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How Can African Agriculture Adapt to Climate
Change? A Counterfactual Analysis from Ethiopia

Salvatore Di Falco and Marcella Veronesi

ABSTRACT. We analyze the impact of different ad-
aptation strategies on crop net revenues in the Nile
Basin of Ethiopia. We estimate a multinomial endog-
enous switching regression model of climate change
adaptation and crop net revenues and implement a
counterfactual analysis. Households data are com-
bined with spatial climate data. We find that adap-
tation to climate change based upon a portfolio of
strategies significantly increases farm net revenues.
Changing crop varieties has a positive and significant
impact on net revenues when coupled with water con-
servation strategies or soil conservation strategies,
but not when implemented in isolation. (JEL Q54,
Q56)

I. INTRODUCTION

Effective adaptation of agriculture to cli-
mate change is crucial to achieve food security
in Sub-Saharan Africa (Lobell et al. 2011).
This part of Africa is characterized by millions
of small-scale subsistence farmers who farm
land and produce food in extremely challeng-
ing conditions. The production environment is
characterized by a joint combination of low
land productivity and harsh weather conditions
(i.e., high average temperature and scarce and
erratic rainfall). These result in very low yields
of food crops, and food insecurity. Because of
the low level of economic diversification and
reliance on rain-fed agriculture, Sub-Saharan
Africa’s development prospects have been
closely associated with climate. Climate
change is projected to further reduce food se-
curity (Rosenzweig and Parry 1994; Parry, Ro-
senzweig, and Livermore 2005; Cline 2007;
Lobell et al. 2008; Schlenker and Lobell 2010).
For instance, the fourth Intergovernmental
Panel on Climate Change (IPCC) suggests that
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at lower latitudes, in tropical dry areas, crop
productivity is expected to decrease “for even
small local temperature increases (1–2 !C)”
(IPCC 2007, 51). In many African countries
access to food will be severely affected;“yields
from rain-fed agriculture could be reduced by
up to 50% by 2020” (IPCC 2007, 10). Future
warming seems unavoidable. Current agree-
ments to limit emissions, even if implemented,
will not stabilize atmospheric concentrations
of greenhouse gases and climate change.
Farmers will thus still face a warmer produc-
tion environment.

The identification of climate change adap-
tation strategies is therefore vital in Sub-
Saharan Africa.1 These strategies can indeed
buffer against the implications of climate
change and play an important role in reducing
the food insecurity of farm households. While
the importance of adaptation is widely ac-
cepted, our understanding on how to adapt
(and its economic impact) is still quite weak.
Adaptation is a complex phenomenon com-
prising different strategies that may play an
important role in supporting the welfare of
farm households. There are different measures
that, in principle, farmers can adopt to address
climate change, for instance, switching crops,

1 Countries at low latitudes are predicted to bear three
to four times the climate change damages (Mendelsohn and
Dinar 2003). The effect of warming on agricultural systems
in temperate countries is instead projected to be positive.
This identifies losers and winners as results of global warm-
ing (Mendelsohn, Dinar, and Williams 2006).
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adopting water-harvesting technologies, or
adopting conservation measures to retain soil
moisture. Farmers can implement these mea-
sures in isolation or in combination.

In this study, we analyze and compare the
role of different adaptation strategies to answer
the following research questions: What are the
factors affecting the adoption of strategies in
isolation or in combination? What are the
“best” strategies that can be implemented to
deal with climatic change in the field? In par-
ticular, what are the economic implications of
different strategies? To answer these questions
is important to make the adaptation process ex-
plicit. The basic premise of this paper is that a
possible way to understand the role of adap-
tation is to study farmers mitigating responses
to impacts of changes to date. Adaptation to
changing climatic conditions is not, in fact, a
new process. Farmers have constantly imple-
mented adjustments to cope with the vagaries
of climatic conditions. Thus, understanding
the impacts of past adaptation can help us
gauge the importance of these strategies in the
face of future climate change. In addition, a
farm-level perspective can be particularly use-
ful to inform us of the barriers and drivers be-
hind the different adaptation strategies.

We contribute to the existing literature on
climate change in agriculture in three ways.
First, we disentangle the economic implica-
tions of different climate change adaptation
strategies within a Ricardian framework.2
This is within the spirit of the so-called struc-
tural Ricardian analysis (pioneered by Seo
and Mendelsohn 2008a, 2008b; Seo 2010;
Kurukulasuriya and Mendelsohn 2008).3 In
particular, we investigate whether implement-
ing these strategies in combination is more ef-
fective than implementing them individually.
Second, we identify the most successful strat-
egies by implementing a counterfactual anal-
ysis. This provides information on what farm

2 Di Falco, Veronesi, and Yesuf (2011) follow a similar
approach; however, they focus on the binary choice of adapt-
ing or not adapting to climate change, without distinguishing
the effect of different strategies.

3 Differently from these studies we do not look at types
of farms (specialized vs. mixed), livestock switching, or a
specific technology adoption such as irrigation. We instead
map the full set of actual adaptation strategies implemented
by individual farms.

households would have earned if they had not
adapted a particular strategy. Third, we add
some empirical evidence from Ethiopia on
farmers’ climate change adaptation strategies
to a number of country-specific studies (e.g.,
Seo and Mendelsohn 2008a, 2008b, 2008c,
2008d; Deressa et al. 2009; Kurukulasuriya,
Kala, and Mendelsohn 2011).

We have access to a unique database on
Ethiopian agriculture to answer our research
questions. One of the survey instruments was
specifically designed to investigate farmers’
climate change perception and adaptation.
Specifically, farmers were asked what adjust-
ments they made in response to long-term
shifts in temperature and/or rainfall. Farmers
in the study sites have undertaken a number
of adaptation measures including changing
crop varieties, adopting soil conservation
measures, and adopting water-related strate-
gies such as water harvesting and water con-
servation. These adaptation measures account
for more than 95% of the measures followed
by the farm households that actually under-
took an adaptation measure.4

Farmers’ decision to adapt and what strat-
egy to adopt is voluntary and based on indi-
vidual self-selection. Farm households that
adopted a particular strategy are not a random
sample of the original population; they may
have systematically different characteristics
from farm households that did not adapt or
adopted a different strategy. Unobservable
characteristics of farmers and their farm may
affect both the adaptation strategy decision
and net revenues, resulting in inconsistent es-
timates of the effect of adaptation on net rev-
enues. For example, if only the most skilled
or motivated farmers choose to adapt or
choose the most profitable strategy, then self-
selection bias can affect the estimates. In ad-
dition, observable variables may have differ-
ent marginal effects on net revenues within
the context of different strategies.

