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l. INTRODUCTION

Effective adaptation of agriculture to climate change is crucial to achieve foodtg@ti8ub
Saharan AfricgLobell et al.2011).This part of Africa is characterized by millions of snsdhle
subsistence farmerhat farm land andproduce food in extremely challenging conditions. The
production environment is characterized by a joint combination of low land produetndtirarsh
weather conditions (i.e., high average temperature, and scarce and erriil}. rahese result in
very low vyields of food crops and food insecurigecause ofthe low level of economic
diversificationand reliance on raifed agriculture, suisaharan Africa’s development prospects
have been closely associated with climate. Climate change is projectadher reduce food
security (Rosenzweig and Parry 1994; Parry, RosenzaetLivermore 2005; Cline 2007; Lobell
et al. 2008 ScHenker and Lobell201Q. For instancethe fourth Intergovernmental Panel on
Climate Changé¢IPCC) suggests that at lower latituglen tropical dry areas, crop productivity is
expected to decrease “for even small local temperature increas@$ Q)" (IPCC 2007). In many
African countries access to food will be severely affected, “yields fromfedirmgriculture could
be reduced by up to 50% by 2020” (IPCC 2007, p.BEOGlure warming seems unavoidalieirrent
agreements to limit emissions, even if implemented, will not stabilize atmospheriaitahoas
of greenhouse gases and climate charfgamers will thus still face awarmer production
environment.

The identification of climate change adaptation strategies is therefore visalbirSaharan
Africa.’ These strategies can indeed buffer against the implications of climate changieyaan
important role in reducing the food insecurity of farm households. While the impertaihc
adaptation is widely accepted, our understanding on how to adapt (and its economic srgigict) i
quite weak. Adaptation is a complex phenomenon comprising of diffstextegies that may play
an important role in supporting the welfare of farm households. There are diffexastines, that

in principle, farmers can adopt to address climate change: For instasichjrg) crops, adopting



water harvesting technologies, or adopting conservation measures to retanoistire. Farmers
can implement these measures in isolation or in combination.

In this study, we analyse and compare the role of different adaptation sgateginswer the
following research questions: Nat are the factors affecting the adoption of strategies in isolation
or in combination? What are the “best” strategies that can be implemented teittedimatic
change in the field? In particular, what are the economic implications efafitf stratgies? To
answer these questions is important to make the adaptation process explicit. @ Ipzdmaisie of
this paper is that a possible way to understand the role of adaptation idytéastoers mitigating
responses to impacts of changes to date. Atdaptie changing climatic conditions is not, in fact, a
new process. Farmers have constantly implemented adjustments to cope with ties \aga
climatic conditions. Thus, understanding the impacts of past adaptation can helpgung) ghe
importance ofthese strategies in the face of future climate change. In addition, a farm level
perspective can be particularly useful to inform us of the barriers andsdbgbmd the different
adaptation strategies.

We contribute to the existing literature on clismahange in agriculture in three ways. First, we
disentangle the economic implications of different climate change adaptatitegissawithin a
Ricardian frameworK. This is within the spirit of the so called “structural Ricardian analysis”
(pioneered byseo and Mendelsohn 2008a and 2008b; Seo 2010; Kurukulasuruya and Mendelsohn
2008)2 In particular, we investigate whether implementing these strategies in @iimbiis more
effective than implementing them individually. Second, we identify the mosessfat strategies
by implementing a counterfactual analysis. This provides information on fatmathouseholds
would have earned if they had not adapted a particular strategy. Third, we add soinhealem
evidence from Ethiopia on farmers’ climate chandapation strategies to a number of country
specific studies (e.g., Seo and Mendelsohn 20@888b, 2008, 2008d; Deressa et al. 2009;

Kurukulasuriya Kalaand Mendelsohn 2011).



We have access to a unique database on Ethiopian agriculture to answer our ressi@oals.que
One of the survey instruments was specifically designed to investeyaters’ climate change
perception and adaptation. Specifically, farmers were asked what adjustmentsndlde in
response to lonterm shifts in temperature and/oainfall. Farmers in the study sites have
undertaken anumber of adaptation measures, including changing crop varieties, adopting soll
conservation measures, and water related strategies such as water harvestingteand w
conservation. These adaptatiomreasures account for more than 95 per cent of the measures
followed by the farm households that actually undertook an adaptation méasure.

Farmers’ decision to adapt and what strategy to adopt is voluntary and based on indifidual se
selection. Farm households that adopted a particular strategy are not a randuen cfathe
original population, they may have systematically different charattsrifrom farm households
that did not adapt or adopted a different strategy. Unobservable charastefi$iomers and their
farm may affect both the adaptation strategy decision and net revenuesmgadauibconsistent
estimates of the effect of adaptation on net revenues. For example, if only thekitied or
motivated farmers choose to adapt or choose th& profitable strategy then salélection bias
can affect the estimates. In addition, observable variables may h&arerdiimarginal effects on
net revenues within the context of different strategies.

We address these issues by estimating a multin@maéogenous switching regression model of
climate change adaptation and crop net revenues by a two stage procedure whsdio lloduce
selectioncorrected net revenuds. the first stage, we use a selection model where a representative
farm householdhooses to implement a specific strategy, while in the second stage the infloermatio
stemming from the first step is used in a Ricardian model (Mendelslmndhaus and Shat994),
where farm net revenues are regressed against climatic variables and ath&r \@siables’
Climatic variables such as rainfall and temperature at the household levalonstricted via the

Thin Plate Splinenethod of spatial interpolation. This method imputes the farm specific values



using latitude, longitude, and elevatioriormation of each farm household (see Wahba 1990 for
details).

The inclusion of these climatic variables is essential to estimate the Ricardian muoslel. T
availability of climatic variables can also be useful to test whether the stratesgiesmplemeted
in response to climate change. We use as selection instruments in the net reverures ftirec
variables related to past experience of extreme weather events ¢ed. dilought, hailstorm) and
past information sources (e.g., government extensaomefrto-farmer extension, information from
radio, and if received information in particular on climate). We establish thessifility of these
instruments by performing a simple falsification test: if a variable is a vdédtga instrument, it
will affect the decision of choosing an adaptation strategy but inatitiffect the net revenue per
hectare among farm households that didagatpt (Di FalcoVeronesi and Yesuf 2011).

We find that adaptation to climate change based upon a combinatistrtatdgies has a

significant positive effect on farm net revenues opposed to strategies adoptdations

[I. BACKGROUND
Ethiopia’s GDP is closely associated with the performance of its raagadulture (Deressa

and Hassan 2010). For instance, about 40 percent of national GDP, 90 percent of exports, and 85
percent of employment stem from agricultural sector. The rainfed productiororament is
characterized by large extent of land degradation and very erratic and variabte.dHimstorically,

rainfall variability and associated droughts have been major causes of food shaddgeine in
Ethiopia. The success of the agricultural sector is crucially determined bxothectvity of small

holder farm households. They account for about 95 percent of the national agriautprd| of

which about 75 percent is consumed at the household level (World Bank X0id6)a low
diversified economy and reliance on k@ agriculture, Ethiopia’s development prospects have

been thus associated with climate. For instance, the World Bank (2006) reported gtedptata



hydrological events such as droughts and floods have reduced its economic growtle byamar
third.

The frequency of droughts has increased over the past few decades, espettiallpwlands
(Lautze et al. 2003; NMS 2007). A study undertaken by the national meteorologued 8MS
2007) highlights that annual minimum temperature has been increasing by about 0.3% degree
Celsius every 10 years over the past 55 years. Rainfall have been macewgtihasome areas
becoming drier while other becoming relatively wetter. These findings pointhati climatc
variations have already happened. The prospect of further climate change can exacenzte th
difficult situation. Climate change is indeed projected to further reduce agricultural productivity
(Rosenzweig and Parry 1994; Parry, Rosenzweig, and Livermore 2005; Cline 2007). Most of
climate models converge in forecasting scenarios of increased tempefaturesst of Ethiopia

(Dinar et al 2008).

lll. 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 EthiopigIFPRI 2010), one of the countries most vulnerable to climate change with least
capacity to respond (Orindi et al. 2006; Stige et al. 2006). This is a very laageoaeging roughly
one third of the country. The sampling frame considered traditional typology ctegiagical
zones in the country (namelega, Wea Dega, Kollaand Berehg), percent of cultivated land,
average annual rainfall, rainfall variability, and vulnerability (number of foad dEpendent
population). The sampling frame selected Wwredas(an administrative division equivalent to a
district) in such a way that each class in the sample matched to the proportieashfalass in the
entire Nile basin. The procedure resulted in the inclusion of tw&otgdas Random sampling

was then used in selecting fifty households from eamteda



Farmers reported their use of production input and output data at the plot level for twagroppi
seasonsMeher (long rainy season) anfelg (the short raiy season). Although a total of forty
eight annual crops were grown in the basin, the first five major annual cropsmiete, wheat,
barley, and beans) cover 65 per cent of the plots. These are also the crops thataretsione
of the local dietWe limit the analysis to these primary crops. The final sample includes 941 farm
households, and 2,802 plots. The scale of the analysis is at the plot level. The farreimgrsyise
survey sites is very traditional with plough and yoke (animals’ drapglver). Labor is the major
input in the production process during land preparation, planting, aneéhgqnosist processing.
Labor inputs were disaggregated as adult male’s labor, adult female’s labohildnehts labor.
This approach of collecting data (both inputs and outputs) at different stages of prodoudtain a
different levels of disaggregation should reduce cognitive burden on the side ofpiededs,
and increase the likelihood of retrieving a better retrospective data. The thmsedfolabor were
aggregated as one labor input using adult equivalents. We employed the standard convnsion fac
in the literature on developing countries where an adult female and childrenataboconverted
into adult male labor equivalent at 0.8 and 0.8satespectively.

