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Abstract

This paper explores rural households’ adoption afear cooking technology in the Northern Peruvian
Andes. It exploits a development intervention whiliétributed and installed, at no cost, firewooficefnt
stoves in the rural communities of Chalaco Distrigsing first hand data, collected from the bernafic
villages, this research investigates how villagepidn patterns and village social capital mutuathgract
and influence individual household’s adoption diecis. The results in this paper indicate that tifece of
village adoption patterns on the household’s Ilkatid of adoption is significantly higher in villagevith
stronger social capital, and that the marginal ichypd social capital may be negative if village cegs in
adoption is relatively low. It is also shown thatlythe proportion of adopters that did not expecie
problems with their own stoves has a positive inhmac household adoption through its interactionhwit
social capital, while the reverse is true for thiéage proportion of adopters experiencing problemith
the new cooking technology. Furthermore, this pagmapirically demonstrates that only bonding (within
village) social capital influences the effect withvillage adoption have on individual adoption, lehi
bridging (across villages) social capital only irghces the effect patterns of adoption in neighbdlages

intervention; therefore, reverse causality showt lme a critical issue in identifying the effectssocial
links. Village unobservables are not likely to drithe patterns in the data; this paper also shbafts t
village success in adoption has a negative effadhe decision to uninstall the stove among beizefic
non users and that this effect is increasing ifag@ social capital. This paper's results pointthe
importance of village social structures in the ssscof development interventions.
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1. Introduction

When a new technology is introduced in rural comities not only do individual and
household factors (i.e. ability, wealth, risk avens etc.) affect the household’s adoption
decision; but, and perhaps more importantly, velagcial factors also appear to matter.
In the recent years, the empirical economics dewveént literature on technology
adoption has specially focused on the presenceaidisfactors related to social learning
and information diffusion at the village level, mig in the context of new agricultural
technologiel(Conley and Udry 2009, Bandiera and Rasul 2006n$ii2004, Isham
2002, Foster and Rosenzweig 1995). The basic rasuhis literature indicates that
individual adoption is strongly related to netwark village adoption patterns; and the
main empirical challenge is to demonstrate thatirdarmation diffusion process is
indeed what drives the observed correlations. Hewealthough a vast variety of issues
related to social learning has been explored iatgietaif, not enough attention has been
given at understanding how the nature and intewsityilage social structures influences
social learning; neither at how the initial perf@amee of a technology influences the type

of effects village social links will have on housétis adoption decisions.

This paper aims to help filling this gap and inigaties how village adoption patterns and
village social capital mutually interact and inflhwe household’s technology adoption
decisions in rural areas of the Northern Peruviardes at early adoption stages. It
exploits first hand data generated during a devetoy intervention in the Chalaco

District, in the Piura Region, during 2003 and 2004ich distributed and installed at no
cost firewood efficient stovésThis research main hypothesis is that the margimgact

of village adoption patterns and village social itapon the individual household’s

decision to adopt the improved stove is heterogesemross villages. More precisely,

the empirical results in this paper indicate tlegtthe impact of within village adoption

! Where, as broadly documented, experimentatiomviation and social learning play a crucial role

2Such as the presence of strategic behaviour it adoption stages (Bandiera and Rasul, 2006) er th
impact heterogeneity in household characteristiag have on social learning (Munshi, 2004).

% Households received an iron frame and a metafimoey, and were suppose to provide the mud bricks
for building the combustion box. Adopting thesevs® as the main way of cooking food was not a
straightforward process, for example the way ofcpssing the firewood was quite different from tme o
followed under the old technology, also there iglence on households modifying the combustion b s

in order to increase the level of efficiency irefirood consumption..



patterns on the household’s likelihood of adopigimcreasing in village bonding social
capital, defined as the nature and strength of gbeial relationships within the
community (Woolcock, 1998); and that b) the margeiféect of bonding social capital
on the household’s likelihood of adoption is insitally linked to village initial adoption
patterns. With respect to point b), it is showntthiathe village level of success in
improved stove adoption is relatively low, i.e. theportion of beneficiaries using the
improved stove without problems is small or thepamion of beneficiary users facing
problems with the new technology is relatively Erghen“ceteris paribus”, bonding
social capital is more likely to negatively infllenthe household’s decision to adopt the
improved stove. In order to account for the hegermous effect of social capital and
village adoption, the empirical estimations in tpigper allow for an interaction term
between the bonding social capital and within g#laadoption measures. A clear
advantage of this research with respect to otheas have also explored the role of
village social structures on technology adoptioniglens (i.e. Isham 2002), is that the
social capital measures used in this paper’s estnsawere obtained in the months prior
to the improved stove adoption process; then reveasisality should not be a critical

issue in identifying the effect of village sociadKs.

An important characteristic of this paper is thatocuses on the decision to adopt the
improved stove as the main cooking device only agnib@neficiary households. In the

context of the improved stove intervention in thHeafaco District this is a relevant group
of study, as they represent approximately 85% bftt@ households residing in the

villages within the district. As it was mentionedftre, the stove was distributed and
installed without monetary cost and it is also knawat beneficiary households were not
required to immediately abandon their traditionadve technology during improved

stove distribution and installation. Informationlleoted from visits to the area of

intervention during the summer of 2008 indicateat thpproximately 96% of those

households that initially asked for an improvedssteeceived one.

One of the most important issues in studies rel&tesiocial learning in the context of

technology adoption is to properly identify the Behold’s reference group, defined as



the group of village neighbours the household oistaiformation and learns from. Some
of the studies in the literature attempt to infex presence of social influences by relating
degrees of adoption at different geographic scfffester et al. 1995, Isham 2002,
Munshi 2004) to the adoption decision by the hoakkhn most of the cases the village
is used as a proxy for the household’'s referendeark. In more recent studies the
reference group used in the estimations has bdereperted by the household (Conley
and Udry 2009, Bandiera and Rasul 2006). Givenctieracteristics of the improved
stove adoption data and this paper’s special facushe adoption decision just among
improved stove beneficiaries, this study uses its¢ &pproach and defines the village
beneficiary households as the household’s refergrmép. If true self-reported reference
groups may delineate with more precision the hooilseimformational network; for the
case of the particular villages analyzed in thipgrain which the average number of
households per village is relatively small (48 orerage) and village membership is
stable in time, the village beneficiaries may bgoad approximate for the household’s
reference network. However, even if the referencu is appropriately defined, the
researcher still has to deal with the main iderdifon problems that are common to
studies on social interactions and that have besarlg identified in the seminal work of
Mansky (1993) and more recently discussed by BemakDurlauf (2001, 2003, 2007).

Probably the most challenging problem in terms d#ntifying the presence of social
learning in the context of technology adoptionhs potential presence of unobservable
network or village factors. Adoption decisions miag correlated among households
within the village not because a social learningcpss is present, but just because
households share certain unobservable preferemogsacacteristics or because they are
subject to the same type of unobservable shockseamdonments. Also the observed
correlation between village and individual adoptioay just reflect a simple imitation
process rather than a process of information ddfusin the cases where the data is non
experimental in nature or finding a suitable instemt is not feasible, the researcher
convincingly needs to argue that no process otien social learning is likely to drive
the observed correlation between household adoptiwh village/network adoption. In

this sense, many of the papers in the relatecatitez attempt to exploit specific data



characteristics and information to present add#i@vidence on patterns that are more
likely to be caused by social learning and not bywork unobservables or other social
process (Bandiera and Rasul 2002, Munshi 2004)o,Alghen high quality data is
available, it may actually be possible to contml those otherwise ‘confounding’ factors
(Conley and Udry 2009).

In order to support the hypothesis that informatidfusion is indeed the process behind
the observed strong correlation between househott \élage level improved stove

adoption, in first place this research exploits thiormation in the adoption data to

define two types of stove users: those that didraport problems by the time of the
monitoring visits and those that did report prokdemsing the new technology; in second
place an interaction term between village adoppatierns and bonding social capital is
introduced in the main estimations. The resultscete that only the interaction term

between the proportion of adopters without probleand the bonding social capital

indicator has a positive and significant effecttba household’s likelihood of adoption,

while the reverse is true for adopters with proldein other words, successful adoption
encourages the adoption decision, while adoptiath wroblems negatively affects it,

probably because in the last case “negative” in&tiom related to the new stove is
disseminated. In third place, this paper also @gsl the decision to uninstall the new
stove among beneficiary non users, the resultsngmaint in the expected direction: an
increase in the proportion of users that do nobneproblems with the improved stove
reduces the likelihood of uninstalling the new stawainly through its interaction with

bonding social capital. This solid evidence suggd#sat it is unlikely that unobservable
village factors or simple imitation are driving th&in results in this study.

Furthermore, this paper also contrasts the difteretes the different dimensions of
village social capital have played during the adwpbf the new cooking technology.
The empirical results confirm that only village blamy social capital has a multiplier
effect on how within villages patterns of adoptafifect individual household’s adoption
decisions; while bridging social capital, definexithe nature and strength of the social

relationships across villages, does not have aynifgiant multiplier effect in this case.



Bridging social links only appear to have a sigrafit multiplier effect on how adoption
patterns outside the village (i.e. adoption in ttlesest neighbour village) affect
household’s adoption decisions; while in this cheading social capital does not play
any significant role. The results also corroborditat bonding social links have a
prevailing effect in the adoption regression in ethboth dimensions of village social
links are included at the same time. Up to my aurkaowledge, this is one of the first
studies on social capital presenting empirical enat on the different roles the different

dimensions of social links have in the rural comalwontext.

It also important to mention that the main speatiiens in this paper control for key
geographical village variables that, as reportedNIBO members, critically influenced
improved stove performance and adoption, such lEgeialtitude and road access. The
evidence indicates that the stove initial desigis wat appropriate to meet the dwelling
heating needs of households in high altitude adeaisg winter months and that village
accessibility is likely to have influenced NGO etfaluring stove distribution and
diffusion. The empirical estimation in the papescatontrols for watershed location as
villages in certain watersheds have had more exposucertain type of development
experiences in the past, have different level afeas to forest resources and, more
importantly, it also known that the improved stowstervention was designed,
implemented and coordinated at the watershed |8Vel. estimations in this paper also
provide interesting results on the individual hdwdd factors influencing adoption.
Wealthier households and households that in théqare year participated in communal
activities are more likely to adopt the new stoMeuseholds with a higher number of
adults are significantly less likely to adopt, pably because labor abundance decreases
the cost of collecting firewood. Households thatehat least one adult female member
seem more likely to adopt the stove; probably beeasomen value more the benefits
promised by the new technology. No evidence wasidoon education or experience
with other agricultural technologies to significlgraffect individual adoption decisions.

