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Abstract

The paper analyses the impact of climate changeanad social networks on farmers’
soil conservation behaviour in the Central Highkod Ethiopia. Farm household level
panel data with multiple plots combined with climatdata from the adjacent
meteorological stations, interpolated at a housklmlel, are employed in the analysis.
The extent to which local social networks contrétd soil conservation investment in
the presence of climate change is assessed usintfjvariate probit and poison

estimation methods. In light of similar previousidies, the major contributions of the
paper are: 1) the use of wide ranging social cepitasures, and 2) the availability of
different soil conservation structures in multigdets within the same household. The
results show that climate change is a significaategminant of soil conservation
investment. In addition, the relationship betweatal social networks and soil

conservation is context specific.

JEL classification: C25, D02, D85

Key words: local social networks, shocks, climate change,cawmiservation, multivariate
probit



1. Introduction

Pervasive economic and social risk is a fact & tdr rural households in low-income
developing countries (Dercon, 2002; Yesuf and Bhoifie, 2009). The enormous scope
and diversity of these shocks, both covariate @sihcratic, contribute to the lack of
viable formal insurance markets. As a result, wnlifiarm households in developed
countries that can trade away the risk of cropufailin the insurance market, in
developing country settings, such markets are tacke.g. Janvry et al. 1991; Udry,
1994) and farmers employ relatively sophisticatezthods to offset such risks (Dercon,
2002). Given that climate change is increasinglgolb@ng among the most important of
such risks, understanding how farm households’ entents are used to adapt to climate
change is critical to the design of effective adiph measures. In this study, we focus
on soil conservation investment as a central atlaptéool and examine the role of social
capital in soil conservation investment in the fatelimate change.

The emphasis on soil conservation investment disnate change adaptation tool,
stems from the significant association of in saibson rates and climate change
measures (O’Neal et al., 2005; Boardman and Fawgdlbck, 1993). Particular to
developing countries, Deressa et al. (2009) idestil conservation as one of the major
strategies farmers employ towards the threatsiofaté change. In addition, Difalco and
Bulte (2012) argue that adoption of certain farrnagement strategies reduces exposure
to such shocks, given that agriculture is most egddo climate change. Based on their
study in the Nile Basin of Ethiopia, Kato et al0(®) find that more than 30 percent of
farmers adopted soil and water conservation messunesponse to perceived long-term
changes in temperature and rainfall.

While there is a wealth of evidence suggestingngpmortant role of social capital
in mitigating against income risks in generdhe recently growing literature on the links
between social capital and climate change adaptatiovides mixed evidence.

2 For details on the links between social capital imcome risk, see section 2.
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Proponents of the positive role of social capitahiitigating against the risks of
climate change pursue the argument that an indiWsladaptation behaviour is triggered
by his or her recognition of the need to adapt KkRanser et al. 1999), perceived climate
risk, costs of adaptation and potential reductiordamage (Kane and Shogren, 2000).
Social networks and social skills can possibly cffinese determinants of adaptation
behaviour (Nam, 2012). Findings from a number dfeot studies, particularly in
developing countries, attest to this view.

In their study of the role of social capital in atition to climate change in
Ethiopia, Deressa et al. (2009) show that informslitutions such as peer networks aid
climate change adaptation through sharing expesgenof adaptation options and
channeling informal financial sources that help iomestments in adaptation. Social
networks are also found to play an important roleasset recovery and growth after
environmental shocks (Mogues, 2006). In South Africarter and Maluccio (2003) find
that trust has a mitigating effect on weather sho8imilarly, van Rijn et al (2012) show
a significant relationship between an aggregatesoreaof social capital and agricultural
innovations by using data collected from sevend&ini Countried

However, a strand of the recently growing climatargye literature also holds the
view that social capital may act as a hindrancelitoate change adaptation activities. In
line with this, Di Falco and Bulte (2012) argue tthavestment in climate change
adaptation may be hampered by the disincentivectsfigf strong social ties in the form
of kinship. Difalco and Bulte (2011) examine thepawots of traditional risk sharing
norms in kinship networks on consumption and acdanmn strategies and find that
such networks attenuate accumulation incentivesmaok extensive kinship networks
are associated with lower incomes. In additionjviddial adaptation incentives may be

weakened through strong institutional norms suckthadabor sharing norm in farming

3 There is also evidence of support for this viewrfrstudies outside of Africa. In extreme weatheatesd
events such as Hurricane Mitch, the Honduras Tassthe norm in a community, also helped households
in asset recovery and growth after (Carter andil@as2006). In addition, social capital in the fiorof
voluntary labor contribution has evolved to faeilé collective adaptation practices such as sea dik
maintenance in the absence of governmental suppowtietnam (Adger, 2000). In a study from the
Philippines, Cramb (2005) shows that social capitedasured in terms of membership in land care,ahad
significant impact on the adoption of soil conséiom
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activities (Agrawal et al., 2008). Similarly, Wadt al. (2010) suggest that strong bonding
networks could potentially raise the vulnerabildy elderly people in the UK to the
effects of heat waves, by perpetuating the noti@t waves posed a significant risk to
them personally. Furthermore, Nam (2012) shows ithaeneral, social capital at the
individual level does not affect farmers’ privatéagtation to climate change.