We address these issues by estimating a
multinomial endogenous switching regression
model of climate change adaptation and crop

4 It should be stressed that livestock and agroforestry
practices can also be important in the context of adaptation
to climate change. Future research should be devoted to the
analysis of these other strategies.
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net revenues by a two-stage procedure that al-
lows us to produce selection-corrected net rev-
enues. In the first stage, we use a selection
model where a representative farm household
chooses to implement a specific strategy, while
in the second stage the information stemming
from the first step is used in a Ricardian model
(Mendelsohn, Nordhaus, and Shaw 1994)
where farm net revenues are regressed against
climatic variables and other control variables.5
Climatic variables such as rainfall and tem-
perature at the household level were con-
structed via the thin plate spline method of spa-
tial interpolation. This method imputes the
farm-specific values using latitude, longitude,
and elevation information of each farm house-
hold (see Wahba 1990 for details).

The inclusion of these climatic variables is
essential to estimate the Ricardian model. The
availability of climatic variables can also be
useful to test whether the strategies were im-
plemented in response to climate change. We
use as selection instruments in the net revenue
functions the variables related to past experi-
ence of extreme weather events (e.g., flood,
drought, hailstorm) and past information
sources (e.g., government extension, farmer-
to-farmer extension, information from radio,
and, if received, information particularly on
climate). We establish the admissibility of
these instruments by performing a simple fal-
sification test: if a variable is a valid selection
instrument, 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 adapt (Di Falco,
Veronesi, and Yesuf 2011).

We find that adaptation to climate change
based upon a combination of strategies has a
significant positive effect on farm net reve-
nues, as opposed to strategies adopted in iso-
lation.

II. BACKGROUND

Ethiopia’s GDP is closely associated with
the performance of its rain-fed agriculture
(Deressa and Hassan 2010). For instance,

5 It should be stressed that the adoption of new practices
may be driven by consumption preferences or risk manage-
ment. We acknowledge this potential limitation in our study.

about 40% of national GDP, 90% of exports,
and 85% of employment stem from the agri-
cultural sector. The rain-fed production envi-
ronment is characterized to a large extent by
land degradation and very erratic and variable
climate. Historically, rainfall variability and
associated droughts have been major causes
of food shortage and famine in Ethiopia. The
success of the agricultural sector is crucially
determined by the productivity of smallholder
farm households. They account for about 95%
of the national agricultural output, of which
about 75% is consumed at the household level
(World Bank 2006). With a minimally diver-
sified economy and reliance on rain-fed agri-
culture, Ethiopia’s development prospects
have been thus associated with climate. For
instance, the World Bank (2006) reported that
catastrophic hydrological events such as
droughts and floods have reduced its eco-
nomic growth by more than a third.

The frequency of droughts has increased
over the past few decades, especially in the
lowlands (Lautze et al. 2003; NMS 2007). A
study undertaken by the national meteorolog-
ical service (NMS 2007) highlights that an-
nual minimum temperature has been increas-
ing by about 0.37 degrees Celsius every 10
years over the past 55 years. Rainfall has been
more erratic, with some areas becoming drier
but others becoming relatively wetter. These
findings point out that climatic variations have
already happened. The prospect of further cli-
mate change can exacerbate this very difficult
situation. Climate change is indeed projected
to further reduce agricultural productivity
(Rosenzweig and Parry 1994; Parry, Rosen-
zweig, and Livermore 2005; Cline 2007).
Most climate models converge in forecasting
scenarios of increased temperatures for most
of Ethiopia (Dinar et al. 2008).

III. SURVEY AND DATA DESCRIPTION

This study relies on a survey conducted in
2004 and 2005 on 1,000 farm households in
the Nile basin of Ethiopia (IFPRI 2010), one
of the countries most vulnerable to climate
change and with the least capacity to respond
(Orindi et al. 2006; Stige et al. 2006). The Nile
basin is a very large area covering roughly
one-third of the country. The sampling frame
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TABLE 1
Climate Change Adaptation Strategies

Frequency Percent

Soil conservation 1,397 72.27
Changing crop varieties 1,186 61.36
Water strategies

Building water harvesting scheme 309 15.99
Water conservation 82 4.24
Irrigating more 279 14.43

Other strategies
Early-late planting 176 9.11
Migrating to urban area 23 1.19
Finding off-farm job 132 6.83
Leasing the land 3 0.16
Changing from crop to livestock 71 3.67
Reduce number of livestock 121 6.26
Adoption of new technology 26 1.35

Note: Subsample of farm households that adapted at the plot level
(sample size = 1,933).

considered the traditional typology of agroe-
cological zones in the country (i.e., Dega,
Weina Dega, Kolla, and Bereha), percent of
cultivated land, average annual rainfall, rain-
fall variability, and vulnerability (number of
food-aid dependent people in the population).
The sampling frame selected the woredas (an
administrative division equivalent to a dis-
trict) in such a way that each class in the sam-
ple matched to the proportions for each class
in the entire Nile basin. The procedure re-
sulted in the inclusion of 20 woredas. Random
sampling was then used in selecting 50 house-
holds from each woreda.

Farmers reported their use of production
input and output data at the plot level for two
cropping seasons: Meher (long rainy season)
and Belg (the short rainy season). Although a
total of 45 annual crops were grown in the
basin, the first five major annual crops (teff,
maize, wheat, barley, and beans) cover 65%
of the plots. These are also the crops that are
the cornerstone of the local diet. We limit the
analysis to these primary crops. The final sam-
ple includes 941 farm households and 2,802
plots. The scale of the analysis is at the plot
level. The farming system in the survey sites
is very traditional, using plough and yoke
(animals’ draught power). Labor is the major
input in the production process during land
preparation, planting, and postharvest pro-
cessing. Labor inputs were disaggregated as
adult male’s labor, adult female’s labor, and
children’s labor. This approach of collecting
data (both inputs and outputs) at different
stages of production and at different levels of
disaggregation should reduce cognitive bur-
den on the side of the respondents and in-
crease the likelihood of retrieving better ret-
rospective data. The three forms of labor were
aggregated as one labor input, using adult
equivalents. We employed the standard con-
version factor in the literature on developing
countries, where an adult female’s and chil-
dren’s labor are converted into adult male la-
bor equivalents at 0.8 and 0.3 rates, respec-
tively.