This research’s main contribution is to confirmtthacial capital plays an important role

in the dissemination of technology informationpéerwidely attributed to this variable in



the social capital literature (see for example Diasgy 2005); moreover, it is shown that
social links may have a “negative” impact on indiv@l adoption if other’'s success in
adoption is relatively low. In addition to thisetipresent paper corroborates that different
dimensions of social capital have different rolésn8uencing adoption decisions. The
paper develops as follows: section 2 describesdia¢ed literature, section 3 explains the
improved stove program and the importance of erpamtation and social learning
during the adoption process, section 4 presentd#te and some initial correlations
between the likelihood of adoption and other refévaousehold and village variables,
section 5 discusses the basic empirical equatiExtion 6 presents the main results and
interprets them, section 7 focuses on the unimsgallecisions among beneficiary non
users, section 8 discusses relevant identificaissnes, section 9 contrasts the roles
played by bonding versus bridging links, and fipakction 10 concludes.

2. Related Literature.

Isham (2002) also studies how village level measp@entially linked to village social
capital influence rural household’s technology adwop His paper extends the model by
Feder and Slade (1984) to account for village $atractures, and uses cross sectional
data on fertilizer usage in villages in Tanzaniashow that the likelihood of fertilizer
usage is higher in villages where fertilizer adoptand social capital are higher. More
precisely, his paper shows that two measures paligninked to village social capital:
ethnically based and participatory social affibais; positively influence the household’s
fertilizer adoption decisions. The main drawbacksham’s paper is related to the fact
that in his study village social capital is verkdiy to have been influenced by the
households’ fertilizer adoption decisions. It magvé been the case that households
adopting the new technology may have decided teshwore in their social relations,
affecting in this way the level of village sociapital. If this was indeed the case, the
social capital coefficients in his paper will n@pture the causal effect of social capital
on the decision to use fertilizer. In my study, #ueial capital measures were obtained
prior to the stove adoption process; then revemesality should not be an issue in
identifying the effect of social links. Moreoveshiam argues that higher levels of village

adoption imply that a higher amount of informatimm fertilizer usage is available in the



village; however, his paper does not address trssipiity that village unobservable
factors may be the ones driving the correlatiortsveen individual adoption and village
adoption levels. As discussed in the introductmthis paper, in this study solid evidence
is provided in order to support the hypothesis fuaial learning is indeed the generating

process behind the mains patterns in the improi@a sadoption data.

Up to some extent, this research is relatively elts the work of Bandiera and Rasul
(2006), which focuses on the household’s adoptibra mew agricultural technology
(sunflower seeds in villages in Mozambique) atyeadoption stages (during the first
year of introduction). Bandiera and Rasul show tietivork effects at early adoption
stages are U-shaped: the effect of network adoptiorthe household's likelihood to
adopt is decreasing in the number of network ads@ed may at some point be negative.
They argue that their results suggest the presehstategic behaviour at early periods
of adoption: as others experience is a substitutéhie household’s own experience, the
higher the number of adopters in its network theeniiely the household is to postpone
adoption and free ride on others experimentatiorthis study | also allow for nonlinear
effects of village adoption on individual adoptidhe results show that the likelihood of
adoption is indeed decreasing in the village proporof stove adopters without
problems and may at some point be negative. ARisndaper, Bandiera and Rasul also
argue that the strength of social ties mattersy fmel that the effect of adopters among
family and friends is seven times higher than ttiece of adopters in the same religion
cohort. In this sense my results, which show sloatal effects are higher in villages with

stronger bonding links; significantly add to theeyof findings obtained in the literature.

In terms of dealing with identification issues, esjally those associated to the presence
of network and village unobservables, the relaitedature on social learning provides us
with relevant examples on how in the absence ofeempental data or a suitable
instrumental variable, one can still exploit théormation contained in the adoption data
to support the social learning hypothesis; whiclisome sense what this paper intends
to do. For example, in the paper we just discusBaddiera and Rasul (2002), argue that

network unobservable correlates that are monotbyiczgated to the number of network



adopters and to the household’s likelihood of adoptare not likely to drive the strong
U-shaped effect of network adoption on householoptdn. However, they admit that
unobserved heterogeneity may cause the observed linear patterns, such as
unobserved ability linearly correlated to networkesbut nonlinearly correlated to the
likelihood of adoptiofs In order to deal with this possibility, they idiy some variables

linked to the household’s unobserved ability andude in the estimations an interaction
term between an ability indicator and network adwoptthey find that the U-shaped
pattern is also present for households with paaéhtgher ability. They also estimate the
main regressions excluding the 25% of sampled hHmlds that are more likely to have a
higher level of ability as defined by certain kegriables (i.e. cashew productivity) and

are still able to find the U-shaped effect of natevadoption on household adoption.

Another interesting example can be found in theystwy Munshi (2004) on HYV wheat
and rice acreage allocation during the green rénoiun India. In this paper Munshi
shows that wheat farmers tend to react to pastigeréecisions taken by their village
neighbours, while rice farmers do not. As rice srgpe more sensitive to farmers’
characteristics, which may be imperfectly obsergalph Munshi’s opinion the results
support the hypothesis that heterogeneity in pdiomaharacteristics negatively affects
social learning during the adoption of new techgas. In order to confirm that social
learning is the process relating village outconwestlividual decisions, Munshi shows
that the same patterns are observed in villagesenbeth types of crops are present.
Then, in his opinion, it is not likely that unobgable spatial characteristics intrinsically

linked to “only wheat” or “only rice” villages ardriving the observed results.

More recently, Conley and Udry (2009) also provaaheoriginal example on how to deal
with network unobservables in the context of sotgalrning using observational data.

They study how pineapple farmers in Ghana reacketes about pineapple productivity

“ More precisely they note that households with aighbility are likely to have bigger networks, ahdt
the likelihood to adopt may be nonlinearly correthtwith ability as households with lower ability yna
have more difficulties in adopting the new techigglavhile households with high ability may have more
outside available options and are then also l&esylto adopt.



related to fertilizer usage by self reported refeseneighboufs The authors show that
farmers tend to adopt the fertilizer usage levefs tlwose reference neighbours
experiencing surprisingly successful returns. Tadai® the effect of social learning from
unobservable network spatial shocks, they explatdetailed geographical information
in the data to construct an index measuring thierdiice between the household’s past
level of fertilizer use and the current level ofrtilezer use by the household’s
geographically close reference neighbours, whiehlikely to be affected by the same
spatial unobservable shocks. In the authors’ opinibis index controls for changes in
fertilizer usage only attributable to unobservabjmtial correlates, which in the end
should allow identifying the impact of the proporti of neighbours experiencing
successful returns in the regression for the hald&hchange in fertilizer usage. Up to a
given scope, my paper’'s approach in dealing willage unobservables is closely related
to the approach followed by the previously menttbpapers. Exploiting the information
contained in the stove data, | show that only ttopgrtion of adopters without problems
positively affects individual adoption through itgeraction with social capital, while the
reverse is true for the proportion of adopters vpitbblems. More importantly, | extend
the social learning hypothesis to the improved staminstalling decision among non
users; the results are consistent with the inifiatlings and indicate that village
successful adoption decreases the likelihood ofhatalling the improved stove among
beneficiary non users mainly trough its interactwith bonding social links. These

results suggest that it is unlikely that unobseleslare driving the main data findings.

3. The Program for the Sustainable DevelopmentMduntain Ecosystems in Peru

Also known as the “Chalaco Program”, it was conedivas a comprehensive
development strategy in the Chalaco District, i@ Morthern Peruvian Andes. Financed
by the Spanish International Cooperation Agenceg, phogram initial design included
interventions in the areas of agricultural prodoctinatural resources management and
women and children health related issues. The nmégmvention during the program’s

first year was distribution of firewood efficientoses. This strategy was adopted as an

®In the survey used for their paper, pineapple ésmwere asked to identify from a random sample of
other farmers those of them to whom they talk anduss about farming related issues.



immediate response to forest degraddtiorthe area and as a way to improve women
and children healthby reducing indoor air pollution. Improved stowesre distributed
and installed without cost in 37 of the 39 villageighin the Chalaco District during the
months of August to November 260For stove distribution, the NGO MIRHASPERU
contacted the most representative watershed aladjeibrganizations. With the support
of these organizations, the NGO called to an opeatimg in every village in which the
NGO members explained attendants the stove disibyprogram and the benefits of
stove usage. An improved stove was allocated toyelwveusehold who asked for one;
recent field visits during the summer of 2008 confthis was indeed the case. The NGO
provided beneficiaries with an iron frame and ammahium chimney; the households
were supposed to provide the mud bricks for bugdime combustion box and the stove
basement (see figures 1, 2 and 3). Stove installatas also done without pecuniary cost
and it was supported by two village craftsmen getbdy the village beneficiaries and
trained by the NGO. Beneficiary households were reguired to uninstall their

traditional technology in order to get their newpnoved stoves installed.

A second stage of stove distribution was originplgnned to provide the improved stove
to those households that initially did not ask éore. However, due to administrative
reasons and other program priorities, the secoagestvas cancelled. The only way a
household that initially did not received an impedwstove could have had access to one,
was by getting it transferred or sold from anotheusehold in the same village or in a
close one. The 2004 stove monitoring interviewscaig that these cases were extremely
rare; less than 0.5% of the total beneficiariesteds reported that they sold their
improved stoves. Up to my current knowledge, al thouseholds in every village
received the same stove design as well as the setnections for its installation, usage
and maintenance. It is also know that the strategy coordinated and implemented at

the watershed level; then, controlling for villagatershed location will be important in

® In theory these improved stoves were supposeedice firewood usage by 40% if used properly. Near!
95% of households in Chalaco district use firewaednain source of cooking energy and it was knet th
firewood scarcity was a critical problem in theaagd the time of the intervention (Vaquero, 2007).

" The stoves were built with an aluminium chimnewigeed to expel the combustion smoke out of the
household dwelling and in this way help to redueeihcidence of respiratory and vision relatece#ises.

® There are 39 villages in Chalaco District, locate8 watersheds among 1000 m. and 3000 m. ofidéit

10



order to isolate the effect of potential differemde the quality and effort level of the
NGO teams allocated to different watersheds. #i$® important to mention that during
monitoring visits some beneficiaries reported peod with their stove materials, mainly
deformations in the iron frame and chimney. Givea ttraditional” way of building the
stoves in small workshops in the main coastal eihd the lack of evidence on materials
quality inspection before stove diffusion, it istnmlikely that certain number of stoves
was of inferior materials qualityThe evidence also suggest that these potentiarials
differences were ex-ante non observable to theftoiamees™.