In light of this conflicting evidence on the soctpital and its role on climate
change adaptatiorthis paper sets out to extend existing analysedotiysing on three
major issues that remain underexplored. First, wgue that the responsiveness of
adaptation measures to climate change may depenthemature of local social
networks. As Nam (2012) notes, focus on singleadam@pital variables by many studies
implies that very limited exposition exists on thele the different social capital
components play as adaptation tools. Similarlypsetiog to Cater and Castillo (2006),
distinguishing between aspects of social capitat tenhance or distort incentive
compatibility in (non) contract based negotiati@ne critical in understanding the wider
role of social capital in economic outcomes. Hemsoaultaneously looking at the impact
of different forms of social networks on soil consgion investment behaviour, as a
strategy of adapting to climate change, will illmaie our understanding of the possibly
wide ranging impacts social capital might have oth ®nservation. Accordingly, in this
study we look into personal interrelationships sashkinships and number of relatives,
labour sharing networks such @bbo, as well as different measures of trust as passibl
social capital measures

Second, the multi-plot characteristics of the imdinal farms in our study provide
us with the opportunity to assess the rationaleefmploying alternative types of soil
conservation. This observation of multiple struetuthat exist within a single farm
household also carries estimation challenges. Gilvahwe investigate several different
practices, adoption of which appears to be coedlatithin a given household, we follow

Cappellari and Jenkins (2006) in allowing for tlesgbility of correlation across each of

4 Except for Nam (2012), we are not aware of any rogttledy has investigated the different impacts of
multiple social capital variables.



the different SWC practices simultaneously, allayvthe covariance between the errors
to be correlated across practices but not acrossreditions within a given practice.

Third, households’ unobserved attributes may bengsortant in determining
adaptive capacity as the observed determinantdagftation. Consistent estimation of the
effect of social capital and climate change on eoration investment requires that the
observed covariates are orthogonal to the erran tehich will be invalid if unobserved
factors are correlated with the observed explagatariables. In our case, the availability
of panel data, albeit short, would enable us tarobrior the effect of such unobserved
effects. The use of longitudinal data to study dyicapatterns of adoption of different
types of natural resources management practicssllisiovel in the broader literature
(Marenya and Barrett, 2007).

The data source employed in this analysis is thetaBwable Land Management
Survey conducted in 2005 and 2007 in two ZonekénAmhara National Regional State
of Ethiopia that consists of data on socioeconoand farm level characteristics of the
households, along with social capital and soil eovetion variables combined with
climate data from the Ethiopian Meteorological Aarity. The results of the analysis
demonstrated that climate change variables aredfdonpositively contribute to an
increased level of soil conservation with sociglital variables having a positive but less
significant role.

The rest of the paper is organized as follows. i8e@ presents an overview of
social capital, climate change and soil consermativestment in the context of Ethiopia.
The econometric methodology is presented in se@iand section 4 describes variables
and data employed in the analysis along with threesudesign. Section 5 discusses the

empirical findings and section 6 concludes the pape

2. Social Capital, Risk Mitigation, Soil Conservation Investment, and
Climate Change: A Literature Review

2.1. Social Capital and its Non-Uniform Impacts on Risk Mitigation



In the face of incomplete formal insurance mechanjdocal social networks are likely
to take on a special role in mitigating the riskattagricultural households face. There is
indeed a wealth of evidence suggesting that lamabsrelationships (high level of social
capital) have a positive effect in mitigating agdishocks faced by households, directly
through increased asset holdings, and by mitigatimegimpact of income shocks on
livestock capital (Mogues, 2004), helps speed gpsier responses and reduce exposure
to external risks (Carter and Maluccio, 2003), ahbles consumption smoothing
(Dercon and Krishnan, 2000).

While informal social relationships can arguablynfioefficient short term safety
nets, a number of studies qualify their sustainedelits. As Mogues (2004) argues, the
advantage of kinship ties being able to be susflamesr space and time in implicit
insurance-based transfer schemes hinge on houséhaldlity to ascertain the
distribution of risks over time. Furthermore, asnooitment is not perfectly enforceable
in informal social arrangements, there is the pml#si of the inability to consistently
contribute towards supporting members affectedhoglss at different points in time and
on different scales (Clarke and Dercon, 2002).

In addition, the links between shocks and localadawtworks, particularly in the
context of developing countries are believed tambe-uniform, depending on the nature
of the shocks, as well as the characteristics dfvidual networkers. In particular,
informal social networks tend to be the most effectvhen used against idiosyncratic
risk (Besley 1995). In line with this, Coate andvBl&on, (1993) show that covariate
shocks may lead to the breakdown of reciprocal axgh as both parties are pushed
close to the subsistence constraint, and the kit reciprocate favours could be
significantly reduced. Further, informal mechanistesd to be weak against repeated
shocks (Deaton, 1992; Murdoch, 1998); are morece¥e for slightly richer households
(Kletzer and Wright, 1998); and are limited by axcé¢o assets and are ill-equipped to
deal with asset related shocks (Murdoch, 1998; @er2000)>

® For comprehensive reviews on the less than fukbo$f of social capital on risk sharing, across the
developing world, see Dercon and Krishnan (2002).
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In addition to their limitations in terms of deliweg sustainable benefits, local
social networks may, in some cases, suffer froorwdnog out against formal institutions.
For instance, Stiglitz (1999) argues that the eooogrogress entails partial replacement
of interpersonal networks with formal institutioris. addition, Durlauf and Fafchamps
(2005) suggest that social capital can be a sebestlresponse to the absence of formal

institutions, which is the first-best solution.

