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Agricultural adaptation to climate change is critical for ensuring future food security. Social capital is important for climate change adaptation, but institutions and social networks at multiple scales (e.g., household, community, and institution) have been overlooked in studying agricultural climate change adaptation. We combine data from 13 sites in 11 low-income countries in East Africa, West Africa, and South Asia to explore how multiple scales of social capital relate to household food security outcomes among smallholder farmers. Using social network theory, we define three community organizational social network types (fragmented defined by lack of coordination, brokered defined as having a strong central actor, or shared defined by high coordination) and examine household social capital through group memberships. We find community and household social capital are positively related, with higher household group membership more likely in brokered and shared networks. Household group membership is associated with more than a 10% reduction in average months of food insecurity, an effect moderated by community social network type. In communities with fragmented and shared organizational networks, additional household group memberships is associated with consistent decreases in food insecurity, in some cases up to two months; whereas in brokered networks, reductions in food insecurity are only associated with membership in credit groups. These effects are confirmed by hierarchical random effects models, which control for demographic factors. This suggests that multiple scales of social capital—both within and outside the household—are correlated with household food security. This social capital may both be bridging (across groups) and bonding (within groups) with different implications for how social capital structure affects food security. Efforts to improve food security could recognize the potential for both household and community level social networks and collaboration, which further research can capture by analyzing multiple scales of social capital data.
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INTRODUCTION

Climate change impacts on food and agriculture systems are not only projected in the future, but are already felt at multiple scales (Moore and Lobell, 2015; Ramankutty and Iizumi, 2016; Hoffman et al., 2017; Fuller et al., 2018). Indeed, increasing levels of malnutrition and food insecurity in recent years (a challenge for more than 815 million people globally) are attributed, at least in part, to climate changes and an increase in extreme events (FAO, 2018). A large body of research has explored the potential impacts of climate change on crop yields and other agronomic components both globally (Ramankutty and Iizumi, 2016), and increasingly regionally and locally (Moore and Lobell, 2015; Hoffman et al., 2017; Fuller et al., 2018). Smallholder farmers, estimated to number more than half a billion (Lowder et al., 2016), are particularly reliant on rain-fed agriculture (Rockström et al., 2003), and are expected to be among the most vulnerable to these climate change impacts (Morton, 2007). Studies to examine the impact of such changes on farmers, especially smallholder farmers, and their potential adaptation responses to maintain food security have been steadily increasing [e.g., (Kristjanson et al., 2012; Douxchamps et al., 2016; Niles and Brown, 2017; Ritzema et al., 2017)].

However, recent agricultural adaptation research has largely focused on natural science and farmer surveys, with studies on social networks and institutions much less frequent (Davidson, 2016). While there are many biophysical and agronomic factors that can affect agricultural adaptation and food security (Wheeler and von Braun, 2013; Lipper et al., 2014), social networks and institutions may also be relevant. Here we draw upon network and social capital theories to link measures of community and household social capital to household food security outcomes across more than 1,800 households in 13 sites in 11 countries in Sub-Saharan Africa and Asia. We leverage a unique global dataset from the CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) that has assessed climate change adaptation and agricultural development organizations and households around the world, and build on existing studies that have characterized and quantified multiple levels of social capital in each CCAFS research site (Niles and Brown, 2017; Rudnick et al., 2019). To our knowledge, this is the largest study of its type to collect and link data across multiple regions and villages, at both the individual and community levels, to assess social capital and food security.

Understanding how human actors within agricultural systems will adapt to climate change requires integrating social science theory that examines institutions and individual behavior. Social science theory suggests that social capital is a fundamental component of adaptive capacity and resilience (Adger, 2003; Neil Adger et al., 2005; Wolf et al., 2010). Though the term social capital has evolved over time (Putnam, 2000), it broadly refers to the ways in which people and organizations form connections through social networks and relationships, which can build trust and reciprocity to facilitate cooperation, collective action, and resilience (Dietz et al., 2003; Ostrom and Ahn, 2003, 2009). These relationships can occur at different scales (i.e., between individuals, households, or organizations) and establish pathways for exchange of knowledge, resources and influence. Social capital consists of both bonding (relationships within communities) and bridging (relationships beyond communities and across social boundaries) types. Social capital research and theory posit that higher levels of connectedness within a network of other actors can lead to improved resilience and adaptive capacity (Aldrich and Meyer, 2014). However, while social capital theory and research generally explore the positive relationships resulting from social capital, there is evidence that bonding social capital can also have negative outcomes especially when it concentrates power. For example, as Portes notes about this “dark side” of social capital (p. 15), “the same strong ties that bring benefits to members of a group commonly enable it to bar others from access” (Portes, 1998).