One of the survey instruments was specif-
ically designed to analyze farmers’ climate
change perception and adaptation. Specific
questions were included to investigate
whether farmers have noticed changes in

mean temperature and rainfall over the last
two decades, and whether in response to these
changes they made some adjustments in their
farming by adopting some particular strate-
gies. Farm households in the study sites have
undertaken a number of adaptation measures,
including changing crop varieties, adopting
soil conservation measures, and adopting wa-
ter strategies such as water harvesting and wa-
ter conservation (Table 1).6

The adaptation measures were imple-
mented both in isolation and jointly. They are
mainly yield related and account for more
than 95% of the measures followed by the
farm households that actually undertook an
adaptation measure. The remaining adaptation
strategies were much less frequently adopted.
For instance, migration and finding off-farm
jobs were considered viable adaptation strat-
egies in less than 7% of the sample. We iden-
tified eight main strategies: (1) changing crop
varieties only; (2) implementing only water
strategies, such as water harvesting, irrigation,
or water conservation; (3) implementing only
soil conservation; (4) implementing water

6 As a reviewer emphasized, there might be some sig-
nificant effects on crop revenues depending on which type
of soil conservation measures are taken (e.g., soil bunds,
fanya juu terracing). Unfortunately, our sample does not al-
low us to investigate these effects because of the very small
sample size of these subgroups. Future research should be
allocated to the estimation of the impact of different mea-
sures.
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TABLE 2
Descriptive Statistics

Total Sample
Farm Households

That Did Not Adapt
Farm Households

That Adapted

Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Dependent
Net revenues 4,167.203 4,901.327 3,661.458 3,295.894 4,394.567 5,457.213

Adaptation strategy j
Changing crop varieties only 0.082 0.275 — — 0.119 0.324
Water strategies only 0.020 0.141 — — 0.029 0.169
Soil conservation only 0.147 0.354 — — 0.213 0.409
Water strategies and changing crop varieties 0.040 0.195 — — 0.057 0.233
Soil conservation and changing crop varieties 0.198 0.399 — — 0.288 0.453
Water strategies and soil conservation 0.050 0.219 — — 0.073 0.260
Water strategies, soil conservation, and

changing crop varieties
0.103 0.304 — — 0.150 0.357

Other strategies 0.049 0.216 — — 0.071 0.258
Explanatory

Belg rainfall 322.668 160.670 356.033 177.310 307.668 150.251
Meher rainfall 1,111.069 295.173 1,034.002 302.518 1145.715 285.180
Average temperature 17.737 2.034 19.022 1.991 17.159 1.773
Highly fertile 0.280 0.449 0.333 0.471 0.257 0.437
Infertile 0.158 0.365 0.127 0.333 0.172 0.378
No erosion 0.484 0.500 0.510 0.500 0.472 0.499
Severe erosion 0.104 0.306 0.082 0.274 0.114 0.318
Labor 101.096 121.362 90.385 87.701 105.912 133.503
Seeds 115.151 148.714 91.315 103.513 125.867 163.948
Fertilizers 60.739 176.934 57.728 174.630 62.092 177.988
Manure 198.572 832.187 73.009 438.860 254.955 952.355
Animals 0.874 0.332 0.844 0.363 0.887 0.317
Crop type 3.180 1.396 3.350 1.293 3.104 1.433
Tree planting 0.312 0.463 — — 0.452 0.498
Literacy 0.489 0.500 0.413 0.493 0.524 0.500
Male 0.926 0.262 0.914 0.281 0.932 0.252
Married 0.928 0.259 0.922 0.269 0.931 0.254
Age 45.738 12.546 44.560 13.782 46.267 11.914
Household size 6.602 2.189 6.242 2.260 6.765 2.136
Relatives 16.490 43.674 9.466 13.280 19.561 51.321
Highlands (Dega) 0.304 0.460 0.359 0.480 0.520 0.500
Midlands (Weina Dega) 0.484 0.500 0.404 0.491 — —
Flood experience 0.172 0.378 0.207 0.405 0.217 0.412
Drought experience 0.443 0.497 0.074 0.261 0.565 0.496
Hailstorm experience 0.229 0.421 0.132 0.339 0.273 0.446
Government extension 0.608 0.488 0.269 0.444 0.761 0.427
Farmer-to-farmer extension 0.516 0.500 0.197 0.398 0.659 0.474
Radio information 0.307 0.461 0.139 0.346 0.382 0.486
Climate information 0.422 0.494 0.111 0.314 0.563 0.496

Sample size 2,802 869 1,933

Note: The sample size refers to the total number of plots. The final total sample includes 20 woredas, 941 farm households, and 2,802 plots.

strategies and changing crop varieties; (5) im-
plementing soil conservation and changing
crop varieties; (6) implementing water strat-
egies and soil conservation; (7) implementing
water strategies, soil conservation, and chang-
ing crop varieties; and (8) implementing other
strategies. We set “nonadapting” as the ref-
erence category. Tables 2 and 3 show that im-

plementing only soil conservation, and soil
conservation and changing crop varieties are
the most popular strategies (21% and 29%
among the adapters).

Monthly rainfall and temperature data were
collected from all the meteorological stations
in the country. Then, the thin plate spline
method of spatial interpolation was used to
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impute the household-specific rainfall and
temperature values using latitude, longitude,
and elevation information for each house-
hold.7 This method is one of the most com-
monly used to create spatial climate data sets.
Its strengths are that it is readily available,
relatively easy to apply, and accounts for spa-
tially varying elevation relationships. How-
ever, it only simulates elevation relationship,
and it has difficulty handling very sharp spa-
tial gradients. This is typical of coastal areas.
Given that the area of the study is character-
ized by significant terrain features and no cli-
matically important coastlines, the choice of
the thin spline method is reasonable (for more
details on the properties of this method in
comparison to the other methods see Daly
2006). Variable definitions are presented in
Appendix Table A1, and the descriptive sta-
tistics in Tables 2 and 3.

IV. MODELING CLIMATE CHANGE
AND ADAPTATION STRATEGIES

In this section, we specify a model of cli-
mate change adaptation and net revenues in
the setting of a two-stage framework. In the
first stage, we assume that farm households
face a choice of M mutually exclusive strate-
gies to cope with long-term changes in mean
temperature and rainfall. In the second stage,
we outline an econometric model that is used
to investigate the effects of different climate
change adaptation strategies on net revenues.
Particular functional forms are chosen to re-
main within the spirit of previous work in this
area (e.g., Deressa and Hassan 2010).

7 By definition, the 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 the 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 sta-
tions, which ensures the credibility of the method (see
Wahba 1990 for details).

Stage I: Selection Model of Climate Change
Adaptation Strategies

In the first stage, let A* be the latent vari-
able that captures the expected net revenues
from implementing strategy j (j = 1 . . . M) with
respect to implementing any other strategy k.
We specify the latent variable as

∗ ¯A = V +η = Z α +η , [1]ij ij ij i j ij

with

∗ ∗1 iff A >max(A ) or ε <0i1 ik i1
k ≠1A = ! ! !i " ∗ ∗M iff A >max(A ) or ε <0 ,iM ik iM
k ≠ M

that is, farm household i will choose strategy
j in response to long term changes in mean
temperature and rainfall if strategy j provides
expected net revenues greater than any other
strategy k ≠ j, that is, if ∗ε = max(A −ij ik

k ≠ j
. Equation [1] includes a deterministic∗A )<0ij

component ( ), and an idiosyncraticV̄ = Z αij i j
unobserved stochastic component . The lat-ηij
ter captures all the variables that are relevant
to the farm household’s decision maker but
are unknown to the researcher such as skills
or motivation. It can be interpreted as the un-
observed individual propensity to adapt.

