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Abstract
Purpose – This study aims to examine the effect of crop diversification (CD), as a climate change adaptation
strategy, on farm household’s welfare in terms of farm income and demand for labor. It explores whether
adoption of CD is a win-win strategy on household income and demand for on-farm labor. It also examines the
determinants of rural household’s net farm income and family labor demand.
Design/methodology/approach – A household-plot level data were collected in 2015 from 929 rural
farm households and 4,778 plots in the Nile Basin of Ethiopia. The data comprise farm and household
characteristics accompanied by geo-referenced climate data such as long-term average temperature and
amount and variability of growing season rainfall. The authors estimate an endogenous switching regression
model to measure the effect of CD on the farm household’s welfare, using net farm income and household
labor demand as a welfare indicator.
Findings – The results indicate heterogeneous effects of climate variables on farm income between adopters
and non-adopters of CD. The study also confirms the win-win effect of adoption of CD with a positive and
significant effect on farm income and a reduction in demand for on-farm labor. The results suggest that
adoption of CD helps improve the well-being of farm households and build a resilient agricultural system.
Research limitations/implications – As the study used a cross-sectional data, it is limited to show the
time effect of practicing CD on the household’s welfare.
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Originality/value – First, the authors investigate, to their knowledge for the first time, the existence of
synergy or tradeoff in the effect of CD on two dimensions of rural households’ welfare (net farm income and
labor demand). Second, they investigate the heterogeneous effect of climate change adaptation strategies on
the farm household’s welfare between adopters and non-adopters. This is unlike previous studies that
consider climate change adaptation strategies as having a homogeneous effect. However, this approach is
inappropriate since the effect of adaptation strategies is different for adopters and non-adopters.

Keywords Climate change, Household welfare, Crop diversification (CD),
Endogenous Switching Regression model (ESRM), Effect of climate change

Paper type Research paper

1. Introduction
Climate change is one of the most critical problems facing the world. Developing countries
are severely affected by climate change partly because many of these are heavily dependent
on agriculture as their source of income which is highly vulnerable to climate change effects.
Africa is expected to lose 0.13 to 2 per cent of its GDP by 2100 because of the negative effect
of climate change on agriculture. The continent is the least equipped financially and
technically to adapt to changing conditions and lagging behind in the adoption of improved
technologies like irrigation, capital and high yield varieties [United Nations (UN), 2007;
Intergovernmental Panel on Climate Change (IPCC), 2014].

Ethiopian agriculture accounts for about 40 per cent of GDP, 73 per cent of employment
and nearly 80 per cent of foreign export earnings [Agricultural Transformation Agency
(ATA), 2014; Federal Democratic Republic of Ethiopia (FDRE), 2016]. The sector is
challenged by many factors, of which climate-related disasters like drought and floods are
the major ones (Deressa, 2007; Elias, 2016). Temperature is projected to increase by 1.7-2.7°C
in the year 2050, which is very damaging and dangerous. Ethiopia’s GDP is projected to be
10 per cent lower compared to the no climate change scenario in the 2040s (Robinson et al.,
2012). In the literature, it is suggested that taking adaptation measures will help reduce the
effect of climate change (Bradshaw et al., 2004; Lin, 2011; Teklewold et al., 2013; Di Falco
et al., 2011). However, the adoption of climate change adaptation measures is very limited in
Ethiopia (Deressa, et al., 2008; Di Falco et al., 2011). In the study area, agriculture is
predominantly rain-fed with about 1 per cent of households using irrigation water. About 58
per cent of farm households do not practice adaptation measures to address climate-related
shocks (Di Falco et al., 2011). Climate change adaptation strategies are mainly aimed at
increasing the productivity of farmers under changing climatic conditions which help
farmers to attain food security and alleviate poverty.

In this study, we consider the application of crop diversification (CD) as a climate change
adaptation measure. CD via intercropping and crop rotation is a strategy for attempting to
grow and manage more than one crop across space or time which involves the exploitation
of jointly beneficial interactions among individual crops. These include reducing the
incidence of weeds, pests and diseases; improving soil fertility, organic matter content and
water-holding capacity; diversifying the seasonal requirements of resources; and stabilizing
farm income over time through evening out the impact of price fluctuation. (Liebman and
Dyck, 1992; Snapp et al., 2010; David et al., 2002; Jhamtani, 2011; Woodfine, 2009). This
practice is often considered as a key component of integrated soil fertility management and
integrated pest management strategies for smallholder farmers. This can save farmers the
cost of buying fertilizer and pesticides, which contributes to the mitigation of climate change
and reduce labor demand for pest and weed control (Knowler and Bradshaw, 2007; Fuglie,
1999). CD also enables farmers to grow products that can be harvested at different times and
in different places and that have different weather or environmental stress-response
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characteristics. Hence, multiple cropping serves as a hedge against the risk of drought,
extreme or unseasonal temperatures, rainfall variations and price fluctuations that affect the
productivity and income of smallholder systems. Accordingly, several studies provide
empirical evidence on the contribution of CD to the farmers. Teklewold et al. (2013) found
that system diversification reduces farmers’ use of nitrogen fertilizer and pesticide, because
of nitrogen fixation by the legume crops, and diversification controls pests, weeds and
disease.