In the context of climate change, social capital has been explored extensively including in response to, or preparation for, extreme events (Allen, 2006; Wolf et al., 2010; Chriest and Niles, 2018), island communities (Petzold and Ratter, 2015), individual resilience (Smith et al., 2012), and migration (Scheffran et al., 2012). Social capital may be important for climate change adaptation for a variety of reasons, including the ability of social networks to serve as lifelines in extreme events (Aldrich and Sawada, 2015), facilitating access to needed resources or information, increasing the capacity for trust, reciprocity, and cooperation to foster communities helping each other as the climate changes (Paul et al., 2016; Chriest and Niles, 2018), and the ability for trust to enable people and organizations to better plan, implement and respond to climate impacts (Kettle and Dow, 2014). Particularly relevant for this work, Adger (2003) suggests that social capital links between society and the state are critical for climate change adaptation. In well-functioning states, networks in the state and society are complementary, whereas in poor functioning states, networks within society may substitute for networks at the state level- i.e., societal networks substitute for governments.

At the level of individual households, social capital research has focused on how social networks catalyze peer-to-peer learning, innovation, adoption of sustainable agriculture practices, and how networks motivate greater participation in resource governance or conservation programs (Bandiera and Rasul, 2006; Lubell et al., 2014; Saint Ville et al., 2016), which may be critical for climate change adaptation. In short, existing research confirms that greater levels of social capital within individual households is related with behavioral changes and outcomes associated with resilience (e.g., sustainable agricultural practice adoption, access to resource programs). Further evidence in both high and low-income countries demonstrates positive relationships between social capital, particularly household participation in community groups or organizations (8, 31), and improved food security outcomes in both urban and rural settings (Walker et al., 2007; Misselhorn, 2009; Dean and Sharkey, 2011). Farmers in agricultural intervention projects have larger social networks and more sources of knowledge and information, produce a greater number of crops and have more diversified livelihood strategies (Cadger et al., 2016). Social networks may reduce climate vulnerability by improving capacity to adapt to stressors and increase household food security through times of hardship (Martin et al., 2004; Cadger et al., 2016; Niles and Brown, 2017). Furthermore, reciprocity among neighbors through exchange or lending of food or resources may explain the positive relationship between household social capital and food security (Martin et al., 2004; Quetulio-Navarra et al., 2017) and the negative relationship between social support and health outcomes (Ahmadi et al., 2017). Pooled resources among informal community groups help mitigate risk and better incorporate poor and vulnerable community members, resulting in better success in livelihood activities and an increased resilience and ability to adapt to climate change (Rodima-Taylor, 2012).

At the community level, social capital and networks research has focused on how the structure of collaborative networks influence levels of cooperation, learning, and integration among organizations and between households. Since community can have many definitions, we focus primarily here on administratively defined villages and those organizations working within those villages and in the surrounding geographical locality. These organizations typically include non-governmental organizations, international development groups, and national, regional and local government ministries or offices. A major focus has compared the effects of centralized versus decentralized organizational networks and network leadership on activities and coordination across organizational networks (Provan and Kenis, 2008). Decentralized networks (e.g., shared networks) that distribute leadership and decision-making power across many actors may allow more local knowledge integration and promote specialization among organizations, both of which may be important to effective food security initiatives. Conversely, decentralized networks may be inefficient and have high transaction costs required to maintain many collaborative relationships across organizations, which may reduce what limited resources are available from going directly toward food security and climate resilience initiatives (Johanson and Mattsson, 1987; Ramirez et al., 2018). In comparison, centralized networks (e.g., brokered networks) often are hierarchically structured with a single or few organizations acting as the key leader or decision-maker who directs coordinated network activities. In low-income settings, some organizations may lack the capacity or resources to take on leadership or collaborative relationships; thus, a centralized network leader offers an efficient and lower cost structure to organize network activities (Mitlin et al., 2007; Ramirez et al., 2018). Centralized networks however concentrate political and resource power into a single organizational actor, and thereby become vulnerable to corruption or organizational selfishness, both of which can threaten the effectiveness of the entire network's activities (Gisselquist, 2012; Hoogesteger, 2016). International development organizations have been associated with greater network coordination overall, but local and regional organizations fill network leadership positions most frequently. This may mean that resources are needed for network coordination, but that social capital, in the form of trust and influence, is most important for effective network leadership (Rudnick et al., 2019).