2.2. Climate Change and Soil Conservation Investment in Ethiopia
Adaptation through sustainable land management tipesc enable farmers and
communities to adapt to climate change by increpgmod production, conserving soil
and water, enhancing food security and restorioglyetive natural resources. As a result
of an increase in potential erosion rates dueitbaté change, agricultural productivity
can be reduced by 10% to 20% (Delgado et al., 2Q1rdderstanding the complementary
factors to soil conservation in the face of climetbange would therefore aid in the design
and implementation of sound conservation practices.

Accordingly, a growing body of literature identsi@ strong link between climate
change and soil conservation. For instance, Katsaé (2007) indicates that the effect of
mean annual rainfall on the adoption of stone témgavaries based on agro ecology type.
Their findings show the significant productivityriedit of the technology in conserving
moisture in drier areas compared to higher rairgedhs. Similarly, based on a study of a
sample of farmers in the Nile basin, Deressa €2@09) indicate that the probability of
adopting soil conservation practices in drier ragics higher than that of wetter regions.
In the same study, Deressa et al (208Bpw a direct link between an increase in
temperature and increasing the probability of ussog conservation by about 2.6%.
They further argue that, with more warming, farmet conserve soil to preserve the
moisture content and use drought-tolerant varieétieope with increased temperature.

Apart from the climate related variables, a humifesocioeconomic factors are
indicated in most empirical literature as the magnificant determinants of the adoption
of different types of sustainable land managemesdtiwes. For example, access to credit

and extension, and farmers’ awareness of climatngdh are some of the important
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determinants of farm-level adaptation (Nemachend #&tassan, 2007). Tiwari et
al.(2008) also indicate that several factors sichducation of the household head, caste
of the respondent, land holding size, cash cropetadde farming, family member
occupation in off farm sector, membership of the€§&wvation and Development Groups,
and use of credit, influence the adoption of imgasoil conservation technology in
central Nepal.

Similarly, Gebremedhin and Swinton (2003) haveicatkd that secure land
tenure, labour availability, proximity to the fartead and learning opportunities via the
existence of local food-for-work projects are intpot determinants of farmers’ long
term investments in stone terraces in the Tigrgjoreof Ethiopia. By contrast, insecure
land tenure and the absence of local food-for-wadfects are associated with short-term
investments in soil bunds.

As could be seen from this brief review, differemthods have been used to cope
with the adverse effects of climate change on simaliler agriculture in sub-Saharan
Africa. Use of improved seed varieties (e.g. draugksistant varieties), changing
planting dates, water management and irrigatioee tplanting and soil and water
conservation practices, are some of the adaptaptions which have been suggested and
used to counteract the negative consequencesnoételichange (Bradshaw et al. 2004).
Though there are some empirical evidences on tlgemonomic determinants of
adoption of sustainable land management techndpgieere is still a need to have
additional empirical evidences from Africa that Mhiklp policy makers understand the

complex factors that affects the adoption behavi@mall holder farmers.

3. Variables and Data description

Data used in this analysis were taken from Sudtéenband Management Survey in the
central highlands of Ethiopia, conducted by theiEemmental Economics Policy Forum
for Ethiopia. The survey involved approximately @Q7farm households randomly
selected in 14 villages, located in two districksh®® Amhara National Regional State of
Ethiopia, in two waves in the years 2005 and 20D@e dataset includes detailed
information on the socioeconomic characteristics thie households, physical

characteristics of their farms, social capital nuees, land tenure and land use, including
11



information on soil conservation measures. In aoldito this, rainfall and temperature
data from eight meteorological stations close t® shrvey villages were obtained from
Ethiopian Meteorology Service Agerfcy

The main dependent variable is the soil consematieasure. The respondents
stated that they adopt SWC technologies in ordémdiease soil fertility, reduce the risk
of flood, and conserve moisture and a combinatibrthe three. Soil conservation
structures identified in the survey include stonadterrace (local or modern), soil bund
terrace (local or modern), fanjo, grass planting,aff drain, and check dam construction
and river diversion. For this study, we considetegaries of households adopting soil
bund, stone bund, and cut off drain, and stonelsaid.

More than 41% of the sample farmers engage in ngistg stone bund terraces.
Some 24.5% of the sampled households have patgdipa constructing soil bund
terraces. The use of both soil and stone bundctsres also common in the study areas.
More than 20% have practiced these types of SWCsunea Farmers practice cut off
drain as a way of conserving moisture and prevgntimoffs.As a result, we found that
around 19% of the farmers have indicated that pragtice cut off drain. Close to 21%
of the sampled farmers have not participated intgpg of soil and water conservation
measures.

Stone bunds are only found in very few areas wityee is abundant. Mostly,
stone bunds are practiced in mountainous areasewtiner bunds are constructed by
community participation in a farmer’s field. It hdsadvantages since it harbors rodents

and crop pests and as a long term SC techniquehvi@ilkes up a very large space on a

® Given that microclimate is a critical factor irrfa household decision making, farm level climatéada
would be a more precise measure of clmate changdatm level. Unlike many previous studies that us
village level climate variables, (with the exceptiof DiFalco and Bulte 201s), we employ farm level
climate change measures in our analysis that anergied based on an inverse distance weighing
interpolation technique.

