterfactual cases for adapting and non-adapting households,
respectively. Cells “e” and “f” show treatment effects of using adaptation strategies on
LSI for adapting and non-adapting households, respectively. Cells “g” and “h” show,
respectively, BH for farm households that adapted and did not adapt, whereas cell “i”
shows TH in the same order. The results in Table 4 show the differences in the expected
LSI by agro-ecological settings.

Table 3. Results of the average expected livelihood sustainability index (LSI), and treatment and heterogeneity effects of
using adaptation strategies.

Strategies Decision Stage
Treatment Effects

To Adapt Not to Adapt

Changing planting time

Adapted (ATT) a = 42.1 b =40.9 e = 1.2(0.60)

Did not adapt (ATU) c = 41.0 d = 40.1 f = 0.9(0.59)

Heterogeneity effect g = 1.1(0.63) h = 0.8(0.55) i = 0.3

Changing crop type

Adapted (ATT) 40.1 23.4 16.7(0.51) ***

Did not adapt (ATU) 41.6 41.8 −0.2(0.65)

Heterogeneity effect −1.5(0.53) ** −18.4(0.64) *** 16.9

Crop diversification

Adapted (ATT) 46.9 41.7 5.2(0.44) ***

Did not adapt (ATU) 42.6 36.5 6.1(1.02) ***

Heterogeneity effect 4.3(0.78) *** 5.2(0.81) *** −0.9

Using improved seeds

Adapted (ATT) 44.6 43.3 1.3(0.53) *

Did not adapt (ATU) 48.5 38.4 10.1(0.58) ***

Heterogeneity effect −3.9(0.62) *** 4.9(0.49) *** −8.8

Land management

Adapted (ATT) 41.8 30.4 11.4(0.69) ***

Did not adapt (ATU) 41.2 38.2 3.0(0.72) ***

Heterogeneity effect 0.6(0.49) −7.8(0.88) *** 8.4

Irrigation

Adapted (ATT) 44.9 23.6 21.3(0.59) ***

Did not adapt (ATU) 38.2 38.6 −0.4(0.62)

Heterogeneity effect 6.7(0.69) *** −15.0(0.52) *** 21.7

Non-farm

Adapted (ATT) 41.8 36.5 5.3(0.71) ***

Did not adapt (ATU) 32.2 40.3 −8.1(0.51) ***

Heterogeneity effect 9.6(0.66) *** −3.8(0.57) *** 13.4

Migration

Adapted (ATT) 38.6 17.6 21.0(0.59) ***

Did not adapt (ATU) 32.3 41.9 −9.6(0.62) ***

Heterogeneity effect 6.3(0.67) *** −24.3(0.47) *** 30.6

Used >4 strategies
Adapted (ATT) 43.0 40.3 2.7(0.55) ***

Did not adapt (ATU) 43.4 39.3 4.1(0.59) ***

Heterogeneity effect −0.4(0.59) 1.0(0.54) −1.4

*** p < 0.001; ** p < 0.01; * p < 0.05; NB: Figures in parentheses are standard errors.
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Table 4. Results of the endogenous switching regression model on the impact of adaptation strategies by agro-ecological settings.

Strategies

Highland Midland Lowland

Decision Stage Treatment
Effects

Decision Stage Treatment
Effects

Decision Stage Treatment
EffectsTo Adapt Not to Adapt To Adapt Not to Adapt To Adapt Not to Adapt

Changed planting
time

ATT 36.2 34.9 1.3(0.59) * 38.9 36.8 2.1(0.54) *** 51.1 50.9 0.2(0.65)

ATU 35.8 35.4 0.4(0.67) 37.4 35.2 2.2(0.54) *** 49.9 49.7 0.2(0.68)

Changed crop
type

ATT 35.7 18.2 17.5(0.59) *** 38.0 19.2 18.8(0.52) *** 48.3 30.7 17.6(0.59) ***

ATU 36.9 35.8 1.1(0.65) 37.2 34.9 2.3(0.56) *** 52.9 52.0 0.9(0.69)

