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1 The role of cooperatives in climate change adaptation: Panel evidence from 
2 Ethiopia
3
4
5
6 Abstract. Climate change is likely to threaten the livelihood of millions of smallholder farmers in Sub-

7 Saharan Africa and elsewhere. This paper investigates whether cooperatives could play a role in 

8 promoting climate adaptation among their members and, through spillover-effects on non-members in 

9 their villages, among their communities at large. For this purpose, we use panel data collected among 

10 smallholder farm households in Ethiopia. We find that (i) cooperative membership increases the number 

11 of adaptation practices adopted by farm households; (ii) this effect increases with the number of 

12 cooperatives of which farm households are members, and (iii) non-members in villages with cooperatives 

13 adopt more adaptation practices than farm households in villages without cooperatives, although results 

14 are statistically significant only for certain types of cooperatives. These results suggest that considering 

15 different levels at which climate change adaptation takes place should receive greater attention among 

16 researchers and policymakers. For example, enhancing the institutional capacity of and creating 

17 partnerships with cooperatives could facilitate the implementation of climate change adaptation policies 

18 and strategies, including at the farm level. 

19
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21 Keywords: Farmer organizations, cooperatives, climate change adaptation, climate-smart agriculture, 
22 spillover effects
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29 1. Introduction 

30 Cooperatives (and other types of producer organizations such as associations and more-informal groups) are 

31 widely promoted as pro-poor institutions that help address common market failures facing smallholder farmers in 

32 lower-income countries—and thereby contribute to poverty reduction (World Bank, 2007; Bernard and Spielman, 

33 2009; Kormelinck et al., 2019). Indeed, a large and growing body of empirical literature suggests that cooperatives 

34 improve their members' access to agricultural markets, services (e.g., extension and credits), as well as inputs and 

35 technologies (e.g., fertilizers and irrigation systems), contributing to higher yields, prices, and farm incomes (Ma 

36 and Abdulai, 2016; Verhofstadt and Maertens, 2015; Zhang et al.,2020). 

37 Cooperatives could potentially also be important institutions and partners in helping farmers to adapt to climate 

38 change, which is pressing in many regions where negative implications of climate change are already visible. For 

39 example, cooperatives could improve farmers' knowledge about and access to climate-smart practices and 

40 technologies (such as improved water and soil management and drought-resistant seeds) as well as credits and 

41 insurances, which are often hard to access by individual farmers (Thorp et al., 2005; Bizikova et al., 2020). While 

42 several studies suggest that cooperatives can improve farmers’ adaptive capacity (e.g., Méndez et al., 2009; Wright 

43 et al., 2014; Kopytko, 2018; Shapiro-Garza et al., 2020), very few present empirical evidence (Owen et al., 2020). 

44 Khanal et al. (2019) examine the role of community-based farmer organizations in climate change adaptation in 

45 Nepal. They find that members of farmer organizations are more likely to adopt different crop varieties and adjust 

46 the timing of their farm operations. Yet they do not find that membership is positively associated with the adoption 

47 of soil, water, and fertilizer management or off-farm adjustment strategies. Ombogoh et al. (2016) investigate the 

48 association between cooperative membership and climate adaptation among smallholder farmers in Kenya and 

49 Uganda. They suggest that cooperative membership is important for farmers' adaptive capacity by improving their 

50 skills and sharing knowledge on agroforestry and soil and water conservation. Members also benefit from bulk 

51 purchase and distribution of fertilizers and seeds. While we, thus, have emerging evidence on the role of 
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52 cooperatives in climate change adaptation, available studies focus on correlations using relatively small samples 

53 and cross-sectional data sets.1 

54 Another open question is whether non-members who reside in villages with cooperatives also benefit. There is 

55 hardly any empirical evidence regarding spillover effects in general and spillover effects in climate change 

56 adaptation in particular. The only study we are aware of (Kumse et al., 2021) focuses on price-spillover effects. 

57 Cooperatives provide certain services that are typically accessible by anyone in the village, irrespective of 

58 membership. This holds especially for information. Thus, the presence of cooperatives could benefit non-members 

59 and communities at large (Chagwiza et al., 2016). As climate-smart agriculture involves many knowledge-intense 

60 techniques, such spillover effects could be especially relevant for climate change adaptation. Given the lack of 

61 empirical evidence, we provide conceptual considerations and hypotheses regarding the potential role of 

62 cooperatives for climate change adaptation among non-members in the next section.

63 This paper contributes to the aforementioned two policy-relevant—yet largely overlooked—topics, namely the 

64 role of cooperatives for climate change adaptation and spillover effects on non-members. We are, indeed, not 

65 aware of any study that explores spillover effects of cooperatives in terms of climate change adaptation. An 

66 additional contribution of this paper is the use of panel data. The vast majority of previous papers on cooperatives 

67 use cross-sectional data and matching approaches, limiting generalizability beyond a specific year as well as 

68 options to control for selection bias. 

69 For the empirical analysis, we focus on Ethiopia and climate-smart farm practices as an important part of—and 

70 proxy for—climate change adoption in agriculture. Ethiopia depends heavily on traditional rain-fed small-scale 

71 agriculture (40% of national GDP, 90% of exports, and 85% of employment) (Bernard and Spielman, 2009). 

72 Already today, climate change affects Ethiopia and Ethiopian smallholder farmers negatively (Dercon, 2004; 

1 A closely related strand of literature focuses on the impact of social capital on climate adaptation, with mixed results (Wolf 

et al., 2010; Paul et al., 2016; Wuepper et al., 2018; Cologna and Siegris, 2020; Saptutyningsih et al., 2020; Castillo et al., 

2021).
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73 Deressa et al., 2009; Di Falco et al., 2011; Di Falco and Veronesi, 2013), and those effects are predicted to become 

74 worse in the future. According to the IPCC, effects will include increased rainfall variability, leading to more 

75 frequent episodes of flooding and droughts (IPCC, 2021). Thus, adaptation will be challenging but necessary, 

76 especially among smallholder farmers, who represent a large and vulnerable part of the population in Ethiopia and 

77 other lower-income countries (Deressa et al., 2009; Kahsay and Hansen, 2016). Given that the country has more 

78 than 92,755 smallholder farmer cooperatives with about 21 million members (FCA, 2021), Ethiopia is a very 

79 suitable and interesting case study.