3.1 Social Learning/Information Diffusion during inproved stove adoption

The improved stove technology introduced in the l&@w District was originally
designed for rural communities in the coastal acédaiura Region, where the main role
of a firewood stove is food preparation and theetyy firewood used is relatively
uniform (mainly “algarrobo”). Up to my current kntedge, the original design was
introduced in the villages of Chalaco District vath major modification or adjustment.
No special feature was ex-ante introduced to atlteptooking device to the particular
circumstances of these Andes’ villages. For exanpidesign did not take into account
that the firewood stove also performs as a heatewgce in high altitude areas, where the
temperature is much colder during winter mofithalso the stove combustion box was
designed for the type of firewood that is commorcdastal areas and did not take into
account the specific varieties and qualities adviiood that are available in the different
watersheds of Chalaco District. Furthermore, thg afgorocessing the input firewood in
the new stove was quite different from the one thas followed with the traditional
cooking technology. All these evidence suggestttmate was plenty room for household
experimentation with the new cooking device as waslifor innovation and information
diffusion. It is important to note that householdtsd modifications to the stove initial
design were not difficult to make as the combustiom and stove basement are made

completely from handmade mud bricks, which can &sle manipulated. Some of the

° Almost 90% of the users with problems reportecfEms with the materials of the stove.

1 The responsible NGO argued that the main reashiméenaterials problems was the incorrect usage of
the stove by the beneficiary households.

1 The minimum temperature during the winter seasaroastal rural villages is close to 17 Celsiusreles,
while at high altitudes villages in Chalaco Didtiitccan reach 0 Celsius degrees during the wimienths.
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modifications observed included changes in the oreasof the combustion box, the
adaptation of the stove for the elaboration of Idoads and the reallocation of the stove
to improve its performance as a heating devicethfdse modifications are likely to have
been diffused among villagers and the main pointhis paper is to argue that the
diffusion process was stronger in villages wittosger bonding links. Finally, villagers
are not only likely to communicate each other howde or modify the stove but also the
real benefits they obtained with the new device, dptimal way to process firewood
inputs or the quality of the technology they reeeivA given household will be more
likely to adopt the stove if others in the villageperience effective savings in firewood
consumption and/or reductions in indoor air potlati Also, households may be more
likely to delay adoption if negative news relatetie new device are relatively abundant
in the village (i.e. stove material deformations).

4. Data

4.1 Household characteristics and Village Social @ital - 2003 Household Survey

From June to August 2003, data on household clarsiits was collected in all the
villages within the Chalaco District. Data collestiwas done by Universidad de Piura, a
local university with a large experience in devehgmt projects in Piura Region. Neither
stove distribution nor stove monitoring visits wetene taking into account the survey
data. The total random sample contains 816 houdghoh average 21 households per
village were randomly selected and interviewed. @iaga includes members, dwelling,
and farm characteristics. More importantly, theveyr contains a “social capital”
guestionnaire. During the interview, the houselmdd (or the most informed household
member) was asked the following trust questidfiew much do you think you can
trust in: a) local neighbours, b) local organizatims, c) other villages’ people and d)

in strangers? The scale of responses goes from 0 to 3 (0O=notHing, little, 2=in a
regular degree, 3=a lot). If the questions wereabedr enough for the interviewed, the
interviewer tried to provide specific examples tethto the village lif&.

2 Households were also asked to evaluate the dexgreemmunication and local cooperation in their
villages. In this case the scale of responses ffoes 1 to 3 (1=none, 2=regular, 3=good). The gda
average for these responses can also be usedeagdnof village social capital; indeed when westidthe
estimations results are very similar than the dhasuse local trust indexes as indicators of Itin&k.
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Using the household’s responses to the social alagitestionnaire, the village averages
for these variables are obtained and used as nesdswicators of village social capital.
In this study | refer to social capital as the matand intensity of village social
relationships, which have different dimensions. (bending vs. bridging social capital)
and are dynamic in nature. Following Woolcock (19@8is important to note that
“...trust and norms of reciprocity, fairness, and pe@tion are‘benefits” that are
nurtured in and by particular combinations of sbogationships; they are undeniably
important for facilitating and reinforcing efficiemstitutional performance, but they do
not exist independently of social relationshifistn his influential 1998 paper Woolcock
also emphasizes that “...“consequences” may be odeator of the types and
combinations of social capital that are present they are not to be confused with social
capital itself”. Taking this into account, in thissearch will use village trust in local
neighbours, village trust in local organization#iage trust in other villages’ people and
village trust in strangers as indicators for thetgmtial” degree of bonding and bridging

social capital present in the rural communitiestafly.

How village social capital, defined as the naturd aextent of village social relationships,
influences technology adoption is the main quedti@present paper intends to address.
The main hypothesis in this paper is that “bondisgtial capital, defined as the nature
and strength of the social relationships “withihé tcommunity (Woolcock, 1998), plays
a central role facilitating the dissemination diommation in the village. In those villages
where the bonding links are strong, informationl wehd to circulate more intensively.
However, as it will be shown, the impact the bogdinks “per se” will actually have on
adoption decisions will depend on the concrete e&pee households in a given
community are having with the new technology. A liontial village level rate of success
may encourage the diffusion of negative informatiomugh the village social networks.
Table | below resumes the 2003 survey informatiggregated at the village level on

village sample size, village sampled proportiorootupied dwellings and village social

31t is also important to note that social capijust one way to create trust. As Dasgupta (20018s,
good local institutions, that clearly define rightsd obligations can be also a source of commuustl. t
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capital measures for the 26 villages in the susayple that were also visited during the
improved stove monitoring in 2004. Table Il sholwe tlegree of correlation among the

different measures of social capital at the villeges|.

Table | — Village social capital indicators

Variable Villages Mean S.D Min Max
Households per village 26 48.08 24.05 19 126
Sample size per village 26 21.28 8.99 8 43
Village proportion of households sampled 26 0.47 130. 0.19 0.74
Trust in local neighbours indexl{) 26 1.45 0.40 0.42 2.22
Trust in local organization index2{) 26 1.89 0.27 1.22 2.33
Trust in other villages’ people indé€t3v) 26 1.47 0.32 0.65 1.92
Trust in strangers index4y) 26 0.60 0.23 0.18 1.14

The information in this table is presented at thgragated village level

Table Il — Linear correlations between the villagesocial capital measures

tlv t2v t3v t4v
Trust in local neighbours indekl{) 1.00
Trust in local organization index2y) 0.77 *** 1.00
Trust in other villages’ people indét3v)  0.05 0.22 1.00
Trust in strangers index4y) -0.28 0.14 0.34* 1.00

As it is standard ***, ** and * indicate statistitaignificance at the 1, 5% and 10% significancele

As it was just mentioned, social capital is a cgdkat has multiple dynamic dimensions.
At the micro communal level two dimensions are idieaentified in Woolcock’s (1998)
seminal paper: bonding and bridging social capitdle first dimension refers to the
nature and intensity of the social relationshiptini the community; the second one is
related to the nature and intensity of the commilinks with agents outside the village
(i.e. agents in neighbour villages). In my opinitve indexes for intra village trust: trust
in local neighbours (t1v) and trust in local orgaations (t2v); are more likely to be
related to the first dimension of village sociapital. In the other hand, indicators such as
the index for trust in other village’s people (t2w)trust in strangers (t4v) are more likely
to be related to the second dimension of villaggaddinks. The results in table Il suggest
that tlv and t2v tend to be highly and significardbrrelated among them, as it is also
the case for t3v and t4v. However, the correlaiolong the bonding and bridging social
capital measures is statistically no significamhis initial evidence suggests that the two
dimensions (bonding and bridging) of village soaapital do not necessarily tend to

move in the same direction or be equally develapedgiven village at the same time.
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4.2 Improved Stove Adoption Patterns —The 2004 8tiblonitoring Survey

From April to August 2004, MIRHASPERU and Universitd de Piura monitored
improved stoves performance in 26 beneficiary gés During the monitoring visits, the
interviewers had full access to the kitchen arehvaere able to confirm “in situ” the real
situation of stove usage by the beneficiary houlslshoMembers of Universidad de Piura
involved in the monitoring visits reported thatitgsto all the beneficiary villages were
initially planned and that special emphasis wasirsatisiting beneficiaries in villages
paced at high altitude areas, where it was expebstdhe performance of the stove was
relatively poor and adoption rates were relativielw'*. Principally due to budget
constraints and security issues in certain aredatively close to recent mining

explorations, some villages were not visited, nudshem in low altitude areds

As table 1ll shows, approximately 82% of the tataproved stove beneficiaries were
visited per village. It is important to note thaithin villages there is not significant
evidence on households refusing to be interviewednany of the cases household that
were not interviewed were not at their dwellinggalaat the time of the interview; some
were out for social visits at other villages or ingyfood or tools in the main district town,
also in several cases they were still at their fplots. It is also known that in some cases
monitors ran out of time during the monitoring tgsiTable Il also indicates that from
the total number of visited beneficiaries approxeha45% reported using the stove as
the main way of preparing food. These stove usanshe classified into two categories
depending on the situation of stove usage by tine ©f the visits: a) those that were
using the stove with some problem (mainly matemig8ciencies) and b) those that were
using the improved stove without any complicatiofibe empirical estimations in this
chapter use the proportion of households in theorskcategory, which are called
“successful adopters”, as a measure of villageessc adoption. In my opinion these
users are the ones that play a critical role difilgigositive information on stove usage
and related benefits.

%1f any, the sampling procedure should work agaimstsocial learning hypothesis in this paper.
'3 During field visits in the summer of 2008 | wadealp confirm that stoves success among benefisari
was relative high in low altitude villages, whehe tonly expected function of the stove is food prapion.
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Table Il — Village level adoption patterns

Variable Villages Mean S.D. Min Max
Number of occupied dwellings per village 26 48.01 4.0% 19 126
Total beneficiary households per village 26 40.7117.05 15 88

Number of visited beneficiaries per village 26 3.2 14.71 10 76

Vlllage proportlon of visited beneficiaries durirstpve 26 0.82 013 50 1

monitoring

Village proportion of visited beneficiaries usinget
improved stove as the main way of preparing food
Village proportion of users that have some prolslem
using the improved stove

Village proportion of users that do not presentfgms
using the improved stove

Vllla}ge proportion of visited benef|_c:|ar|es that:eeved 26 055 019 0.29 0.94
the improved stove but do not use it or use itlyare
Village proportion of non users that decided tongtall
the improved stove

26 0.45 0.20 0.06 0.71

26 0.28 0.25 0 1

26 0.72 0.25 0 1

26 0.32 0.21 0 0.73

The information in this table is presented at thgragated village level

Table IV — Main problems encountered by stove benifaries (%)

Users that report problems

Materials problems (iron frame deformed, chimnegkien) 90.4
Stove uses more firewood 21.9
Non Users

Materials problems 15.6
Stove uses more firewood 34.1
It is not good for heating the house 5.6
Itis hard to get use to it 10.5
It is dangerous 2.0
It is time consuming 8.1
None™ 54.8

The percentages indicate the total proportion okfieiaries in each category that reported the lprobwhich explains why in each
case the percentages do not add to 100%.