The deterministic component dependsV̄ij
on factors Zi that affect the likelihood of
choosing strategy j such as farmer head’s and
farm household’s characteristics (e.g., age,
gender, education, marital status, and farm
household size), the presence of assets such
as animals, the characteristics of the operating
farm (e.g., soil fertility and erosion), past cli-
matic factors8 (e.g., 1970–2000 mean rainfall
and temperature), the agroecological zone of
the farm household (Dega, Kolla, and Weina

8 It is conventional in this body of literature to use qua-
dratic terms for the climatic variables. This is in order to
capture nonlinearities and threshold effects in the relation-
ship between revenues and climate (Mendelsohn, Nordhaus,
and Shaw 1994). Increasing temperature may have a positive
impact on the growth of crops, however, up to a threshold
level, after which increased warming of the production en-
vironment may have detrimental effects on yields.
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Dega), and the experience of previous ex-
treme weather events such as droughts, floods,
and hailstorms. Experience in farming is ap-
proximated by age and education.

Furthermore, farm households may have
access to information on farming strategies
before they can consider adopting them, as
well as information about climate. Since ex-
tension services are one important source of
information for farmers, we use access to gov-
ernment and farmer-to-farmer extensions as
measures of access to information. We also
control for tree planting. Besides providing
agroecological benefits, trees provide a very
important function: they are a proxy for land
tenure security. This has been observed in pre-
vious research on Sub-Saharan Africa. Peren-
nial crops can be a way of strengthen claims
to land and show to the rest of the community
a continuous use of the resource (Sjaastad and
Bromley 1997; Besley 1995). As Platteau
(1992, 166) noted “the best way of exercising
control over land is to plant trees.” This view
is also documented in Ethiopia by Shiferaw
and Holden (1998), Gebremedhin and Swin-
ton (2003), Bogale, Taeb, and Endo (2006)
and Mekonnen (2009).9

It is assumed that the covariate vector Zi is
uncorrelated with the idiosyncratic unob-
served stochastic component , that is,ηij

. Under the assumption thatE(η ⎪Z ) = 0 ηij i ij
are independent and identically Gumbel dis-
tributed, that is, under the independence of ir-
relevant alternatives (IIA) hypothesis, selec-
tion model (1) leads to a multinomial logit
model (McFadden 1973) where the probabil-
ity of choosing strategy j (Pij) is

exp(Z α )i j
P = P(ε <0⎪Z ) = . [2]ij ij i M exp(Z α )# i kk = 1

Stage II: Multinomial Endogenous
Switching Regression Model

In the second stage, we estimate a multi-
nomial endogenous switching regression

9 Holden and Yohannes (2002) noted, however, that the
direction of causality may be reversed. Farmers with more
tenure security may plant more perennials.

model to investigate the impact of each strat-
egy on net revenues by applying Bourguig-
non, Fournier, and Gurgand’s (2007) selection
bias correction model. Our model implies that
farm households face a total of M regimes
(one regime per strategy, where j = 1 is the
reference category “nonadapting”). We have
a net revenue equation for each possible re-
gime j defined as

Regime 1: y = X β + u if A = 1 [3a]i1 i 1 i1 i
! ! , !

Regime M: y = X β + u if A = M [3m]iM i M iM i

where yij is the net revenue per hectare of
farm household i in regime j, (j = 1, . . . ,M),
and Xi represents a vector of inputs (e.g.,
seeds, fertilizers, manure, and labor), farmer
head’s and farm household’s characteristics,
soil’s characteristics, and the past climatic
factors included in Zi; represents the unob-
served stochastic component, which verifies

and . For2E(u ⎪X ,Z ) = 0 V(u ⎪X ,Z ) = σij i i ij i i j
each sample observation only one among the
M dependent variables (net revenues) is ob-
served. When estimating an ordinary least
squares (OLS) model, the net revenues equa-
tions [3a]–[3m] are estimated separately.
However, if the error terms of the selection
model (1) ηij are correlated with the error
terms uij of the net revenue functions [3a]–
[3m], the expected values of uij conditional
on the sample selection are nonzero, and the
OLS estimates will be inconsistent. To cor-
rect for the potential inconsistency, we em-
ploy the model by Bourguignon, Fournier,
and Gurgand (2007), which takes into ac-
count the correlation between the error terms
ηij from the multinomial logit model esti-
mated in the first stage and the error terms
from each net revenue equation uij. We refer
to this model as a “multinomial endogenous
switching regression model,” following the
terminology of Maddala and Nelson (1975)
extended to the multinomial case.

Bourguignon, Fournier, and Gurgand
(2007, 179) show that consistent estimates of
βj in the outcome equations [3a]–[3m] can be
obtained by estimating the following selection
bias-corrected net revenues equations:
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Pij
Regime 1: y = X β +σ ρ m(P )+ ρ m(P ) + v if A = 1 [4a]i1 i 1 1 1 i1 # j ij i1 i[ ]j (P −1)ij! ! , !

Pij
Regime M: y = X β +σ ρ m(P )+ ρ m(P ) + v if A = M [4m]iM i M M M iM # j ij iM i[ ]j (P −1)ij

where Pij represents the probability that farm
household i chooses strategy j as defined in
[2], ρj is the correlation between uij and ηij,

and with J( ⋅ )m(P ) = J(ν − logP )g(ν)dνij j$
being the inverse transformation for the nor-
mal distribution function, g( ⋅ ) the uncondi-
tional density for the Gumbel distribution, and

. This implies that the numberν = η +logPij ij j
of bias correction terms in each equation is
equal to the number of multinomial logit
choices M.

For the model to be identified it is impor-
tant to use as exclusion restrictions, thus as
selection instruments, not only those auto-
matically generated by the nonlinearity of se-
lection model (1) but also other variables that
directly affect the selection variable but not
the outcome variable. In our case study, we
use as selection instruments in the net revenue
functions the variables related to the past ex-
perience of extreme weather events10 (e.g.,
droughts, floods, and hailstorms), and the in-
formation sources (e.g., government exten-
sion, farmer-to-farmer extension, information
from radio, and, if received, information par-
ticularly on climate). We establish the admis-
sibility of these instruments by performing a
simple falsification test: if a variable is a valid
selection instrument, 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 adapt (Di Falco,
Veronesi, and Yesuf 2011). Table 4 and Ap-
pendix Table A2 show that the extreme
weather events and the information sources
can be considered as valid selection instru-
ments: they are jointly statistically significant
drivers of the decision to adapt strategy j but
not of the net revenues per hectare by the farm
households that did not adapt at the 1% and

10 We thank an anonymous reviewer for suggesting
these selection instruments.

5% statistical level. In addition, standard er-
rors are bootstrapped to account for the het-
eroskedasticity arising from the two-stage es-
timation procedure.