80 Using three rounds of panel data from Ethiopian smallholder farm households, our first finding is that cooperative 

81 membership increases the number of climate adaptation practices (using terraces, soil bunds, agroforestry, etc.). 

82 Also, this number increases with the number of cooperatives the farm household is a member of. Our second 

83 finding is that the presence of cooperatives also increases climate change adaptation among non-members who 

84 reside in villages with cooperatives, suggesting positive spillover effects. Our results provide insights into the role 

85 of cooperatives in prompting climate adaptation among their members and their communities at large. This finding 

86 merits follow-up research and is relevant for policy. First, policymakers could invest in programs that strengthen 

87 the institutional capacity of cooperatives, thereby improving their effectiveness (e.g., Kahsay and Bulte, 2021; 

88 Kahsay et al., 2021). Second, organizations that implement climate adaptation policies and strategies would build 

89 partnerships with cooperatives, thereby potentially increasing their programs’ scale and scope. 

90 2. Conceptual framework

91 In what follows, we provide conceptual considerations and hypotheses on our main research questions (RQs), 

92 which are: 

93 RQ1: Does cooperative membership increase the adoption of climate-smart agricultural practices among 

94 members? And does the presence of cooperatives in villages promote the adoption of climate-smart agricultural 

95 practices among non-members in these villages—compared to non-members who reside in villages without 

96 cooperatives?
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97 RQ2: Many villages host more than one cooperative. Does the number of cooperatives present in a village—(i.e., 

98 intensity) matter? 

99 Regarding RQ1, we hypothesize that cooperatives improve members' ability to adapt to climate change—and that 

100 of non-members in those villages too. This hypothesis builds on two key insights. First, there is ample evidence 

101 that cooperatives typically benefit members, especially in terms of agricultural practices and outcomes (see above), 

102 and there is also some indication that those benefits also include enhanced climate change adaptation (Thorp et 

103 al., 2005; Khanal et al., 2019; Méndez et al., 2009; Shapiro-Garza et al., 2020; Bizikova et al., 2020). Second, 

104 cooperatives provide many services that are likely accessible by non-members too. Here, it is helpful to draw from 

105 economic theory, which suggests that goods can be differentiated into four categories, namely private goods 

106 (excludable and rival), club goods (excludable and non-rival), common goods (non-excludable and rival), and 

107 public goods (non-excludable and non-rival). Different types of services provided by cooperatives fall in one or 

108 more of the four categories, which informs our hypotheses of why cooperatives might also help non-members 

109 adapt to climate change.

110 Non-members would especially benefit from services that are non-rivalry and/or non-excludable. The most 

111 commonly offered services that fall into these categories are information and extension (Di Falco et al., 2011; Di 

112 Falco and Veronesi, 2013; Khanal et al., 2018). Although extension can be excludable (i.e., a club good), it is often 

113 infeasible to exclude anyone from open-air extension sessions and demonstrations, and members might share their 

114 newly acquired knowledge with their non-member colleagues and neighbors after trainings (Besley and Case, 

115 1994; Foster and Rosenzweing, 1995). One example relevant in the context of climate change adaptation is 

116 information and extension on soil conservation practices (e.g., Hassan and Nhemachena, 2008; Deressa et al., 

117 2009; Hisali et al., 2011; Bryan et al., 2013). Thus, we assume that both members and non-members benefit when 

118 cooperatives provide such and related information (especially information on climate-smart farm practices).

119 Other services that cooperatives typically offer (e.g., credits, technologies inputs, and output marketing) are 

120 sometimes, but not always, accessible by non-members. Access to technologies (such as drought-resistance seeds 

121 and irrigation systems) and credits (helping farm households to access such technologies) are important for climate 
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122 change adaptation. The main reason to exclude non-members is that these services include costs and risks, which 

123 are typically covered and mitigated through membership fees and group pressure. The main reason not to exclude 

124 non-members is high costs (i.e., enforcing exclusion can be costly or socially infeasible). The degree to which 

125 non-members have access to these services varies also widely in practices (Bernard and Spielman, 2009). Thus, 

126 we assume that, on average, non-members benefit less than members (as non-members have lower levels of access 

127 than members) but more than farm households who do not have a cooperative in their village (since non-excludable 

128 and also some excludable services are typically also provided to non-members in the same village). 

129 Regarding RQ2, we hypothesize that farm households who are members of multiple cooperatives—and non-

130 members in villages hosting multiple cooperatives—adopt more climate change adaptation practices. Membership 

131 in, or exposure to, more than one cooperative presumably increases the range and scope of different services that 

132 farm households can access (including non-members, since some are non-excludable, as discussed above). 

133 Relatedly, cooperatives sometimes focus on specific products or activities (e.g., water management or livestock) 

134 so that different cooperatives would provide different, potentially complementary services. This also explains why 

135 more than one cooperative might be present in any given location. Thus, the more services are provided, the larger 

136 the likelihood that some or many of these are relevant to and promoting climate change adaptation. Also, we 

137 assume that the more cooperatives are present in any given location, the higher the competition among them, 

138 especially among cooperatives with a similar focus. More competition should incentivize cooperatives to provide 

139 better services to their members to avoid members leaving the cooperative to join another one that offers better 

140 services. 

141 3. Data and Methods

142 3.1.  Data

143 We use data from Ethiopia collected by the Environment and Climate Research Center (ECRC) at the Ethiopian 

144 Policy Studies Institute (PSI). The survey was conducted in the Nile basin of Ethiopia in the years 2015, 2016, and 

145 2017 and aimed at understanding agricultural production and climate adaptation of smallholder farmers. In each 

146 of these years, a total of 1000 farm households were interviewed. The sampling frame is as follows. First, 20 
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147 sample districts were purposely selected from 5 out of 10 regions. These were selected as to represent for about 

148 90% of the Ethiopian population, based on certain characteristics, namely, the proportion of cultivated land, 

149 prevalence of irrigation, average yearly precipitation, variability in precipitation, vulnerability (food aid-

150 dependency), and the four conventional agro-climatic zones (Dega, Woina-Dega, Kolla, and Berha) in Ethiopia. 

151 Second, 20 villages were randomly selected from the sample districts (1 from each district). Finally, 50 farm 

152 households were selected from each sample village using systematic random sampling. The average attrition rate 

153 is about 15% (12% in 2015 to 17% in 2017), and attrition is due to the absence of sampled farm households during 

154 the interview day.