Crop
diversification

ATT 46.6 35.4 11.2(0.49) *** 40.0 38.1 1.9(0.45) *** 53.1 51.1 2.0(0.51) ***

ATU 37.4 38.2 −0.8(1.94) 40.4 32.9 7.5(0.93) *** 52.4 43.1 9.3(1.91) ***

Used improved
seeds

ATT 38.7 37.8 0.9(0.51) 41.3 40.5 0.8(0.49) 53.1 51.9 1.2(0.49) *

ATU 42.1 32.6 9.5(0.56) *** 45.0 35.1 9.9(0.56) *** 57.7 47.9 9.8(0.58) ***

Land
management

ATT 36.5 23.9 12.6(0.63) *** 37.6 25.1 12.5(0.67) *** 51.7 40.3 11.4(0.67) ***

ATU 38.5 33.3 5.2(0.96) *** 35.7 33.3 2.4(0.82) ** 49.9 46.5 3.4(0.86) ***

Irrigation ATT 37.9 17.6 20.3(0.94) *** 39.9 22.5 17.4(0.46) *** 52.9 33.9 19.0(0.62) ***

ATU 33.5 35.4 −1.9(1.01) 31.5 32.7 −1.2(0.57) * 47.8 48.2 −0.4(0.61)

Non-farm works
ATT 34.7 32.4 2.3(0.69) *** 35.4 30.6 4.8(0.67) *** 51.9 49.4 2.5(0.74) ***

ATU 25.8 36.4 −10.6(0.60) *** 29.9 37.6 −7.7(0.55) *** 38.9 48.5 −9.6(0.58) ***

Migration ATT 36.7 12.7 24.0(0.67) *** 36.3 13.6 22.7(0.58) *** 52.1 23.9 28.2(1.19) ***

ATU 30.1 35.5 −5.4(0.64) *** 30.8 36.7 −5.9(0.56) *** 43.9 50.0 −6.1(0.95) ***

>4 strategies ATT 37.4 34.5 2.9(0.48) *** 40.1 36.3 3.8(0.43) *** 52.5 49.3 3.2(0.53) ***

ATU 38.8 34.4 4.4(0.65) *** 39.4 33.9 5.5(0.54) *** 53.1 48.7 4.4(0.65) ***

*** p < 0.001; ** p < 0.01; * p < 0.05; NB: The numbers in the table show the average LSI values; Figures in parentheses are standard errors.
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Although changing planting time did not have significant effect in the lowland ar-
eas, it increased the LSI of farmers in the highland and lowland areas. For households
that changed crop type in response to CCV, their LSI was 40.1 and it would have been
significantly lower by 17 percentage points if they had not changed. This strategy had
similar positive impact in the three agro-ecological areas. For households diversifying
crops, their LSI would have been lowered by about 5 percentage points if they had not
diversified. Likewise, for households that did not use this strategy, its use would have
significantly increased their LSI by about 6 percentage points. Crop diversification had
beneficial livelihood impacts in all the three areas. Although farmers who actually used
improved seed varieties would have lower LSI if they had not used them, it was in the
lowland areas that their use significantly improved the livelihoods of farmers. In all areas,
farmers using land management activities have benefitted and the non-users would have
also benefitted had they used. The LSI of farmers using irrigation was higher by about 21%
than if they had failed to use it. Farmers using irrigation had higher LSI in all areas.

For households that actually used non-farm activities, their LSI was higher by about 5
percentage points than if they failed to use. However, for households not actually engaged
in non-farm activities, their LSI would have been lower by about 8 percentage points had
they decided to engage in them. The same pattern was observed in the three areas. The
impact of migration was both positive and negative. Sending at least one member had
increased LSI by about 21 percentage points than if they did not send a migrant. Conversely,
for households that did not actually use migration, sending a household member in a
counterfactual case would have resulted in the reduction of LSI by about 10 percentage
points. Households using more than four adaptation strategies were about 3 percentage
points higher LSI than households using utmost four strategies. Farmers in the three areas
would also benefit from using more than four strategies.