Where current research lacks understanding is in the relationship between community-level (i.e., between organizations) and individual-level (i.e., between individuals or households) social capital, and how these relationships may vary across communities to affect resilience. There is less empirical work investigating how social capital at various scales (i.e., individuals, households, and community) interact and are related (Paul et al., 2016); for example, theory suggests that multi-level networks are necessary to develop social capital (Dietz et al., 2003), but few studies have empirically examined multiple scales of social capital for climate change adaptation using network analysis (Ingold et al., 2010). This is critical because it suggests that very little is known about how community and individual-level social capital and networks relate to each other, which may be vitally important for determining effective climate adaptation interventions that are complementary across network scales in a particular context. Existing theories would suggest that high levels of social capital lead to more resilient outcomes; but is this true across scales? Does household-level social capital relate to levels of social capital within communities? Do these multiple-scales of social capital relate to household resilience?

To understand these questions through a multi-level social capital lens, we explore how community social capital (measured as organizational network structures among non-governmental organizations, government institutions, and other organizations operating within the community; see Table 1 below and Rudnick et al., 2019) is related to individual household social capital (measured as households' group memberships across 13 total types of locally organized production and savings-oriented groups). Drawing on network and social capital theory, we suggest that community-level social capital may be possible to categorize into three types based on the structure of organizational coordination networks; fragmented communities which have the least social capital (fewest network connections), followed by brokered communities (higher connectivity, centralized through a core actor) and finally shared communities (highest density of network connections). Using this framework, we hypothesize that (H1) in communities where social capital is low (i.e., little coordinated activity and collaboration, resulting in fragmented community networks) household social capital will also be low (fewer group memberships). We then evaluate the impact of multi-level social capital on food security outcomes (a type of resilience), controlling for demographic factors. We hypothesize that (H2) the structure of community social capital will mediate the relationship between household social capital and food security, such that group membership has the strongest effect on food security in communities with higher social capital.


Table 1. Community social network types and brief descriptions.
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METHODS


Sites and Context

The original data from both the household and community levels were collected by the Climate Change, Agriculture, and Food Security (CCAFS) Research Program, part of the CGIAR. The CCAFS program selected core sites within their focus regions of East Africa, West Africa and South Asia [see (Förch et al., 2013) for additional methodological details on site selection]. Baseline data was collected between 2010 and 2012 in 15 sites including East Africa: Makueni and Nyando, Kenya; Rakai and Hoima, Uganda; Lushoto, Tanzania; Borana, Ethiopia; West Africa: Yatenga-Tougou, Burkina Faso; Lawra-Jirapa, Ghana; Segou, Mali; Kollo, Niger; Kaffrine, Senegal; South Asia: Bagerhat, Bangladesh; Karnal and Vaishali, India; Rupandehi, Nepal. In this analysis, data from Karnal, India and Yatenga-Yougou, Burkina Faso are excluded because CCAFS has advised that there may be large potential errors as a result of inconsistent data collected in these regions (Sites shown in Figure 1).


[image: Figure 1]
FIGURE 1. Location of data sites.


CCAFS has detailed their methodology and site selection, as well as key site-specific details around geography, farming systems, and culture (Förch et al., 2013), which we detail briefly here for the sites. The three regions and sites of focus were chosen based on criteria including: high vulnerability to climate change, poor and vulnerable populations, complementary social, cultural and institutional contexts, complementary climatic contexts, significant but contrasting climate problems, and security, governance and institutional capacity to favor the potential to generate transferable results. In East Africa, the sites are characterized by mixed rainfed crop-livestock, pastoral, and subsistence farming systems. In Uganda, the sites also includes agroforestry including coffee and tea. In Rakai, Uganda tobacco and sugar cane are other cash crops. In West Africa, the sites are characterized by small-scale mixed crop-livestock or pastoralist farming systems and agriculture is the dominant economic activity. In South Asia, the agricultural systems are characterized by rice, as well as wheat, sugarcane, banana, and fruits in Bangladesh and India. In Bangladesh, shrimp culture is also prevalent. In India and Nepal, rice is also dominant, along with wheat, pulses and oilseeds and cash crops are grown with irrigated agriculture. Crops are typically integrated with livestock, and most farmers produce food for mainly home consumption. We have included additional information as it relates to farming products, inputs and management by site in Supplementary Table 1 to enable a better understanding of these systems.