155 3.2.  Definition and measurement of outcome variables 

156 Our outcomes of interest are farm practices that are relevant for climate change adaptation in the Ethiopian context, 

157 including practices for climate-smart crop, soil, livestock, forest, and water management. More specifically, we 

158 consider the climate adaptation practices presented in Table 1. While farmers could generally implement these 

159 practices as means of agricultural intensification, as highlighted in section 3.1, the survey aimed to collect data on 

160 climate adaptation of farm households, and enumerators are clearly instructed to clarify this during the interview. 

161 Indeed, when farm households were asked what these climate adaptation measures do, they named several that are 

162 addressing climate change effects already present in Ethiopia, such as protection against droughts, flooding, and 

163 soil erosion as well as increased water retention and productivity.

164

165

166

167

168

169
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170 Table 1: Adaptation practices (dummy variables)
  N  Mean  Min.  Max.

Minimum tillage 2448 .156 0 1
Grass trips 2421 .114 0 1
Terraces 2448 .563 0 1
Mulching 2448 .096 0 1
Stone bund 2448 .268 0 1
Soil bund 2448 .402 0 1
Compost 2448 .386 0 1
Cover crop 2448 .065 0 1
Inorganic fertilizer 2448 .772 0 1
Blended fertilizer 2448 .016 0 1
Animal Manure 2448 .574 0 1
Crop residue 2448 .416 0 1
Intercropping 2448 .121 0 1
Double cropping 2448 .123 0 1
Improved fodder 2448 .055 0 1
Integrated pest management 2448 .25 0 1
Row planting 2448 .503 0 1
Broad bed furrows 2448 .086 0 1
Water wells 2448 .04 0 1
Ponds 2448 .013 0 1
River diversion 2448 .091 0 1
Micro dams 2448 .005 0 1
Irrigation 2448 .116 0 1
Agroforestry 2479 .49 0 1

171

172 Although certain practices are more relevant for certain products and geophysical locations than others, we assume 

173 that adopting more of these practices will, on average, allow farm households to deal better with the negative 

174 implications of climate change. Thus, econometrically speaking, we generate a count variable, which can take 

175 values from 0 to 25, indicating how many different management practices farm households adopt.2 

176 3.3.  Econometric approach and identification strategy

177 As outlined above, we are interested in whether climate-smart practices are more commonly adopted among farm 

178 households–members and non-members—who reside in villages with cooperatives compared to farm households 

179 who reside in villages without cooperatives. For this purpose, we compare three groups: (i) households in villages 

180 with cooperatives who are members, (ii) households in villages with cooperatives who are not members, and (iii) 

181 households in villages without cooperatives. Our data capture farm-household-level responses, including whether 

2 The number of observations are not the same for some of the adaptation practices due to missing values. Given the share of 

missing values are very small, we ignore them in the regression models.
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182 there is a cooperative (or several cooperatives) in the village where the household lives and whether the household 

183 is a member. Thus, we estimate the following econometric model:

184  (1)𝑌𝑖𝑗𝑡 = 𝛽0 + 𝛽1𝑀𝑒𝑚𝑏𝑒𝑟𝑖𝑗𝑡 + 𝛽2𝑁𝑜𝑛𝑚𝑒𝑚𝑏𝑒𝑟𝑖𝑗𝑡 +  𝛽3𝑋𝑖𝑗𝑡 + 𝛿𝑖 + 𝜏𝑡 + 𝑢𝑖𝑗𝑡

185 where  indicates how many different climate-smart practices (count variable) farm household i in village j 𝑌𝑖𝑗𝑡

186 adopts in year t. Memberijt refers to farm household i in village j, where at least one cooperative is present, who is 

187 a member of at least one cooperative in year t.  refers to farm household i in village j, where at 𝑁𝑜𝑛𝑚𝑒𝑚𝑏𝑒𝑟𝑖𝑗𝑡

188 least one cooperative is present, who is not a member of at least one cooperative. Farm households in villages 

189 without cooperatives (that are consequently also non-members) are our base group.  represents a vector of 𝑋𝑖𝑗𝑡

190 household, climate, and institutional characteristics and includes the following control variables: age, marital 

191 status, literacy, off-farm income, the value of productive farm assets, household size, experience of droughts and 

192 floodings, access to credits and extension services provided by the government, distance to input and output 

193 markets, and membership in iddir3 associations.  represents household fixed effects,  is time trend effects which 𝛿𝑖 𝜏𝑡

194 capture times-specific confounders, and  is the error term.  𝑢𝑖𝑗𝑡

195 To explore the importance of the intensity of exposure, we estimate two sets of additional regressions where we 

196 work with subsamples: (i) sub-sample of non-members in villages with cooperatives and sub-sample of farm 

197 households from villages without cooperatives and (ii) sub-sample of members and non-members in villages with 

198 cooperatives.

199  (2)𝑌𝑖𝑗𝑡 = 𝛽0 + 𝛽1𝐶𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑣𝑒𝑠𝑗𝑡 + 𝛽2𝑋𝑖𝑗𝑡 + 𝛿𝑖 + 𝜏𝑡 + 𝑢𝑖𝑗𝑡

200 Most variables are the same as in equation (1). The only new variable in these models is , which 𝐶𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑣𝑒𝑠𝑗𝑡

201 represents the number of cooperatives in village j in year t. We use the number of cooperatives to be consistent for 

3 Iddir is an indigenous Ethiopia institution established by community members, neighbors, or friends and relatives to facilitate 

the funerals of deceased members or their families (Pankhurst, 2008). Abay et al. (2018) show that iddirs are beyond funeral 

institutions, which are engaged in facilitating labor, land and credit transactions among members.      
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202 both sub-samples. Moreover, in our data, the number of cooperatives in a village is correlated with the number of 

203 memberships. However, we alternatively re-estimate equation (2) for the sub-sample of members and non-

204 members in villages with cooperatives using number of memberships (0, 1, 2,…,N) instead of number of 

205 cooperatives. Furthermore, we re-estimate equation (2) for members only by replacing number of cooperatives by 

206 number of memberships (1,2,3,…,N). The latter two results, which are presented in Appendix Table A1, are in 

207 line with our main results.