The results of BH and TH effects show the differential impacts of adaptation strategies
caused by households’ unobservable characteristics. Both the BH and TH effects of using
improved seeds were negative in actual cases in the three agro-ecological settings. That is,
farmers not using improved seeds would have benefitted the most from using the seeds
than the actual users. The BH effect of using irrigation was positive in the three areas. The
BH effect of the number of strategies used by households was not statistically significant
and the difference between ATT and ATU was negligible in the three areas, implying that
increasing the number of strategies was beneficial for all households. The TH effect on
LSI (Table 3) was positive for changing crop type, land management activities, irrigation,
non-farm activities, and migration, indicating that the effect of using these strategies was
greater for farm households using these strategies compared to the counterfactual case that
they were used by the non-using households.

4. Discussion

The study findings generally show that adaptation is helpful in improving the liveli-
hoods of smallholder farmers in Ethiopia. Regardless of the extent of livelihood im-
provement, farmers using the strategies considered in this study have more sustainable
livelihoods compared to the counterfactual case that they do not use them. Although
the overall LSI was relatively lower, farmers using each adaptation strategy are able to
significantly increase their livelihood sustainability scores. With slight variation, the use of
adaptation strategies has similar beneficial livelihood impacts in the highland, midland,
and lowland areas. However, there is heterogeneity among the users and non-users in
benefitting from the use of the strategies. These findings are briefly explained below.

Adjustment of cropping practices improves farmers’ livelihoods by circumventing the risks
of crop failure or yield reduction: we found that farmers have higher LSI scores when using
crop switching, improved seeds, and crop diversification. Smallholder farmers in Ethiopia
operate under uncertain production environments including rainfall variability and recur-
rent drought [27–29]. This necessitates adjustment of crop production practices to reduce
the risks of crop failure and yield reduction. For instance, when belg rain fails, farmers in
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the three areas abandon production of long-duration belg crops and shift to short-duration
crops, or wait for the long rainy season to plant long-duration crops. The use of improved
seeds is particularly beneficial in the lowland areas. This may be related to the possibility
to use modern irrigation schemes in some parts of these areas to produce crops and market-
oriented fruits and vegetables. However, farmers in the lowland areas benefit less from
changing planting time. In these areas, length of growth period of crops is shorter than in
the highland and midland areas [29], implying limited option to adjust planting time in
the lowland areas. Crop diversification is among the strategies used to cope with rainfall
variability [30]. It lessens production risks as, owing to genetic differences, crops differently
respond to varying weather conditions [28]. It increases productivity and improves yield
stability [27]. Although the livelihood benefit of diversifying crops is expected to be higher
for farmers with larger landholdings, farmers with small plots would also ensure their
sustenance by consuming their own production. Consequently, crop diversification is
beneficial to all households in which poor households are more likely to move out of
poverty and non-poor households are highly likely to stay out of poverty [31].

Farmers in all agro-ecological settings can better adapt to CCV through the use of land man-
agement activities: the finding shows that the livelihood of farmers using land management
activities (i.e., terracing, stone/soil bunds, and planting trees) is more sustainable com-
pared to the counterfactual case that they do not use them. Farmers’ vulnerability to CCV
is aggravated by other environmental problems. For instance, waterlogging is a critical
problem for crop production in the highland areas whereas sloping topography is the cause
of severe erosion in the midland areas. There is flash flood and erosion on the slightly
sloping topography in the lowland areas. Hence, land management helps to mitigate these
problems by raising the economic viability of farming; increasing agricultural production;
improving ecosystem functioning, which, altogether, improve livelihood sustainability.
Although the benefits vary by types of strategy and agro-climatic conditions, empirical
works show that terracing, soil/stone bund, and tree planting are beneficial in reducing
agricultural production risks [32,33]; increasing crop yields, household income, and food
security [34,35]; increasing returns to labour [34]; and improving resilience to drought [36].
Furthermore, through its moisture- and nutrient-conserving benefits, terracing increases
the number of crops to be produced [34]. Terracing and stone/soil bunds also have ecologi-
cal benefits of improving soil quality and plant biomass production, preventing run-off
and soil erosion, and loss of nutrients [32,37]. Witnessing its roles in adapting to CCV,
the positive yield impacts of these strategies are higher in areas of low and variable rain-
fall [33,35,38]. In areas with high rainfall (e.g., the midland areas), terracing and soil/stone
bunds are useful in reducing or preventing soil erosion and run-off.