In table IV we can observe that the main inconvwaniencountered by users with
problems was related to stove materials issues)lyndeformations in the iron frame and
chimney; which, as the evidence contained in thaitoong reports suggests, were ex-
ante non observable to the beneficiaries. A muclallsmproportion of users with
problems reported that the stove used too muctvdiod; as the improved stove also has
other expected benefits (i.e. reductions in indaorpollution) it is possible that these
households continued using the stove because tiex benefits compensated for the

higher levels of firewood consumptibh Among non users the major inconvenient

16 Approx. 54% of non users that didn’t reported peafs received the new stove but did not install it.
" Note that a relative small proportion of non usais® reported materials problems; as it is vekglyi
that the nature of the material problems they vi@eeng made it impossible for them to continue gstime
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reported was related to the higher consumptionreivbod by the improved stove. Some
non users also reported stove materials problems,the proportion is in this case

significantly lower than for the case of users vatbblems

Using the full set of observations in the 2004 nanmg dataset (in total 878 households
were visited), table V shows the correlations betwthe binary variable representing the
household’s decision to use the stove as the n@okicg device (in other words the
adoption decision) and some village variables tdrast. Note that stove adoption as the
main cooking device is positively and significantiyrrelated with the village proportion
of users without problems, and with the villagedres measuring bonding social capital:
trust in local neighbours and trust in local orgations. The adoption decision is not
significantly correlated with the proportion of gders with problems. Adoption is also
significantly and negatively correlated with altes and significantly and positively
correlated with road access. The correlation isatieg and significant between
individual adoption and location in Mijal and Cenegro watersheds and positive and
significant between adoption and location in Nonaesshetf.

Table V — Simple correlations between the househdfdadoption decision and village adoption
patterns, social capital and geographic characteries

Variable: Using the stove as a main way of cookMg=0 Yes=1) Correlation coeff.
Proportion of adopters/users using the stove witkexhnical problems (w1p) 0.28 ***
Proportion of adopters/users using the stove withiical problems (w2p) 0.04
Proportion of beneficiaries (benp) 0.06 **
Trust in local neighbours index (t1v) 0.08 ***
Trust in local organizations index (t2v) 0.09 ***
Trust in strangers (t4v) 0.04
Village communication index (comv) 0.06 **
Village Altitude -0.22 **x
Village is accessible by road (yes=1, no=0) 0.15 **
Household's village is located in Mijal Watershédl&1) -0.22 ***
Household's village is located in Nogal Watershigi@£1) 0.04
Household's village is located in Potros Waters{idd=1) 0.04
Household's village is located in Noma Watershed ) 0.22 ***
Household's village is located in Cerro Negro Wsited (M5=1) -0.14 ***

N= 878. *** ** and * indicate statistical signifigece at the 1%, 5% and 10% significance levels

device, the main adoption regressions in this paperalso estimated excluding this group of nonsjse
however we do not observe major differences irr¢isealts.

'8 Noma watershed is the most accessible watershetrits of road access and quality. Mijal and Cerro
Negro watershed villages are on average placedigiteh altitudes and have also poor accessibility
conditions, especially during the rainy season.
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Matching the socioeconomic survey and the stoveitmidmg data files, a total of 283
beneficiary household observations are available dstimation purposes. Average
characteristics for stove users and non usershangrsin table VI, as well as the equality
test p-value for the simple difference in means avetage proportions for the variables
included. As we can observe, the proportion of Bbo&ls with secondary education or
higher is significantly higher for adopters tham fmt adopters. Note also that adopters
are on average richer that not adopters (as mahbyrtne value of their farm assets), but
the unconditional difference in means is not diigaafly significant. In order to account
for household’s involvement in communal activitiesdividual entrepreneurship,
experience with other technologies and preferefmesnvironmental or women related
outcomes, the following variables are respectivelynsidered: household’s past
participation in communal activities, household’sperience with fertilizers or in
elaborating processed agricultural and animal prtsdu(i.e. alcoholic beverages, wheat

flour, cheese, etc), and household’s membershgnuironmental or women based local

organizations.

Table VI - Main household level characteristics forstove users and non users

Users Nonusers Test of equality
N=155 N=128 (p-value)

Household's head sex (male=1, female=0) 0.85 0.91 190

, 51 49
Household’s head age (12) (13) 0.21

, 2.72 2.95
Household’s number of Adults (1.39) (1.61) 0.20
Adult female in the household (yes-1, no=0) 0.88 890. 0.73
Household’s head has secondary education or higher 0.20 0.11 0.03
Household s head attended school and has at mosanyr 074 078 0.35
education
Household’s head did not attended school 0.06 0.10 0.17

, . 2.66 2.96
Household’s farm size in has. 2.72) (3.18) 0.34

, . . 84 68
Household’s value of farm assets (in Peruvian $oles (13.4) (5.6) 0.22
Household’s processed products elaboration(yess=0)n 0.55 0.57 0.69
Household's fertilizer usage (yes=1, no=0) 0.63 80.6 0.27
Household’s participation in communal activitiegidg the
last 12 months (yes=1, no=0) 0.50 0.34 0.01
?::ug)ehold s membership in environmental group (fes= 031 054 0.00
Household’s membership in mothers club (yes=10ho= 0.23 0.25 0.61

Standard deviations shown in parenthesis.
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We can see in table VI that stove adopters areifigntly more involved in local
activities, adopters and non adopters are equidlyl to use fertilizer or elaborate
agricultural or animal processed products, andadwopters have a higher participation in
environmental groups. Although this last resulinsgé¢o go in the wrong direction, | must
note that these groups are abundant in high adtittlliages, where the stove was less
likely to meet all the needs households expecteah fihe new devicé. Also it may be
the case that if the new stove was perceived asdatdchnology in terms of firewood
consumption, then households with higher forestepeaces may be less likely to use it.

5. The Empirical Equation
A given household “i” in village “j” will adopt aew technology as long as the expected

economic gains a,J " it derives from its use are non negative. Assuiha for the case of

the new improved stove introduced in the Chalacsirist, the expected economic gains
are linear in a vector of household level charasties “X; *, a village level effect W,”

and an individual error termuf; ”. The reduced form equation is then given then by:

(1) a = o+ X; *W, +u;, (Where ‘" refers to households and “j" to villag)e

Let’s allow the village effect in (1) to be funatief a non-stochastic village component
and a village error term. The non-stochastic saancludes a village informational term

“1,”, which measures the amount of information rela@dmproved stove usage and

performance available in the household’s villageredidence, and a vector of other

village level controls Y;”. The village informational term t,”, which effect on

individual adoption decisions is the central pamfitthis analysis, is defined as a non

linear function of within village level patterns ehproved stove adoptionAP” and
village level of bonding social capitaBC, ", that isl ; =1,(AP,SC, ). The total village

effect is then given by:

9 These groups were created in this area duringzargment watershed management program in the 90's.
% |n section 9 it will be corroborated that only bamg links significantly influences the effect wiith
village adoption patterns have on individual admptdecisions, while bridging links do not play any
significant role in this situation. Bridging linkmly appear to influence the effect adoption patieyutside
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(Z)Wj = o+|j(APj’SCJ)+ 1YJ' +é

In this section of the paper | prefer not to defarey specific functional form for the
village informational component; in the next sectidifferent specifications will be
allowed and estimated. In some specifications thal tproportion of improved stove
adopters will be used to define the village pattefradoption, while in others | will
distinguish between adoption with and without peol$. Taking (1) and (2) together, the
following expression for the net household expegaids is obtained:

3) ai*.j :( ot o)+ X +1,(AR,SC)+ Y, +e +y,

As household’s expected net gainq’; * are unobservable to the econometrician, let’s

represent the adoption decision by the discreteceheariable ‘a;”, which takes the

value of one if the household uses the improveewirod stove as the main way of
preparing food and zero otherwise. Then, the pntibathat household “i” in village “j”

will use the new technology as the main way of prgyg food will be given by:

(4)P(g; =1)=P v, >'{ ot ot X +1;(AR,SG); + 1Yj} , wherev, =g, +y,

Expression (4) suggests a probit regression tonagti the household’s likelihood of
adoption; however, it is known that the linear @bitity model is more amenable to the

estimation of alternative functional forms foy(.)and that the computation of higher

order polynomials is more transparent when highatero polynomials are fitted

ontol j(.)21. Taking this into account, a linear probability adebin the next form will be

estimated in the next section:

(B) a;=(o+ o)+ X; +1,(AP,SC)+ Y, +V,

the village have on individual adoption. Moreovérwill be shown that within village adoption and
bonding social capital has a prevailing effect maividual adoption patterns.

2Lt is also important to note that the adoptiorerat the sample is 54% (fairly close to 50%), analt t
when we use the linear probability model with atuetl standard errors, less than 2% of the predicted
estimates lie outside the unit interval.
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6. Baseline estimation results

This section only presents the results estimatéalguhe linear probability regression
with clustered standard errors at the village lelPebbit regressions have also been used
to estimate the main empirical specifications;rgsults (not shown here) are very similar
to the ones in the linear regressions. All the #jgations in this section control for
household characteristics and include dummies iflage watershed location. Table VII
below presents the estimation results for the edsere the informational term in (5)
does not allow for an interaction term between lamdsocial capital and village
adoption patterns. The odd columns in table Vlltomnfor village adoption patterns,
village bonding social capital and also for thdagk proportion of beneficiaries. The
even columns in table VIl also include village raaztess, village altitude and the index
for trust in strangers as village controls. In $specifications that correspond to columns 1

and 2 in table VII, the village informational teimequation (5) 1,(AR,SC )" is defined
as a function of the total proportion of stove adog/users (TP ") %2 the square term for
this proportion and the village level indicator lmdnding social capital SC,”): village

level of trust in local neighbouf that is:
(6) 1,(AP,SC)= TP + 2TF>J.2+ Sle

As it can be observed in columns 1 and 2, theihkeld of adoption is decreasing in the
total proportion of stove adopters: the linear #m& quadratic term for the proportion of
total adopters are respectively positive and nega#ind statistically significant. The
results indicate that the marginal effect of théaltgroportion of adopters on the
likelihood of adoption will be positive only if theroportion of total adopters is below
44% and 38% respectively. The results also showth®bonding social capital term is
not significant in these regressions. Specificationcolumns 3 and 4 include the

proportion of adopters without problemPZ; " instead of the total proportion of adopters

?2n this section, all proportions are estimatedtanbase of the total number of village stove hiefsafes.