"In the study areas, cutoff drains are dug acradepe to intercept surface runoff and carry it befie an
outlet such as a canal or stream. They are useuatect cultivated land, compounds and roads from
uncontrolled runoff, and to divert water from guligads. Diversion ditches are (also cut-off draimainly
used in flat areas to drain (not divert) water afuareas with water logging. Both stone and soildsuare
common types of soil and water conservation meas@®ne bunds are constructed where suitablesstone
are available on or near the field. Pure soil buadssusceptible to heavy rainfalls and easily edooly
water and wind.
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farm. For these reasons, farmers do not like tsttoat stone bunds on their farms unless
the problem of soil erosion is so severe that ithcé be managed by soil bunds. Soil
bunds are the most dominant and widely practicedeSfinique in the study area. Unlike
the stone bunds, soil bunds take up less spacarand short term SC measure. Some
farmers destroy the soil bunds and disperse thanadated soil over the whole field
every three to five years and later on they recansthe bunds in different locations on
the farm. Other farmers also maintain their bunus$ @ultivate crops on them.

Though they individually account for a small pragam of our sample, SWC
activities such as contour farming, check dam eaosbn, river diversion and grass
planting are being undertaken by around 4.7 % ofsample and hence we consider it as
another category in our empirical analysis, calt¢der’. We did not consider other types
of SWC measures in the study area as the numbebsdrvations are too small to
consider them as a separate category. Due to #semre of multiple plots within the
household, we consider households with both stéyeal(and modern) and soil bund
(local and modern) as a separate category. Theopempf combined stone and soil bunds
within a field is to increase the proportion of l@eland through leveling of steep land;
reduction runoff and stop erosion.

The central determinant of soil and water consewmatn this paper, social
capital, refers to the institutions, relationshgosd norms that shape the quality and
gquantity of a society's social interactions. Ascdssed in the introduction, we employ
multiple indicators of social capital, includingust, reciprocal networks, and number of
relatives or kinship. The trust variables are fainfeom trust in people, and trust in
institutions. Trust in people is captured as a dymrmariable with a value of 1 if
respondents think that people in general are taustly and O otherwise. Trust in
institutions is represented by a dummy variablehvatvalue of 1 if respondents have
confidence inkebele, and O otherwise. On average, 58% and 52% of thepleam
households have trust in people and trust in kelvelpectively. Reciprocal networks
involve actual interactions of households with gdeofother households) within their
localities including the number of deals that htvodgs made in the local arrangements
in the form ofwenfel, and mekenajo. Wenfel refers to the traditional (reciprocal) labor

13



sharing arrangementlekenajo is the traditional labor sharing arrangement whnelp is
awarded with small in-kind payment (not necessaabyjprocal). In addition to the above
indicators of social capital, we have also includleel number of relatives the household
has (both in and outside of the respondent’s w@lla@n average, a household has about
14 kinships (relatives).

Indicators of climate change i.e. rainfall and tengpure, were also included in
the analysis. In order to station level meteoralabgmeasures into individual farm level
climate data, the Inverse Distance weighting metisodsed. Following Deshenes and
Greenestone (2007), we use degree days based bn teiperature valués The
resulting degree day temperature values and ptatgi measures are used to construct
the weather measures.For the year 2007, for instathe rainfall and temperature
average weather change measures are calculatetheasmverage of the monthly
observations for the year 2007.

In addition to covariate shocks largely represeriigdhe weather and climate
variables, we also included a variable measuring ltlouseholds’ perceptions of
experiencing shocks including idiosyncratic shodkse proportion of households facing
various shocks also varied between the two sureaysyin which experience of shocks in
the last two years before the survey period degdlinem 61 percent in 2005 to 49 percent
in 2007.

Another important determinant of technology adoption we
control for our analysis is tenure security. Respondents were
asked about what they expect to happen in the next five years to

the size of land they held at the time of each survey. The responses were
coded as 1 if the respondent expected the sizeetoedse due to village-level
redistribution, and O otherwi¥eThis is considered as a measure of tenure inisgcur

Other independent variables included in the studg household characteristics

8 Most other previous studies have calculated @edag's based on monthly temperature(e.g., Schletker
al., 2007).

° Expectation of a decrease in size of land dugheraeasons such as inheritance or familiy reidistion,
etc are not considered.
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(education, household size, age, gender); housd&addl endowments (livestock owned
and land size); as well as location factors sucHistsance to town, average distance to
parcel, and dummy for regions (zones). Table lgmssdescriptive statistics of variables

considered in the analysis.
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Table 1: Descriptive statistics of explanatory ahhes

Description of Variables Mean S. D. Min  Max
Household level Variables

Sex of household head (=1 if male) 0.81 0.39 0 1
Age of household head 50.75 15.24 13 100
Whether the household head can read and write 0.36 0.48 0 1
Average number of family size 5.18 2.03 0.51 1517
Household asset endowment

Average total farm area in hectare 1.29 0.91 0 10
Average Number of livestock owned 3.81 2.92 0 23.79
Location factors

Average distance to parcel in minutes 16.03 13.16 0 90
Distance to the nearest town in minutes 71.27 52.53 280
Dummy (=1) if the household is in East Gojjam 0.472 0.50 0 1

Social Capital Variables
Trust in people (=1if respondent believes people aust

worthy) 0.58 0.49 0 1

Trust in Kebele (=1 if respondent confidence todtep 0.52 0.50 0 1
Number of deals the household participated in (elemind

Mekenajo) 4.81 5.15 0 70
Number of relatives in and outside this village . 16.91 0 179
Indicators of climate change