Irrigation contributes to sustainable livelihoods in all areas by increasing household income:
we found that farmers in all areas using irrigation have more sustainable livelihoods than
in the counterfactual case that they do not use. At a micro level, irrigation contributes to
betterment of livelihoods in multifaceted ways. First, it helps farmers to increase yields per
hectare, farm income, and asset building [39]. Second, since rainfall variability often leads
to either crop failure or abandoning the production of belg crops [29], irrigation provides
farmers an option to increase cropping intensities by producing a higher number of crops.
In particular, farmers in the highland and midland areas use small streams to produce
market-oriented vegetables which, in addition to being used for household consumption,
generates additional income, thus contributing to sustainable livelihoods. Although few
farmers use irrigation in the highland areas due to lack of water, it is very beneficial for
their livelihoods. Third, in some parts of the lowland areas located adjacent to Awash
River, one of the largest rivers in Ethiopia, irrigation allows production multiple times
a year, with significant livelihood benefits compared to rain-fed farming in which crops
are produced only once or, at most, twice a year. Fourth, modern scheme irrigation in the
lowland areas benefits farmers by creating off-farm employment opportunities. Hence,
irrigation improves food security by reducing the risk of crop failure and offsetting yield
reduction associated with CCV [40].
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Migration is a livelihood sustenance strategy for vulnerable households in all the three areas:
migration is one of the widely used strategies in the highland and midland areas. In
the lowland areas, it is less common due partly to expansion of irrigation infrastructure
in the adjacent areas, creating opportunities for non-farm activities which is the widely
used strategy in these areas. The result of the study shows that households with at least
one migrant in the three agro-ecological settings have higher values of LSI than in the
counterfactual case that no one has migrated. The result is consistent with the findings of
previous studies in the country showing the positive impact of migration, particularly short-
term migration, on income, food security, asset accumulation, investment in agriculture,
and poverty reduction [41–44]. Migration in Ethiopia is mainly survival-oriented induced
by climate-related problems and other push factors such as shortage of farmland [23,42,45].
Hence, the decision to migrate is made to move out of poverty [45,46] as households living
below the poverty line constitute sizeable share of migrants [44]. For vulnerable households,
migration makes a significant contribution to sustainable livelihoods by insuring them
against production risks. However, we found that migration would not benefit households
with no migrant if they were to use migration. This might suggest that migration is
not a viable option for households that can meet their livelihood needs through locally
available adaptation options. This is apparent from evidence that family members are less
likely to migrate from wealthier households [44] and from families holding larger sizes of
farmland [45]. For better-off households, migration may reduce labour force availability,
consequently undermining farming and other productive activities, leading to reduction in
livelihood sustainability. The opportunity costs of labour migration on local productive
activities and farm outputs are also high for these households as the foregone farm income
may not be compensated by lucrative earnings from migration due to engagement in
low-paying activities and high costs of living at urban destinations. Although some studies
show that migration increases household income without inducing labour constraints in
agriculture [43], this appears only true under the two-fold conditions of enough labour
resources in the households and the high earning potential of the migrant.