A crucial assumption of the Bourguignon,
Fournier, and Gurgand’s (2007) model is that
IIA holds. However, Bourguignon, Fournier,
and Gurgand (2007, 199) show that “selection
bias correction based on the multinomial logit
model can provide fairly good correction for
the outcome equation, even when the IIA hy-
pothesis is violated.” An alternative estima-
tion method is provided by Dahl (2002),
which corrects the outcome equation of en-
dogenous selection semiparametrically by
adding a polynomial of choice probabilities to
the covariate vector. However, Bourguignon,
Fournier, and Gurgand (2007) show that their
method is more robust than the one proposed
by Dahl (2002), which is more suitable when
a large number of observations is available
and the number of choices in the selection
model is small, otherwise “the identification
of the covariance matrix between all model
residuals becomes intractable” (p. 200), as it
would be in our case.

In addition, we exploit plot-level infor-
mation to deal with the issue of farmers’
unobservable characteristics such as their
skills. Plot-level information can be used to
construct panel data and control for farm-spe-
cific effects (Udry 1996). Including standard
fixed effects (where variables are transformed
in deviations from their means) is, however,
particularly complex in our multinomial
switching regression approach. In addition,
the alternative method of adding the inverse
Mills ratio to the second step and using stan-
dard fixed effects does not lead to consistent
estimates (Wooldridge 2002, 582–83). We
follow Mundlak (1978) and Wooldridge
(2002) to control for unobservable character-
istics. We exploit the plot-level information
and insert in the net revenues equations [4a]–
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[4m] the average of plot-variant variables
such as the inputs used (seeds, manure,S̄i

fertilizer, and labor). This approach relies on
the assumption that the unobservable char-
acteristics νi are a linear function of the av-
erages of the plot-variant explanatory vari-
ables ; that is with¯ ¯S v = X π + ψ ψ "i i i i i

and , where π is2 ¯ ¯INN(0,σ ) E(ψ /X ) = 0Sψ i i i
the corresponding vector of coefficients, and

is a normal error term uncorrelated withψi
.S̄i

V. COUNTERFACTUAL ANALYSIS AND
TREATMENT EFFECTS

In this section, we present the estimation of
the treatment effects (Heckman, Tobias, and
Vytlacil 2001), that is, the effect of the treat-
ment “adoption of strategy j” on the net rev-

enues of the farm households that adopted
strategy j. In absence of a self-selection prob-
lem, it would be appropriate to assign to farm
households that adapted a counterfactual net
revenue equal to the average net revenue of
nonadapters with the same observable char-
acteristics. However, unobserved heteroge-
neity in the propensity to choose an adaptation
strategy affects also net revenues and creates
a selection bias in the net revenue equation
that cannot be ignored. The multinomial en-
dogenous switching regression model can be
applied to produce selection-corrected predic-
tions of counterfactual net revenues.

In particular, we follow Bourguignon,
Fournier, and Gurgand (2007, 179 and 201–
3), and we first derive the expected net reve-
nues of farm households that adapted, which
in our study means j = 2 . . . M (j = 1 is the ref-
erence category “nonadapting”), as

M Pik
E(y ⎪A = 2) = X β +σ ρ m(P )+ ρ m(P ) [5a]i2 i i 2 2 2 i2 # k ik[ ]k ≠2 (P −1)ik! . !

M Pik
E(y ⎪A = M) = X β +σ ρ m(P )+ ρ m(P ) [5m]iM i i M M M iM # k ik[ ]k = 1. . . M −1 (P −1)ik

Then, we derive the expected net revenues
of farm households that adopted strategy j in

the counterfactual hypothetical case that they
did not adapt ( j = 1) as

MP Pi1 ik
E(y ⎪A = 2) = X β +σ ρ m(P )+ρ m(P ) + ρ m(P ) [6a]i1 i i 1 1 1 i2 2 i1 # k ik[ ]k = 3. . . M(P −1) (P −1)i1 ik! . !

Pi,k −1
E(y ⎪A = M) = X β +σ ρ m(P )+ ρ m(P ) [6m]i1 i i 1 1 1 iM # k i,k −1[ ]k = 2. . . M (P −1)i,k −1

This allows us to calculate the treatment ef-
fects (TT), as the difference between equa-
tions [5a] and [6a] or [5m] and [6m], for
example.

VI. RESULTS

In this section, we first investigate the fac-
tors affecting the adoption of strategies in iso-
lation or combination, and then, the implica-
tions of adopting a particular strategy on farm
households’ net revenues.

Drivers of Climate Change Adaptation
Strategies

Table 4 presents parameter estimates of the
multinomial logit model and allows us to an-
swer the first research question: What are the
main drivers of adopting a particular climate
change strategy?

Some covariates positively and signifi-
cantly affect the adoption of a large number
of strategies. This is the case for most of the
climatic variables. Rainfall in the long rain pe-
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riod (Meher) and temperature are statistically
significant drivers of the adoption of all strat-
egies with the exception of (1) changing crop
varieties in isolation and (8) other strategies.11

The statistical significance of the majority of
climatic variables on the probability of adap-
tation can provide some evidence that the ad-
aptation strategies undertaken by farmers are
indeed correlated with climate. It could in fact
be argued that some of these strategies are part
of standard farming practices rather than re-
lated to climate adaptation per se. In the next
section, we show that strategies that are in-
deed correlated with climatic variables also
display a statistically significant treatment ef-
fect. This evidence can offer some reassur-
ance that climate is indeed a key driver behind
the adaptation strategies and that adaptation
delivers an important payoff.

Soil conditions are found to be extremely
important and consistent across the board. We
indeed find evidence that farm households
with highly fertile soils are less likely to adapt
via changing crop varieties and soil conser-
vation (both in isolation or jointly with water
and crops). Farms characterized by very se-
vere erosion, instead, are less likely to under-
take more complex strategies that adopt a
portfolio of responses, such as jointly imple-
menting water, crop, and conservation mea-
sures.