One of the survey instruments was specifically designed to analyze facherate change
perception and adaptation. Specific questions were included to investigather farmers have
noticed changes in mean temperature and rainfall over the last two decades, armt imheth
response to these changes they made some adjustments in their farming byg asmpen
particular strategies. Farm households in the study sites have undertaken a afuatagptation
measures, including changing crop varieties, adopting soil conservation rseasulewater
strategies such as water harvesting and water conservation (Table 1).

[TABLE 1 HERE]
The adaptation measures were implemented both in isolation and jointly. Thegiakeyield

related and acunt for more than 95 percent of the measures followed by the farm households that



actually undertook an adaptation measure. The remaining adaptation strateggesiuch less
adopted. For instance, migration or finding -faffm jobs were considered viabkdaptation
strategies in less than seven percent of the sample. We identified eight magestid) changing
crop varietieonly; (2) implementingonly water strategies such as water harvesting, irrigation or
water conservation; (3) implementingly soil conservation; (4) implementingater strategieand
changing crop varieties5) implementingsoil conservationand changing crop varieties(6)
implementing water strategiesand soil conservation;(7) implementingwater strategies, soil
conservationand changing crop varieties; and (8) implementing other strate@esset “non
adapting” as the reference category. Table 2 shows that implementingoil conservation, and
soil conservatiomnd changing crop varieties are the most popular strat€gids and 29% among
the adapters)

Monthly rainfall and temperature data were collected from all the meteaalsgations in the
country. Then, theThin Plate Splinemethod of spatial interpolation was used to impute the
household specific rainfall and temperature values using latitude, longitude, aradioalev
information of each householdThis method is one of the most commonly used to create spatial
climate data sets. Its strengths are that it is readily available, relativelyteeagply, and it
accounts for spatially varying elevation relationships. However, it only saiesil elevation
relationship, and it has difficulty handling very sharp spatial gradidiis. is typical of coastal
areas. Given that the area of the study is characterizedghificgint terrain features, and no
climatically important coastlines, the choice of fhiein Spline methods reasonable (for more
details on the properties of this method in comparison to the other methods see Daly 2006).
Variables definition is presentkin Table Al of the appendix while the descriptive statistics in
Table 2.

[TABLE 2 HERE]



IV. MODELLING CLIMATE CHANGE AND ADAPTATION STRATEGIES
In this section, we specify a model of climate change adaptation and net revetigesetting
of a twostag framework. In the first stage, we assume that farm households facea chdi
mutually exclusive strategies to long term changes in mean temperaturerdaitl taithe second
stage, we outline an econometric model that is used to investigate the dff@ittsrent climate
change adaptation strategies on net revenues. Particular functional forms sae thoemain

within the spirit of previous work in this area (e.g., Deressa and Hassan 2010).

Stage | — Selection Model of Climate Change Adaptation Strategies
In the first stage, leA* be the latent variable that captures the expected net revenues from
implementing strategy(j = 1 ... M) with respect to implementing any other stratkgwe specify

the latent variable as
(1) A =V, +1 =Z0;+7

1 iff A, > T?X(Ak ) ore, <O
with A = : :
Miff A, > rp%lx(Ak ) org,, <C

that is farm householdi will choose strategy in response to long term changes in mean

temperature and rainfall if strategprovides expected net revenues greater than any other strategy

k], ie., ifg = T&X(Ah: — A )< 0. Equation (1) includes a deterministic compon&ft<Z,a, ),
#]

and an idiosyncratic unobserved stochastic compaperithe latter captures all the variables that

are relevant to the farm heehold’s decision maker but are unknown to the researcher such as

skills or motivation. It can be interpreted as the unobserved individual propensity to adapt.

The deterministic componek?ﬁ depends on facto that affect the liklihood of choosing

strategyj such as farmer head’s and farm household’s characteristics (e.g., age, gdadation,



marital status, and farm household size), the presence of assets such as theictzsacteristics
of the operating farm (e.g., sédrtility and erosion), past climatic fact8re.g., 1970 — 2000 mean
rainfall and temperatureffie agroecological zone of the farm househblelgg Kolla, andWena
Degd), and the experience of previous extreme weather events such as droughts, floods, and
hailstorms. Experience in farming is approximated by age and education.

Furthermore, farm households may have access to information on farmirgistrdtefore
they can onsider adopting them, as well as information about climate. Since extensiopsarec
one important source of information for farmers, we use access to govermuéatraerto-
farmer extensions as measures of access to information. We also corite® fdanting. Besides
providing agroecological benefits, trees provide a very important functionatbeyproxy for land
tenure security. This has been observed in previous research Salsaan Africa. Perennial
crops can be a way of strengthenrokto land and show to the rest of the community a continuous
use of the resourgSjaastad and Bromley 1997; Besley 199%) Platteay(1992) noted “the best
way of exercising control over land is to plant trees” (p. 166). This view is also dotdie
Ethiopia by Shiferaw and Holden (1998), Gebremedhin and Swinton (2003), Ayahdethand
Mitsugi (2006) and Mekonnen (2009).

It is assumed that the covariate vedois uncorrelated with the idiosyncratic unobserved

stochastic componeny, , i.e., E(7, |Zi) =0. Under the assumption thgf are independent and

identically Gumbel distributed, that is under thdependence of Irrelevant Alternatives (11A)
hypothesis, selection model (1) leads to a multinomial logit model (McFadden 197%8)tthvne
probability of choosing strategy(P;) is

eXp(Ziaj )

(2) B =P(g <0|Z)) == .
| zk:leXp(Zi“k )

Stage Il — Multinomial Endogenous Switching Regression Model

10



In the second stage, we estimate dtimamial endogenous switching regression model to
investigate the impact of each strategy on net revenues by applying BmarguFournier, and
Gurgand (2007) selection bias correction model. Our model implies that farm househelds fac
total of M regimes (one regime per strategy, where is the reference category “naadapting”).

We have a net revenue equation for each possible rg¢giaimed as:

(3a) Regimel y,=Xp, y, # A 1

(3m) Regime My, ==XB, W # A M
wherey; is the net revenue per hectare of farm househatdregimej, ( = 1, ... ,M), andX;
represents a vector of inputs (e.g., seeds, fertilizers, manure, and laboowe), liaad’s and farm

household’s characteristics, soil's characteristics, and the past climatesfancluded irZ;; u,

represents the unobserved stochastic component, which verki@g |Xi,Zi):O and

V(y, |Xi,Zi)=a,.2. For each sample observation only one amongMhdependent variable@et

revenuepis observed. When estimating an OLS model, the net revenues equadip(@)3are
estimated separately. Howeverthe error terms of the selection model })are correlated with

the error termsy; of the net revenue functionsa)3(3m), the expected values af conditional on

the sample selection are nonzero, and the Gitfenates will be inconsistent. To correct for the
potential inconsistency, we employ the model by Bourguignon, Fournier and Gui2@md),
which takes into account the correlation between the error tggnfim the multinomial logit
model estimated irhe first stage and the error terms from each net revenue equat\e 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 Gurga(@D07, p. 179) show that consistent estimatef, dh the
outcome equationga)-(3m) can be obtained by estimating the followsglection biagorrected

net revenues equations,

11



(4a) Regimel y, =X, O-ll:plm £ )ij m(la?%szl v, it=A 1

(4m) Regime M:y,+=X By, oy l:pﬁ mE ) ij m(IP)(PP%l):l Vu TA =M

whereP; represents the probability that farm househaitiooses strategyas defined in (2)p; is
the correlation betweeun; and 7;, and m(R) =j J(v-log P) dv) d» with J(.) being the inverse

transformation for the normal distribution functiay(,) the uncaditional density for the Gumbel

distribution, andv; =7, +logP . This implies that thewmber of bias correction terms in each