Non-farm activities provide livelihood benefits for the users, but non-users would not benefit
if they use these in the three agro-ecological settings: Non-farm activities are mostly used in
the lowland areas due to income-earning opportunities created by expansion of modern
irrigation schemes and availability of development projects in the nearby areas. A lower
proportion of households use this strategy in the midland areas due partly to limited
access to urban areas which are common centres of non-farm works. Our findings show
that farmers in all areas involved in non-farm activities have more sustainable livelihoods
compared to the counterfactual case that none of their household member has engaged
in such activities. It suggests the key roles non-farm activities play in the livelihoods of
smallholder farmers with low economic status. These farmers often rely on low-return non-
farm activities for livelihood sustenance. Under the pressure of weather-related problems,
farmers’ decision to engage in non-farm activities is rational and primarily motivated
by push factors including poverty and lack of farmland or small landholdings [47–49]
and low-potential agricultural production [46]. Consequently, non-farm employment
increases income and wealth, productivity, consumption expenditure and food security;
and reduces poverty [47–50]. For vulnerable households, non-farm employment is not
only an insurance against climate risks but also a source of income to invest in farm inputs.
Income earned from non-farm activities also helps poor farmers to avoid disposal of key
productive assets such as oxen to meet subsistence requirements. On the other hand, we
found that households not using non-farm activities, which appear to be better-off farmers,
would not have benefitted had they engaged in these activities. A possible explanation is
that, owing to the higher marginal labour productivity in the farming sector compared
to the non-farm sector, better-off farmers do not benefit from participating in low-return
non-farm activities, e.g., daily labour works. Better-off households are more likely to
engage in and benefit from high-return non-farm employment due to better access to
financial and human resources [47,51]. For these households, lack of high-return non-farm
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job opportunities in rural areas is a disincentive to engage in and substantially benefit
from non-farm employment. Even when high-return activities are available, households
with large landholdings have higher returns from farming labour and hence they are less
motivated to engage in high-return non-farm activities demanding significant time, skill,
and management [51]. Engagement in non-farm activities may also compete with and
compromise the time and labour required for farming and related activities [52,53].

Number of adaptation strategies is positively associated with farmers’ livelihood sustainability
in the three agro-ecological settings: we found that the livelihood of smallholder farmers in
the three areas using more than four strategies was more sustainable than when using
a smaller number of strategies. Increasing the number of strategies gives more options
and creates more flexibility to improve agricultural production and farmers’ earnings [36].
First, it spreads risks across different strategies. Since adaptation decisions are made in an
uncertain environment, there are always risks associated with the success of using each
strategy. When an increased number of strategies are used, losses incurred from using a
given strategy may be compensated by the benefits obtained from using another strategy.
Second, increasing adaptation strategies contributes to sustainable livelihoods through the
achievement of multiple objectives such as increasing crop productivity and conserving
farmland. Third, the beneficial impact of some strategies depends on using them in combi-
nation rather than using them alone due to complementarities between different adaptation
practices. For instance, provided that there are optimal crop growth conditions, improved
seeds reduce production risks when used with both irrigation and fertilizer [33]. Likewise,
fertilizers are beneficial when used with other adaptation strategies [36]. However, poor
farmers are less likely to invest in and benefit from the use of multiple adaptation strategies
due to lack of resources.

Households are heterogeneous in terms of benefitting from the use of adaptation strategies:
the findings show households do not equally benefit from the use of adaptation strategies.
For instance, the use of improved seeds is a necessary but not a sufficient condition to
contribute to sustainable livelihoods. While the actual users did not benefit from planting
improved seeds, the non-users would benefit if they used them. Poor farmers often use
a mixture of improved and not improved seeds as well as second seeds replicated from
first improved seeds, which are less productive. In some of the study areas, poor farmers
gain the support of improved seeds through aid organizations. However, if these seeds
are not complemented with other productivity-enhancing inputs such as fertilizers, which
are not used in a proper amount and time by poor farmers due to financial problems, the
contribution to livelihood sustainability is minimal. Crop diversification was beneficial
for the actual users. This suggests that in addition to increasing the number of crops to be
produced, unobserved factors such as the types of crops to be produced as well as the size
of land allocated for the production of diversified crops, play important roles in influencing
the livelihood sustainability effects of crop diversification. Likewise, for households using
irrigation, the base heterogeneity effect was positive indicating that the beneficial impact of
irrigation was significantly higher when compared to the counterfactual case that non-using
farmers used irrigation. This also shows that, apart from the effects of CCV, there were
other sources of heterogeneity that made the livelihood of farmers using irrigation more
sustainable compared to the counterfactual case that irrigation was used by farmers who
were not actually using it. This might be related to the higher capacity of these households
to invest in irrigation-based production.