Moreover, Liebman and Dyck (1992); Azevedo et al. (1999); Campbell et al. (1991) and
Stanger and Lauer (2008) found that crop rotation can improve crop yield significantly. This
is attributed to the existence of a large amount of N concentration under different rotation
sequences. It also plays a paramount role in managing weed, pests, insects and crop
diseases. (Cavigelli et al., 2013; Prasifka et al., 2006). Even though CD through crop rotation
has important agronomic and economic benefits, studies that empirically examine the joint
benefits are limited. For instance, Tibesigwa et al. (2015); Afolami et al. (2015); Kuntashula
et al. (2014); Bola et al. (2012) and Asfaw (2010) showed that climate change adaptation
measures like CD can improve household’s welfare. However, in these studies, welfare is
measured in terms of either household’s consumption expenditure or farm income. However,
if we look at the household’s decision to maximize welfare, they will maximize welfare
subject to a budget constraint which takes in to account the price of outputs and purchased
inputs, and the time endowment of each household member (Koihlin and Amacher, 2005).
This dimension of welfare is very important because a given farm household might not only
maximize its utility by having higher farm income or consumption level alone. Rather, he/
she may be highly satisfied by having a discussion or other social activities with family or
the local community.

The concept of synergy and tradeoff is discussed mainly in the literature outside climate
change adaptation and household’s welfare (Balagamwala et al., 2015; Power, 2010;
Turkelboom et al., 2016). However, there are no studies yet that try to explore the existence
of synergy or tradeoff by adopting CD. In this study, synergy and tradeoff[1] are defined
following the approach developed by Turkelboom et al. (2016).

A trade-off will exist if adoption of CD directly increases net farm income and family
labor time. A synergy, on the other hand, is a situation where adoption of CD can increase
net farm income and decrease family labor time.

Thus, in this paper, we analyze the effect of CD[2] on rural farm household’s welfare by
considering on-farm labor demand and net farm income as measures of welfare. Specifically,
it has the following objectives:

� to examine the differential effect of climate variables and other socio-economic
factors on farm income and on-farm labor demand among adopters and non-
adopters of CD;

� to explore the average adoption effect of CD on farm income and on-farm labor
demand; and

� to show whether adoption of CD is win-win in terms of effects on farm income and
on-farm labor demand.

The rest of the paper is organized as follows. Section 2 provides a brief description of the data.
Section 3 presents the conceptual and econometric framework we use for adoption selection
model and estimation of average treatment effects. This is followed by a presentation of the
empirical specification of our estimation model in Section 4. In Section 5, we discuss our
estimation results. Section 6 concludes and presents key findings and policy implications.
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2. The data and definition of variables
The study uses primary data collected using a structured questionnaire from 929 farm
households and 4,778 plots within the Nile basin of Ethiopia by the Environment and Climate
Research Center (ECRC) at the Ethiopian Development Research Institute (EDRI) in 2015. The
data comprise household characteristics, land characteristics, credit, social capital, adaptation
practices and perceptions of climate change. The study incorporated different climate variables
in the empirical model. The average monthly temperature (oC) and the average growing season
rainfall (mm) from 2000 to 2013 are included as prime factors. Monthly rainfall and temperature
data were collected from all the meteorological stations in the country. Then, the Thin Plate
Spline[3] method of spatial interpolation was used to impute the household-specific rainfall and
temperature values using latitude, longitude and elevation information of each household. This
method is one of the most commonly used to create spatial climate data sets. Its strengths are
that it is readily available and relatively easy to apply, and it accounts for spatially varying
elevation relationships (Di Falco et al., 2011).

The sampling frame considered the traditional typology of agro-ecological zones in the
country (namely, Dega, Woina-Dega, Kolla and Berha)[4]. The following variables were also
considered to select sample districts purposely: percentage of cultivated land, the degree of
irrigation activity, average annual rainfall, rainfall variability and vulnerability (measured
as number of food aid-dependent population). Woredas were selected in such a way that
each class in the sample matched to the proportions for each class in the entire Nile basin of
Ethiopia. Following this procedure, 20 woredas were selected purposely and simple random
sampling was then used in selecting one village from each woreda and 50 households from
each village. A part of the survey instrument was in particular designed to capture farmers’
perceptions and understanding of climate change and their approaches for adaptation.