208 Our fixed effects models allow us to deal with time-invariant unobserved heterogeneity among farm households, 

209 which is an exception in this literature. The model also accounts for factors such as agro-ecological conditions and 

210 social norms, which are typically not captured in survey data (i.e., they are typically unobserved) and are not likely 

211 to change over the panel period. 

212 4. Results

213 We first present descriptive statistics highlighting the distribution of key household, climate, and 

214 institutional characteristics as well as the distribution of cooperatives across the years and services 

215 provided. Subsequently, we present regression results.

216 4.1.  Descriptive statistics

217 Table 2 presents descriptive statistics by membership status. As before (see previous section), we 

218 differentiate between three groups, namely: farm households that are members of at least one 

219 cooperative, non-members residing in a village where at least one cooperative exists, and farm 

220 households residing in villages without cooperatives. Given the presence of multiple cooperatives in 

221 many villages (on average, villages host 2.77 cooperatives), most households are members. Table 2 

222 suggests that members adopt more adaptation practices than non-members and farm households that 

223 reside in villages without cooperatives, which confirms our hypothesis. Also in line with our hypothesis, 

224 non-members adopt a slightly higher number of adaptation practices than farm households in villages 
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225 without cooperatives (thus suggesting spillover effects), although the difference is not statistically 

226 significant.

227

228 Table 2: Descriptive statistics by membership categories 
Members Farm 

households in 
villages without 

cooperatives

Non-members 

  N  Mean  N Mean  P 
value

†

N Mean P 
value

‡

P-
value

⊺
No. of adaptation practices 1863 5.74 194 4.64 0.00 501 4.84 0.00 0.36
Age 1801 35.15 191 35.96 0.68 487 40.98 0.00 0.03
Marital status 1801 17.72 191 18.60 0.64 487 14.81 0.02 0.07
Literacy 1801 0.41 191 0.29 0.00 487 0.31 0.00 0.75
Off-farm income 1801 954.38 191 662.46 0.27 487 768.81 0.29 0.71
Value of productive farm asset 1801 35463.

53
191 20076.

04 0.06 487 26669.
47 0.12 0.37

Household size 1801 7.13 191 6.92 0.27 487 6.82 0.01 0.60
Experience of drought shocks 1863 1.95 190 1.84 0.40 501 1.72 0.01 0.38
Experience of flooding shocks 1863 0.16 190 0.08 0.00 501 0.15 0.65 0.01
Government credit access 1801 0.09 191 0.10 0.58 487 0.06 0.08 0.11
Government extension access 1801 0.84 191 0.70 0.00 487 0.80 0.04 0.01
Distance to output market 1801 0.36 191 0.39 0.47 487 0.30 0.02 0.08
Distance to input market 1801 6.44 191 6.70 0.57 487 6.04 0.18 0.10
Membership in iddir associations 1863 5.38 194 5.39 0.98 501 5.08 0.32 0.32

229 Note:  P-value for t-test comparing mean of members in villages with cooperatives and farm households in villages without †
230 cooperatives.  P-value for t-test comparing mean of members and non-members in villages with cooperatives.  The P-‡  ⊺
231 value for t-test comparing the means of farm households in villages without cooperatives and non-members in villages with 
232 cooperatives. Marital status is a binary variable and takes the value of 1 if married and 0 otherwise. Literacy is a binary 
233 variable and assumes the value of 1, 0 otherwise. Off-farm income and the value of productive farm assets are measured in 
234 Ethiopia Birr (ETB), 1 USD ∼ 21 ETB in 2015, 22 ETB in 2016, and 24 ETB in 2017. Experience of drought shocks is a 
235 binary variable and assumes the value of 1 if the farm household experiences drought shocks in the previous season, 0 
236 otherwise. Experience of flooding shocks is a binary variable and takes the value of 1 if the farm household experiences 
237 flooding in the previous season, 0 otherwise. Government credit access and government extension access are binary variables 
238 that take the value of 1 if farm households have access to credit and extension services from the government, respectively, 
239 and 0 otherwise. Distance to output and input markets refers to the distance in kilometers of the nearest market that 
240 households can sell products and purchase inputs respectively. Membership in iddir associations is a binary variable and 
241 assumes a value of 1 if farm households are members of an iddir (a funeral association), 0 otherwise.

242

243 Table 3 below presents different types of cooperatives by year. Credit, water, watershed, and crop 

244 cooperatives are dominant ones. Cooperative membership increased over the panel period from 66% in 

245 2015 to 75.5% in 2017. There is, however, a slight decrease (1.8%) in the overall membership between 

246 2016 and 2017, which is also reflected in the cooperatives that have a relatively higher membership (by 
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247 up to 8.5%). While it is difficult to say what exactly drives the decrease in cooperative membership 

248 between 2016 and 2017, the year 2016 saw civil unrest in many parts of Ethiopia. This resulted in the 

249 adoption of a nationwide state of emergency in October 2016, which was lifted in August 2017. Both the 

250 civil unrest and subsequent announcement of the state of emergency might have created uncertainties 

251 and a decline in membership. 

252 Table 3: Distribution of cooperative membership across years and different types of cooperatives 
253 (%)

 2015  2016  2017
Crop cooperative 0.114 0.232 0.181
Livestock cooperative 0.031 0.039 0.038
Water cooperative 0.240 0.152 0.216
Watershed cooperative 0.201 0.245 0.210
Forest user cooperative 0.095 0.088 0.055
Tree cooperative 0.043 0.056 0.028
Credit cooperative 0.227 0.286 0.201
Multipurpose cooperative 0.282 0.419 0.342
Membership in at least one cooperative 0.660 0.773 0.755

254

255 The different cooperatives provide multiple services to their members, although they are mainly 

256 specialized in the one service that they are established for, as can be seen in Table 4 below. For instance, 

257 crop cooperatives focus much of their services on crop production.