There are agro-ecological similarities and differences in livelihood sustainability and in the
impact of adaptation strategies: despite improvements due to the use of adaptation strategies,
the livelihood sustainability of farmers in the study areas is generally low. LSI was relatively
higher in the lowland areas but lower in the midland and highland areas. This result
contradicts the finding of Mekonnen, et al. [54] showing higher vulnerability in the lowland
areas conceptualized in terms of exposure, sensitivity, and adaptive capacity. However,
it is consistent with another study indicating lower vulnerability of the lowland areas
and higher vulnerability of the highland areas [55]. The study described vulnerability in
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terms of economic, social, and environmental dimensions which, despite variation in the
variables used to describe the index, is fairly similar to the approach used in our study.
Although the lowland areas are exposed to highly erratic and variable rainfall, the higher
LSI of the lowland areas is partly related to higher ESI reflecting better access to natural
resources such as woodlands and grasslands. Management of natural resources are among
the factors contributing to higher resilience to climate change [55]. In the highland areas,
failure of the short rainy season and the consequent production only once a year, coupled
with waterlogging during the main rainy season and extreme cold weather during the later
stages of crop growth, lead to limited options to adjust farming practices, contributing
to lower livelihood sustainability scores. In the midland areas, scarcity of farmland and
severe problems of landslides contribute to lower livelihood sustainability.

5. Conclusions

Promoting adaptation is a key strategy to help smallholder farmers in Ethiopia who are
under increasing threat of rainfall variability and extreme events to sustain their livelihoods.
Adaptation contributes to sustainable livelihood if the strategies provide multi-dimensional
benefits of meeting the economic needs of farmers while also ensuring social benefits and
environmental protection. In this study, using ESR model, which accounts for bias arising
from observable and unobservable farmers’ characteristics, we estimated the impact of
adaptation strategies on the sustainability of the livelihoods of smallholder farmers in
central Ethiopia. The study intends to address whether or not the use of adaptation
strategies increases livelihood sustainability, measured as a composite indicator of 11 social,
economic, and environmental variables.

The following key conclusions can be drawn. First, although most of the smallholder
farmers in the study areas scored very low on the LSI scale, the findings generally show
adaptation contributes to improvement of their livelihoods. Reduction of the risks of crop
failure, obtaining higher and stable yields, creating opportunities to diversify crops, and
generation of employment opportunities and alternative sources of income are the potential
mechanisms through which these strategies contribute to livelihood sustainability. Second,
non-farm employment and migration are beneficial strategies for vulnerable households.
When exposed to climate risks, rural non-farm works and temporary migration are the
most feasible option protecting highly vulnerable households. Third, there are additional
sources of heterogeneity, other than CCV, that make farmers differently benefit from the
use of adaptation strategies. This might include, among others, the length of crop growth
period to flexibly change planting time, types of crops and size of farm plots to diversify
crops, and quality of improved seeds used by farmers. Fourth, although most of the
strategies considered in this study are beneficial in the three agro-ecological settings, there
is slight variation between them. For instance, changing planting time benefits farmers in
the highland and midland areas but not in the lowland areas. Lastly, the use of multiple
adaptation strategies plays complementary roles to enhance livelihood sustainability of
farmers.

The findings have important implications for interventions aimed at promoting sus-
tainable livelihoods. Increasing the economic efficiency of agricultural production is the
cornerstone of building sustainable livelihoods. Although there is a government initiative
to enhance productivity through comprehensive agricultural production packages, it re-
quires coordinated efforts to ensure the uptake of improved technologies by all farmers
in all areas. Limited access to ecosystem services in the highland and midland areas calls
for sustained environmental protection activities and restoration of natural resources as
a means to improve the environmental dimension of livelihood sustainability. Farmers
have ingrained experiential knowledge of adjusting their cropping practices in response
to rainfall variability. Strengthening this system through strong and feasible outreach
services is useful. For instance, since farmers not using improved seeds in all areas would
benefit more if they use them, it is important to ensure the availability, accessibility, and
proper utilization of these seed varieties. Although farmers who actually diversified crops
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in all areas similarly benefitted, the non-users in the midland and lowland areas would
also improve their livelihoods through crop diversification. This denotes the importance
of identifying agro-ecologically viable crop diversification options. Enhancing the skill
of poor farmers through entrepreneurial training and improving their access to financial
services increase the roles of non-farm activities as an alternative and/or additional sources
of income. This not only reduces the volume of distress migration in search of employment
in urban areas, but also creates a favourable environment for non-farm employment to
make meaningful contributions to sustainable livelihoods.
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Appendix A