Interestingly, the role of planting trees is
strongly positive and statistically significant.
As reported earlier, this supports the hypoth-
esis that trees are ways of securing property
rights. The more tenure-secure a farm house-
hold is, the more likely it is to undertake ad-
aptation strategies. Compared with the exist-
ing literature on the determinants of
adaptation, this result is novel (e.g., Deressa
et al. 2009; Kurukulasuriya and Mendelsohn
2008). Among the socioeconomic character-

11 The significant coefficients of the linear and quadratic
climatic terms could lead to the conclusion that temperature
displays an inverted U–shaped behavior, while rainfall dis-
plays a U-shaped behavior. This would highlight the exis-
tence of threshold levels in the climatic variables. It should
be noted, however, that the standard interpretation of poly-
nomials in a linear regression framework does not extend to
nonlinear models where marginal effects could have differ-
ent signs for different values of the independent variables
(Ai and Norton 2003).

istics, both education and household size dis-
play a positive impact on some strategies. Past
experience of extreme events also plays a role
in adaptation. Events such as flood and hail-
storm significantly increase the likelihood
choosing soil conservation and crop-water
strategies.

We explored the role of extension services
on the probability of adopting the strategies.
We find that both government extension and
farmer-to-farmer extension services have a
positive and statistically significant effect on
some of the strategies. Government extension
services are positively correlated with the
probability of adaptation via changing crops
in isolation and in conjunction with soil con-
servation measures, while farmer-to-farmer
extension increases the likelihood of adopting
strategies only in combination. Those farmers
that were approached by their peers were thus
more likely to undertake a portfolio approach
and implement the following combinations:
water strategies and changing crop varieties,
water strategies and soil conservation, water
strategies and soil conservation and changing
crop varieties. This latter, most comprehen-
sive strategy is also positively affected by the
provision of information on climate change.
In addition, information is positively and sig-
nificantly correlated with other two strategies:
soil conservation adopted in isolation, and
changing crop varieties and water strategies
adopted in combination. Our results on the
role of extension and information are very
consistent with the existing literature (Shi-
feraw and Holden 1998; Bekele and Drake
2003; Anley, Bogale, and Haile-Gabriel 2007;
Tesfaye and Brouwer 2012). In the concluding
section, we further discuss our results, in par-
ticular, in light of their implications in terms
of net revenues.

Economic Implications of Climate Change
Adaptation Strategies

We now turn to the economic implications
of adopting a particular strategy on farm
households’ net revenues. What are the strat-
egies that yield the highest revenues? Two
simple and standard approaches could be ap-
plied to identify the “best” adaptation strategy.
First, we could compare actual mean net rev-
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enues per hectare by farm household adapta-
tion strategy (Table 2, first row).12 This naı̈ve
comparison would drive the researcher to con-
clude that farm households that adopted water
strategies and soil conservation measures are
those that earned the most, in particular, about
ETB 1,550/ha more than farm households that
did not adapt (difference significant at the 1%
level, t-statistic = –4.30). A second possible
approach consists of estimating a linear re-
gression model of net revenues that includes
binary variables equal to 1 if the farm house-
hold adopted a particular strategy (Appendix
Table A3). This approach would lead us to
conclude that farm households implementing
only water strategies would earn the most,
about ETB 1,680/ha more than farm house-
holds that did not adopt.

However, both approaches can be mislead-
ing and should be avoided in evaluating the
impact of adaptation strategies on net reve-
nues. They both assume that adaptation to cli-
mate change is exogenously determined,
whereas it is a potentially endogenous vari-
able. The difference in net revenues may be
caused by unobservable characteristics of the
farm households, such as their skills. For in-
stance, the apparently most successful farm
households could also be the most skilled
ones, and so, they are those that would have
done better than the others even without
adapting. We address this issue by estimating
a multinomial endogenous switching regres-
sion model as described in Section IV: in a
first stage, we estimate the aforementioned
multinomial logit model of choice between
multiple combinations of strategies, and in a
second stage, we estimate net revenue func-
tions that account for the endogenous strategy
decision.13 Then, we plug the coefficients of

12 It should be stressed that the use of net revenues in
this context is not free from problems. A comprehensive
determination of cost in this context can be indeed be prob-
lematic because of the existence of some costs that are ac-
tually “hidden” (McCarthy, Lipper, and Branca 2011). This
caveat should be borne in mind.

13 We present the coefficient estimates of the net revenue
equations in Appendix Table A4 for reasons of space, and
because the paper focuses on selection-corrected predictions
of counterfactual net revenues to measure the impact of cli-
mate change adaption strategies, and not on the factors af-
fecting net revenues.

the net revenue functions into equations [6a]–
[6m] to produce selection-corrected predic-
tions of counterfactual net revenues, that is,
what farm households would have earned if
they had not adapted.

Table 5 presents net revenues per hectare
under actual and counterfactual conditions.
We compare expected net revenues under the
actual case that the farm household adopted a
particular strategy to adapt to climate change
and the counterfactual case that did not. The
last column of Table 5 presents the impact of
each adaptation strategy on net revenues,
which is the treatment effect, calculated as the
difference between columns (1) and (2).

Importantly, we find no statistical evidence
of the impact of strategies that are imple-
mented in isolation. Thus, changing crops,
water conservation, and soil conservation if
implemented in isolation do not seem to sig-
nificantly impact net revenues. We find in-
stead that adaptation to climate change based
upon a portfolio of strategies significantly in-
creases farm households’ net revenues.

The counterfactual analysis allows us to
identify the set of strategies that can deliver
the highest payoff. As already identified by
the existing literature, switching crops is one
of the most remunerative strategies imple-
mented by farmers (e.g., Kurukulasuriya and
Mendelsohn 2007; Seo and Mendelsohn
2008c; Hassan and Nhemachena, 2008; De-
ressa et al. 2009; Wang et al. 2010). We find
that the impact of changing crops on net rev-
enues is highly significant (at the 1% statisti-
cal level) when implemented along with water
conservation or soil conservation, and not
when implemented in isolation. In particular,
the impact of strategy (4), changing crops
combined with water conservation, is equal to
about ETB 2,332/ha, and the impact of strat-
egy (5), changing crops combined with soil
conservation, is about ETB 2,193/ha. We also
find that the adoption of the former or the lat-
ter strategy yields payoffs not statistically dif-
ferent (p-value = 0.273). The combination of
water and soil conservation also has a positive
and statistically significant impact (about ETB
1,730/ha), and even if lower, not statistically
different from the previous strategies (4) and
(5) (t-statistic = 0.666 and 0.867, respec-
tively). Interestingly, when all three strategies
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TABLE 5
Impact on Net Revenues by Adaptation Strategy

(1) (2) (3)

Actual Net Revenues
(ETB/ha)

Counterfactual Net
Revenues If Farm

Households Did Not
Adapt (ETB/ha)

Impact (Treatment
Effect, ETB/ha)

(1) Changing crop varieties only 3,963.939
(263.250)

3,804.036
(342.301)

159.903
(350.000)

(2) Water strategies only 4,752.995
(748.523)

3,325.668
(774.360)

1,427.327
(939.035)

(3) Soil conservation only 4,349.334
(306.116)

3,689.859
(305.365)

659.475
(361.593)

(4) Water strategies and changing crop
varieties

4,173.987
(428.234)

1,842.288
(346.832)

2,331.700***
(445.253)

(5) Soil conservation and changing crop
varieties

4,598.201
(267.543)

2,404.897
(203.820)

2,193.304***
(203.980)

(6) Water strategies and soil conservation 5,211.351
(449.527)

3,481.522
(582.655)

1,729.829***
(601.024)

(7) Water strategies, soil conservation, and
changing crop varieties

4,493.598
(281.635)

3,196.787
(337.170)

1,296.811***
(349.426)

(8) Other strategies 3,682.941
(323.024)

2,689.196
(192.481)

993.745***
(266.453)

Note: The final total sample includes 941 farm households and 2,802 plots. Values in column (2) have been calculated following equations
[6a]–[6m]. Values in column (3) have been calculated as the difference between columns (1) and (2). ETB = Ethiopian birr, 1 ETB corresponds
to $0.059.