3. Conceptual and econometric framework
The conceptual framework of this study dates back to the study of Roy (1951). In his study,
Roy showed how individuals self-select themselves between two different occupations,
hunting and fishing, based on their comparative advantage. The decision to participate in
either of the two occupations is conditional on the benefit that will be generated from the
occupations (Maddala, 1986).

Similarly, farm households will practice a given adaptation strategy by their own will.
Households will self-select in their decision to adopt a given strategy. However, the decision
to practice a given adaptation strategy will depend on the expected utility of adoption. The
farmer will practice a given adaptation strategy if the utility from that strategy is greater
than alternative strategies. Thus, the decision to adopt adaptation strategies can be modeled
in a random utility framework (Kassie et al., 2011; Di Falco et al., 2011; Asfaw, 2010).

Let the difference in utility from adoption (UhA) and non-adoption (UhN) be denoted by
Th*. However, the utilities are unobservable and this is represented by the following latent
variable model:

Th� ¼ b Zh Z þ mh;Th ¼ 1 if Th� > 0 (1)

where:
Th* =UhA –UhN is unobservable;
Th = 1 if a farmer practices at least one of the given adaptation strategies;
Th = 0 otherwiseb Zh = vector of parameters;
Zh = vector of explanatory variables; and
mh = the error term.
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Now if we assume the relationship between an outcome variable such as net agricultural
income and adaptation strategies is linear, this may be represented by:

Yh ¼ gXh þ dTh þ «h (2)

where,
Yh is an outcome variable such as net agricultural income;
g and d are vectors of parameters to be estimated and «h is the error term.

If we run the above regression, the coefficient of adoption is d , which measures the impact of
practicing a given adaptation strategy on the outcome variable. Yet, this measurement is not
accurate. To be taken as an appropriate measure, the decision to practice adaptation
strategies should be random. In other words, the groups of adopters and non-adopters
should be randomly assigned. However, in the case of practicing climate change adaptation
measures, farmers will decide to practice each adaptation strategy by their own consent.
Thus, there is a problem of self-selection which leads to selection bias. The decision to take a
given adaptation measure is likely to be affected by unobservable characteristics such as
managerial skill, average land fertility and motivation that may be correlated with the
outcome of interest.

From a regression perspective, this is similar to saying « is correlated with T or m . If this
is the case, the specified equation above fails to account for self-selection, ending up with a
biased result.

Therefore, the appropriate approach is to follow amodel that takes in to account selection
bias correction. In the literature on selection, different bias correction methods have been
proposed and used. Mainly, the works of Lee (1983); Dubin and Mcfadden (1984) and
semiparametric alternatives proposed by Dahl (2002) are noticeable. However, the method
proposed by Dubin and McFadden is highly preferable to other methods as shown by
Bourguignon et al. (2007).

In this study, we use an endogenous switching regression model (ESRM) using the Dubin
and McFadden method as improved by Bourguignon et al. (2007)[5]. This would make the
study follow recent advances in the area and lend the outcomes of the study for comparison
with recent studies. Recently, the approach has been used by several researchers including
Di Falco et al. (2010); Kassie et al. (2015); Teklewold et al. (2013) and Di Falco et al. (2011).

3.1 Adoption selection model
A representative farm household will choose to adopt CD if the expected utility from
adopting is greater than the expected utility of not adopting. Now let A* be the latent
variable that captures the expected benefits from the choice of CD practice compared with
not choosing this practice. The criterion (selection) equation would then be described as:

A�
i ¼ Xib þ « i; with Ai ¼

1 if A�
i > 0

0 other wise

(
(3)

Farm household i will choose to practice CD (Ai = 1) in response to long term changes in
mean temperature and rainfall if A�

i > 0, and will not practice otherwise. The vector X
represents variables that affect the likelihood to practice such as the characteristics of the
operating farm, farm head and farm household’s characteristics, presence of assets, past
climatic factors, experience with previous extreme events, whether farmers received
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information on CD, government and farmer-to-farmer extension and other institutional
factors such as credit and land tenure.

In overcoming the standard econometric problem associated with the use of a pooled
sample of CD adopters and non-adopters, we use ESRM framework for household net farm
income which is proxied by net revenue per hectare. Accounting for endogeneity and
selection biases this measure can then be elicited into two estimable functions where farmers
face two regimes: To practice CD, Not to practice CD and is defined as follows:

Regime 1 : Y1i ¼ Q1i a1i þ m 1i if A ¼ 1 (4)