Table A1. Results of falsification test of the selection instruments.

Adaptation Strategy Selection Instruments Adaptation LSI for Households that Did
Not Adapt

Changing planting time

Member of farmer group 1.12(0.12) *** −0.09(1.77)

Received farmer training 0.22(0.11) ** −1.60(1.12)

Access to weather information 0.32(0.11) ** −0.03(1.05)

Constant −2.19(0.52) *** 34.24(5.26) ***

Wald test on selection
instruments 141.63 *** 0.18 (0.912)

Changing crop type

Member of farmer group 0.03(0.12) −1.96(1.45)

Received farmer training 0.70(0.11) *** 0.12(1.19)

Access to weather information −0.28(0.10) ** −1.65(1.21)

Constant −1.37(0.49) ** 35.77(5.38) ***

Wald test on selection
instruments 72.86 *** 0.79(0.501)

Crop diversification

Member of farmer group 0.02(0.15) 0.23(3.34)

Received farmer training 0.34(0.13) ** −2.92(2.91)

Access to weather information −0.05(0.13) 1.66(2.62)

Constant 1.77(0.64) ** 20.13(13.44)

Wald test on selection
instruments 16.32 *** 0.18(0.911)
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Table A1. Cont.

Adaptation Strategy Selection Instruments Adaptation LSI for Households that Did
Not Adapt

Used improved seeds

Member of farmer group 0.39(0.12) *** −1.15(1.29)

Received farmer training 0.29(0.11) ** −0.96(1.03)

Access to weather information −0.13(0.10) 1.01(1.01)

Constant −1.77(0.51) *** 33.12(4.96) ***

Wald test on selection
instruments 56.47 *** 0.59(0.624)

Land management

Member of farmer group 0.83(0.16) *** 2.75(3.03)

Received farmer training 0.42(0.11) *** −2.57(1.62)

Access to weather information −0.19(0.11) * −0.83(1.59)

Constant −0.22(0.54) 27.69(7.71) ***

Wald test on selection
instruments 78.83 *** 0.65(0.587)

Irrigation
Member of farmer group 0.26(0.13) ** −0.02(1.21)

Constant 0.35(0.52) 33.37(4.84) ***

Non-farm

Member of farmer group 0.30(0.12) ** −0.29(1.37)

Received farmer training −0.02(0.11) 0.39(1.24)

Access to weather information 0.36(0.11) *** 0.47(1.16)

Constant 1.64(0.51) *** 28.23(6.07)

Wald test on selection
instruments 14.20 ** 0.47(0.70)

Migration

Member of farmer group 0.21(0.12) * 0.73(1.17)

Received farmer training 0.14(0.12) −1.09(0.99)

Access to weather information 0.12(0.11) −0.09(0.96)

Constant −2.06(0.57) *** 37.26(4.43) ***

Wald test on selection
instruments 21.45 *** 0.31(0.818)

Used more than four
adaptation strategies

Member of farmer group 0.67(0.12) *** −1.10(1.52)

Received farmer training 0.45(0.11) *** −1.41(1.09)

Access to weather information 0.09(0.10) 0.08(1.07)

Constant −1.46(0.50) ** 31.53(5.28) ***

Wald test on selection
instruments 104.14 *** 0.35

*** p < 0.001; ** p < 0.01; * p < 0.05; Note: Figures in parentheses are standard errors.
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