2 n all the specifications in this section, onlethillage level of trust in local neighbours is dses a
measure for village bonding social capital. Theultesare very similar when the village level ofdrun

local organizations and the village communicatimtheix are used as measures of bonding links.
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“ PT, " in the village informational term. In my opinioonly this group of adopters plays

a positive role influencing the decision to addp¢ new technology. In other words,
information on how to properly use the new techgwglor information on improved stove

effective benefits is more likely to be dissemimby this group of improved stove users.
The village informational effect in (5) is then ohefd as:

(7) 1,(AP,SC)= ,PL + ,P1*+ ,SC

We can observe in columns 3 and 4 that the prapodf adopters without problems has
a significant effect on the likelihood of adoptiand that this effect is decreasing in this
specific proportion, the linear term is positivedathe quadratic term is negative.
Compared to the estimation results in which thaltptoportion of adopters was included,
we can see that the coefficients’ size for the #dogerms is lower in absolute value. In
this specific case, the results indicate that thergmal effect of the proportion of
adopters without problems on the likelihood to @dbpe new stove will be positive only
if this proportion is below 42% and 32% respecfivélote also that, as it was the case in
columns 1 and 2, the coefficient for the bondingialocapital term appears as not
significant. In order to confirm that only adoptev#thout problems have a non linear
significant impact on the household’s adoption sieci, the specifications in columns 5
and 6 only include the proportion of adopters tiepiorted problems using the improved
stove “P2;". The results in these columns show that the efééc¢his proportion on the
individual likelihood of adoption is not statistisa significant®* . Finally, the
specifications in columns 7 and 8 in table VIl umbé the linear and quadratic terms for

both proportions: adopters with and without protderfhe village informational term is

then given by:

- 2 2
(8) Ij(APj’SCJ)_ 1P1j + 2P1j + 3SC1 + 4P21‘ + 5P2J

*| have also estimated the specification in coluthincluding the proportion of stove beneficiaridsat
report higher firewood consumption and also inahgdihe proportion of beneficiaries that report mate
problems (without differencing between users ana ugers). The effect of beneficiaries that repaghér
consumption of firewood appears negative but nghiicant; the effect of beneficiaries with matdsia
problems appears negative and also not significant.
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Table VII — Village level determinants of the houskold’s likelihood of improved stove adoption

1) 2 3) 4) ©) (6) @) (8)
' . 0.0243** 0.0298 ***
Village total proportion of adopters (0.0062) (0.0071)
) . -0.0003***  -0.0004***
7A
Village total proportion of adopters”2 (0.0001) (0.0001)
Village proportion of adopters without 0.0184*** 0.0179 **=* 0.0199*** 0.0191***
problems (0.0047) (0.0051) (0.0051) (0.0059)
Village proportion of adopters without -0.0002***  -0.0003*** -0.0003***  -0.0003***
problems”2 (0.0001) (0.0001) (0.0001) (0.0001)
Village proportion of adopters with 0.0054 0.0113 -0.0011 0.0054
problems (0.0105) (0.0124) (0.0101) (0.0134)
Village proportion of adopters with -0.0002 -0.0002 -0.0002 -0.0002
problems”2 (0.0003) (0.0003) (0.0003) (0.0004)
Village level of trust in local -0.0299 -0.0255 -0.0578 -0.0670 -0.0324 -0.0386 074 -0.0802
neighbours (bonding social capital) (0.0809) (0999  (0.0824) (0.0970) (0.0842) (0.0886) (0.0913) 1035)
. : _ 0.0047**  0.0059***  0.0044** 0.0067**  0.0032 0.0023 0.0054* 0.0077**
Village proportion of beneficiaries
(0.0016) (0.0018) (0.0019) (0.0018) (0.0020) (0@O1 (0.0020) (0.0022)
Village level of trust in strangers 0.0426 0.0375 -0.1362 0.0660
(bridging social capital) (0.2093) (0.2079) (0.1673) (0.2059)
Vil Altitud -0.0346** -0.0473** -0.0418** -0.0502**
illage Altitude
g (0.0132) (0.0203) (0.0164) (0.0224)
Vil Road A 0.1459* 0.1358** 0.1116* 0.1197
illage Road Access
g (0.0729) (0.0637) (0.0577) (0.0732)
N 283 283 283 283 283 283 283 283
Villages 24 24 24 24 24 24 24 24
R2 0.21 0.23 0.21 0.23 0.19 0.21 0.21 0.23

All regressions in this table control for waterstiednmies and include as household level contr@shtiusehold’s head sex and age, household’s hegldofeeducation, household’s number of
adults, presence of a female adult member in thesétwld, household’s wealth (measured by the vafurm assets), farm size, household’s partiogpain women and environmental
organizations, household’s elaboration of proceggeducts and usage of fertilizer and householdiigipation in local activities in the previous b@nths. As it is standard ***, ** and *
indicate statistical significance at the 1%, 5% &@8b significance levels.
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The results in columns 7 and 8 corroborate th#y asers without problems have a
significant non linear effect on the householdkelihood of adoption; while the impact
of the proportion of adopters with problems is significant®>. Note also that the
coefficients for the proportion of successful agoptin columns 7 and 8 are very similar
to those obtained in columns 3 and 4. As monitovisgs were performed at early stages
of adoption, it is likely that the nonlinear effeat the proportion of adopters without
problems on the individual adoption reflects thesence of strategic behaviour: the
higher the proportion of beneficiary adopters withproblems in the village, the more
likely is the household to delay adoption and frige on others experimentation. Note
also that in all the specifications in table Vhetterm measuring bonding social capital
appears as not significant. This particular resulh my opinion in line with this paper’s
main hypothesis: what type of effect social capdl have on the individual adoption
decision should be closely linked to village’s imitadoption patterns. Moreover, if
information diffusion is the process behind themsty correlations observed in table VII,
we should expect these effects to be strongerliageis with stronger bonding links, in
which information should flow with more intensityo capture the heterogeneous effect
within village adoption and village bonding soatalpital have on household’s adoption,
it is then important to allow the impact of soctalpital to depend on village’s adoption
patterns and vice versa. All specifications in ¢éaMIll take this into account and
introduce an interaction term among within villagatterns of adoption and village
bonding links (village level of trust in local ndigours). As it was the case for the
specifications in table VII, odd columns in tabléll\c€ontrol for the village pattern of
adoption, bonding social capital and the local prtapn of beneficiaries; while even
columns add as controls village altitude, road ss@nd village level trust in strangers.
The specifications in columns 1 and 2 of table \difine the information term in (5) as a

function of the total proportion of adoptersT® " and include an interaction term

between this total proportion of adopters and ihage bonding links indicator, that is:

(9) 1,(AP,SC)= ,TP + ,TP’+ TP*SC, + ,SC

5| have also estimated a regression where thetadfethe total proportion of adopters with probleras
considered to be only linear, the coefficient foe tinear term in this case is also no significant.
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Table VIII — Village level determinants of the houghold’s likelihood of improved stove adoption

() ) 3 4 ®) (6) ) @
*k%k *k%k
Village total proportion of adopters (ggggg) ?0002 0275 8)
. . -0.0003*** -0.0005***
7AN
Village total proportion of adopters"2 (0.0001) (0.0002)
Village total proportion of adopters * Village ldvaf 0.0045 0.0092
trust in neighbours (0.0044) (0.0057)
Village proportion of adopters without problems 0.0121* 0.0062 0.0191** 0.0145%
ge prop P P (0.0062) (0.0081) (0.0065)  (0.0078)
Village proportion of adopters without problems”2 ~0.0002% -0.0004* -0.0004** -0.0005™
ge prop P P (0.0001) (0.0001) (0.0001)  (0.0002)
Village proportion of adopters without problems * 0.0056** 0.0102*** 0.0025 0.0053
Village level of trust in neighbours (0.0026) qo34) (0.0035) (0.0038)
Village proportion of adopters with problems 0.0215 0.0284* 0.0098 0.0177
ge prop P P (0.0086)  (0.0090) (0.0113)  (0.0145)
Village proportion of adopters with problems”2 0.0002 0.0005% 0.0004 0.0006*
ge prop P P (0.0004)  (0.0003) (0.0003)  (0.0003)
Village proportion of adopters with problems -0.0220*  -0.0277%*  -0.0238** -0.0330™
*Village level of trust in neighbours (0.0078) (0.0069) (0.0094) (0.0126)
Village level of trust in local neighbours (bonding  -0.2561 -0.4867 -0.2867** -0.4882** 0.1989** 0.2550** 0.0438 0.0188
social capital) (0.2134) (0.3094) (0.1285) (0.1997) (0.0950) (0402  (0.2136) (0.2566)
. . L 0.0052*** 0.0064*** 0.0048** 0.0082*** 0.0019 0.0002 0.0056** 0.0087**
Village proportion of beneficiaries
(0.0016) (0.0021) (0.0019) (0.0019) (0.0022) (0po2  (0.0024) (0.0033)
Village level of trust in strangers (bridging sdcia 0.0669 0.0556 -0.1695 0.0823
capital) (0.2148) (0.1518) (0.1304) (0.1637)
-0.0378** -0.0613*** -0.0396** -0.0645**
Village Altitude
g (0.0142) (0.0219) (0.0164) (0.0305)
0.1775** 0.1801** 0.1613*** 0.2231**
Village Road Access
? (0.0811) (0.0701) (0.0418) (0.0878)
N 283 283 283 283 283 283 283 283
Villages 24 24 24 24 24 24 24 24
R2 0.21 0.24 0.21 0.24 0.20 0.23 0.23 0.26

All regressions in this table control for waterstdetnmies and include as household level contr@s$htiusehold’s head sex and age, household’s hesldbfeeducation, household’s number of adults,
presence of a female adult member in the householdsehold’s wealth (measured by the value of fassets), farm size, household’s participation iimmen and environmental organizations,
household elaboration of processed products argeusigertilizer and household participation indbectivities in the previous 12 months. As ittsmslard ***, ** and * indicate statistical signif@mce

at the 1%, 5% and 10% significance levels.
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As it can be observed in columns 1 and 2 of table the coefficient for the interaction
term between the total proportion of adopters dredsocial capital indicator is positive
but not significant; the coefficient for the lindaonding social capital term appears also
as not significant in both specifications. As dissed before, not all stove adopters are
likely to influence individual decisions in the sammanner and the information that
different adopters types transmit will flow throutite network in different ways. As the
specifications in columns 1 and 2 do not distinguietween adopters with or without
problems, it should not be a surprise that theaateon term and the linear social capital

term appear as not significant in these regressions

The specifications that correspond to columns 3 4l table VIl only include in the
village informational term the proportion of sucsfes adopters instead of the total
proportion of adopters, and also add an interadeom between this proportion and the

bonding social capital term. The village informati®rm is then defined as:

(10) 1,(AP,SC)= ,PL + ,P1?+ ,PL*SC, + ,SC

The results columns 3 and 4 show that the interadierm between the proportion of
adopters without problems and the bonding sociglitalindicator is positive and
statistically significant at the 5% and 1% sigrafice level respectively. These results
confirm the important role the proportion of villaguccessful adopters has played in
influencing household’s adoption decisions, anartjeindicate that the impact of this
group of adopters will be higher in villages witihasig bonding links, probably because
in such cases the type of information provided tgsé adopters will be diffused with
more intensity. For example, the results in coliBrevaluated at the sample means imply
that the marginal effect of the proportion of adwptwithout problems on the likelihood
of adoption is close to 0.2%; while if we evalu#tes effect at the observed maximum
level of bonding social capital it will be equal @6%. Note also that the coefficient for
the linear bonding social capital term is nega#ine significant in both columns 3 and 4.
This last result implies that even though the nrabeffect of bonding links is positively
increasing in village initial success in adoptignwill only have a positive effect on

individual adoption if the village proportion of @gters without problems is relatively
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high (above 51%). The interpretation given to ttasult is that if the village level of
success in adopting the technology is relatively floen, “ceteris paribus”, the network is

more likely to diffuse “negative” information abotlte new technology.