equation is equal to the number of multinomial logit choMes

For the model to be identified it is important to use as exclusion restrictions, thaketson
instruments, not only those automatically generated by the nonlinearity cligelmodel (1) but
also other variables that directly affect the selectiomakbée but not the outcome variable. In our
case study, we use as selection instruments in the net revenue functionsathlesveglated to the
past experience of extreme weather eVénts.g., droughts, floods, and hailstorms), and the
information sources (e.g., government extension, fata@rmer extension, information from
radio, and if received information in particular on climate). We establish thessifility of these
instruments by performing a simple falsification test: if a variable is a vdédtga instrument, it
will affect the decision of choosing an adaptation strategy but itnailaffect the net revenue per
hectare among farm households that midl adapt (Di FalcpVeronesi and Yesu2011). Table 3
and Table A2 of the appendix show that the extreme weather events and the informaties sourc
can be considered as valid selection instruments: they are jointly safifisgignificant drivers of
the decision to adapt strateglut not of the net revenues per hectare by the farm households that
did not adapt at the 1% and 5% statistical level. In addition, standard errors are fyoedstca

account for the heteroskedasticity arising from the $tege estimation procedure.
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A crucial assumption of the Bourguignon, Fournier and GurddA7)'s model is thallA
holds. HoweverBourguignon, Fournier and Gurga(@007) show that “selection bias correction
based on the multinomial logit model can provide fairly good correction for the oceitequation,
even when the IlIA hypothesis is violated” (p. 199). An alternative estimation methpydvided
by Dahl (2002), which corrects the outcome equation of endogenous selectigrasametrically
by adding a polynomial of choice probabilities to the covariate vector. HowBuarguignon,
Fourner and Gurgan@®007) 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 theafumber
choices in the selection model is small otherwise “the identificatibthe covariance matrix
between all model residuals becomes intractable” (p. 200), as it would be in our case

In addition, we exploit plot level information to deal with the issue of farmers’ encdisle
characteristics such as their skills. Plot laméormation can be used to construct a panel data and
control for farm specific effects (Udry 1996). Including standard fixéetts (where variables are
transformed in deviations from their means) is, however, particularly complexr multinomial
switching regression approach. In addition, the alternative method of adding theeiiviéis ratio
to the second step and using standard fixed effects does not lead to consistenésestimat
(Wooldridge 2002, p. 58383). We follow Mundlak (1978) and Wooldridge (2002) to control for
unobservable characteristics. We exploit the plot level information, and ingée net revenues
equations (4)-(4m) the average of plevariant variablesS such as the inputs used (seeds,

manure, fertilizer, and labor). This approach relies on the assumption that the unobservabl

characteristics; are a linear function of the averages of the-phutant explanatory variableS ,
that is v, =Xmw+y, with y ~IIN(0,07) and E(y,/X,)=0, wheren is the corresponding

vector of coefficients, ang/, is a normal error term uncorrelated wih

13



V. COUNTERFACTUAL ANALYSIS AND TREATMENT EFFECTS

In this section, we present the estimation of the treatment effects (HecKolaias, and
Vytlacil 2001), that is the effect of the treatment “adoption of strgtegy the net revenues of the
farm householdghat adopted strategy In absence of a sedklection problem, it would be
appropriate to assign to farm households that adapted a counterfactual net revehte thgua
average net revenue of nadapters with the same observable characteristics. Hwowev
unobserved heterogeneity in the propensity to choose an adaptation safieefy also net
revenues and creates a selection bias in the net revenue equation that cannot be ignored. The
multinomial endogenous switching regression model can be applied to produce selatgoted
predictions of counterfactual net revenues.

In particular, we follow Bourguignon, Fournier and Gurg&2d07, p. 179 and pp. 2&203),
and we first derive the expected net revenues of farm households that adapted, thatudyou

meang =2 ... M(j = 1 is the reference category “naadapting”), as

(5a) B(y5 | A=2) X, Uz{pzm(a) z:izpk n('E}(pFl)k_]_J

(5m) Etyel A= M) XB, o, {pm mg) 72 A m"Pj(ka_l)}

Then, we derive the expected net revenues of farm households that adopted jstrategy

counterfactual hypothetical case that they did not aglapt) as

R, y
(6a) EXys| A=2) X.B, (71|:p1m(Pz‘} P2 ”(uFf)m kng";Mpk ni,P (Fi,k_l)}

Py
(6m) E(yFA= M) X$, 61|:p1rT(Fl\z) k:2...Mpk MIEl)m}

This allows udo calculat the treatment effects (TT), as the difference between equatians (5

and (&) or (5m) and (6n), for example.

14



VI. RESULTS
In this section, we first investigate the factors affecting the adoption ofgsésia isolation or
combination, and then, the implications of adopting a particular strategy on farehblulss net

revenues.

V1.1 Drivers of climate change adaptation $rategies
Table 3 presents parametstimates of the multinomial logit model and allowstasinswer
the first research question on what are the main drivers of adopting @ulgartlimate change

strategy.

[TABLE 3 HERE]

Some covariates positively and significantly affect the adoption of a largeemwhstrategies.
This is the case for most of the climatic variabRainfall in the long rain period (Meher) and
temperature are statistically significant drivers of the adoption of all strateglethe exception of
(1) changing crop varieties in isolation and (8) other stratéyiEse statistical significance of the
majority of climatic variables on the probability of adaptation can provide swdence that the
adaptation strategies undertaken by farmers are indeed correlated with dlimaiéd in fact be
argued that some of these strategies are part of standard farming practercthaative related to
climate adaptation per se. Below, in the next section, it is also shown that strétaties indeed
correlated with climatic variables also display a statistically significant treateféect. This
evidence can offer some reassurance that climate is indeed a key driver hehadhptation
strategies and that adaptation delivers an impbpayoff.

Soil conditions are found to be extremely important and consistent across the board. We indee
find evidence that farm households with highly fertile soils are less likelyaptaia changing

crop varieties, soil conservation (both in isolatar jointly with water and crops). Farms

15



characterized by very severe erosion, instead, are less likely to undertakeompiex strategies
that adopt a portfolio of responses such as jointly doing water, crop and conservatioesneasur
Interestingly, the role of planting trees is strongly positive and statigtgighificant. As
reported earlier, this supports the hypothesis that trees are ways aigecaperty rights. The
more tenure secure a farm household is and the more likely it is to uredad@btation strategies.
Compared with the existing literature on the determinants of adaptation this resoNteis(e.g.,
Deressa et al. 2009; Kurukulasuriya and Mendelsohn 2008). Among the socio economic
characteristics, both education and househakldisplay a positive impact on some strategies.
Past experience of extreme events alsogéasole in adaptation. Events such as flood and
hailstorm significantly increase the likelihood to choose soil conservation anavatepstrategies.
We exploredhe role of extension services on the probability to adopt the strategies. We find
that both government extension and farneefarmer extension have a positive and statistically
significant effect on some of the strategies. Government extension semagqassitively correlated
with the probability of adaptation via changing crops in isolation and in conjunctibrseit
conservation measures, while farme#farmer extension increases the likelihood of adopting
strategies only in combination. Thosenf@rs that were approached by their peers were thus more
likely to undertake a portfolio approach and implement the following combinatioter. wa
strategiesandchanging crop varieties, water strategas soil conservation, water strategessd
soil conservatiomndchanging crop varieties. This latter most comprehensive strategy is also
positively affected by the provision of information on climate change. In additfmmmation is
positively and significantly correlated with other two strategies: soiservation adopted in
isolation, and changing crop varieties and water strategies adopted in caonbi@at results on
the role of extension and information are very consistent with the existinguree(&hiferaw and

Holden, 1998; Bekele and Drake, 2003, Anley, Bogale and I&alaiel 2007; Tesfaye and
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Brower 2012). In the concluding section, we will further discuss our results, in particuight of

their implications in terms of net revenues.

V1.1l Economic implications of climate change adaptation strategies

We now turn on the economic implications of adopting a particular strategy on farm
households’ net revenues. What are the strategies yielding to the highests@vBnaesimple and
standard approaches could be applied to identify the “best” adaptation stratsgywé& could
compare actual mean net revenues per hectare by farm household adaptatign(Sable@, first
row).*? This naive comparison would drive the researcher to conclude that farm households that
adopted water strategiesaand soil conservation measures are those that earned the most, in
particular, about 1,550 Etb/ha more than farm households that did not adapt (differencastgnifi
at the 1% level, -stat.= -4.30). A second possible approach consists stimating a linear
regression model of net revenues that includes binary variables equal to lafnthkdusehold
adopted a particular strategy (Table A3 of the appendix). This approach wadildsléo conclude
that farm households implementingly water strategies would earn the most, about 1,680 Etb/ha
more than farm households that did not adapt.

However, both approaches can be misleading, and should be avoided in evaluating the impact
of adaptation strategies on net revenues. They both assumed#pastion to climate change is
exogenously determined while it is a potentially endogenous variabke.difference in net
revenues may be caused by unobservable characteristics of the farm householdthsurckils.