258

259

260

261

262

263
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264

265 Table 4: Services provided by cooperatives (dummy variables)

Services
Crop 

cooperati
ve

Livestock 
cooperati

ve

Water 
cooperati

ve

Watershe
d 

cooperati
ve

Forest 
cooperati

ve

Tree 
cooperati

ve

Credit 
cooperati

ve

Multipurpo
se 

cooperative

Training in crop 
production 80.67 11.11 10.95 15.36 21.02 27.91 2.03 37.21

Training in 
water 
management 
practices

1.00 1.59 72.19 70.05 19.11 18.60 1.13 2.53

Training in 
livestock 
production

1.33 71.43 0.59 1.04 3.18 1.16 1.80 2.02

Training in 
income-
generating 
schemes

8.67 12.70 5.62 6.51 29.94 24.42 28.38 24.58

Literacy/numera
cy training 1.00 0 2.66 1.82 8.28 6.98 0.90 3.87

Training in 
financial 
management

4.33 1.59 1.78 1.82 3.18 5.81 64.41 14.81

Social support 2.67 1.59 4.14 2.60 10.19 8.14 1.13 6.57

Other 0.33 0 2.09 0.78 5.10 6.98 0.23 8.42
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

266
267 4.2.  Regression results

268 We first present results in Table 6 below corresponding to equation (1), which is estimated using a fixed 

Electronic copy available at: https://ssrn.com/abstract=4230880



14

269 effects model4 with and without controls. Column (1) presents results without controlling for socio-

270 demographic and climate characteristics, institutional features, and time trend effects. Column (2) 

271 presents results with socio-demographic and climate characteristics, while column (3) presents results 

272 with socio-demographic climate characteristics and institutional features. Finally, column (4) presents 

273 results with socio-demographic and climate characteristics, institutional features, and time trends.

274 The results suggest that members of cooperatives adopt a greater number of climate adaptation practices 

275 compared to the base group (farm households in villages without cooperatives), and these results remain 

276 robust across alternative specifications as indicated in columns (1)-(4). Moreover, the estimated 

277 coefficients for members are statistically different from non-members in all the columns. Members 

278 implement about 0.7 more adaptation practices than the base group. Considering the average number of 

279 adaptation practices among farm households in villages without cooperatives reported in Table 2 (4.644), 

280 this represents a 15% increase in the number of adaptation practices. Though the estimated coefficient 

281 for non-members is positive (suggesting spillover effects), they are not statistically significant. One 

282 potential reason for the lack of statistically significant spillover effects could be because our membership 

283 indicator masks heterogeneities in cooperatives in terms of the potential for spillover effects.

284

285

286

4 We first conducted a Hausman test to determine whether fixed effects or random effects model is a better fit for the model 

with socio-demographic and climate characteristics, institutional features and time trend effects. The test result, Chi 

squared= 94.44 (p<0.000), indicate that the fixed effects model is preferred.
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287 Table 6: Membership in cooperatives and climate adaptation
(1) (2) (3) (4)

Members a 0.694*** 0.721*** 0.727*** 0.693***

(0.228) (0.206) (0.206) (0.213)
Non-members a 0.327 0.131 0.158 0.129

(0.244) (0.219) (0.217) (0.222)
Age 0.001 -0.001 -0.008

(0.012) (0.012) (0.013)
Marital status -0.016 -0.016 -0.012

(0.012) (0.012) (0.012)
Literacy 0.051 0.024 -0.016

(0.134) (0.136) (0.141)
Household size 0.091** 0.096** 0.084**

(0.040) (0.040) (0.041)
Experience of drought 
shocks

0.418** 0.423** 0.409**

(0.179) (0.180) (0.179)
Experience of flooding 
shocks

0.082 0.096 0.126

(0.204) (0.205) (0.208)
Off-farm income 0.000 0.000

(0.000) (0.000)
Value of productive farm 
asset

0.000*** 0.000***

(0.000) (0.000)
Government credit access 0.056 0.052

(0.140) (0.141)
Government extension 
access 

-0.184 -0.018

(0.201) (0.281)
Distance to output markets -0.001 -0.001

(0.009) (0.009)
Distance to input markets 0.002 0.002

(0.009) (0.009)
Membership in iddir 
associations

0.369** 0.335**

(0.170) (0.171)
Time trend No No No Yes
Constant 4.910*** 4.608*** 4.337*** 4.801***

(0.206) (0.697) (0.733) (0.801)
R2 0.007 0.107 0.112 0.115
Observations 2558 2475 2475 2475

288 a Base category: Farm households in villages without cooperatives cooperative.
289 Notes: Marital status is a binary variable and takes the value of 1 if married and 0 otherwise. Literacy is a binary variable 
290 and assumes the value of 1, 0 otherwise. Off-farm income and the value of productive farm assets are measured in Ethiopia 
291 Birr (ETB), 1 USD ∼ 21 ETB in 2015, 22 ETB in 2016, and 24 ETB in 2017. Experience of drought shocks is a binary variable 
292 and assumes the value of 1 if the farm household experiences drought in the previous season, 0 otherwise. Experience of 
293 flooding shocks is a binary variable and takes the value of 1 if the farm household experiences flooding in the previous season, 
294 0 otherwise. Government credit access and government extension access are binary variables that take the value of 1 if farm 
295 households have access to credit and extension services from the government, respectively, and 0 otherwise. Distance to 
296 output and input markets refers to the distance in kilometers of the nearest market that households can sell products and 
297 purchase inputs respectively. Membership in iddir associations is a binary variable and assumes a value of 1 if farm 
298 households are members of an iddir, 0 otherwise. Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

299

300
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301 To further explore this, we re-estimated the model in equation (1) for each of the different types of 

302 cooperatives shown in table 2. The results are presented in Table 7 below. We find statistically significant 

303 differences in the number of adaptation practices between members and the base group for all cooperative 

304 types except for livestock and multipurpose cooperatives. These are in line with the direct effect of 

305 membership in cooperatives reported in Table 6. Again, considering the average number of adaptation 

306 practices of the base group, these estimates translate into an increase in adaptation practices of members 

307 by 5% in watershed cooperatives, 12% in credit cooperatives, 16% in forest cooperatives, 17% in crop 

308 and water cooperatives, and 25% in tree cooperatives. However, we also find that non-members in 

309 villages with cooperatives adopt a significantly greater number of adaptation practices than farm 

310 households in villages without cooperatives in water, forest, and credit cooperatives, supporting our 

311 hypothesis of spillover effects. The estimated spillover effects translate into an increase in adaptation 

312 practices of non-members by 7%, 9%, and 13% due to the presence of credit, forest, and water 

313 cooperatives, respectively.  