To confirm that only “successful” adopters positwmfluence the household’s adoption
decision through its interaction with the bondimgial capital variable, the specifications
in columns 5 and 6 only include the village proportof adopters with problems as well
as an interaction term between this variable amdlbnding social capital indicator.
Interestingly, the results indicate that the intdcn term between the proportion of
adopters with problems and the bonding social abpmeasure is negative and
statistically significant, which suggests that geportion of users with problems is more
likely to negatively influence the decisions to ptithe new firewood stove in those
villages with strong bonding links. Note also tirathese estimations the coefficient for
the linear bonding social capital term is positeved statistically significant. This last
result together with the negative sign for the ratéon term indicates that if the within
village proportion of adopters with problems isatelely high (more than 10%), the
marginal impact of bonding social capital on theidehold’s adoption decision is more
likely to be negative. In other words, in a sitoatwhere a relatively high proportion of
beneficiaries encounter problems using the efficegmoking stove, the communal social
networks are more likely to transmit “negative”anhation about the new technology.

So far the results in table VIII provide a strongpgort for the information diffusion
hypothesi&’, social effects appear to be increasing in thength of bonding links and
more interestingly, the network appears to difftlse adoption information in the right
direction: adoption without problems encouragespéida decisions through its network
effect (the interaction term between this type dd@ion and bonding social capital) and
adoption with problems appears to do exactly theosjte. In columns 7 and 8 of table

VIII both proportions of adopters are included e tregression as well their respective

6| have also estimated the regressions in tablevsihg the village trust in local based organizasi and
the village index of communication as indicatordohding social capital, the results are very simil

27



interaction terms with the bonding social capitatiable. The village informational term

is then defined as:
(11) I,(AP,SC)= ,PL + ,P1*+ ,PL*SC, + ,P2, + P2’ + ,P2*SC+ ,SC

Results in columns 7 and 8 confirm that only theppirtion of adopters without problems
positively influences the household’s likelihood aifoption through its network effect;
however the interaction term between this proportamd the bonding social capital
measure although still positive, appears as naoiifsggnt in both estimations. In the other
hand, the proportion of adopters with problems appeas before, to negatively and
significantly affect individual adoption mainly thugh its interaction with bonding social
capital. We can also note in these columns thanvidwogh interaction terms are added in
the regression, the bonding social capital lineamtappears as not significant and very
small in absolute size. This specific result supptre hypothesis that the effect bonding
social capital has on individual adoption is clgséhked to initial village stove
performance; then when adoption with and withowbfgms are included at the same
time, their respective interaction terms captueettital effect of bonding social linKs It

Is important to highlight, that the results in ®MIll indicate that the absolute size of the
interaction term coefficient is much higher for tteese of the proportion of adopters with
problems, which suggests that negative news abaetvatechnology may have a higher

network impact on the individual household’s adoptilecisions than positive ones.

In my personal opinion, the results in this secsapport the social learning hypothesis,
and confirm the significant role bonding social italphas played in the diffusion of
information related to improved stove usage andopsiance. Although 1 still have not
commented on the main identification issues that beaffecting this research’s results,
the fact that social effects are heterogeneousoinding social capital and that the
marginal effect of this variable is closely linkéal village adoption patterns, provides

important evidence towards information diffusion the relevant process behind the

" Interestingly, if | exclude the linear social dapiterm from the regressions in columns 7 and & il
observe that both interaction terms have the erpesigns and are statistically significant at tlé 5
significance level.
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observed data patterns. Furthermore, as socialatapithis study was measured before
the intervention, it is not likely that the sociedpital indicators have been critically
influenced by the improved stove adoption procélssn, our estimates should be free
from endogeneity problems due to reverse causdigyween social capital and
households’ adoption decisions. In order to provédiglitional support for the social
learning hypothesis, in section 7 it will be showmat the information diffusion

hypothesis also extends to the decision to unir$t@limproved stove among beneficiary
non users. But before doing that, | will first Blyecomment on the main household

factors that appear to influence the househol@&ihood of adoption.

6.1. Household level determinants of adoption

This section focuses on the household level determts of adoption that have been
included as controls in the estimations in secBpthese are: the household’s head sex
and age, the household’s head level of educatim®,hbusehold’s number of adults,
presence of a female adult member in the houseltwddhousehold’s wealth (measured
by the value of farm assets), the household’s feiza, the household’s participation in
women and environmental organizations, the housé&hatlaboration of processed
products and fertilizer usage and the householdftigipation in communal activities in
the last 12 months. Table IX presents the houseleokl coefficients that correspond to
the specifications in the even columns in tabld,Wihere in addition to village adoption
patterns and social capital, also the village propo of beneficiaries, watershed location,
altitude, road access and the level of trust iangters were controlled for. As we can
observe in table IX, the coefficients for the hdusdd level variables are relatively stable

in terms of size, sign and significance level asithe four specifications.

The results in table IX indicate that the houselsod@mposition has a significant impact
on the likelihood of adoption. In first place, theusehold’s number of adults has a non
linear significant effect on adoption; this effest always negative for the observed
sample values and it is decreasing in absoluteevaiuthe total number of adults. A
higher number of adults in the household impliest thbor for firewood collection is

relatively abundant, which decreases the cost deaong firewood and then has a
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negative impact on adoption. A higher number ofltadmay also imply that a higher

amount of firewood is required, which may have asifpe effect on household’s

adoption. The results suggest that the first effiechinates the second one and also that

the first effect appears to be stronger when thaber of adults is relatively low, which

may indicate decreasing returns to labor in firesvoollection activities.

TABLE IX - Household level factors affecting the haisehold’s likelihood of improved stove adoption

(2) (4) (6) (8)
H hold’s head -0.062 -0.021 -0.039 -0.027
ousehold’s head sex
(0.074) (0.0712) (0.077) (0.074)
H hold's head 0.002 0.002 0.002 0.002
ousehold’s head age
g (0.002) (0.002) (0.002) (0.002)
-0.132** -0.119** -0.111* -0.127**
Household’s number of adults
(0.056) (0.056) (0.057) (0.056)
0.013** 0.013** 0.012* 0.012**
Household’s number of adults”2
(0.006) (0.006) (0.006) (0.005)
. 0.127 0.153* 0.182* 0.169*
Adult female member present in the household (yps=1
(0.078) (0.085) (0.092) (0.086)
Household’s head has formal education at the maximu  0.003 0.039 0.070 -0.013
level of primary school (yes=1) (0.122) (0.122) (0.115) (0.128)
Household’s head has formal education at the lefvel 0.069 0.094 0.120 0.074
secondary school or higher (yes=1) (0.139) (0.141) (0.129) (0.159)
Household’s members participated as organizers or 0.138** 0.131** 0.147** 0.135**
supporters in local activities in the past 12 mer(ffes=1)  (0.055) (0.049) (0.052) (0.051)
. . 0.006*** 0.006***  0.006***  0.005***
Household’s value of farm assets in Peruvian Soles
(0.002) (0.002) (0.002) (0.002)
. -0.011 -0.033 -0.045 -0.034
Household belongs to a local environmental grogs<£yt) (0.081) 0.076) (0.069) (0.077)
Household belongs to a local women based orgaaizati  -0.018 -0.022 -0.005 0.033
(yes=1) (0.066) (0.065) (0.064) (0.071)
- -0.038 -0.057 -0.058 -0.053
Household uses fertilizer (yes=1) (0.062) (0.062) (0.061) (0.061)
0.051 0.025 0.042 0.058
Household elaborates processed products (yes=1)
(0.062) (0.058) (0.057) (0.059)
H hold's { ) 0.010 0.006 0.008 0.010
ousehold’s farm size
(0.011) (0.011) (0.0112) (0.012)
N 283 283 283 283
Villages 24 24 24 24
R2 0.24 0.24 0.23 0.26

As it is standard ***, ** and * indicate statistitsignificance at the 1%, 5% and 10% significarels.
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Columns 2, 3 and 4 show that the number of adulhbses is not the only household
composition factor that significantly influence®thkelihood of technology adoption; as
we can see, households in which at least one adhritan is present are 15% to 18%
more likely to adopt the new stove. These resuttsraline with the fact that women are
the main expected beneficiaries of the new stosenanany cases they are the ones in
charge of firewood collection, food preparation arslially spend a higher amount of
time inside the dwelling place, benefiting sigrafitly from reductions in indoor
pollution. Another plausible explanation for thesult is that women may assign a higher
weight on children and elderly members health autes; then they may be more likely
to use the stove as a way to reduce the incidehoespiratory ilinesses in these groups

of family members.

The results in table IX also indicate that wealth®useholds are significantly more
likely to adopt the improved stove; a wealth insee@f 10.00 “nuevos soles” (approx.
CANS$ 3.50) increases the likelihood of adoptionamproximately 0.6%. This result may
indicate that richer households are more likelypéar the costs of technology adoption.
For example they are more likely to afford the leighmounts of firewood consumption
that may be incurred during initial trials with thmew technology. The results also
indicate that households that reported being irewlwn local activities in the 12 months
previous to the survey (either as organizers opetprs) are approximately 15% more
likely to adopt the improved stove than househbht tdid not participate. Probably this
group of households has been more likely to pgsiei in development projects in the
past and by so are more proactive and open to eelmnologies. It can also be the case
that, as these households are more likely to @aatie in the communal social live, they
are also more likely to be exposed to informatiegarding the use of the new device.
The results in table Xl indicate that household®svpus experience in fertilizer usage or
in the elaboration of processed products does ok ha significant impact on the
likelihood of adoption. Also note that the coeféiot sign for the dummy variable that
takes the value of one if the household has secgmdcation or higher is positive in all

columns but it is not statistically significant.ngily whether the household belongs or
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not to an environmental organization or to a wonwmb does not seem not to

significantly influence the individual likelihood adoption.

7. The Decision to uninstall the improved stove amydbeneficiary non users

In section 6 it was shown that the proportion afidfeciary households that adopted the
improved stove without problems has a positiveatften the household’s likelihood of
adoption through its interaction with village bonglisocial capital; while the opposite
was true for households facing problems with the eéficient firewood technology. In
order to provide stronger empirical evidence towarthe information diffusion
hypothesis, this section focuses just on non useneficiaries (beneficiary households
that by the time of the monitoring visits reportedt using the stove), and analyzes
among this specific group, how village patternsadbption and bonding social capital
affect the decision to uninstall the new cookingide; which can be interpreted as a
decision to abandon any present or future attem@tdopt the new technology. If the
village proportion of adopters without problemsreétatively high and bonding social
links are strong, non users may reasonably expebetable to adopt the stove at some
point in time (e.g. they may expect to be ableetmrn from others), which decreases the
likelihood of uninstalling the new device. On thider hand if good information on stove
usage does not diffuse in the village due to weakding links or if the proportion of
adopters with problems is high and this informatexpands through a strong social
network, then it is very likely that a non userlwidécide to abandon the new technology.
In the light of the findings in previous sectioitds then expected for a higher proportion
of adopters without problems to have a negativearhpn the decision to uninstall the
stove and for a higher proportion of adopters \pitbblems to encourage the uninstalling
decision. We also expect that these effects wilinmeeasing in village bonding social

capital.