Regime 2 : Y2i ¼ Q2i a2i þ m 2i if A ¼ 2 (5)

where Yi is the outcome variable which is farm household’s net farm income in the two
regimes and Q1i and Q2i represent a vector of exogenous variables included in X. a1i and a2i
are vectors of population parameters that will be estimated in the model using the survey
data. Further, our model relies on the assumption that the error terms in equations (3), (4)
and (5) have a trivariate normal distribution, with zero mean and covariance matrix of:

d 2
1 d 1« d 2«

d 1« d 2
2 �

d 2e � d 2
«

0
B@

1
CA where d 2

1 and d 2
2 are variances of the stochastic disturbance terms in

the regime functions in equations (4) and (5). d 2
« is the variance of the stochastic disturbance

term in the selection equation shown as equation (3). * represents the covariance of the
stochastic disturbance terms in equations (4) and (5) while it is not determined as Y1i and Y2i
cannot be observed simultaneously. d 1« is the covariance of the error term of selection
equation (« i) and the outcome equation of regime one (m1i). Likewise, d 2� represents the
covariance of the stochastic disturbance terms in the selection equation and the outcome
equation of regime two (m2i). The variance for the error term in the selection equation (d 2

« ) is
assumed to be 1, since the coefficients are estimable only up to a scale factor (Maddala,
1983).

An important implication of the error structure is that, because the error term of the
selection equation (4) « i is correlated with the error terms of the regime equations (5) and (6),
which are m 1i and m2i, the expected values of these two error terms conditional on the
sample selection are nonzero.

Mathematically; m 1ijAi ¼ 1½ � ¼ d 1«
U Xibð Þ
U Xibð Þ ¼ d 1« l 1i and m 2ijAi ¼ 0½ � ¼ �d 2«

U Xibð Þ
1 � U Xibð Þ ¼ d 2« l 2i where f (.) is the standard normal probability density function, U(.) the

standard normal cumulative function, l 1i ¼ U Xibð Þ
U Xibð Þ and l 2i ¼ � U Xibð Þ

1� U Xibð Þ If d
0
1« and d 0

2«

(estimated covariances) are statistically significant, the decision to practice CD and household’s
welfare are correlated which becomes evidence for endogenous switching and in turn indicates
the existence of sample selection bias. The above model described by equations (3) through (5)
is known as a “switching regression model with endogenous switching” (Maddala and Nelson,
1975).

The commonly used approach to estimate models that involve self-selection is by
following the two-stage procedure. However, this method is inappropriate and highly
criticized because it requires some adjustment to derive consistent standard errors and it
shows poor performance when there is high multicollinearity between the covariates of the
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selection equation and the covariates of the outcome equation (Maddala, 1983) The
appropriate and efficient method to estimate ESRMs is full information maximum likelihood
(FIML) estimation. This method is preferable to other approaches in many instances. First, it
is feasible with available software and it provides an efficient estimate. In addition, it allows
restrictions to be applied and permits construction of likelihood ratio tests on the restriction
(Lee and Trost, 1977; Mare and Winship, 1987) When similar variables affect the adoption
decision (X) and the subsequent outcome equations (Q), lack of identification of the model
will be a problem. Even though non-linear correction terms are included, this may not be
enough and results in the problem of multicollinearity (Khanna, 2001; Babcock and Jie,
1998). To overcome this problem finding an instrumental variable is very tedious and difficult,
if not impossible. Therefore, to assure the admissibility of the model, we have used exclusion
restrictions. These variables are hypothesized to affect directly the selection variable but not
the outcome variable. Variables related to information sources like government extension,
farmer-to-farmer extension, and information from radio, and input market distances are used in
the welfare function. The admissibility of these instruments is established by performing a
simple falsification test, i.e. if a variable is a valid selection instrument then it will affect the
decision of choosing an adaptation strategy but it will not affect the net revenue per hectare
among farm households that did not adopt. The logarithmic likelihood function given the
previous assumptions regarding the distribution of the error terms is:

lnLi ¼
XN

i¼1

Ai lnf
« 1i

d 1

� �� �
� lnd 1 þ ln U Y1ið Þ

þ 1� Aið Þ lnf
« 2i

d 2

� �
� lnd 2 þ ln 1� Uð Þ Y2ið Þ� �� �

(6)

whereYij ¼
Xib r

ji=d 1

� �ffiffiffiffiffiffiffiffiffi
1�r 2

j

p j = 1, 2 with r j = the correlation coefficient between « i (the error term

of the selection equation) and the error term m ji of the outcome equations (5) and (6).

3.2 Estimation of average treatment effects and counter-factual analysis
ESRM is very important to compare the expected welfare of farm households that adopted
CD (7a) to farm households that did not adopt (7b). It is also used to investigate the expected
farm household welfare in the counterfactual case, that is, when farm households who have
adopted CD did not adopt (8a), and when farm households that had not adopted did adopt
(8b). Following this approach not only solves selection bias because of unobserved
heterogeneity, but it also controls for selection bias because of observed heterogeneity.