*** Significant at the 1% level.

(changing crops and water conservation and
soil conservation) are implemented as part of
the same adaptation portfolio, they deliver a
payoff of ETB 1,297/ha, which is lower and
statistically different only from strategy (5),
which entails the combination of changing
crops and soil conservation (t-statis-
tic = 2.753). In all the other cases, the impact
of adopting three strategies combined is not
statistically different from the impact of
adopting two strategies. In other words, we
find no statistical evidence that implementing
a more comprehensive adaptation approach
that entails three strategies delivers higher net
revenues than a less comprehensive approach
that uses the combination of two strategies.
We will provide some interpretation of these
results in the next section.

VII. CONCLUSIONS

This study investigates what are the best
strategies to adjust to long-term changes in
temperature and rainfall by estimating the im-
pact of engaging in various agricultural prac-
tices on net revenues in the Nile basin of Ethi-

opia. We implement a counterfactual analysis
and estimate a multinomial endogenous
switching regression model of climate change
adaptation and crop net revenues to account
for the heterogeneity in the decision to adopt
or not adopt a particular strategy, and for
unobservable characteristics of farmers and
their farm.

We find that the choice of what adaptation
strategy to adopt is crucial to support farm
revenues. We find that strategies adopted in
combination with other strategies rather than
in isolation are more effective. Adaptation is,
therefore, more effective when it is composed
of a portfolio of actions rather than one single
action. More specifically, we find that the
positive impact of changing crops is signifi-
cant when coupled with water conservation
strategies or soil conservation strategies. This
highlights the importance of not implement-
ing water or soil conservation programs in iso-
lation. Interestingly, when all three strategies
are implemented, the impact is significantly
not different from when two strategies are im-
plemented. There is, therefore, no statistical
evidence that a more comprehensive adapta-
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tion strategy has a higher payoff. This result,
while puzzling at the outset, is actually quite
intuitive. We are in fact modeling net reve-
nues. It may therefore simply reflect the
higher cost of implementing a more complex
adaptation approach. Adaptation through
more strategies has higher impact on the costs
of adaptation, thus eroding net revenues. This
result may also indicate the important role of
the cost of adaptation in our setting.

These findings are crucial for designing po-
lices for effective adaptation strategies to cope
with the potential impacts of climate change.
Public policies can indeed play an important
role in helping farm households to adapt. This
combines both the identification of the “best”
portfolio and the determinants of adaptation
strategies. For instance, tenure security is
found to be positively correlated with all the
strategies. The dissemination of information
on changing crops and implementing soil con-
servation strategies is very important. Exten-
sion services are, for instance, very important
in determining the implementation of adap-
tation strategies, which could result in more
food security for all farmers irrespective of
their unobservable characteristics. The avail-
ability of information on climate change may
raise farmers’ awareness of the threats posed
by the changing climatic conditions.

In particular, we find that extension ser-
vices (either via government or farmers) are
particularly effective in increasing farmers’
propensity to implement more strategies in
combination. For instance, farmer-to-farmer
extension is positively correlated with the

probability of adopting water strategies com-
bined with changing crop varieties or soil con-
servation. The adoption of these portfolio
strategies yields significantly higher net rev-
enues than if farm households did not adapt
or else adopted the same strategies in isola-
tion. The same result is found when we ana-
lyze the role of climate change information.

It is important to stress that both the set of
adaptation strategies and the drivers of adap-
tation (such as extension services) identified
in this paper have been traditional compo-
nents of rural development programs. Our re-
sults highlight the fact that facilitating adap-
tation to climate change may also address
development and poverty reduction. Raising
the awareness of farmers regarding climate
change and increasing their capacity to adapt
to climate change imply increasing the op-
portunity of development.

In conclusion, some caveats are important.
The results reported in this paper rely on
cross-sectional and plot-level data. More and
better data (e.g., panel data with a time di-
mension) should be made available to provide
more robust evidence on both the role of ad-
aptation and its implications for agriculture.
The dynamic of the problem should be also
explicated. Some adaptation strategies can be
effective in the short run, while others may be
deliver a payoff in the long run. Future re-
search should be allocated to address these is-
sues, as well as the behavioral dimension of
adaptation, and the impact of other manage-
ment practices such as livestock and agrofo-
restry.
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APPENDIX

TABLE A1
Variable Definitions

Variable Definition

Dependent
Net revenues Net revenues per hectare in Ethiopian birr (ETB); ETB 1 = $0.0592

Adaptation strategies
Changing crop varieties only Dummy = 1 if the farm household only changed crop varieties as adaptation

strategy, 0 otherwise
Water strategies only Dummy = 1 if the farm household adopted only water strategies (i.e.,

irrigation, water harvesting scheme, water conservation) as adaptation
strategy, 0 otherwise

Soil conservation only Dummy = 1 if the farm household adopted only soil conservation as
adaptation strategy, 0 otherwise

Water strategies and changing crop
varieties

Dummy = 1 if the farm household adopted water strategies and changed crop
varieties as adaptation strategy, 0 otherwise

Soil conservation and changing
crop varieties

Dummy = 1 if the farm household adopted soil conservation and changed
crop varieties as adaptation strategy, 0 otherwise

Water strategies and soil
conservation

Dummy = 1 if the farm household adopted water strategies and soil
conservation as adaptation strategy, 0 otherwise

Water strategies, soil conservation,
and changing crop varieties

Dummy = 1 if the farm household adopted water strategies, soil conservation
and changed crop varieties as adaptation strategy, 0 otherwise

Other strategies Dummy = 1 if the farm household did not change crop varieties and did not
adopt water strategies and did not adopt soil conservation strategies but
other strategies such as early-late planting, migrating, off-farm jobs, etc.
(see Table 1)