For instance, the apparently most successful farm households could also be the Indsirss]

and so, those that would have done better than the others even without adapting. We address this
issue by estimating multinomial endogenous switching regression model as dedanitsecton

IV: in a first stage, we estimate the aforementioned multinomial logit model of chdicedne

multiple combinations of strategies, and in a second steg@stimateet revenue functions that
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account for the endogenous strategy decisidfhen, weplug the coefficients of the net revenue
functions inequations (&6m) to produce selectieoorrected predictions of counterfactual net
revenues, that is what farm households would have earned if they had not adapted.

Table 4 presents net revenues per hextander actual and counterfactual conditions. We
compare expected net revenues under the actual case that the farm household addpteldra pa
strategy to adapt to climate change and the counterfactual easdidnot. The last column of
Table 4 presats the impact of each adaptation strategy on net revenues, which is the treatmen
effect, calculated as the difference between columns (1) and (2).

Importantly, we find no statistical evidence of the impact of strategies that desmerged in
isolation Thus, changing crops, water conservation, and soil conservation if implemented
isolation do not seem to significantly impaaoet revenues. We find that adaptation to climate
change based upon a portfolio of strategies significantly increasehdarseholds’ net revenues
instead.

The counterfactual analysis allows us idemtifythe setof strategies that can deliver the
highestpayoff. As already identified by the existing literatussvitching crops is one of the most
remunerative strategies plemented by farmers (e.g., Kurukulasuriya and Mendel20l07 Seo
and Mendelsohr2008¢ Hassarand Nhemachena, 2008; Deressa et al. 2009; Wang €0a0).
We find thatthe impact othanging cropsn net revenues highly significant (at the 1% statisal
level) when is implemented along with water conservation or soil conservation, and not vghe
implemented in isolatiann particular,the impact ofstrategy (4)changing crops combined with
water conservatioms equal to abou®?,332Etb/hg andthe impact ofstrategy (5)changing crops
combined with soil conservation is ab@,193 Etb/haWe also find that the adoption thfe former
or thelatter strategy yield to payoffs notstatistically different (pralue = 0273). The combination
of water and soil conservation has also a positive and statistically sagmifrapact (about,730

Etbha), and even if lowemot statistically different from the previous strated#sand (5)(t-stat.
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= 0666 and 0.867 respectively. Interestingly, when all these thretrategies(changing crops,
waterandsoil conservationare implemented as part of the same ategt portfolio they deliver a
payoff of 1,297 Etb/la, whichis lower and statistically differemnly from strategy (5}hat entails
the combination of changing crops and soihservation (stat. = 2.753)In all the other caseshe
impact of adoptingthree strategiexombinedis not statistically different from the impact of
adoptingtwo strategies. In other words, wiad no statistical evidence that implementing a more
comprehensive adaptation strategy that entails three strategies deljrensriet revenues than a
less comprehensive strategies that uses the combination ctrategies We will provide some

interpretation of these results in the section below.

VII. CONCLUSIONS

This study investigate what arethe best strategies to adjust to long term changes in
temperature and rainfall by estimating the impact of engaging in variouslagdtpractices on
net revenues in the Nile Basin of Ethiopifde implement a counterfactual analysis, and estimate a
multinomial endogenous switching regression model of climate change adaptatioropnuket
revenues to account for the heterogeneity in the decision to adopt or not a partiatdgy sand
for unobservable characteristics of farmers and their farm.

We find thatthe choice ofvhatadaptation strategy adoptis crucialto support farm revenues
We find that strategies adopted in combination with other strategiilesrthan in isolation are
more effective. Adaptation is, therefore, more effective whes itomposed by a portfolio of
actions rather than one singéetion More specifically, we find that the positive impact of
changing crop isignificantwhen is coupled with water conservation strategresoil conservation
strategiesThis highlights the importance of not implementing water or soil conservation pregra
in isolation.Interestingly, when all three strategies are implemented the impact is sighifivan
differentthan when two strategies are implemenigtere is, therefore, no statistievidence that

a more comprehensive adaptation strategy has a hpglyeff. This result, while puzzling at the
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outset, is actually quite intuitive. We are in fact modelling net revenues. It rasgfdte simply
reflect the higher cost of implementing am complex adaptation strategy. Adaptation through
more strategies has higher impact on the costs of adaptation, thus eroding netstelieisuresult
may also indicate the important role of the cost of adaptation in our setting.

These finding are crucial to design polices for effective adaptation strategies to cope with the
potential impacts of climate change. Public policies can indeed play an impofgamn helping
farm households to adapthis combinesboth theidentification of the “best” portiio and the
determinants of adaptation strategiefor instance, eénure security is found to be positively
correlated with all the strategiesThe dissemination of information on changing crops and
implemening soil conservation strategies are very important. Extension services are, émica)st
very important in determining the implementation of adaptation strategies, whilthresult in
more food security for all farmers irrespective of their unobservableatbastics. The availability
of information on climate change may raise farmers’ awareness of the thresat$ Ipp the
changing climatic conditions.

In particular, ve findthat extension seices (either via government tarmess) areparticularly
effective in increagng farmers propensity to implement more strategies combination For
instance, &rmerto-farmer extensios positively corelated with the probability addopting water
strategies combined with changing crop varieties or soil conservation. Theoadoptihese
portfolio strategies yields to significantly higher net revenues thi@nnf households did not adapt
or adopted the same strategies in isolat®ame result is found when we analyse the role of
climate change information.

It is important to stress that both the setadfptation strategies atite driversof adaptation
(such as extension servicadentified in this paper have been traditional components of rural
development program@ur results highlight the fact that facilitagiradaptation to climate change

may also address development and poverty redudRaising the awareness of farmers regarding
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climate change and increag their capacity to adapt to climate change Iynmcreasg the
opportunity of development.

In conclsion, some caveats are important. The results reported in this paper rely on cross
sectional and plot level data. More and better data, (gagel data with time dimension) should be
made available to provide more robust evidence on both the role odtdia@ind its implications
for agriculture. The dynamic of the problem should be also explicated. Some iadagitategies
can be effective in the short run while otharay be delivering gayoff in the long run. Future
research should be allocated tddeess these issues well as the behavioural dimension of

adaptationand the impact of other management practices such as livestock and agroforestry
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APPENDIX

TABLE A1l. Variables’ Definition

Variable name

Definition

Dependent variables
net revenues
Adaptation frategies

changing crop varieties only

water strategies only

soil conservation only

water strategies and changing

crop varieties

soil conservation and changing croj

varieties

water strategies and soil conservati

water strategies, soil conservation,
and changing crop varieties

other strategies

net revenues per hectare in Ethiopian birr (EtbEtb= $0.0592.

dummy = 1 if the farm household only changed crop varieties as adaptation
strategy, O otherwise

dummy =1 if the farm household adopted only water strategies (i.e., irrigatior
water harvesting scheme, water conservation) as adaptation strategy, 0 othe
dummy = 1 if the farm household adopted only soil conservation as adaptatic
strategy, 0 otherwise

dummy = 1 if the farm household adopted water strategies and changed croj
varieties as adaptation strategy, O otherwise

dummy = 1 if the farm household adopted soil conservation and changed crc
varieties as adaptation strategy, O otherwise

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

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

dummy = 1 if the farm household did not change crop varieties and did not a
water strategies and did not adopt soil conservation strategies but other
strategies such as earlgite planting, migrating, offarm jobs etc. (see Table 1).

Explanatory variables
Belg rainfall

Meher rainfall
average temperature
high fertility

infertile

no erosion

severe erosion

crop type

tree planting

animals

labour

seeds

fertilizers

manure

literacy

male

married

age

household size
relatives

highlands Degd
midlands WenaDegd
flood experience
drought experience
hailstorm experience
government extension

farmerto-farmer extasion

radio information
climate information

rainfall rate in Belg,short rain seasomm)1970- 2000

rainfall rate in MeherJong rain seasoiimm)1970- 2000

average temperatur€C) 1970- 2000

dummy =1 if the soil has a high level of fertilityptherwise

dummy =1 if the soil is infertile, 0 otherwise

dummy=1 if the soil has no erosion, 0 otherwise

dummy=1 if the soil has severe erosion, 0 otherwise

=1 if farm household grows barley, =2 if beans, =3 if maize, =4 if teff, =5 if
wheat