Organization Surveys and Network Structures

Organizational data were collected through the CCAFS Organizational Baseline Survey (OBS), in which local research teams visited locally relevant organizations working on issues of climate change and food security within the region. Organizations were nominated for inclusion by village resident focus groups indicating they were among the most important organizations within their communities. Organizations spanned NGOs (e.g., development groups, indigenous organizations, religious organizations, women's organizations, government (local, regional and national)AQ agencies, and private sector organizations ranging in scale from local to international, all of which had work focused, at least in part, on agriculture, climate change and food security. The size of the organizations varied widely, since some were local and some international development organizations. The OBS included questions that asked organizations to name other organizations that they work or collaborate with, which formed the basis for a social network matrix, which included all organizations that were surveyed, as well as additional organizations named as partners, but who were not surveyed themselves. In total, CCAFS surveyed 145 organizations and an additional 270 organizations were named as collaborators in the survey. The network analysis represents a binary relationship between two organizations, and surveys also contributed data about organization type, scale, and work focal area, which were coded as attributes. A network analysis was conducted using R Statistical Software version 3.2.2 and the Statnet package (Hancock et al., 2003). Additional details on the network analysis methodology can be found in (Rudnick et al., 2019). Previous analysis determined that three distinct network types exist within these organizational structures-shared, brokered, and fragmented (differences illuminated in Table 1).



Household Data

Household data were collected through the CCAFS baseline household survey, conducted between 2010 and 2012 across the aforementioned sites within a 10 by 10 km sampling frame. Villages were chosen at random within this sampling frame, and CCAFS worked with village elders to identify households within the villages. Additional information on data collection can be found in (Förch et al., 2013). A total of 1,815 smallholder farmer households are represented in this dataset across 13 villages. The key dependent variable at the household level included in our analysis was the number of months food insecure (range 0–12), which was asked, “in which months if any do you tend to find you do not have enough food to eat for your family.” This metric is does not capture longitudinal data over time, instead only reflects an understanding of food insecurity at one time point, asked in reflection of the previous year. The key independent variable included was the number of community groups the household belonged to (“household group membership”), which consisted of 13 different groups that respondents could indicate membership in (range 0–13). These organizations included savings/credit, productivity, tree nursery/planting, marketing, vegetable, irrigation, crop, forest, soil improvement, water management, seed, fishing, and fish/shrimp pond groups (Supplementary Table 2 for more information about group types). This question was phrased, “Do you, or any other household member, belong to a group or groups doing the following activities?” This variable was utilized in multiple formats (e.g., any group membership, total number of absolute group memberships, and membership to a specific type of group). It is worth noting that the social capital of these group memberships may also facilitate other types of capital- e.g., financial capital through credit groups, or natural resource capital through irrigation groups. These household membership groups were likely distinct from the organizations surveyed in the OBS, and tended to be smaller village-based organizations operating at the hyper-local scale. It is would not be uncommon however, that these organizations may be affiliated or related. For example, local irrigation groups with household members may interact with local governments or state agencies. We also utilize demographic data including female-headed household status, number of people living in the household (household size), and the highest education level of any member of the household (range 0–3). We report average and standard deviations for these demographic controls in Supplementary Table 3 for each site.

Furthermore, we develop a measurement of household assets to control for wealth within a given community. The survey included questions about absence/presence of 25 different household assets including: radio, television, cell phone, bicycle, motorcycle, car or truck, computer, solar panel, tractor, mechanical plow, mill, improved stove, generator, large battery, water pump/treadle pump, biogas digester, refrigerator, air conditioning, electrical fan, thresher, liquified petroleum gas (LPG), internet access, boat, fishing nets, and bank accounts. Such questions are often utilized in low-income context to measure aspects of wealth (Filmer and Pritchett, 2001), and have been typically developed into asset indexes (Howe et al., 2012), which have proven effective in measuring poverty [e.g. (Sahn and Stifel, 2003)]. We developed an asset index, a count variable from 0 to 25, in which the presence of each asset for a given household was aggregated, the simplest form of an asset index (Howe et al., 2012). However, since we are using data across multiple regions and household assets in Nepal, for instance, may be significantly different than household assets in Kenya, and thus influence food security outcomes, we further normalized the asset scale to a given community. Supplementary Table 4 shows the mean asset scale, standard deviation, and cut-off points for one standard deviation above and below the asset mean in a given community. Households that had an asset score one standard deviation or more below their community mean was categorized as a “poorest” household. Conversely, households that had an asset score of one standard deviation or more above their community mean was categorized as a “wealthiest” household. Thus, the binary categorization of poorest or wealthiest households in our models are normalized to the given community and region in which a household lives. Means and standard deviations of these poorest and wealthiest community members by site are shown in Supplementary Table 4.