Average annual rainfall in mm 1142.08 312.28 O 2294
Average annual temperature 523.99 35.40 408 614(17
Tenure security, shocks and extension

Dummy for any shock that the HH has been affectitd w 0.56 0.50 0 1

Land Tenure insecurity (=1 if insecure) 0.84 0.37 0 1

If the household has contacted a development aggaist year 0.33 0.47 0 1
Dummy(=1) if Year=2005 0.499 0.50 0

The average distance to the nearest town is aldbuiiiutes. The average distance to
parcel takes around 16 minutes. The size and catigpo®f the household remained

almost the same during the two survey periods. NHeweon average, the proportion of
households with a head that can read and writandscfrom around 39% to 33%. But

there is a slight improvement on the number of bBbakls who can read only between
2005 and 2007.
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4. Conceptual Framework and Econometric Strategy

Here we follow the framework adopted by studiesteshnology adoption such as
Rahmand Huffman (1984) and Adesina and Zinnah (199&cording to the analytical

framework used in these studies, farm householdig)i@on decisions on SWC practices
are assumed to be based upon utility maximizati@t.us define the different SWC
technologies by j, where j=1, 2, 3, 4 and 5.

We assume that each household attaches a utiliae & ; to each technology

depending on personal perception of the specifitbates of the technology, household

characteristicg ; , and other climate related variables, .

The non-observable utility function that ranks tHidarmers’ preference is given
byU(n;;, 5. 45), where nyrepresent a vector of farmer specific and economic
characteristics, and indicators of social capi#akepresents a vector of climate related
factors (rainfall and temperature), ahgrepresents a vector of variables that can capture
farmers’ location and time effect. The underlyirtdity function for the farmer can then

be represented as
'U;l'z' = F;'Fz' (ﬂ;’i! H;I'f"l;l'f) + e;l'é (1)
wherej=1,2,...4 andi=1,2,..,n and e;;ls the disturbance term

Here the model assumes that the farmer choosegdhrology that maximizes his/ her
utility. In this model, a farmer decides to addm technology if the utility derived from
the choice of j is greater than any other technglog

In line with this, we specify a multivariate proltodel suited for our analysis.
The econometric methodology employed in the analgitso needs to take into account
the fact that multiple structures could exist withi single farm household. Given that we
investigate several soil conservation structurethiwia given household, we want to
allow for the possibility of correlation across kaof the different SWC practices
simultaneously. The multivariate probit estimatorrects for the problem by allowing
for non-zero covariance in adoption across prastilgnoring the prospective correlation

in the adoption of practices and simply estimatihg equations independently, will
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generate biased and inconsistent estimates of tdredad errors of the parameter
estimates for each technology (Greene 2003), addca incorrect inference as to the
determinants of different variables such as ralihaiad social capital on the adoption of
SWC practices.

Following Cappellari and Jenkins (2006), we themefase a multivariate probit
estimator, allowing the covariance between therem@be correlated across practices but
not across observations within a given practice.

The multivariate probit estimates M-equation prabibdels, by the method of
maximum simulated likelihood (MSL). The varianceragance matrix of the cross-
equation error terms has values of 1 on the leadiagonal, and the off-diagonal
elements are correlations to be estimggd= p;;), ande; = 1, foralli = 1,....m.

The multivariate probit model, for observatioand equatiom, is:

}T:‘m = ngxfm + Eim (1)

}Tr’m = '{'{(}T:‘m = ij
wherei=1,2,..,n andm= 1,2,..,m

Yim = Lify’, = 1, and O otherwise, (2)
x;,IS ank by lare vectors of covariates of independent variathlas are considered to

determine levels of SWC investmeRts. i=1,..n different forms of
Swdnvestmentsi,,,is the vector of parameters to be estimateds the cut off point or
threshold of then"response variable, arg,are the error terms. It should be noted that
and the error term =;,,, embodies an unobserved fixed effeat,. as given by the
expression in (3).

Ez’m = ﬂ!m +ﬂz’m 3)(

M:m IS @N error term distributed as multivariate noreath with a mean zero and
variance covariance matrix. An additional estimatissue that we attempt to address in
this paper is controlling for unobserved effectattbur panel data enables doing. The
observable covariates in equation (1) do not adcéomall the systematic variation

in ¥, as an unobserved fixed effeat,,, is not accounted for in the estimations.
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Accordingly, the random effects or fixed effectsiraators are routinely used to remedy

this, albeit with their respective shortcomings.e@fpcally, the random effects is

associated with the strong assumption of no cdroeldbetween the fixed effeat; and

the regressors/observed covariates (Baltagi, 20008. fixed effects estimator, on the
other hand, relies on a transformation to remove itidividual specific constant term
along with time invariant observed covariates (Vdoige, 2001).