=1 if farm household planted trees in the last 20 years, 0 otherwise
dummy=1 if farm animal power is used, 0 otherwise

logarithm of labourused per hectare (adult days)

logarithm of seeds used per hectare (kg)

logarithm of fertilizers used per hectare (kg)

logarithm of manure used per hectare (kg)

dummy =1 if the household head is litera@eotherwise

dummy =1 if the household head is mé@l®therwise

dummy =1 if the household head is marri@dtherwise

age of the household head

household size

number of relatives in the woreda

dummy=1 if highlands, 0 otherwise

dummy =1 if midlands, 0 otherwise

dummy =1 if the farm household experienced a flood in the last 5 years
dummy =1 if the farm household experienced a drought in the last 5 years
dummy =1 if the farm household experienced a hailstorm in the last 5 years
dummy =1 if the household head got information/advice from government
extension workers, 0 otherwise

dummy =1 if the household head got information/advice from fatoafarmer
extension, 0 otherwise

dummy =1 if the household head got information from radio, O otherwise
dummy =1 ifextension officerprovided information on expected rainfall and
temperatureQ otherwise
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TABLE A2. Parameter Estimates— Test on the Validity of theSelection Instruments

Net revenues bfarm households
that did not adapt

Belg rainfall

squared Belg rainfall/1000
Meher rainfall

squared Meher rainfall/1000
average¢emperature
squared average temperature
highly fertile

infertile

no erosion

severe erosion

crop type

animals

labor

squared labor/100

seeds

squared seeds/100
fertilizers

squared fertilizers/100
manure

squared manure/100
literacy

male

married

age

household size

relatives

-0.807
(13.724)
-3.806
(16.050)
-37.910%*
(10.657)
17.135%
(6.320)
-2351.328
(1880.632)
45.114
(47.814)
-33.293
(208.454)
60.026
(364.022)
92.164
(226.473)
88.183
(506.223)
331.699%+
(70.366)
892.451 %+
(280.885)
20.061%*
(4.965)
-1.963%+
(0.557)
-2.640
(4.293)
1.391
(1.015)
4.802**
(1.957)
-0.120%+
(0.044)
-0.941
(0.798)
0.038%***
(0.014)
-750.618%+
(225.656)
1260.908**
(528.284)
-395.005
(573.544)
-14.248*
(8.438)
-64.777
(46.182)
6.265
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(14.653)

highlands Degd -11635.369***
(2610.380)
midlands WenaDegg -3534.400**
(1703.526)
Mundlak’s fixed effects
mean fertilizers -0.296
(2.730)
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)
farmerto-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 variablesgtat.) 0.053
Sample size 868
AdjustedR® 0.315

Note: Robust standard errors in parentheses. Fixed effects\abthdalevel are
included. * Significant at the 10% level; ** Significant at the 5% level; **i8ficant at
the 1% level.

24



TABLE A3. OLS Estimates of Net Revenue Equations on Pooled Sample

Dependent variable: net revenues pe Coefficient

hectare (Eth/ha) (std. error)
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 1162.555*
varieties

(596.455)
soil conservation anchanging crop 538.244**
varieties

(197.431)
water strategy and soil conservation 1373.732***

(453.240)

water strategy, soil conservation, and 871.620***
changing crop varieties

(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/1000 19.182
(27.008)
Meher rainfall 4.691
(10.554)
squared Meher rainfall/1000 -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)
squaredabor/100 -0.341
(0.290)
seeds 2.061
(2.555)
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squared seeds/100 0.593***
(0.199)
fertilizers 2.911*
(1.390)
squared fertilizers/100 -0.060
(0.037)
manure 0.378**
(0.1712)
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 Degd -2,447.619*
(1,408.037)
midlands WenaDegd -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 atwioeeda
level in parenthesis. Fixed effects at tharedalevel
are included. AdjusteB? = 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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TABLE A4. Estimates of Net Revenue uations by Multinomial Endogenous Switching Regression Model

Dependent variable 0) Q) (2) 3) 4) (5) (6) @) (8)
Water
. . Soil . strategies,
N . Changing crop Water strategies Soil . Water strategies conservation Water strategies soll .
et revenues per hectare No adaptation o= conservation and changing . and soll . Other strategies
varieties only only only crop varieties and changing conservation conservation,
crop varieties and changing
crop varieties
Belg rainfall -34.239 -296.554 -537.296 -110.826 28,161.109 36.509 -868.739 39.819 -186.304
(37.221) (624.725) (1,011,682.154)  (295.998) (203,050.847) (53.701) (2,305.468) (247.649) (1,236.646)
squared Belg rainfall/100C 37.492 504.006 414.515 557.952 -47,686.033 -13.355 3,425.785 -86.886 176.947
(68.965) (906.037) (2,751,497.399) (974.212) (373,374.408) (83.941) (5,506.394) (479.923) (3,551.666)
Meher rainfall -45.047** -11.778 -309.311 153.748* -1,093.581 22.454 659.708 34.998 80.337
(20.083) (329.821) (129,145.824) (84.771) (78,798.469) (22.254) (1,758.357) (165.619) (492.031)
squared Meher 21.479* 9.728 233.781 -82.588* -179.522 -9.116 -314.452 -21.436 -34.552
rainfall/1000
(10.580) (128.033) (75,570.889) (44.201) (33,464.488) (11.320) (935.136) (56.508) (339.614)
average temperature -3,343.499** 3,677.712 0.000 7,214.195 -852,134.607 -790.109 77,120.809 -4,792.739 -5,675.554
(1,648.058) (5,600.008) (63,499.652) (7,106.849) (6,277,380.105) (2,161.772) (198,109.375)  (35,149.307) (352,104.403)
squared average 67.880* -119.728 -49.791 -166.494 19,193.768 14.604 -2,078.035 141.095 155.598
temperature
(41.213) (120.024) (100,554.963) (175.012) (146,142.620) (49.080) (5,302.852) (985.420) (12,230.932)
highly fertile 121.576 1,145.813 -22,420.870 -134.531 1,634.783 -424.816 -83.022 2,846.859**  2,215.609
(333.610) (1,023.573) (10,088,204.558) (835.148) (92,550.247) (528.872) (5,392.658) (931.869) (5,829.430)
infertile 169.386 218.363 -14,335.898 -853.603 -3,749.842 -318.793 -955.837 741.681 1,872.068
(393.614) (1,171.937) (5,472,991.896) (1,253.578) (87,416.031) (502.907) (3,675.490) (1,507.268) (70,005.498)
no erosion 46.779 396.105 -41,168.615 -302.846 -4,469.720 157.321 2,574.029 1,334.466 639.850
(268.495) (1,003.037) (6,246,705.683) (780.785) (70,130.113) (453.800) (4,843.401) (1,175.211) (1,888.621)
severe erosion -107.144 2,468.274 -51,311.676 725.357 -3,135.675 491.668 2,252.426 1,189.844 2,029.045
(456.259) (1,560.632) (7,643,366.696) (2,032.351) (358,994.118) (693.307) (6,011.182) (1,611.219) (2,979.983)
crop type 332.060*** 455.841* -4,088.209 350.076 49.748 469.010** 880.146 574.845** 89.629
(91.656) (249.060) (648,652.980) (278.277) (14,705.053) (200.286) (958.329) (266.086) (550.200)
tree planting . 3,390.961* 0.000 -88.712 -15,028.669 257.108 -3,010.950 933.532 -4,762.645
(1,746.940) (23,194,022.876) (1,917.424) (154,848.365) (674.607) (4,460.297) (2,877.874) (9,752.630)
animals 602.136 -2,954.382 18,182.047 792.757 -3,448.406 353.627 -2,179.353 710.344 -2,154.855
(483.913) (2,391.323) (10,74,932.004) (1,421.457) (192,404.807) (754.703) (9,714.815) (1,445.539) (62,219.710)
labor 20.136*+* 20.094** 11.031 10.219* 56.209*** 8.975%** 9.250 5.919 6.985
(3.475) (10.110) (1,667.127) (5.855) (12.674) (3.328) (17.596) (31.965) (20.775)
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squared labor/100 -2.025%** -0.466 -0.908 -0.600* -4.,222%** -0.306 2.079 6.766 -4.153
(0.405) (1.157) (671.283) (0.322) (1.060) (0.851) (3.084) (12.325) (17.399)
seeds -2.630 12.063 113.304 8.088 -1.068 -0.955 18.182** 6.203 16.369
(2.988) (8.878) (880.084) (11.211) (39.273) (4.224) (9.087) (8.974) (19.823)
squared seeds/100 1.492%** -0.445 -17.258 -0.589 -0.021 1.040* -0.651 -0.068 -3.438
(0.488) (1.234) (743.359) (2.476) (14.612) (0.576) (1.188) (2.070) (5.200)
fertilizers 4.699*** -9.627 11.567 10.128 15.782 3.061 21.331 14.983 -30.605*
(1.449) (8.591) (910.179) (8.709) (49.906) (4.026) (23.503) (15.384) (8.893)
squared fertilizers/100 -0.117%*= 2.298 -1.405 -0.891 -4.993 -0.034 -5.029 -3.397 11.581*
(0.039) (2.091) (695.618) (1.776) (253.824) (0.227) (8.791) (7.480) (5.091)
manure -1.120 -1.454 -5.569 0.889 -3.259 1.534 -0.487 0.934 -2.200
(0.785) (1.338) (779.909) (2.411) (110.792) (1.308) (0.672) (2.485) (362.643)
squared manure/100 0.041* 0.009 0.086 -0.001 0.126 -0.017 0.002 -0.023 0.438
(0.016) (0.033) (15.000) (0.056) (16.574) (0.030) (0.014) (0.131) (47.342)
literacy -639.513** -2,349.360**  28,793.965 -984.544 -7,157.463 193.011 -1,607.923 -1,739.528 -5,281.643
(314.383) (965.358) (6,118,431.990) (1,061.308) (214,377.314) (730.148) (9,321.956) (1,574.511) (10,922.211)
male 1,397.288** 2,054.260 125,560.283 1,017.026 45,812.341 -148.396 3,840.323 1,004.925 -894.755
(638.055) (2,763.508) (5,602,193.823) (1,734.802) (192,768.101) (901.535) (9,081.139) (2,872.048) (22,045.814)
married -58.247 -2,692.334 50,601.794 1,412.468 463.307 146.645 5,950.262 -3,485.932 3,876.606
(726.837) (2,255.475) (8,148,789.237) (2,085.168) (324,400.213) (1,212.065) (13,042.580) (2,888.692) (22,113.303)
age -12.460 -101.120%** -837.359 -27.039 -152.122 -7.278 2.088 -52.704 -167.306
(10.621) (36.298) (452,029.580) (32.279) (4,344.739) (23.806) (257.399) (57.406) (872.549)
household size -67.849 237.990 -5,257.526 -312.435 2,264.360 -24.064 -63.817 -132.223 134.803
(62.179) (301.920) (2,362,800.004) (268.036) (42,543.385) (124.900) (1,013.717) (267.995) (1,111.797)
relatives 2.697 184.723*** 1,839.014 -18.659 -112.036 5.003 -7.064 11.814 214.832
(9.255) (42.313) (864,264.717) (30.494) (13,966.239) (8.596) (96.496) (15.577) (1,274.788)
highlands Degd -13,620.754*** 8,386.670 40,430.833 8,471.934 -613,049.662 4,557.348 0.000 -8,563.516 0.000
(4,443.015) (18,444.570) (7,318,575.455) (22,649.361) (11181710.145) (6,622.335) (285,862.910) (64,734.818)  (49,819.006)
midlands Wena Degg -7,495.961** -10,096.697 0.000 -43,515.458 0.000 7,580.795 0.000 1,521.160 -26,631.247
(3,066.756) (82,907.067) (12,414.803) (49,263.922)  (3,339,263.217) (7,463.056) (197,117.435) (21,439.009) (93,476.728)
Mundlak’sfixed effects
mean fertilizers 0.758 -2.725 -507.044 -4.414 82.022 -1.409 14.628 -12.712 19.929
(1.333) (9.201) (362,451.368) (6.705) (3,338.314) (1.418) (40.782) (20.565) (94.108)
mean seeds 5.221* -17.334%** 638.419 16.987** -1.391 7.399* -8.126 6.131 -0.115
(2.857) (5.441) (184,823.427) (12.929) (4,235.645) (4.233) (23.138) (13.073) (63.478)
mean manure 0.580 1.755 -3.342 -0.690 -7.304 -1.153 0.590 0.044 -0.457
(0.632) (1.461) (1,216.028) (1.917) (507.629) (0.880) (2.051) (2.625) (525.827)
mean labor -6.759** -0.061 -281.266 -5.600 45,398 -5.670 -9.564 14.191 -0.177
(3.327) (8.250) (24,100.974) (6.181) (757.536) (3.355) (20.190) (14.971) (59.224)
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Selection Bias Correction
Terms