The conditional expectations for household welfare in the four cases can be expressed as:
(1) Adopters with adoption (actual adoption observed in the sample):

E Y1i=Ai ¼ 1ð Þ ¼ Q1i a1 þ d 1«l 1i (7a)

(2) Non-adopters without adoption:

E Y2i=Ai ¼ 0ð Þ ¼ Q2i a2 þ d 2«l 2i (7b)

(3) Adopters had they decided not to adopt:
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E Y1i=Ai ¼ 0ð Þ ¼ Q2i a1 þ d 1«l 2i (8a)

(4) Non-adopters had they decided to adopt:

E Y2i=Ai ¼ 1ð Þ ¼ Q1i a2 þ d 2«l 1i (8b)

The expected values derived above help to calculate unbiased estimates of TT. We can
define the treatment effects as the difference between (7a) and (8b) or (7b) and (8a) i.e.:

TT ¼ E Y1i=Ai ¼ 1ð Þ � E Y2i=Ai ¼ 1ð Þ

TT ¼ Q1i a1 � a2ð Þ þ d 1« � d 2«ð Þ l 1i (9)

By following similar procedure, we can also calculate the effect of adoption on the non-
adopters (TU) which is the difference between (7b) and (8a), i.e.:

TU ¼ E Y1i=Ai ¼ 0ð Þ � E Y2i=Ai ¼ 0ð Þ

TU ¼ Q2i a1 � a2ð Þ þ d 1« � d 2«ð Þ l 2i (10)

The difference between (TT) and (TU) in equations (9) and (10) represents the so-called
“transitional heterogeneity” (TH) which indicates whether the effect of adopting CD is larger
or smaller for the adopters than for the non-adopters.

4. Results and discussion
4.1 Determinants of farm household’s net income
For the analysis of the determinants of farm household’s net income discussed here as well
as farm labor demand discussed in the next sub-section, we estimate the ESRM using FIML
estimation technique. The discussion of results focuses on the role of climate variables. The
results are shown in the Appendix.

Both average rainfall and temperature are expected to have a nonlinear effect on farm
income of adopters and non-adopters. Therefore, average temperature and rainfall with their
respective squares are included in this study. As per the expectation, the effect of
temperature is found nonlinear and significant.

A unit’s increase in temperature increases the income of both adopters and non-adopters.
However, the income of adopters is increased by a larger amount than the non-adopters.
This is because of the fact that the non-adopters’ farm income is compromised by the effect
of high temperature. On the contrary, adopters of CD become beneficiary since CD reduces
the effect of high temperature on crop yield by conserving moisture and increasing soil
fertility.

After some point, income tends to decline for both adopters and non-adopters as
temperature increases as shown by the negative sign of temperature square. This result also
confirms the advantage of adopting CD. This is because when we look at the turning point
for the inverted u-shape relationship between temperature and farm income, the inflection
point for adopters is found 10 per cent larger than the non-adopters. In other words, farm
household income of adopter’s increases for 10 per cent amount even after the non-adopter’s
income starts to decline because of the higher temperature. This implies that adoption of CD
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can help farm households to reduce the effect of climate change on their farm net revenue.
Similar studies have also shown that climate change affects farm income negatively. For
instance, Lee and Nadolnyak (2012) indicated that in USAA though an increase in
temperature boosts farm profit initially, it has a negative effect when farmers join the highly
drier climate scenario. Bobojonov and Aw-Hassan (2014) also found a similar result for
Central Asia.

Moreover, Quiroga and Suárez (2016) reported that higher temperature and lower
precipitation also negatively affect agricultural income distribution in Spain. Results of
studies in Ethiopia are also similar (Deressa, 2007; Aragie, 2013; Gebreegziabher et al., 2011).
On the other hand, increase in average rainfall reduces the income of farm households for
both adopters and non-adopters. This suggests that CD is most effective in low rainfall or
drier areas.

Apart from this, rainfall and temperature variability are crucial factors that affect farm
household’s income. This suggests that even if the total amount of rain during a given
production year is enough, its timing and distribution is vital. If all of the total rain needed
for one production season rained at the beginning of the production period, it will be harmful
for farmers. Thus, giving attention to rainfall variability is very important.

The results of the study show that both rainfall and temperature variability are found
significant determinants of household farm income for both adopters and non-adopters.
When the variability of rainfall increases the income of both adopters and non-adopters will
decline. However, the reduction in income is significantly smaller for adopters (�6.4) than
for non-adopters (�8.2). Similarly, the negative effect of an increase in temperature
variability on household income is smaller for adopters (�52.2) than for non-adopters
(�70.2). Shumetie and Alemayehu (2017) also found that rainfall variability in the cropping
season has a significant negative effect on farm income. Silva and Matyas (2014) and
Moylan (2012) found that high rainfall variability reduces farm income for Mozambique and
Malawi respectively.

Two related implications of these results are: first, in addition to average rainfall and
temperature, attention should be paid to their variability; second, CD has not only the
advantage of increasing farm household’s income when there is a change in average
temperature and rainfall, but it can be the best buffer strategy during times of high
temperature and rainfall variability.