Our estimation procedure involves the pseudo-fig#dcts estimation approach
(Wooldridge, 2002) which involves explicitly modadj the relationship between time
varying regressors and the unobservable effectniraaxiliary regression (Mundlak,
1978). Accordingly, time varying regressors and the unobservable effeatin an
auxiliary regression. In particular,can be approximated by a linear function:

@; = W5 + (i )
Wheres,,, represents a vector of time invariant explanatayablesw is a vector of
parameters to be estimated. Averaging over t fgivan i and substituting the resulting
expression into (1) gives:

}T:‘m = ngxfm + mgﬁm + lf:im (4)

5. Discussion of Results

In this section we discuss the results of empiringkstigation of the role of climate
change and social capital on the decision to adoptand water conservation in rural
Ethiopia, as presented in Table 2. The dependemdbla stone_bund refers to whether
the household has practiced either local or modéone bund terracing. The variable
soil_bund refers to whether the household has ipegteither local or modern soil bund
terracing. The last category ‘codr’ refers to thagtice of cut off drain. Though there are
other types of SWC measures in the study area,ave hot considered them as each of
them cannot be considered as a separate categeryodthe very small number of

observations.
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The multivariate probit estimates of this threeagn model are run for the case
in which the number of random draws is 50. Theawptrobust’ was used to reduce the
effect of any outliers, if there is any. The likedod ratio test (chi2(10) = 11.7954; Prob
> chi2 = 0.0081) for independence between the uiahces is strongly rejected,
implying correlated binary responses between @ffeiSWC investment decisions and
supporting the use of a MVP model. In order torotet the magnitude of the effect of
each explanatory variable, the marginal effect Whi the percentage change in the
probability of adoption associated with a unit eese of the explanatory variable from

the mean value can be calculated, for which we emtegust the coefficients.
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Table 2: Multivariate probit estimates of determinants of soil and water conservation (stone bund terzxing, soil bund

terracing and cut off drain)

21

Description of Variables stone_bund soil_bund codr

Household Characteristics Coef. Sd. Er. P>z Coef. S. Er. P>z Coef. S. Er. P>z
Sex of hh head 0.143 0.07 0.042 0.166 0.08 0{029 .03600 0.08 0.721

Age of hh head -0.005 0.00 0.006 -0.002 0.00 0.2060.002 0.00 0.302

Read and write -0.037 0.06 0.505 0.052 0.06 0,3700.004 0.06 0.944§

Family size 0.034 0.07 0.645 -0.112 0.08 0.144 149. 0.09 0.095

Household asset endowment

Livestock 0.110 0.11 0.32f 0.121 0.12 0.309 0.264 .130 0.044

land area 0.050 0.14 0.712 0.105 0.14 0.463 0.488 .18 0 0.008

Mean variables

Family size m -0.013 0.07 0.863 0.124 0.08 0.111 119. 0.09 0.185

Livestock_m -0.291 0.12 0.016 -0.033 0.13 0.793 198. 0.14 0.172
Land_m 0.055 0.15 0.71B8 -0.149 0.16 0.352 -0.752 21 0. 0.000

Social Capital Variables

Trust _kebele 0.121 0.05 0.026 0.019 0.06 0.7/38 1410. 0.06 0.022
Number of informal

deals(unpaid_labor) 0.000 0.00 0.931 0.000 0.00 299 0.019 0.01 0.001
Number of relatives 0.007 0.00 0.000 0.001 0.00 1DJ/3 0.003 0.00 0.063
Climate variables

Mean rainfall 0.000 0.00 0.033 0.000 0.00 0.715 00.0 0.00 0.431
Mean temperature -0.001 0.00 0.474 -0.001 0.00 40,37 0.004 0.00 0.012
Tenure security, shocks and extension

Shocks -0.007 0.05 0.888 0.135 0.05 0.009 0.184 6 0.00.002

Extension visit 0.041 0.05 0.441 0.147 0.06 0.008 .10D 0.06 0.087
Land insecurity -0.076 0.07 0.285 -0.068 0.07 0.3330.103 0.08 0.179
Location factors




Distance to town 0.106 0.03  0.000 -0.130 0.03 0.0000.139 0.04  0.00(¢

Distance to Parcel 0.058 0.03 0.087 -0.074 0.03 1m0 0.050 0.03 0.122
Dummy for East Gojjam -1.020 0.09 0.000 -0.085 0.09 0.344 1.201 0.11 0.00D
Year 2005 0.302 0.07 0.0Q0 -0.278 0.07 0.000 -0.2550.08 0.001

_cons -0.142 0.67 0.832 0.482 0.68 0.478 -3.971 0 0.80.000

Note: The numbers in parenthesis are robust stdretaors. Superscripts ***, ** * indicate statistl significance at the 1%, 5% and 10% levels, aetgely.

Variables such as distance to parcel, distancawo,tlivestock owned and land size are in log form
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The findings show that a number of variables doehavsignificant and different

effects based on the type of SWC practices. Reggrthe effects of weather, we find
that the average annual rainfall has a positiveachn farmers decision to adopt
stone bund terracing has no significant effecthenadoption of the other two types of
SWC practices. The significant effect of rainfatl the probability of adopting stone
bund terracing might be due to the nature of stmned to reduce run off and heavy
erosion due to very high rainfall. Hence, the resuhot surprising given that farmers
practice stone bund as a long term solution to exmkion problems. This is in line
with other studies which show that in high landaarerhere rainfall is higher, farmers
have strong incentive to adopt stone terracinghasekpected benefits from erosion
abatement will also be higher. Kassie et al. (200uhd that mean annual rainfall has
opposite effect on the adoption of stone terragngmhara and Tigray regions. The
adoption decision of soil bund terracing does redns to be affected by climate
related variables. The mean annual temperaturea hassitive and significant effect

only on the adoption of cut off drain.