m(Pyy) -847.499 -10,509.325  -99,231.465 -1,408.912 64,511.147 -5,032.878 11,986.039 -2,039.801  -6,011.535
(2,067.260)  (9,265.223)  (6,213,736.736)  (11,903.633) (1771516.321)  (4,762.596)  (62,291.319)  (6,744.209)  (16,704.543)
m(Py) -2,369.504 -2,471.464  165,879.330 -6,858.571 26,507.851 -3,087.194 11,360.827 -3,546.128  -11,688.947
(3.437.775)  (2,834.705)  (29,209,415.028) (10,519.358) (258,867.900)  (4,830.208)  (35,965.224)  (10,677.946) (21,683.163)
m(P) -1,362.623 -309.872 -54,247.776 1,644.009 -14,013.957 685.111 32,800.328 -5,761.376  -11,671.806
(7,736.037)  (15,184.600) (10,192,167.781) (10,670.187) (463,569.984)  (5,725.648)  (36,532.098)  (7,955.634)  (153,700.509)
m(P.s) -361.931 5,549.891 34,934.255 -464.424 205.588 -711.977 -1,130.168 -12,480.003** -15,788.851
(2,892.221)  (9,036.193)  (18,270,579.871) (3,107.522)  (596,638.364)  (5,159.755)  (28,505.294)  (6,710.176)  (35,931.673)
m(Ps) 2,148.226 -7,914.981  -102,128.141 -7,323.765 -5,277.523 4,979.756 4,127.745 -5,248.807  -2,831.767
(4,138.221)  (9,347.511)  (20,109,161.069) (8,656.025)  (182,071.021)  (4,930.670)  (30,794.495)  (6,956.239)  (783,879.408)
m(Py) -2,640.096 1,159.243 -4,701.878 -7,094.369 52,690.591 -773.742 2,730.381 6,074.771 -4,613.176
(2,908.856)  (10,941.857) (72,458,272.993) (7,642.276)  (293,938.405)  (1,992.470)  (24,763.927)  (6,142.110)  (17,001.631)
m(P;y) 442.628 -31,754.618* 285,597.968 -3,145.913 6,373.880 -7,982.322 487.508 -13,367.269* -34,511.564
(5,676.732)  (15,477.543) (11,667,010.882) (11,773.918) (347,387.250)  (6,032.569)  (11,031.093)  (9,430.932)  (38,484.485)
m(Pg) 154.343 -11,777.089  174,789.925 -4,681.736 28,547.838 -4,388.654 15,044.566 -3,087.976%  -13,724.175
(4,606.581)  (8,432.444)  (77,679,001.638) (8,378.007)  (1216321.706)  (3,849.735)  (18,759.951)  (2,727.857)  (24,246.399)
m(Py) -2,801.913 -319.281 -194,538.419 -4,886.493 30,346.791 359.727 10,970.299 4,353.128 -5,661.512
(3,337.082)  (6,336.739)  (23,790,987.070) (14,341.030)  (82,122.222) (4,865.817)  (153,093.146)  (15505.196)  (10,502.062)
constant 70,533.349%* 16,148.207  246,454.257 -144325949 7,853510.881  -11,222.824  -895,478.236  36,734.392  52,028.307
(24,981.271)  (121,856.727) (18,197,577.136) (94,137.579)  (62,854,009.454) (25,599.674)  (2,712,784.906) (416,565.917) (1,785,766.517)

Note:m(P;) refers to the correction term described in equation (4a). Fixed effectsnairrdalevel are included. Bootstrapped standard errors in parentheses. Sampl@8zplds. * Significant
at the 10% level; ** Significant at the 5% level; *** Sigrdéint at the 1% level.
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TABLE 1. Climate ChangeAdaptation Strategies

Frequency Percent

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

Building water harvestingcheme 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 offfarm 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 adaptec

the plot level (sample siz&;933)
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TABLE 2. Descriptive Statistics

Variable name

Total sample

Farm households
that did not adapt

Farm households
that adapted

Mean

Std. Dev.

Mean

Std. Dev.

Mean

Std. Dev.

Dependent variables
net revenues
Adaptation grategy j

4,167.203 4,901.327 3,661.458 3,295.894 4,394.567 5,457.213

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 cro

varieties 0.103 0.304 i i 0.150 0.357
other strategies 0.049 0.216 - - 0.071 0.258
Explanatoryvariables

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
labour 101.096  121.362 90.385 87.701 105912 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 planing 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 Degg 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
farmerto-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 samjidds 2Qvoredas 941 farm households, and

2,802 plots.
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TABLE 2 (cont.). Descriptive Statistics

Changing crop Water strategies Soil conservation
varieties only only only
Std. Std. Std.