314

315

316

317

318

319

320

321
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322 Table 7: Membership in cooperatives and climate adaptation, by cooperative type
Crop coop Livestock 

coop
Water 
coop

Watershed 
coop

Forest 
coop

Tree coop Credit 
coop

Multi-
purpose 

coop
(1) (2) (3) (4) (5) (6) (7) (8)

Members a 0.781*** 0.415 0.809*** 0.264* 0.744*** 1.165*** 0.578*** 0.211
(0.159) (0.374) (0.161) (0.141) (0.253) (0.306) (0.176) (0.133)

Non-
members a 

0.033 0.258 0.584*** 0.148 0.427** 0.285 0.337*** -0.114

(0.154) (0.182) (0.153) (0.182) (0.170) (0.177) (0.129) (0.159)
Age -0.010 -0.008 -0.009 -0.007 -0.007 -0.007 -0.008 -0.008

(0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.014)
Marital 
status

-0.014 -0.012 -0.011 -0.010 -0.011 -0.010 -0.011 -0.011

(0.012) (0.012) (0.012) (0.012) (0.012) (0.012) (0.012) (0.012)
Literacy -0.018 0.005 -0.024 0.013 0.017 0.009 0.005 0.003

(0.142) (0.142) (0.140) (0.143) (0.141) (0.142) (0.141) (0.142)
Household 
size

0.099** 0.096** 0.104** 0.097** 0.088** 0.092** 0.092** 0.093**

(0.041) (0.041) (0.041) (0.041) (0.041) (0.041) (0.041) (0.041)
Experience 
of drought 
shocks

0.416** 0.403** 0.337* 0.391** 0.377** 0.391** 0.407** 0.425**

(0.181) (0.181) (0.181) (0.184) (0.182) (0.181) (0.180) (0.182)
Experience 
of flooding 
shocks

0.196 0.178 0.193 0.161 0.174 0.124 0.168 0.168

(0.208) (0.210) (0.211) (0.208) (0.209) (0.207) (0.209) (0.210)
Off-farm 
income

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Value of 
productive 
farm asset

0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Government 
credit access

0.033 0.041 0.112 0.097 0.031 0.057 -0.006 0.035

(0.143) (0.144) (0.143) (0.146) (0.143) (0.142) (0.143) (0.144)
Government 
extension 
access 

-0.082 -0.071 -0.009 -0.034 -0.072 0.011 -0.029 -0.045

(0.284) (0.292) (0.284) (0.294) (0.292) (0.275) (0.285) (0.299)
Distance to 
output 
markets

0.002 0.003 0.002 0.002 0.002 0.003 0.004 0.001

(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.008) (0.009)
Distance to 
input 
markets

0.000 0.001 0.004 0.001 0.004 0.003 0.000 0.001

(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Membership 
in iddir 
associations

0.325* 0.352** 0.382** 0.356** 0.374** 0.337** 0.309* 0.285*

(0.172) (0.173) (0.172) (0.173) (0.171) (0.171) (0.172) (0.172)
Time trend Yes Yes Yes Yes Yes Yes Yes Yes
Constant 5.183*** 5.072*** 4.749*** 4.945*** 4.994*** 5.002*** 4.953*** 5.170***

(0.796) (0.786) (0.769) (0.795) (0.770) (0.779) (0.782) (0.809)
R2 0.118 0.105 0.124 0.106 0.112 0.113 0.111 0.106
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Observations 2475 2475 2475 2475 2475 2475 2475 2475
323 a Base category: Farm households in villages without cooperatives cooperative.
324 Notes: Marital status is a binary variable and takes the value of 1 if married and 0 otherwise. Literacy is a binary variable 
325 and assumes the value of 1, 0 otherwise. Off-farm income and the value of productive farm assets are measured in Ethiopia 
326 Birr (ETB), 1 USD ∼ 21 ETB in 2015, 22 ETB in 2016, and 24 ETB in 2017. Experience of drought shocks is a binary variable 
327 and assumes the value of 1 if the farm household experiences drought in the previous season, 0 otherwise. Experience of 
328 flooding shocks is a binary variable and takes the value of 1 if the farm household experiences flooding in the previous season, 
329 0 otherwise. Government credit access and government extension access are binary variables that take the value of 1 if farm 
330 households have access to credit and extension services from the government, respectively, and 0 otherwise. Distance to 
331 output and input markets refers to the distance in kilometers of the nearest market that households can sell products and 
332 purchase inputs respectively. Membership in iddir associations is a binary variable and assumes a value of 1 if farm 
333 households are members of an iddir, 0 otherwise. Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

334

335 Next, we explore whether the intensity of exposure (no. of cooperatives in villages) matters, separating 

336 the sample into two groups as outlined in equation (2). Columns (1)-(4) in Table 8 present the effect of 

337 the number of different types of cooperatives in any given village on the number of climate-smart 

338 practices adopted by members and non-members. Columns (5)-(8) present these results for the sample 

339 of non-members and farm households in villages without cooperatives. As highlighted in econometric 

340 approach and identification strategy section, robustness results, using number of memberships instead of 

341 number of cooperatives, are presented in Appendix Table A1 

342

343

344

345

346

347

348

349

350
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351 Table 8: Number of cooperatives and farm 'households' adaptation outcomes
Sample of members and non-members Sample of non-members and farm households in 

villages without cooperatives 
(1) (2) (3) (4) (5) (6) (7) (8)

Number of 
cooperatives

0.293*** 0.199*** 0.199*** 0.194*** 0.184** 0.036 0.059 0.058

(0.039) (0.036) (0.036) (0.036) (0.089) (0.092) (0.092) (0.098)
Age -0.000 -0.002 -0.010 0.025 0.025 0.038

(0.013) (0.013) (0.014) (0.028) (0.034) (0.037)
Marital status -0.013 -0.012 -0.006 0.009 0.014 0.015

(0.013) (0.013) (0.013) (0.025) (0.029) (0.029)
Literacy 0.013 -0.013 -0.075 0.410 0.372 0.363

(0.139) (0.143) (0.148) (0.456) (0.462) (0.470)
Household 
size

0.104** 0.110*** 0.095** 0.173 0.134 0.149

(0.042) (0.043) (0.043) (0.145) (0.147) (0.148)
Drought 0.324* 0.330* 0.306 0.012 0.010 0.042