The specifications in table X use the linear praldgbmodel with clustered standard
errors at the village level to estimate the likebd of uninstalling the improved stove

among beneficiary non uséfs The regressions in table X include in the village

8 Only beneficiary non users that installed theipioved stove are considered in the estimations.
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informational term a linear term for village adapti patterns and an interaction term
between village adoption patterns and the villagading social capital indicator (as
before trust in local neighbouf8) The estimations in table X also control for tkene
household characteristics included in table IX, thiage proportion of beneficiaries and
dummy variables for village watershed location. e @pecification that corresponds to
the first column of table X defines the informa@breffect as a function of the total
proportion of stove users, bonding social capital the interaction term between these
variables. As we can see in column 1, the effe¢heftotal proportion of adopters on the
uninstalling decision is statistically not signditt. Neither the total proportion of
adopters’ linear term nor its interaction with bowgd social capital appears to
significantly influence the non user’s uninstallinigcision. These results should not
surprise us; as we discussed before, not all adoptBuence household decisions in the

same way.

Table X — Village factors affecting the household'skelihood of uninstalling the improved stove

1) 2 3)
. . 0.0856
Village total proportion of adopters (0.0126)
Village total proportion of adopters * Village lewaf trust in -0.0091
local neighbours (0.0085)
Village proportion of adopters without problems 0.0143
(0.0095)
Village proportion of adopters without problems #ll&ge -0.0134**
level of trust in local neighbours (0.0061)
Village proportion of adopters with problems (ggigg)
Village proportion of adopters with problems *\4itie level of 0.0331*
trust in local neighbours (0.0128)

0.4001 0.4367 -0.3880*

Level of trust in local neighbours (bonding sodapital)
(0.4488) (0.3120) (0.1999)

N 102 102 102
Villages 23 23 23
R2 0.29 0.32 0.32

Only beneficiary non users that installed their ioyed stove are considered in the estimationscéllimns in table X control for
the same household level controls as tables VII\aid watershed location as well as for the prdpor of village beneficiaries.
** ** and * indicate statistical significance d@he 1%, 5% and 10% significance levels.

% As it was the case in table VII, | initially este the regressions in table X without considegng
interaction term between social capital and villadeption in the village informational term. Inhedt case,
when | only considered a linear term for villag®ption or when a quadratic term for village adoptieas
also estimated, the coefficients for village adopthppeared as not significant.
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In column 2 the estimated regression includes th@pgstion of adopters without
problems instead of the total proportion of adaptés we can observe, the coefficient
for the interaction term between the proportioradbpters without problems and village
social capital is negative and significant at tBé Significance level. Note that in this
case, the linear term for the proportion of adapterithout problems appears as not
significant. This result tells us that in the cadetotal absence of bonding links, the
proportion of successful adopters will not have emgact on the household’s decision to
uninstall the new technology. In order to confirhatt only adopters without problems
have a negative significant impact on the decistoaninstall the improved stove through
its interaction with village bonding links, the sjfecation in column 3 only includes in
the regression the proportion of adopters with [@mis. As expected, in this case the
interaction term is positive and significant; themortion of adopters with problems is
more likely to encourage the uninstalling decisionvillages with strong levels of
bonding social capital. Also note that in columnh& coefficient for the social capital
linear term is negative and significant at the 1€##nificance level. This means that the
marginal impact of social capital on the decisionuhinstall the stove will be positive
(encourage the uninstalling decision) only if thegwortion of adopters with problems is
relatively hight® (above 12%).

The results for the impact of adoption patterns bBodding social capital on the non
user’'s decision to uninstall the improved stove iardine with what our information
diffusion/social learning hypothesis proposes. Bieragy non users are less likely to
uninstall their stoves (abandon the technologwillages where success in adoption is
relatively high; the network effect, as before, l@asultiplier effect on the impact of

other decisions on the household’s likelihood dhatalling the new stove technology.

% The results in table X also hold when we sepayatetoduce as additional controls village altitude
village road accessibility and village trust inestgers. When these three controls are introductek atame
time, significance is lost for the interaction tetyetween social capital and the village proportain
adopters without problems in column 2. This lossignificance may be related to the fact that tiflage
proportion of users without problems is stronglyretated with village road access and altitudentimemy
opinion 102 observations may not be a big enoughptato identify the effects of these variables whe
included simultaneously in the uninstalling deaisiegression.
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8. Relevant Identification Issues

In empirical studies that focus on the effects @éial capital, the problem of reverse
causality between the variable of interest andsth@al capital variable is very likely to
be present. For example, in studies that try tateekconomic performance to social
capital at the village level, it is not only theseathat social capital affects economic
performance, but also that good economic performanay allow building better social
capital (Narayan et al. 1998). In the context chtelogy adoption in rural communities,
it can be the case that households that decidddpta new technology are more likely
to invest in their social relationships, affectingthis way the level of village links.
However, in my opinion the estimated regressionthis paper are not likely to suffer
from this problem, as the household survey meaglgutial capital was carried prior to
stove distribution and almost one year before tloaitaring survey. In other words, the
estimated measures of social capital are not likelgave been drastically influenced by

this specific program intervention or by the natof¢he adoption process in each village.

In the context of the present study, serious idieation issues will also arise if villages
with higher proportions of stove adopters were mikely to be visited by NGO
members during the monitoring process and if withilleges households using the
improved stove were more likely to be interviewed probably those not using the
improved stove may have systematically refused ¢o ifierviewed). As it was
commented in section 3.2, visits to all the benaficvillages were initially planned and
the order of visits was not done as a functiorhef éxpected number of working stoves.
In fact, strong emphasis was set in visiting vidlagn high altitudes, where one should
expect rates of adoption to be significantly lowliote that on average 82% of the
beneficiaries per village were visited and that nfroinformation provided by
MIRHASPERU and Universidad de Piura members itnevin that the improved stove
monitoring team did not report any situation wheemeficiary households refused to be

interviewed™.

%1 During summer 2008, | carried fieldwork in the aa intervention in order to study the currenaiaiion
of improved stove usage, from 433 households dsitdy one household refused to be interviewed.
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In studies on social interactions, one of the mssnies in terms of identifying the effect
of group level decisions on individual decisionksdacalled endogenous effects) has to
do with the presence of the reflection problem (M4anl993). As it was originally
defined, the reflection problem is an issue of inelrity. In Manski seminal paper,
endogenous effects are not identified becausedhew linear combination of exogenous
and correlated effects. However, as Brock and Dér{2000) clearly explain, non
identification in social effects models is intrioally linked to linearity; for the case of
non linear social effects (as it is the case ingtesent paper), and under correct model

specification, social effects are generally idéedt.

As it was mentioned earlier in the introductionttas paper, the presence of village
unobservables is probably the most important igsterms of identifying the presence of
social learning during the process of improved stadoption in the villages of Chalaco
District. Households’ stove adoption decisions witthe village may be correlated not
because a social learning process is present Butbgpcause villagers share common
unobservable characteristics or are subject to sémme type of village shocks and
environments. Although it may not be possible talrads all possible alternative

hypothesis, in my opinion the present paper pravisiaid evidence in order to support
the information hypothesis as the generating pdeshind the strong observed
correlation between household adoption and villagdeption. In first place it was shown

that not all adopters influence adoption decisiomsthe same manner and most
importantly it was also shown that social effeats heterogeneous in village bonding
social capital. This last result is in line with attwe should expect from a social learning
process: it must be stronger in villages with sgembonding links. Interestingly when

only the total proportion of adopters was includedhe village informational effect, no

multiplier effect for social capital was found (theteraction term appeared as not
significant); the multiplier effect of social capltwas only significant when we

distinguished between adoption with and withoutbpgms. As expected the interaction

% For a detailed explanation on this issue pleager te Durlauf, Steven and Brock, William (2000).
“Interaction Based Models”, Handbook of Econometric James H. Heckman and Edward Leamer, eds.,
pages 44 to 45.
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term for the proportion of successful adopters bodding social capital has a positive
significant impact on adoption while the interaatierm for the proportion of adopters

with problems and bonding social capital has a treganpact.

Another important result that in my opinion suppdtie social learning hypothesis as the
driving process in the data is that the bondingiadocapital’s marginal impact on
individual adoption was shown to be closely linkéal village initial adoption
performance; bonding social capital only appeaisawe a positive impact on adoption if
village success in adoption is relatively high. sTfinding suggests that the role of social
capital in the context of this study is precisa\diffuse information: if adoption success
in the village is relatively low, the network majyffdse the information that the new
technology is not a good one, which negatively@ffeadoption of the technology. The
results obtained in section 5 are robust to differeeasures of bonding social capital and
remained significant when key geographical faciofkiencing stove performance and

NGO effort such as village altitude or village raaztessibility were controlled for.

As a final step in the direction to show that tHeserved results are not likely to be
caused by some confounding village factor potdgt@rrelated to household adoption,
village adoption and the bonding social capitaliatale, this paper also extended the
social learning hypothesis to other type of deaisiby the beneficiary households. More
precisely, in section 7 it was shown that socigliteh has also a multiplier effect on the
decision to uninstall the improved stove among beiaey non users. The results in that
section indicated that the interaction term betwsecial capital and successful adoption
(adoption without problems) has a negative effectie uninstalling decision while the

reverse is true for adoption with problems. Uphig point in the present research, | think
than no other village process or alternative sisilikely to generate the type of complex

patterns we have consistently identified in therioved stove adoption défa

%] have also estimated the main baseline regressioriuding the proportion of village households
participating in environmental organizations andmwem based organizations, no change in the maittsesu
was observed. The main regressions were also estinmacluding a dummy variable taking the value of
one if the household “self reported” most influahtvillage member was using the stove without any
problem, the coefficient for this variable was sinificant in the regressions and no significamnge in
the results was observed.
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9. Bonding versus Bridging Social Capital

In his seminal work on social capital, Woolcock 989 suggested that comunal level
social capital has different dynamic dimensions. (oonding vs. bridging links), and that
these different dimensions play different speciiades in the community social and
economic life. In the previous sections, this pagfewed how social capital influences
individual adoption by expanding the effect withiilage’s adoption patterns has on the
individual household’s likelihood of adoption. Asnaeasure of social capital we used
trust in local neighbours, which is in my opiniom iadicator of within village links, or in
other words, of bonding social capital. Very simitasults to the ones obtained in the
previous sections are also observed when othecdtals closely related to communal
bonding links are employed in the main regressisash as trust in local organizations or
cooperation and communication indexes within th#éage. This section provides
additional evidence on the fact that only bondimgthin village) links significantly
influence the effect within village adoption has iodividual adoption decisions; while
bridging (across villages) social capital doesplay any significant role in this situation.
In the other hand, it is shown that only bridgirmpenunal links appear to influence the

effect adoption patterns outside the village havéhe household’s adoption decision.