Variable Mean Dev. Mean Dev. Mean Dev.
Dependent variable
net revenues 3,963.939 3,966.249 4,752.995 5,651.228 4,349.334 6,091.633
Explanatory variables
Belg rainfall 347.966 157.382 330.544 147.302 293.275 148.036
Meher rainfall 1,169.225 302.370  1,215.350 290.553 1,157.462 281.592
average temperature 16.968 1.696 17.459 1.241 16.869 2.586
Soil characteristics
highly fertile 0.209 0.407 0.333 0.476 0.251 0.434
infertile 0.196 0.398 0.175 0.384 0.185 0.389
no erosion 0.448 0.498 0.684 0.469 0.397 0.490
severe erosion 0.117 0.323 0.123 0.331 0.151 0.358
crop type 3.350 1.293 3.048 1.349 3.246 1.527
tree planting 0.000 0.000 0.326 0.470 0.351 0.481
labour 113.545 131.221 106.727 135.718 101.945 125.071
seeds 130.334 194.910 120.336 91.044 128.453 140.717
fertilizers 73.159 171.875 62.933 111.958 52.951 127.914
manure 222.720 850.262 820.221 2,052.245 298.849 1,135.466
animals 0.935 0.247 0.754 0.434 0.893 0.310
literacy 0.426 0.496 0.509 0.504 0.591 0.492
male 0.917 0.276 0.877 0.331 0.956 0.205
married 0.917 0.276 0.912 0.285 0.981 0.138
age 48.074 10.484 49.684 14.404 45.998 11.652
household size 6.809 1.984 6.649 2.074 6.839 2.163
off-farm job 0.313 0.465 0.368 0.487 0.292 0.455
relatives 12.762 14.721 15.895 22.417 22.384 27.168
highlands Degd 0.359 0.480 0.152 0.360 0.351 0.481
midlands Weina Dega 0.404 0.491 0.600 0.491 0.544 0.503
flood experience 0.174 0.380 0.070 0.258 0.375 0.485
drought experience 0.426 0.496 0.667 0.476 0.655 0.476
hailstorm experience 0.132 0.339 0.257 0.438 0.298 0.462
government extension 0.752 0.433 0.649 0.481 0.701 0.458
farmerto-farmer extension 0.630 0.484 0.474 0.504 0.623 0.485
radio information 0.222 0.416 0.351 0.481 0.258 0.438
neighborhood information 0.530 0.500 0.105 0.310 0.397 0.490
climate information 0.409 0.493 0.509 0.504 0.547 0.498
Sample size 230 57 411

Note: The sample size refers to the total number of plots. The final total sarjidas 2Qvoredas 941 farm
households, and 2,802 plots.
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TABLE 2 (cont.). Descriptive Statistics

Water strategies and  Soil conservation and Water strategies and
changing cropvarieties changing crop varieties  soil conservation

Water strategies,
soil conservation, and
changing crop varietie:

Other strategies

Variable

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

Mean

Std.
Dev.

Mean

Std.
Dev.

Dependent variable
net revenues

4,173.987 4,324.955 4,598.201 6,188.283 5,211.351 6,797.752

4,493.598 4,661.898

3,682.941 3,668.852

Explanatory variables

Belg rainfall 247510 122.641 289.417 138.199 308.099 172.200 308.123 143.351 394.451 155.311
Meher rainfall 1,019.399 287.027 1,165.197 271.078 1,173.223 248.530 1,110.076 307.276 1,112.417 272.801
average temperature 17.275 0.788 16.903 1.387 17.776 1.879 17.292 1.072 18.254 1.504
highly fertile 0.216 0.414 0.340 0.474 0.255 0.438 0.201 0.401 0.138 0.346
infertile 0.279 0.451 0.174 0.380 0.135 0.343 0.152 0.360 0.080 0.272
no erosion 0.495 0.502 0.487 0.500 0.539 0.500 0.488 0.501 0.464 0.501
severe erosion 0.180 0.386 0.131 0.338 0.064 0.245 0.045 0.208 0.072 0.260
crop type 3.061 1.410 3.288 1.351 3.018 1.459 2915 1.579 3.163 1.476
tree planting 0.353 0.478 0.468 0.501 0.531 0.500 0.525 0.501 0.536 0.500
labour 94.372 114.142 112.802 159.835 127.478 144.102 89.241 79.195 99.067 135.289
seeds 104.597 105.903 128.836 195.086 170.367 171.318 115.776 149.371 93.816 95.221
fertilizers 38.986 64.249 75.932  266.837 49.169 86.172 42779  111.020 86.999 121.555
manure 161.506 519.779 199.403 693.824 552.640 1,604.505 206.183 642.273 41.444  186.226
animals 0.838 0.370 0.890 0.313 0.887 0.318 0.865 0.342 0.919 0.275
literacy 0.631 0.485 0.505 0.500 0.674 0.471 0.446 0.498 0.486 0.502
male 0.937 0.244 0.937 0.243 0.965 0.186 0.920 0.271 0.870 0.338
married 0.955 0.208 0.923 0.267 0.972 0.167 0.900 0.301 0.848 0.360
age 45.856 14.984 46.209 11.913 47.199 11.630 45.239 10.759 44.420 13.148
household size 6.622 2.072 7.029 2.351 6.887 2.473 6.519 1.716 5.957 1.620
off-farm job 0.306 0.463 0.238 0.426 0.390 0.490 0.280 0.450 0.268 0.445
relatives 11.569 10.908 24.658 87.162 20.355 20.199 20.225 31.761 7.068 7.741
highlands Degg 0.197 0.398 0.315 0.467 0.270 0.444 0.426 0.496 0.384 0.487
midlands Weina Dega 0.491 0.501 0.685 0.467 0.469 0.500 0.468 0.501 0.540 0.499
flood experience 0.279 0.451 0.185 0.389 0.092 0.290 0.183 0.388 0.152 0.360
drought experience 0.541 0.501 0.637 0.481 0.638 0.482 0.536 0.500 0.203 0.404
hailstorm experience 0.336 0.473 0.459 0.501 0.290 0.454 0.170 0.377 0.194 0.396
government extension 0.820 0.386 0.833 0.374 0.723 0.449 0.875 0.331 0.464 0.501
farmerto-farmer extension 0.811 0.393 0.674 0.469 0.709 0.456 0.817 0.388 0.326 0.470
radio information 0.486 0.502 0.464 0.499 0.624 0.486 0.474 0.500 0.174 0.380
neighborhood information 0.225 0.420 0.282 0.451 0.064 0.245 0.284 0.452 0.406 0.493
climate information 0.631 0.485 0.605 0.489 0.504 0.502 0.767 0.423 0.297 0.459
111 556 141 289 138

Sample size

Note: The sample size refers to the total number of plots. The final total samjpidds 2Qvoredas941 farm households, and 2,802 plots
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TABLE 3. Parameters Estimates of Climate Change Adaptation StrategiedMultinomial Logit Model

1) 2) 3) 4) (5) (6) ) (8)
. Water Soil . Water Water strategies,
. Water Soil . conservation . . .
Changing crop . . strategies and d strategies and soil conservation, and Other
varieties only strategies conservation changing crop an solil changing crop strategies
only only - changing crop . -
varieties - conservation varieties
varieties

Belg rainfall -0.008 -0.030** -0.010 -0.002 -0.021* -0.027 -0.011 0.012
(0.013) (0.012) (0.012) (0.018) (0.013) (0.026) (0.013) (0.013)

squared Belg rainfall/1000 -0.007 0.031 -0.013 -0.018 0.020 -0.002 -0.007 -0.025
(0.022) (0.021) (0.026) (0.029) (0.021) (0.053) (0.022) (0.018)

Meherrainfall -0.014 -0.024*** -0.003 -0.015* -0.016** -0.043*** -0.031*** -0.009
(0.009) (0.008) (0.006) (0.008) (0.008) (0.0112) (0.009) (0.007)

squared Meher rainfall/1000 0.007 0.011*** 0.0004 0.008* 0.008* 0.023*** 0.016*** 0.004
(0.005) (0.004) (0.003) (0.005) (0.004) (0.007) (0.005) (0.003)

average temperature -0.021 4.029* 1.941** 4,143** 1.813* -0.122 5.174* 0.125
(0.757) (2.346) (0.793) (1.911) (1.099) (2.443) (2.364) (0.677)

squared average temperature -0.006 -0.100* -0.048** -0.102** -0.049* -0.006 -0.139** -0.007
(0.018) (0.057) (0.019) (0.044) (0.026) (0.056) (0.057) (0.017)
highly fertile -0.549* -0.180 -0.454** -0.546 -0.073 -0.520 -0.890** -1.134 %
(0.297) (0.725) (0.226) (0.500) (0.213) (0.491) (0.365) (0.373)

infertile 0.114 -0.066 -0.001 0.498 0.106 -0.580 -0.348 -0.761
(0.328) (0.728) (0.330) (0.399) (0.285) (0.515) (0.408) (0.470)

no erosion 0.046 0.614 -0.190 0.540 -0.015 -0.302 -0.405 0.099
(0.270) (0.593) (0.276) (0.452) (0.235) (0.448) (0.324) (0.362)

severeerosion -0.358 0.087 -0.458 0.157 -0.307 -0.822* -1.193** -0.279
(0.443) (0.647) (0.292) (0.321) (0.281) (0.436) (0.491) (0.497)