In addition to the climate variables, other socio-economic and farm-related factors are
also found significant determinants of household income. Factors with negative and
significant effects on farm household income adopters and non-adopters are family size, size
of cultivated land and livestock ownership. Similar to this result, studies by Qasim (2012)
and Moylan (2012) revealed that higher land size is associated with reduced farm income in
Pakistan and Malawi respectively. This might be because of the fact that, farmers will fall
short of raw materials and agricultural inputs like labor and fertilizer to use when their
cultivated land is large. Because of this, farmers will prefer to cultivate intensively in the
given small plot of land. From the plot related variables incorporated in this study, land
tenure and fertility are found positive and significant determinants of farm household
income of adopters and non-adopters. The study by (Kabubo-Mariara et al., 2010) stressed
the importance of tenure security to increase the productivity of farmers.

4.2 Determinants of farm household labor
In this section, we discuss the determinants of farm household labor focusing on the role of
climatic factors[6]. As noted above, the results are presented in the Appendix.
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The effect of temperature on family labor is found nonlinear and significant for both
adopters and non-adopters. Initially farm household’s labor increases with an increase in
temperature but after some point, it exhibits an inverse relationship. This is because
when the temperature increases farmers will take different measures to hedge from the
effect of high temperature like water conservation activities. However, when the effect of
temperature becomes overwhelming, farmers will search for other nonfarm and off-farm
employment opportunities. In addition to this, rainfall variability is also found to be
negative and significant determinant for family labor demand. This negative relationship
would be attributed to the fact that farmers will opt to use their labor in another
alternative income generating activities than working on their own land to reduce the
negative effect of high rainfall variability on their production. Thus, there will be a
reduction in family labor use for the farming activity. Maurel and Kubik (2014) reported a
similar result that the total labor devoted to off-farm agricultural work increases when
there is an increase in total rainfall in India. In addition, Badiani and Safir (2010) showed
that when there is an increase in temperature, farm households send their family
members to other places to diversify their income other than working on their own land.
The effect of some of the control variables is also significant as can be seen from the
results in the Appendix (Table I).

Table I.
Definition and

summary statistics of
variables

Non-adopters Adopters

Variables Description Mean SD Mean SD
Mean

Difference

Household characteristics
FMSIZ Family size (AE) 7.96 0.3 8.30 0.31 �0.339***
AGE Age of the head 50.59 12.9 52.34 12.81 �1.74***
MARITAL 1 = if married 1.58 1.46 0.120***
REMIT 1 = received remittance 1.87 1.873 �0.0033
OFFFARM 1 = if participated in off farm activity 1.77 1.81 �0.038***
GENDER 1 = if the head is male 1.12 1.11 0.016**
EDUC years of education of the head 2.21 3.13 1.66 2.85 0.557***

Assets and institutional factors
VPFA Total value of productive farm assets

(ETB)
24342 35810 26086 42814 �1743.96*

FARMSIZE Farm size (ha) 2.06 1.52 1.97 1.33 0.082*
TLU Livestock herd size 4.63 3.69 4.92 3.5 �0.294***
CREDIT 1 = Credit constrained (credit is needed

but unable to obtain)
0.44 0.43 0.007

FARMSUPPORT 1 = if the household received farm
equipment’s from the government or
NGOs

0.08 0.07 0.010

TENURE 1 = if the land is certified 1.28 1.21 0.068***
GOVEXT 1 = if received government extension

service about CD
1.65 1.65 000

Notes: A test used to compare the means of explanatory variables between adopters and non-adopters
under the assumption of unequal variance. SD is standard deviation; ***, **, * show difference between
adopters and non-adopters is significant at 1, 5 and 10 per cent levels, respectively. Shock index is
calculated by dividing the number of shocks that happened on a plot by seven. These shocks are drought,
flood, erratic rainfall, animal attack
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4.3 Average adoption effect of crop diversification
Table II presents the average effect of the adoption of CD on farm income and family labor
demand. The number in the first row and first column of Table III is the average income
value (3715.63 Birr) for adopters of CD. The number in the second column of the first row
(3137.23 Birr) indicates the average net farm revenue for adopters in the counterfactual case.
So, the adoption effect on adopters can be found by subtracting the second from the first
(578.54 Birr ***). The result is positive and significantly different from zero which suggests
that the farm household’s income for those who adopted CD is significantly higher than if
they did not adopt. By using a similar procedure, the adoption effect of CD on non-adopters
can be calculated from Table III. In the second row and first column of Table III, we find the
value of net farm income for non-adopters in the counterfactual case, while the second
column in the same row represents the same value in the actual case. Thus, the difference
between these two cells of the second row gives us farm income of non-adopters (1566.55
Birr ***). The result indicates that net farm income will increase significantly if they adopt
CD than the actual case of non-adoption. Tibesigwa et al. (2015); Afolami et al. (2015); Bola
et al. (2012) and Asfaw (2010) showed that climate change adaptation measures like CD