We also found mixed evidence in that the effectetiels on the type of social
capital indicator used and type of SWC activitiesr example, social capital in the
form of trust in people was found to have no efi@etadoption of stone bund, soill
bund and cut off drain. On the other hand, houskEhblst in one of the important
government institutions, kebele, has a positive sigdificant effect on the adoption
of stone bund terracing but has a negative andfisignt effect on cut off drain. Our
findings of the effect of social capital on SWC a&rdine with other similar studies.
As described in section 2, the literature on thek Ibetween social capital and
technology adoption on the one hand and soil angn@nservation on the other
provide mixed evidence. For example, based on aigaliyom different African
countries, van Rijn et al. (2012) argue that arreggte measure of social capital and
the adoption of agricultural innovations by farmarg highly correlated. But they
further argue that different dimensions of sociapital are associated with
agricultural innovation in a variety of ways: som@ positively related while others
are negatively related. In addition, Bouma et 2008) found that social capital is not
a significant determinant for household investmiensoil and water conservation
when such investments are subsidized. Similarhhr&@aedhin and Swinton (2003)
examined the effect of community influence (socapital) in inducing adoption of
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soil conservation in the northern part of Ethioffiaey found that it had no significant
effect on adoption of both soil and stone bundats.

We have also used other social capital measureandg the informal (non-
paid) labour sharing arrangements known as ‘werdetl ‘mekenajo’, variables not
used in other similar studies. While it has a pesitand significant effect on the
probability of adopting SWC practices such as dfitdoain, it has no significant
influence on the probability of adopting both stdmand and soil bund terracing. This
result may not be surprising because these kindsingements are primarily
organized production activities such as harvestimg) hence may not have long term
impacts on soil conservation.

Another dimension of social capital considered s tpaper is the total
number of relatives of the household living bothamd outside of the respondent’s
village. This is positively and significantly colaged with the probability of adopting
SWC technologies such as stone bund and cut afi.dfae results discussed above
show that the nature of relationship between sowagital and adoption of SWC
technologies depends on the type of SWC as wethagtype of indicator used for
social capital.

The dummy variable for any shocks thétcked the living condition of the
household also turned out significant and positivéhe case of soil bund terracing
and cut off drain but not significant in the casestone bund terracing. It appears that
shocks enhance involvement in SWC activities whidght be because households
who have already experienced some kind of shockg ¢oasider this as a coping
mechanisms and sustainable solution in the futdseexpected, farm households’
contact with extension or development agents hassdive effect on the adoption of
SWC technologies particularly on soil bund andaftiirain practices.

As a measure of access to infrastructure, distem¢ewn is also included in
the analysis. As households are far from towns thenprobability of adoption of
SWC activities such as stone bund and cut off dnalinikely be higher. Among the
household characteristic variables, household ls&meno significant effect on SWC
activities included in this study. This is unexgetgiven that the adoptions of most of
these technologies require labor. Households widhenmeaded are positively and
significantly correlated with the adoption decisioh both stone and soil bund
terracing. Literacy, however, does not appear teehany significant effect on the
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adoption of soil and water conservation activiti@gong the household endowment
variables, livestock ownership has a no effect @#CSOn the other hand, land size is
negatively associated with SWC practices such asftwdrain in the study area but
has no effect on both stone bund terracing andoswitl terracing. This hints the need
to separately analyze the role of land size fofed#int types of SWC technologies.
But our result is contrary to some of the findimgfsother studies. For example,
Marenya and Barrett (2007) found a positive effgictand size on the adoption of
integrated natural resources management and imeelgisoil fertility management
techniques such as manure application, agro fgremtd in organic fertilizer in
western Kenya. Another study by Gebremedhin anch®wi(2003) found that land
size is not a significant factor in the adoptiorboth soil and stone bund terracing in
northern Ethiopia. Our results also show that lemlire insecurity has no significant
effect on the decision to adopt any of the SWCvdids considered in this study. The
dummy variables representing regions is includedatatrol for unobserved regional
variations. We found that adoption of stone buntess likely in East Gojjam zone
compared to south Wollo.

Table 3 Covariance matrix for the regression equatins

Stone bund Soil bund

Soil bund -0.032

Cut off -0.094** -0.074*

** * indicate statistical significance at the 586ad 10% levels, respectively.

To assess the validity of the multivariate prob#gthod, as a preferred estimator for
our purpose, Table 3 presents the result of theeledion between the error terms of
the three types of SWC practices considered irstindy. The high level of correlation
between most of the SWC technologies (and the fstgnce of the coefficients)
supports the use of the multivariate probit. A pesi coefficient suggests
complementarity between the two practices, meathiagadoption of one practice is
associated with the adoption of the other. A negatorrelation coefficient suggests
that the two practices concerned are substitutels heemce compete for the same

scarce resources such as labor. This analysigftiney suggests that practices such as
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cut off drain is a substitute to both stone bund swoil bund terracing suggesting that
it is competing for resources such as labor afndrohecessary materials for the

conservation work.

6. Conclusions

This study intends to assess the roles of diffefemmbs of social capital and rainfall
patterns and temperature (both short term and temg measures in the adoption of
different kinds of soil and water conservation meas).This study uses data
collected in the years 2005 and 2007 from the Nowvdstern part of the Amahra
region of Ethiopia, namely the East Gojjam and Badllo regions, to analyse the
determinants of different kinds of SWC technologiggecifically social capital and
climate change.