crop type -0.115** 0.116** -0.011 0.031 -0.045 0.009 0.019 0.138
(0.045) (0.058) (0.050) (0.055) (0.047) (0.073) (0.057) (0.093)
tree planting 24.538*** 24.802** 24.839%** 24.998*** 25.297*** 25.629%** 25.463*** 25.401***
(0.511) (0.512 (0.513) (0.666) (0.622) (0.775) (0.477) (0.804)

animals 1.160* -0.813 0.398 -0.298 0.177 0.382 0.250 1.346**
(0.655) (0.779) (0.554) (0.645) (0.504) (0.484) (0.550) (0.630)

literacy -0.056 1.005** 0.694** 1.272* 0.205 1.397*+* 0.134 0.236
(0.405) (0.444) (0.307) (0.559) (0.223) (0.525) (0.494) (0.419)

male 0.425 -0.369 0.584 -0.544 0.940 0.598 0.427 0.042
(0.903) (1.410) (0.969) (1.342) (0.700) (1.189) (0.908) (0.798)

married -0.557 0.322 0.008 0.588 -1.099 0.602 -0.414 -0.774
(1.033) (1.126) (0.865) (1.826) (0.965) (1.093) (0.969) (1.023)

age 0.010 0.020 0.005 0.028 -0.010 0.016 -0.001 -0.001
(0.010) (0.024) (0.012) (0.021) (0.009) (0.015) (0.019) (0.015)

household size 0.099 0.175** 0.033 0.105 0.183** 0.185* 0.135 -0.009
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(0.069) (0.082) (0.101) (0.128) (0.071) (0.109) (0.100) (0.073)

relatives 0.007 0.007 0.012* -0.006 0.015** 0.005 0.016** -0.014
(0.008) (0.013) (0.007) (0.011) (0.007) (0.007) (0.007) (0.025)
highlands Degd -1.839** 0.067 -0.533 21.394 -0.422 0.807 1.316** -0.395
(0.744) (0.937) (0.495) (21.035) (0.683) (1.055) (0.631) (0.610)
midlands Weina Dega 0.650 0.975 -0.011 21.319 0.357 1.608* 2.275%* 1.260**
(0.650) (0.989) (0.473) (21.282) (0.498) (0.860) (0.644) (0.594)
Instrumental variables
flood -0.055 -1.019 0.694* 0.596 -0.222 -0.597 0.172 0.310
(0.494) (1.174) (0.412) (0.392) (0.603) (1.004) (0.429) (0.637)
drought -0.068 0.511 0.087 -0.149 0.572 0.539 -0.062 -0.453
(0.439) (0.529) (0.400) (0.461) (0.468) (0.419) (0.595) (0.495)
hailstorm 0.203 1.092* 0.808 1.142** 0.508 0.274 0.095 0.276
(0.555) (0.664) (0.573) (0.549) (0.388) (0.563) (0.543) (0.615)
government extension 1.267*** 0.315 0.411 0.485 1.058%** 0.289 0.538 0.328
(0.414) (0.508) (0.389) (0.385) (0.192) (0.515) (0.444) (0.470)
farmerto-farmer extension 0.417 -0.068 0.262 1.768*** 0.198 1.164** 1.062** -1.018*
(0.429) (0.479) (0.294) (0.451) (0.345) (0.566) (0.429) (0.544)
radio information -0.026 0.331 -0.437 0.936 0.780* 1.503** 1.008** 0.466
(0.454) (0.651) (0.484) (0.600) (0.427) (0.625) (0.448) (0.443)
climate information 0.145 0.396 0.632* 1.030* 0.655 -0.066 1.685** 1.219**
(0.419) (0.855) (0.343) (0.625) (0.507) (0.484) (0.693) (0.535)
constant 8.147 -30.698 -16.965* -61.952** -8.505 19.555 -37.371 -0.356
(11.270) (24.324) (9.881) (12.08) (13.078) (29.689) (24.398) (7.637)
Wald test on instrumental variableé) 23.26*** 13.11* 24.69*** 53.54*** 64.13*** 28.28*** 55.12%** 55.26***

Note: The baseline is farm households that did not adapt to climate change.-Réedd@51. Sample size: 2,802 plots. Robust standard errors clusteresvatatialevel in parentheses. °
Significant at the 10% level; ** Significant at the 5% level; *** Significahtre 1% level.
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TABLE 4. Impact on Net Revenues by Adaptation Strategy

1) (2 Q)
Counterfactual Imoact
Actual net revenues P
. (treatment
net revenues if farm households effect-
(Etb/ha) did not adapt Etb/ha)
(Etb/ha)
(1) Changing crop varieties only 3,963.939 3,804.036 159.903
(263.250) (342.301) (350.000)
(2) Water strategies only 4,752.995 3,325.668 1427.327
(748.523) (774.360) (939.035)
(3) Soil conservation only 4,349.334 3,689.859 659.475
(306.116) (305.365) (361.593)
(4) Water strategies and 4173.987  1842.288 2 331.700%*
changing crop varieties
(428.233 (346.832) (445.253)
(5) Soil conservation and 4598201  2404.897 2193.304%+
changing crop varieties
(267.543 (203.820) (203.980)
(6) Water strategies and 5211351  3481.522 1729.829%+
soil conservation
(449.52F (582.655) (601.024)
g))” C\évr?stgf;[fgﬁg;sd 4493598  3196.787 1,296,811
, b 4 (281.635 (337.170) (349.426)
changing cropvarieties
(8) Other strategies 3,682.941 2,689.196 993.745***
(323.023 (192.481) (266.453)

Note: The final total sample includes 941 farm households and 2,802 plots. Vialuekiinns (2)
havebeen calculated following equationsaf§6m). Values in column (3) have been calculated as the
difference between columns (1) and (2). Etb = Ethiopian birr, 1 Etb pomds to $0.059. ***
Significant at the 1% statistical level.
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! Countries at low latitudes are predicted to bear tfoegh times climate change damages
(Mendelsohrand Dinar2003). The effect of warming on agricultural systemtemperate
countries is instead projected to be positive. This identifies losers and winnessilés of global
warming (MendelsohrDinar and Williams2006).

2 Di Falca Veronesi and Yesuf (2011) follow a similar approach, however, they focus on the
binary choice between adapting or not adapting to climate change withmgulsting the

effect of different strategies.

3 Differently from these studies we do not look at types of farms (spediatizenixed),

livestock switching, or a specific technology adoption such as irrigation. éadhstap the full
set of actuahdaptation strategies implemented by individual farms

* It should be stressed that livestock and agroforgsagtices can also be important in the
context of adaptation to climate change. Future research should be devbtedralysis of
these other strategies.

® It should be stressed that the adoption of new practices may be driven by consumption
preferences or risk management. We acknowledge this potential limitationstudyr

® As a reviewer emphasized, there might be ssigreificant effectn crop revenuesdepending

on whattypeof soil conservatiomeasures araken(e.g., soil bundganyajuu terracing.
Unfortunately, our sample does not allow ugteestigae these effects because of the very small
sample size of these subgroups. Futeeearctshould be allocated to the estimatiaf the

impact of different measures

’ By definition, Thin Plate Splinés a physically based twdimensional interpolation scheme for
arbitrarily spaced tabulated data. The Spline surface represents a thin esttéhahis
constrained not to move at the grid points, which ensures that the generated rainfall a
temperature data at the weather stations are exactly the same as the data at theatieather st
sites that were used for the interpolationour case, the rainfall and temperature data at the
weather stations areproduced by the interpolation for those stations, which ensures the
credibility of the methodsee Wahba 1990or detaily.

8 It is conventional in this body of literature to use quadratic terms for the clinaatibles. This
in order to capture non linearities and threshold effects in the relationship betwemmeseand
climate (MendelsohmNordhaus and Shaw 1994). Increasing temperature may have a positive
impact on the growth of crops, however, up to a threshold level after which increasedgvarmi
of the production environment may have detriméatfects on yields.

® Holden and Yohannes (2002) noted, however, that the direction of causalibemayersed.
Farmers with more tenure security may plant more perennials.

19We thank the anonymous reviewer for suggesting these selection instruments.

1 The significant coefficients dhe linear and quadratic climatic terms could leadonclude
thattemperature displays an invertedsblape behavior while rainfall atshape behavior. This
would highlight the existence of threshold levels in the climati@ables. It should be noted,
however, that the standard interpretation of polynomials in a linear regressiewfdadoes

not extend to nonlinear models where marginal effects could have different sigiffefent
values of the independent variables (Ai and Norton 2003).

12|t should be stressed that the use of net revenues in this context is not free fromsprable
comprehensive determination of cost in this context can be indeed be problesoatise of the
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existence of some costs that are dbtitaidden” (McCarthy, Lipper and Banca2011). This
caveat should be borne in mind.

13 We present the coefficient estimates of the net revenue equations in TablehAdappendix
for reasons of space, and because the paper focusebkeotioncorrectedoredictions of
counterfactual net revenusmeasure the impact of climate change adaption stratagieésot
on thefactors affecting net revenues
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