Table II.
Plot characteristics
and climate variables

Non-adopters Adopters Mean
Variables Description Mean SD Mean SD Difference

Plot characteristics
PLOTDIST Plot distance from home in

minutes
13.2 16.65 15.41 19.34 �2.16***

SLOPE Slope of the plot
1 = flat 0.58 0.61 �0.030**
2 = medium 0.77 0.69 0.072***
3 = steep 0.08 0.10 �0.017

FERTILITY Fertility of the plot
1 = highly fertile 1.00 1.17 �0.166**
2 = medium fertility 1.07 0.98 0.086***
3 = infertile 0.12 0.11 0.0127

SHOCKa Index of shocks the household
faced (Numbers)

0.102 0.06 0.102 0.04 000

MEDIA 1 = if the household received
media information about CD

0.26 0.19 0.07***

INPUTMAR Walking distance in minutes 10.47 1.81 10.41 1.92 0.060
ORGANIC manure used in KG 0.26 0.44 0.23 0.42 0.032***
PESTICIDE pesticide used in lt 0.1 0.69 0.12 0.65 �0.02

Climate variables
TEMP 0013 Average annual temperature (0C)

2000-2013
20.02 2.55 19.92 2.58 0.102*

RAIN0013 Average growing season rainfall
2000-2013 (mm)

684 239 707 231 �23.5***

CV TEMP Coefficient of variation for annual
temperature 2000-2013 (mm)

0.1037 0.025 0.101 0.0004 0.0017**

CV RF Coefficient of variation for average
growing season rainfall 2000-2013
(mm)

0.557 0.247 0.534 0.234 0.022***

Notes: aLandslide, hailstorms, and other shock specified by the respondent. More shocks on a plot means
the shock index will increase approaching 1 as the number of shocks approaches 7; ***significant at 1%
level; **significant at 5% level; *significant at 10% level
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improve household’s welfare. Similar results were also reported by Kuntashula et al. (2014);
Di Falco et al. (2011); Bhattacharyya (2008) and Bradshaw et al. (2004).

By following a similar procedure like the one for farm income analysis we did above, the
average expected farm household’s labor demand in the actual and counterfactual case is
estimated for both adopters and non-adopters. This estimation helps to know specifically
the treatment effect on adopters (TT), treatment effect on non-adopters (TU) and also the
TH.

The number in the first row and first column of Table IV is the average family labor
demand (32.85) for adopters of CD. The number in the second column of the same row (90.67)
indicates the average household labor for adopters had they been non-adopters. Then the
adoption effect on adopters can be found by subtracting the second from the first
(�57.82***). The result is negative and significantly different from zero. This indicates that
farm households can save 57.82-person days/hectare by adopting CD.

By using a similar procedure, the adoption effect of CD on non-adopter’s family labor
demand can be calculated from Table III. In the second row and first column of Table IV, we
find farm household’s labor demand for non-adopters in the counterfactual case, while the
second column in the same row shows the value in the actual case. Thus, the difference
between these two columns of the second row gives farm household labor demand of non-
adopters (�14.29***). The result shows that non-adopter farm households can get an
advantage of a reduction in family labor demand amounting to 14.29 person days per
hectare if they adopt CD. This is in line with the works of Teklewold et al. (2013). Finally, the
last cell in the second column gives the value for TH. This value is negative and
significantly different from zero (�43.53) implying by adopting CD adopters benefit more
than the non-adopters, albeit both are beneficiaries from adoption.

5. Is there synergy or tradeoffs?
In this study, synergy and tradeoffs are defined as follows. Synergy will occur if CD
increases net farm income without adding extra labor demand to the household. On the

Table III.
Adoption effects of

CD on net farm
income

Decision stage
Adopters Non-adopters Adoption effect

Adopters 3715.63 (59.92) 3137.23 (93.47) TT = 578.54*** (113.45)
Non adopters 2966.75 (80.9) 1400.20 (23.46) TU = 1566.55*** (62.62)
TH effect TH =�988.01

Notes: TT = Adoption effect for adopters, TU = Adoption effect for non-adopters, TH (TT-TU) =
transitional heterogeneity; ***significant at 1% level; **significant at 5% level; *significant at 10% level

Table IV.
Adoption effects of
CD on family labor

demand

Decision stage
Adopters Non-adopters Adoption effect

Adopters 32.85 (0.30) 90.67 (1.43) TT =�57.82*** (1.00)
Non-adopters 17.76 (0.15) 32.05 (0.51) TU =�14.29*** (0.40)
TH effect TH =�43.53

Notes: TT = Adoption effect for adopters, TU = Adoption effect for non-adopters, TH (TT-TU) =
transitional heterogeneity; ***significant at 1% level; **significant at 5% level; *significant at 10% level
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other hand, there will be a tradeoff when CD increases both net farm income and family
labor demand. Either synergy or trade-off is expected to happen between increasing farm
household’s welfare by boosting productivity and the extra labor burden on household labor
use which results from the adoption of CD. Therefore, in this section, we discuss whether
there is synergy or tradeoffs.