Explanatory
Belg rainfall Rainfall rate in Belg, short rain season (mm) 1970–2000
Meher rainfall Rainfall rate in Meher, long rain season (mm) 1970–2000
Average temperature Average temperature (!C) 1970–2000
High fertility Dummy = 1 if the soil has a high level of fertility, 0 otherwise
Infertile Dummy = 1 if the soil is infertile, 0 otherwise
No erosion Dummy = 1 if the soil has no erosion, 0 otherwise
Severe erosion Dummy = 1 if the soil has severe erosion, 0 otherwise
Crop type = 1 if farm household grows barley, = 2 if beans, = 3 if maize, = 4 if teff,

= 5 if wheat
Tree planting = 1 if farm household planted trees in the last 20 years, 0 otherwise
Animals Dummy = 1 if farm animal power is used, 0 otherwise
Labor Logarithm of labor used per hectare (adult days)
Seeds Logarithm of seeds used per hectare (kg)
Fertilizers Logarithm of fertilizers used per hectare (kg)
Manure Logarithm of manure used per hectare (kg)
Literacy Dummy = 1 if the household head is literate, 0 otherwise
Male Dummy = 1 if the household head is male, 0 otherwise
Married Dummy = 1 if the household head is married, 0 otherwise
Age Age of the household head
Household size Household size
Relatives Number of relatives in the woreda
Highlands (Dega) Dummy = 1 if highlands, 0 otherwise
Midlands (Weina Dega) Dummy = 1 if midlands, 0 otherwise
Flood experience Dummy = 1 if the farm household experienced a flood in the last 5 years
Drought experience Dummy = 1 if the farm household experienced a drought in the last 5 years
Hailstorm experience Dummy = 1 if the farm household experienced a hailstorm in the last 5 years
Government extension Dummy = 1 if the household head got information/advice from government

extension workers, 0 otherwise
Farmer-to-farmer extension Dummy = 1 if the household head got information/advice from farmer-to-

farmer extension, 0 otherwise
Radio information Dummy = 1 if the household head got information from radio, 0 otherwise
Climate information Dummy = 1 if extension officers provided information on expected rainfall

and temperature, 0 otherwise
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TABLE A2
Parameter Estimates: Test on the Validity of the

Selection Instruments

Net Revenues by Farm
Households That Did Not

Adapt

Belg rainfall −0.807 (13.724)
Squared Belg rainfall/

1,000
−3.806 (16.050)

Meher rainfall −37.910*** (10.657)
Squared Meher

rainfall/1,000
17.135*** (6.320)

Average temperature −2351.328 (1880.632)
Squared average

temperature
45.114 (47.814)

Highly fertile −33.293 (208.454)
Infertile 60.026 (364.022)
No erosion 92.164 (226.473)
Severe erosion 88.183 (506.223)
Crop type 331.699*** (70.366)
Animals 892.451*** (280.885)
Labor 20.061*** (4.965)
Squared labor/100 −1.963*** (0.557)
Seeds −2.640 (4.293)
Squared seeds/100 1.391 (1.015)
Fertilizers 4.802** (1.957)
Squared fertilizers/100 −0.120*** (0.044)
Manure −0.941 (0.798)
Squared manure/100 0.038*** (0.014)
Literacy −750.618*** (225.656)
Male 1,260.908** (528.284)
Married −395.005 (573.544)
Age −14.248* (8.438)
Household size −64.777 (46.182)
Relatives 6.265 (14.653)
Highlands (Dega) −1,1635.369*** (2610.380)
Midlands (Weina

Dega)
−3,534.400** (1703.526)

Mundlak’s fixed
effects
Mean fertilizers −0.296 (1.730)
Mean seeds 5.578** (2.306)
Mean manure 0.336 (0.818)
Mean labor −7.058** (3.518)

Instrumental variables
Flood −603.797 (505.598)
Drought 705.854 (601.810)
Hailstorm −811.235*** (291.642)
Government
extension

20.971 (360.713)

Farmer-to-farmer
extension

181.929 (508.597)

Radio information 248.469 (310.423)
Climate information 593.726 (537.932)

Constant 53,157.410** (21,015.245)
Wald test on

instrumental
variables (F-
statistic)

0.053

Sample size 868
Adjusted R2 0.315

Note: Robust standard errors in parentheses. Fixed effects at the
woreda level are included.

* Significant at the 10% level; ** significant at the 5% level; ***
significant at the 1% level.

TABLE A3
Ordinary Least Squares Estimates of Net Revenue

Equations on Pooled Sample

Dependent Variable: Net
Revenues per Hectare
(ETB/ha) Coefficient (Std. Err.)

Changing crop varieties
only

13.964 (354.835)

Water strategy only 1,679.714* (821.221)
Soil conservation only 339.939 (290.910)
Water strategy and

changing crop varieties
1,162.555* (596.455)

Soil conservation and
changing crop varieties

538.244** (197.431)

Water strategy and soil
conservation

1,373.732*** (453.240)

Water strategy, soil
conservation, and
changing crop varieties

871.620*** (279.772)

Other strategies 163.341 (387.233)
Average temperature −356.040 (1049.538)
Squared average

temperature
3.011 (26.332)

Belg rainfall −8.258 (17.948)
Squared Belg rainfall/1,000 19.182 (27.008)
Meher rainfall 4.691 (10.554)
Squared Meher rainfall/

1,000
−2.006 (5.143)

Highly fertile 52.190 (190.956)
Infertile −439.546*** (131.781)
No erosion 10.870 (136.365)
Severe erosion 386.157 (565.327)
Crop type 414.288*** (102.810)
Tree planting −147.443 (224.823)
Animals 472.207** (180.629)
Labor 15.294*** (4.016)
Squared labor/100 −0.341 (0.290)
Seeds 2.061 (2.555)
Squared seeds/100 0.593*** (0.199)
Fertilizers 2.911** (1.390)
Squared fertilizers/100 −0.060 (0.037)
Manure 0.378** (0.171)
Squared manure/100 −0.004* (0.002)
Literacy −404.567*** (141.146)
Male 677.445** (312.041)
Married 51.726 (336.372)
Age −24.338*** (7.092)
Household size −32.218 (34.247)
Relatives −0.059 (0.782)
Highlands (Dega) −2,447.619* (1,408.037)
Midlands (Weina Dega) −2,890.051 (2,098.895)
Mundlak’s fixed effects

Mean fertilizers −0.627 (1.105)
Mean seeds 4.546 (2.687)
Mean manure −0.034 (0.204)
Mean labor −8.221*** (2.821)

Constant 6,849.685 (16,648.037)

Note: Robust standard errors clustered at the woreda level in pa-
renthesis. Fixed effects at the woreda level are included. Adjusted
R2 = 0.345. Sample size = 2,802 plots.

* Significant at the 10% level; ** significant at the 5% level; ***
significant at the 1% level.
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