(0.189) (0.189) (0.188) (0.575) (0.580) (0.582)
Flood 0.133 0.147 0.160 -0.324 -0.358 -0.387

(0.217) (0.218) (0.222) (0.559) (0.557) (0.576)
Off-farm 
income

0.000 0.000 -0.000 -0.000

(0.000) (0.000) (0.000) (0.000)
The value of 
productive 
farm assets in 
birr

0.000*** 0.000*** -0.000 -0.000

(0.000) (0.000) (0.000) (0.000)
Government 
credit access

-0.017 -0.035 0.858** 0.847**

(0.154) (0.154) (0.370) (0.371)
Government 
extension 
service 

-0.128 0.253 -0.270 -0.585

(0.283) (0.361) (0.700) (0.874)
Distance to 
output market

0.001 0.001 0.005 0.006

(0.010) (0.010) (0.022) (0.022)
Distance to 
input market

0.002 0.003 -0.006 -0.007

(0.010) (0.010) (0.034) (0.035)
Membership 
in iddir 
associations 

0.443** 0.412** 0.081 0.119

(0.183) (0.185) (0.485) (0.490)
Time trend No No No Yes No No No Yes
Constant 4.670*** 4.569*** 4.208*** 4.776*** 4.447*** 2.446* 2.178 1.389

(0.115) (0.727) (0.767) (0.814) (0.164) (1.422) (1.874) (2.073)
R2 0.043 0.106 0.112 0.116 0.027 0.161 0.188 0.191
Observations 2364 2288 2288 2288 695 674 674 674

352 Notes: Marital status is a binary variable and takes the value of 1 if married and 0 otherwise. Literacy is a binary variable 
353 and assumes the value of 1, 0 otherwise. Off-farm income and the value of productive farm assets are measured in Ethiopia 
354 Birr (ETB), 1 USD ∼ 21 ETB in 2015, 22 ETB in 2016, and 24 ETB in 2017. Experience of drought shocks is a binary variable 
355 and assumes the value of 1 if the farm household experiences drought in the previous season, 0 otherwise. Experience of 
356 flooding shocks is a binary variable and takes the value of 1 if the farm household experiences flooding in the previous season, 
357 0 otherwise. Government credit access and government extension access are binary variables that take the value of 1 if farm 
358 households have access to credit and extension services from the government, respectively, and 0 otherwise. Distance to 
359 output and input markets refers to the distance in kilometers of the nearest market that households can sell products and 
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360 purchase inputs respectively. Membership in iddir associations is a binary variable and assumes a value of 1 if farm 
361 households are members of an iddir, 0 otherwise. Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01

362

363 The estimated effects suggest that the presence of one additional cooperative in a village increases the 

364 number of adaptation practices by 0.194-0.293, which translates into a 4-6% increase in the number of 

365 adaptation practices considering the average number of adaptation practices of non-members reported in 

366 Table 2 (4.841). While we hypothesize that the higher the number of cooperatives in a village, the larger 

367 spillover effects, our estimated coefficients are not statistically significant except for column (5), which 

368 does not include controls. However, the directions of the estimated effects are once again in line with our 

369 hypotheses.

370

371 5. Discussion 

372 The agriculture sector remains the backbone of many countries in Sub-Saharan Africa (SSA) and remains 

373 dominated by traditional rain-fed small-scale production (FAOSTAT, 2022), making it highly vulnerable 

374 to frequent climate shocks in the region. Climate change is already affecting the economy of Sub-Saharan 

375 African countries (e.g., Schlenker and Lobell, 2010; Ward et al., 2014; Kahsay and Hansen, 2016), and 

376 without substantial adaptation measures, it threatens the food security of the region (Lobell et al., 2008). 

377 Current climate adaptation among smallholder farmers is insufficient, even though more than two-thirds 

378 perceive changes in climatic patterns (Hassan and Nhemachena, 2008; Bryan et al., 2009). Access to 

379 finance, information, and extension services; institutional and market conditions; and the availability and 

380 quality of land have been cited as factors that inhibit climate adaptation (Hassan and Nhemachena, 2007; 

381 Deressa et al., 2009). Cooperatives could play an important role in overcoming these challenges and 

382 promoting smallholders’ climate adaptation (Owen et al., 2020). Our results provide several new insights 

383 regarding the role of cooperatives in climate adaptation. First, cooperatives promote their members' 

384 adaptation to climate change, which is consistent with previous findings (Ombogoh et al., 2016; Khanal 
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385 et al., 2019). This is not surprising given previous evidence which pointed out that cooperatives (i) 

386 provide key services (e.g., markets, extension, and credits); (ii) make joint investments in irrigation and 

387 storage infrastructure; (iii) exploit the economies of scale in purchasing and distributing drought-resistant 

388 seeds and fertilizers; and (iv) promote technology adoption (Bernard and Spielman, 2009; Magruder, 

389 2018; Bizikova et al., 2020). 

390 Second, non-members in villages with cooperatives undertake more adaptation measures than farm 

391 households in villages without cooperatives, albeit the estimated coefficient is statistically insignificant. 

392 However, a close look into the results (see columns (3), (5), and (7) in Table 7 reveals that water, forest, 

393 and credit cooperatives have a significant positive effect on climate adaptation of both members and non-

394 members, suggesting positive spillover effects. This is in line with our hypothesis and the literature that 

395 argues that the presence of cooperatives in a village could benefit not only members but also the 

396 community at large, for instance, by providing non-members with access to their services such as 

397 extension and marketing (Chagwiza et al., 2016; Eriksen et al., 2017). The magnitude of the estimated 

398 coefficients in Table 7 are larger for members than non-members, which is again consistent with our 

399 hypothesis and the literature that argues that cooperatives increase their members' welfare more than that 

400 of non-members (Ortega et al., 2019; Kumse et al., 2021).