As can be seen from the results in Tables III and IV, adoption of CD increases net farm
income by 578.54 Birr per hectare for adopters and 1566.55 Birr per hectare for non-adopters
had they been adopters. Moreover, the reduction in family labor because of the adoption of
CD is 57.82 person days for adopters and 14.29 for non-adopters had they been adopters. In
both of the two cases, the result indicates the double benefit of adopting CD and they are
statistically significant.

Thus, the study revealed that CD not only reduces the total per hectare family labor use
but it also increases net farm income. Therefore, it can be taken as a strategy to maximize
household’s welfare both in terms of making more labor time available for either leisure or
other activities and net farm income. By doing this CD as an adaptation strategy helps
reduce the effects of climate change and improve farm households’welfare.

6. Concluding remarks
The general objective of this study is to examine the effect of CD on farm households’
welfare, more specifically on family labor use and net farm income. The study used the 2015
survey database on 929 farm households collected in Nile Basin of Ethiopia by ECRC/EDRI.
Our final analysis includes 4778 plots. To estimate the adoption effect on net farm income
and farm labor demand along with the determinants of household net farm income and the
adoption decision, simultaneous equation model which can capture the unobserved
heterogeneity and selection bias was estimated. The following main conclusions can be
drawn from the results of the study.

First, it was found that climate variables, household and plot characteristics are the
main determinants of farm income and household labor demand. Farm income of
adopters and non-adopters is positively determined by temperature. However, the
income of adopters is increased by a larger amount than the non-adopters. Thus, it is
vital to work on the promotion and expansion of CD through the provision of extension
services to better use CD as a hedge for higher temperature. In addition, family size,
cultivated land size, and livestock ownership are found negative determinants of farm
income. Family labor demand is found to be determined by average temperature
positively and significantly. However, rainfall variability affects the demand for family
labor negatively.

Second, for both adopters and non-adopters diversifying crop can spur farm households’
welfare had they decided to adopt than they would if they had not adopted. In addition, non-
adopters can get a larger payoff relative to adopters if both of the two groups decided to adopt.

Third, the average treatment effect of adopting CD on family labor use is also
significant for both adopters and non-adopters had they been adopters. By adopting
CD, farmers reduce their workload on their family and get extra time for leisure and
other activities. In relative terms, the adopter’s labor reduction is larger than the non-
adopters.

Finally, adoption of CD provides a double benefit for both adopters and non-
adopters. For both groups, it can reduce family workload and increase the well-being of
farm households through an increase in net farm income. Thus, by adopting CD there is
synergy than tradeoffs. An important policy implication of this is that the current
agricultural extension program could focus on the promotion of and support for the
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adoption of CD to rescue rural farmers from the negative effect of climate change. Even
though both adopters and non-adopters benefit from adoption of CD, the extent of the
treatment effect is not the same. This is an indication of the discrepancy that exists
between adopters and non-adopters. Therefore, policymakers should take into
consideration this heterogeneity when they are attempting to advance the relevance of
CD so as to unleash the full potential benefit of the practice.

7. Limitation of the study
As the study used a cross-sectional data, it is limited to show the time effect of practicing CD
on the household’s welfare.

Notes

1. See Turkelboom et al. (2016) for more discussion on synergy and tradeoff.

2. In this study, we consider crop rotation as crop diversification. Thus, adopters are those who
practice crop rotation on a plot in the last cultivation year.

3. By definition, Thin Plate Spline is a physically based two-dimensional interpolation scheme for
arbitrarily spaced tabulated data. The Spline surface represents a thin metal sheet that is
constrained not to move at the grid points, which ensures that the generated rainfall and
temperature data at the weather stations are exactly the same as data at the weather station sites
that were used for the interpolation. In our case, the rainfall and temperature data at the weather
stations are reproduced by the interpolation for those stations, which ensures the credibility of
the method (see Wahba, 1990).

4. This classification is based on altitudinal difference (in meters above sea level), i.e, Wurch >3200
meters, Dega 2300 – 3200 meters, Woina-dega 1500 -2300 meters, Kola 500 -1500 meters and
Bereha< 500 meters.

5. See Bourguignon et al. (2007) for detailed derivation of the specifications and comparisons
between different selection bias correction methods.

6. The estimation results for farm income and household labor demand can be found in the
Appendix.
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