In this section, trust in people from other village used as indicator of bridging social
capital, and the proportion of successful adoptershe closest neighbour village is

employed as an indicator of successful adoptiorsidetthe household’'s village of

residence. The closets neighbour village, for thgppses of this paper’'s estimations, is
defined as the one which center is situated attimémum linear distance from the center
of the household’s village of residerite

The estimation that corresponds to column 1 inetadlis identical to the one in column
4 in table VIII, the results indicate that the inapaf within village successful adoption
on the household likelihood of adoption is incragsin village bonding social capital,

% Given the area’s geography, it may be arguedusiaig linear distances may not accurately identigy
“closest neighbour village”; but in most of the easthis one coincides with the opinion of peopk have
worked in the area of Chalaco District during tHefaco Program and have then a better knowledgeeof
terrain and approximate walking distances acrdtayes.
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and that village bonding social capital may havénagative” effect on individual
adoption if success in adopting the new technolegglatively low within the village. In
column 2 a similar regression to the one in colulma estimated, the only difference is
that trust in people from other villages is usechaseasure of social capital instead of
trust in local neighbours. As we can see, the sizéhe interaction term between the
bridging social capital term and within village adion is very close to zero and not
statistically significant at the standard significa levels. This particular result confirms
that only bonding links have a significant impacdiffusing adoption information that is

inherent to the household’s own village of residenc

Column 3 explores how the proportion of succesafidpters in the closest neighbour
village (both the linear and quadratic terms fas thariable are included) and village
bridging social capital influence individual adapti without introducing an interaction

term among them. As we can see; neither the priopodf successful adopters in the
closest neighbour village nor village bridging st@apital per se, appear to significantly
influence the household’s likelihood of adoptionh& an interaction term between the
two previously mentioned village variables is ird#dd in column 4 we can observe first,
that the impact of outside successful adoption mdividual adoption is positively

increasing in bridging link8, and in second place we can note that if the stose
neighbour village level of successful adoptionaktively low, then the marginal effect

of bridging social capital may be actually negafjgelay adoption decisions). In column
5, we estimate a similar regression to that in mwiu}, but instead of using an indicator
of bridging social capital, the standard indicdtmr bonding social capital (trust in local

neighbours) is employed as a measure of sociad.liNkbte that only the interaction term
appears as significant in this case, but its coefit is much lower than the one in
column 4, when bridging social capital was inclufedhis result suggests that only

bridging links influence the effect adoption outsitie village has on individual adoption.

% Note that the linear term for successful adoptiothe closest village in column 4 is negative; tmien

we add to this effect the interaction term, thalteffect is positive at the mean value of briddings.

% In my opinion, given the relatively high corretaii between adoption levels across villages in tees
watershed, specification in column 5 is just actagya resemblance for the one in column 1. Note the
similar sizes of the coefficients for the interaatiand the social capital terms in column 5 with dimes in
column 1.
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Table XI — The effect of Bonding vs. Bridging SociaCapital on the household’s likelihood of adoptinghe improved stove

@) 2 ®3) 4) 5) (6)

. . . 0.0062 0.0221* 0.0221
Village proportion of adopters without problems (0.0081) (0.0112) (0.0186)
Village proportion of adopters without problems”2 0.0004 0,004 0.0009

g€ prop P P (0.0001)  (0.0001) (0.0003)
Village proportion of adopters without problems#Hlgge level of trust in 0.0102*** 0.0148*
local neighbours (0.0034) (0.0779)
Village proportion of adopters without problems#Hlgge level of trust in -0.0005
people from other villages 0.0116

. . . -0.0135 -0.0429***  -0.0082 0.0295
Closest village proportion of adopters without pdeohs (0.0112) (0.0097) (0.0111) (0.0301)

. . . 0.0001 -0.0000 -0.0001 0.0002

N

Closest village proportion of adopters without geohs”2 (0.0001)  (0.0001) (0.0000) (0.0004)
Closest village proportion of adopters without pesfis*Village level of 0.0092**
trust in local neighbours (0.0044)
Closest village proportion of adopters without peshs*Village level of 0.0287*** -0.0200
trust people from other villages (0.0058) (0.0276)

. . . L . -0.4882** -0.4079 -0.6632
Village level of trust in local neighbours (bondisgcial capital) (0.1997) (0.2788) (0.4197)

. . . A . . -0.5896 -0.2532  -1.0763*** 0.0552
Village level of trust in people from other villagéoridging social capital) (0.5653) (0.1671) (0.1994) (0.7681)
N 283 283 276 276 276 276
Villages 24 24 22 22 22 22
R2 0.24 0.24 0.20 0.20 0.21 0.28

All columns in table XI were estimated by OLS witlustered standard errors at the village level, ermtrol for the same household level controlsaddes VII and VIII, watershed location,
altitude, road access and trust in strangers. Wherproportion of successful adopters within thiage is included in the regression, the proportbrbeneficiaries within the village is also
included. When the proportion of successful adepitethe closest village is included in the regmssthe proportion of beneficiaries in the closafiage is also included. As it is standard ***,
** and * indicate statistical significance at th&,15% and 10% significance levels.
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Finally, in column 6 we include both proportions siiccessful adopters: within and
across villages. Given the results in the previmlamns, the within village proportion of
successful adopters is interacted with the bondomal capital indicator, while outside
village successful adoption is interacted with brglging social capital measure. The
results show that the interaction term betweenntitiein village proportion of successful
adopters and bonding social capital remains sigpiti in the regression and that its
coefficient is relatively similar to the one in aain 1; while the interaction term between
successful adopters in the closest village andgbrgisocial capital appears now as not
statistically significant. The linear term for bangd social capital is also very similar in
size and sign to the one in column 1, althouglpjte@rs as marginally not significant (p-
value=0.12); in the other hand the linear termtfa bridging social capital variable is
now very close in size to zero and not statidcsignificant. This empirical evidence
confirms that within village successful adoptionvesll as within village social capital
had a prevailing role during the diffusion of infwation related to the new cooking
technology in the area of study, and in some senpgorts the results obtained in the
previous sections of this paper.

All in all, results in section 9 supports the hypegis that each dimension of village
social capital has its own specific role in thdage communal and social life. It follows
then, that when studying the effect communal socggital may have over different
individual or social decisions, it is of criticahportance to clearly define the roles the
different dimensions of social capital are expedtedlay in the specific context of study.
Up to my current knowledge, this research is onehef first ones presenting clear
empirical evidence on the real presence of thediffce dimensions of village links and

on the very specific roles they play in the contfxadoption decisions.

10. Concluding Remarks

This paper studied how the individual householdegision to adopt a new firewood
stove technology is influenced by others househa@dsption in the village and by the
strength of communal links. The main result in gtisdy shows that the impact of others

decisions within the village on the individual hebsld’s decision to adopt a new
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technology tends to be higher in villages with stfer bonding (within village) links. It is
also shown that only village adopters without peol$ have a positive effect on the
household’s likelihood of adoption through its naetion with village bonding social
capital, while the reverse is true for adoptershwgroblems. Note that when we
considered the total proportion of adopters asraficator of within village adoption
patterns, the network effect captured by the ictéva between social capital and this
variable, appeared as not significant. Moreover,results also suggest that the marginal
impact of bonding social capital on the likelihoofdadoption is linked to village initial
performance in stove usage: if the village's prdipor of adopters without problems is
relatively low or if the proportion of adopters tifproblems is relatively high, the
marginal impact of the bonding social capital vialéais more likely to be negative. In
other words, if the new technology on average duassperforms well, the network is
more likely to transmit “negative” (and probablyethiight) information on the new

cooking device.

In order to argue that unobservable factors arelikety to drive the observed data
patterns, this paper pushed the information hymighearder and related village adoption
and bonding social capital to the decision to uailhsthe improved stove among
beneficiary non users. The results pointed in tkgeeted direction: adoption without
problems has a negative impact on the individka&lilhood to uninstall the stove mainly
through its interaction with social capital, whikdllage adoption with problems
encourages it. Finally it was shown that only bogdiinks influence the effect within
village adoption has on individual adoption, whilkedging social capital only appears to
influence the effect adoption outside the village lon individual adoption; furthermore,
when both type of adoption levels and social capidicators were included at the same
time in the regression, the results confirmed thihin village adoption and bonding
social capital have a prevailing effect on the witlial decision to adopt the new
technology. These results constitute in my opinigtrong evidence towards the
information diffusion hypothesis in the context whproved stove adoption in the
Chalaco District. Moreover, the fact that the sbcapital measures employed in the

main regressions were obtained prior to the impilosteve intervention guarantees that
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the reverse causality problem between adoptionsibes and social capital is not likely

to be present in our estimations.

The main findings in this study suggest that theurgaand extent of communal social
relationships play an important role determining timpact of peer effects on rural
households’ technology adoption decisions. The lt®sn the present research have
important policy implications for development pragrs related to the introduction of
new technologies in rural areas of developing coemt The first important implication
that can be derived from this paper is that teamldiffusion programs that rely on
informational spillovers during early adoption stagmust first obtain a clear
understanding of the nature of communal sociatigeiahips; we should not expect to see
a strong multiplier effect of village adoption amdividual household adoption if village
bonding links are extremely weak. Having said tliiss also important to note that
“creating” social capital is not an easy task; Imgitis to decide the optimal levels of

bonding and bridging links that are appropriatpramote economic development.

The second relevant implication in this paper latesl to the fact that in the context of
development programs introducing new technologiesiial communities it is crucial to
properly and constantly monitor the adoption predag beneficiaries. A low initial level
of success in adoption or a poor initial perforrent the technology may lead to the
complete rejection of the technology by the berafies. This process of technology
abandonment may be stronger if bonding social aapitthe community is relatively
high; in such circumstances the social networkikgly to intensively disseminate
“negative” information regarding the new technolodgterestingly, our results also
suggest that rural households tend to react tonbad more drastically than they react to

good news about a new technology.

A final relevant implication that can be derivedrfr this paper is that when empirically
studying the impact of social capital on individdakisions, it is of critical importance to
clearly define which village social capital dimemss play a crucial role in the context of

study and the specific function they are expeabelbive.
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Figure 1: improved firewood stove original design

source: MIRHASPERU

Figure 2: traditional firewood cooking technology

Source MIRHAPSERU
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Figure 3: an improved firewood stove as observed ithe summer 2008
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