401 Finally, as per our hypothesis, members benefit more from subscribing to different cooperatives. 

402 Intuitively, members are more likely to get relevant information and services complementary to climate 

403 adaptation from relevant cooperatives. This is in line with Table 4, which highlights that the different 

404 cooperatives specialize in different services. Hence, membership in more cooperatives increases the 

405 number of climate adaptation practices. While our results suggest that cooperatives have the potential to 

406 promote farm households' climate adaptation, we want to highlight the following limitations and 

407 directions for future research. First, we proxy climate adaptation with the number of adaptation measures 
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408 that farm households adopt. Like all proxy variables, this measure potentially misses important details, 

409 such as the extent to which a farm household undertakes each practice; and the feasibility to employ 

410 certain or many adaptation practices, for instance, due to topographic factors. Future work could explore 

411 regional differences (e.g., agroecological zones) in more detail. Second, and relatedly, our results mask 

412 important heterogeneities in cooperative governance structures and financial resources as well as their 

413 members' commitment, all of which have been shown to affect the effectiveness of cooperatives (e.g., 

414 Grashuis and Su, 2019; Kahsay and Bulte, 2021). Future work could collect more details on these issues 

415 to further explore the role of cooperative characteristics in climate change adaptation. Third, the use of 

416 panel data allows us to use fixed effects models, and thereby to control for unobserved time-invariant 

417 heterogeneity. Both are the exception in this body of literature. Yet we cannot control for unobserved 

418 time-varying heterogeneity, so we cannot fully rule out bias due to selection bias. Experimental data 

419 would be best suited to fully address this problem, but studies that use such data are still rare exceptions 

420 (Bernard et al., 2021). Finally, we focus on spill-over effects on non-members in terms of climate change 

421 adaptation. The only other related study we are aware of, which also focuses on spillover effects, focuses 

422 on price spillover effects. The presence of cooperatives could, however, also affect other socioeconomic 

423 and environmental outcomes, so this topic merits more research. Here, future research considering 

424 differing contexts would provide useful, complementary evidence, given the high membership and 

425 cooperative coverage at the village level in Ethiopia. 

426 6. Concluding remarks

427 A large body of literature suggests that farmer cooperatives improve their members' agricultural yields 

428 and incomes, but the role of cooperatives in climate change adaptation—and spillover effects on non-

429 members—remains poorly understood. Addressing both gaps, this paper is the first to explore whether 

430 cooperatives play a role in climate change adaption among members and non-members, using Ethiopia 

431 as a case study. Our findings suggest that cooperatives can promote the adoption of climate-smart 
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432 practices among members, and to some also extend among non-members in their villages. These findings 

433 are important for policy and future research as they suggest that more consideration should be given to 

434 the different levels at which climate adaptation takes place (i.e., not only at the farm level). Our results 

435 also advance the recurrent discussion around exclusion (of households from cooperatives) and suggest 

436 that at least those non-members who are in close proximity to cooperatives are not entirely excluded 

437 from related benefits. 
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617 Appendix

618 Table A1: Number of cooperative memberships and farm households' adaptation outcomes

Sample of members and non-members Sample of members 

(1) (2) (3) (4) (5) (6) (7) (8)

Number of 
cooperative 
memberships

0.335*** 0.369*** 0.359*** 0.352*** 0.419*** 0.396*** 0.388*** 0.371***

(0.066) (0.054) (0.055) (0.055) (0.088) (0.072) (0.072) (0.071)

Age 0.003 0.002 -0.006 0.001 0.001 -0.011

(0.013) (0.014) (0.015) (0.016) (0.016) (0.017)

Marital status -0.012 -0.011 -0.006 -0.014 -0.011 -0.000

(0.013) (0.013) (0.013) (0.016) (0.015) (0.016)

Literacy -0.016 -0.037 -0.096 -0.090 -0.111 -0.215

(0.139) (0.143) (0.148) (0.170) (0.176) (0.186)

Household 
size

0.096** 0.101** 0.086** 0.132** 0.145*** 0.127**

(0.042) (0.043) (0.043) (0.052) (0.053) (0.054)

Drought 0.364* 0.366* 0.341* 0.409* 0.440** 0.410*

(0.186) (0.187) (0.186) (0.224) (0.222) (0.222)

Flood 0.004 0.018 0.037 -0.105 -0.075 -0.061

(0.213) (0.214) (0.218) (0.251) (0.253) (0.257)

Off-farm 
income

0.000 0.000 0.000 0.000

(0.000) (0.000) (0.000) (0.000)

The value of 
productive 
farm assets in 
birr

0.000*** 0.000*** 0.000*** 0.000***

(0.000) (0.000) (0.000) (0.000)

Government 
credit access

-0.029 -0.046 -0.081 -0.137

(0.154) (0.154) (0.200) (0.202)
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Government 
extension 
service 

-0.102 0.270 -0.086 0.530

(0.285) (0.362) (0.378) (0.448)

Distance to 
output market

0.000 0.000 0.006 0.007

(0.010) (0.010) (0.023) (0.023)

Distance to 
input market

0.000 0.001 0.003 0.002

(0.011) (0.010) (0.011) (0.011)

Membership 
in iddir 
associations 

0.346* 0.316* 0.681*** 0.631***

(0.183) (0.184) (0.237) (0.239)

Time trend No No No Yes No No No Yes

Constant 5.064*** 4.560*** 4.307*** 4.855*** 4.969*** 4.460*** 3.788*** 4.641***

(0.096) (0.758) (0.802) (0.862) (0.162) (0.907) (0.955) (1.049)

R2 0.024 0.117 0.122 0.126 0.028 0.125 0.134 0.143

Observations 2364 2288 2288 2288 1863 1801 1801 1801
619 Notes: Marital status is a binary variable and takes the value of 1 if married and 0 otherwise. Literacy is a binary variable 
620 and assumes the value of 1, 0 otherwise. Off-farm income and the value of productive farm assets are measured in Ethiopia 
621 Birr (ETB), 1 USD ∼ 21 ETB in 2015, 22 ETB in 2016, and 24 ETB in 2017. Experience of drought shocks is a binary variable 
622 and assumes the value of 1 if the farm household experiences drought in the previous season, 0 otherwise. Experience of 
623 flooding shocks is a binary variable and takes the value of 1 if the farm household experiences flooding in the previous season, 
624 0 otherwise. Government credit access and government extension access are binary variables that take the value of 1 if farm 
625 households have access to credit and extension services from the government, respectively, and 0 otherwise. Distance to 
626 output and input markets refers to the distance in kilometers of the nearest market that households can sell products and 
627 purchase inputs respectively. Membership in iddir associations is a binary variable and assumes a value of 1 if farm 
628 households are members of an iddir, 0 otherwise. Robust standard errors in parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01.

Electronic copy available at: https://ssrn.com/abstract=4230880