While the impact of social capital and climate daaron soil conservation
have been assessed in previous studies, our anédgsises on two major gaps in the
literature: alternative social capital measuresngatered simultaneously) and
multiple soil conservation activities in a singerh (by virtue of a multi-plot farming
system), which enables controlling for unobservadnf level heterogeneity. The
analytical method employs a multivariate profit rabdhat accommodates the
correlations in soil conservation structures acrbssiseholds. In most African
countries in general and Ethiopia in particular, G¥échnologies have been actively
promoted without accounting for agro-ecological ditions (Kassie et al., 2007).
Hence, our empirical findings suggest an imporgaiicy implication for the country:
the need to consider variations among regions e désign of appropriate SWC
structures.

Our findings show that both annual rainfall anchperature have different
effects on the adoption decision of SWC techno®dig farmers. The positive and
significant effect of the average annual rainfall farmers decision to adopt stone
bund terracing indicate that farmers practice stuungd as a long term solution to soil
erosion problems.

This is in line with other studies which show tiahigh land areas where rainfall is
higher, farmers have strong incentive to adoptesterracing as the expected benefits

from erosion abatement will also be higher.
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The role of different kinds of social capital indiors included in the analysis
provides interesting results. The results show theierent forms of social capital
have different relationships with the different d&nof SWC measures. This is in line
with some of the previous findings that social tapand inclusive decision-making
institutions promote the sustainability and legdoy of any adaptation strategy. We
have also found that informal (non-paid) labour rgita arrangements known as
‘wenfel’ and ‘mekenajo’ affect the decision to atogifferent SWC practices
differently.

Overall, the empirical observations made in thigdg support the argument
that the impact of social capital in soil conseivatefforts as adaptation mechanisms
to climate change are specific to the type of SVEGvall as the indicator of social
capital. Policy actions could harness the positapacts of such informal systems
especially in settings where formal mechanismsaagak or not well set up. However,
while the findings in general highlight the role swicial networks, they also resonate
with the identification of a broader gap in the Wwag of informal mechanisms.

There remain challenges that limit the explanafmwer of social capital as a
tool in climate change adaptation. Perhaps mosbitapt is the lack of sufficient
studies from both developing and developed couwntti@t highlight the context
specific nature of social capital and clarity ovdrether social capital has desirable
impacts in aiding adaptation measures. Identifgirgmost effective social networks
in enhancing conservation might enhance the fléibof climate change policy
action and its relevance to specific local socmadtexts.

Further studies may extend the current study muding other kinds of
sustainable land management practices such asoeggtf/, maintenance of soil
fertility such as manure application and the uset@micals etc., to understand and
provide a complete picture on the role of socigited, climate change and other

household specific variables.
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AppendixA

Multivariate probit estimates of determinants of sal and water conservation
(with the social capital variables ‘trust people kew’ included)

stone_bund soil_bund codr
Household Characteristics Coef. S.E. P>z Coef. S. E. P>z Coef. S.E. Pxz
Sex of hh head 0.141 0.07 0.043 0.165 0.08 0.030.0280 0.08 0.737
Age of hh head -0.005 0.00 0.006 -0.002 0.00 0.208.002 0.00 0.31¢
Read and write -0.039 0.06 0.486 0.051 0.06 0.379.004 0.07 0.951
Family size 0.035 0.07 0.636 -0.118 0.08 0.126 15D. 0.09 0.088
Household asset endowment
Livestock_m 0.107 0.11 0.324 0.108 0.11 0.341 0.278313 0.030
land area 0.048 0.14 0.721 0.105 0.14 0.464  0.48918 0 0.008
Mean variables
Family size_m -0.014 0.08 0.855 0.130 0.08 0.096 12®. 0.09 0.173
Livestock_m -0.286 0.12 0.014 -0.019 0.12 0.874 200. 0.13 0.136
Land_m 0.055 0.15 0.716 -0.151 0.16 0.345 -0.75521 0.0.000
Social Capital Variables
Trust people knew 0.037 0.05 0.469 0.025 0.05 0.639.022 0.06 0.717
Trust _kebele 0.116 0.05 0.035 0.016 0.06 0.786 139. 0.06 0.026
Number of informal deals 0.000 0.00 2.9 0.000 0.00 0.934 0.019 0.01 0.001
Number of relatives 0.007 0.00 0.000 0.001 0.00 2@.3 0.003 0.00 0.061
Climate variables
Mean rainfall 0.000 0.00 0.034 0.000 0.00 0.716 00.0 0.00 0.420
Mean temperature -0.001 0.00 0.458 -0.001 0.00 50.350.004 0.00 0.012
Tenure security, shocks and extension
shocks -0.008 0.05 0.871 0.134 0.05 0.010 0.184 6 0.0.002
Extension visit 0.039 0.05 0.463 0.146 0.06 0.008.108 0.06 0.082
Land insecurity -0.078 0.07 0.254 -0.071 0.07 0.3170.105 0.08 0.169
Location factors
Distance to town 0.106 0.03 0.000 -0.130 0.03 0.00@.140 0.04 0.00(
Distance to Parcel 0.058 0.03 0.038 -0.074 0.03 1.0 0.050 0.03 0.125
Dummy for East Gojjam -1.018 0.09 0.000 -0.085 0.09.347 1.201 0.11 0.000
Year 2005 0.296 0.07 0.000 -0.284 0.07 0.000 -0.28108 0.001
_cons -0.140 0.67 0.835 0.496 0.68 0.465 -3.986 0 0.8.000
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