Statistical Analysis and Multivariate Models

We ran a series of statistical tests and multivariate models to test our hypotheses. An analysis of variance (ANOVA) was used to test H1, the relationship of household group membership to network type and group type differentials among network types. To test H2, we used an ANOVA across the entire population to look at the relationship of group membership at the household level to food insecurity and to explore food security outcomes within different community network types and household group membership types. Multivariate generalized linear models with random effects (Garson, 2013) were used to explore the relationship of food insecurity to both total group membership and group membership in credit groups, which were the most frequent type of group membership. Models included a binomial logit link, since food insecurity was measured in presence/absence across each month from 0 to 12. Random effects are included at the household and village level, to account for variability at these levels. We also include five control variables at the household level, which have been shown in other studies to be related to food security outcomes (Niles and Brown, 2017; Niles and Salerno, 2018) including female-headed household status, household size, household education and poorest and wealthiest households for a given region. Given the potential importance of wealth in affecting both food security outcomes and group membership variables of interest, we ran our models both with and without poorest and wealthiest household controls to assess omitted variable bias (Supplementary Tables 5–7). We find no differences in the coefficients statistical significance or direction between the two models, suggesting that our results are likely not being driven by omitted variable bias (Chiappori et al., 2012). We recognize that food insecurity is a function of many diverse factors not only including demographics, assets, and social capital. However, our intention is not to conduct a comprehensive assessment of food insecurity, but instead to explore this outcome in a complex multi-scale assessment of social capital. We have explicitly included variables (e.g., wealth) that likely reflect farming system outcomes such as subsistence production, livestock or cash crops through inclusion of asset variables. Previous research has more clearly explored how farming systems, farm and crop characteristics influence food security [e.g., (Kristjanson et al., 2012; Wood et al., 2014; Silvestri et al., 2015)], which we acknowledge is critical, but outside the scope of this work.



Data Availability

Data utilized in this analysis is available in several places. The original organizational data is available in Harvard Dataverse [Climate Change Agriculture and Food Security (CCAFS)], as well as the original household datasets from CCAFS (CCAFS, 2016).




RESULTS


Household and Community Social Capital

In support of H1, we find that higher community social capital is correlated with higher individual household social capital. Specifically, we find that mean household group membership is lowest in fragmented network communities, which have the least organizational network connections, followed by shared and then brokered network communities. On average, households in fragmented network communities have 0.33 group memberships, while households in shared networks have 1.07 group memberships, and household in brokered networks have 1.13 group memberships (p < 0.000). The distribution of household group memberships across the three network types also shows marked differences with 78.6% of households in fragmented network communities having no group memberships, compared to 20.6 and 42.3% of households in brokered and shared network communities, respectively. In brokered network communities, it is most common for a household to have membership with only one group (55.6%), as compared with households in fragmented (15.1%) or shared (32.2%) network communities. Shared network communities had the highest frequency of households in three or more groups (11.0%) (Figure 2).


[image: Figure 2]
FIGURE 2. Relationship of community social capital (community network types) to individual household social capital (household group membership).


When we evaluate what specific types of groups households were most involved in, we find the top five types of groups across all community sites include those focused on savings and/or credit (generally, not agriculture specific), marketing of agricultural products, productivity enhancement, tree nursery/tree planting, and vegetable production (Supplementary Material, Figure 2). Household membership in these five types of groups account for 80% of all group membership in fragmented and shared network communities and 91% of all group membership in brokered network communities. Credit groups are the single most common type of group membership across all network types. In brokered network communities, where membership in one group was most common across households, credit group membership was significantly higher (65%) than in other communities (p = 0.0001) (Figure 3).


[image: Figure 3]
FIGURE 3. Group prevalence across community network types. These five groups represent the majority of household group memberships. Full details of all group memberships in Supplementary Table 1.




Multiple Scales of Social Capital and Food Security

Households participating in at least one group (of any type) experienced on average 10% fewer months of food insecurity than those without any group membership (mean months food insecurity 3.60 for no group membership compared to 3.22 for any group membership, p = 0.005). This supports part of our H2 that higher social capital at household levels correlates with better food security outcomes at the household level.

Comparing the average number of months of household food insecurity across community network types, we also find significant differences. Households in shared network communities (highest social capital) have the lowest average rates of food insecurity (3.08 months), followed by households in fragmented network communities (least social capital) (3.48 months) and then households in brokered network communities (mid-range social capital) (3.85 months) (p = 0.0001). Further evaluation of both household group membership and community network type together, clarifies these results in alignment with H2. For both fragmented (p < 0.000) and shared networks (p < 0.000), increases in household group membership are associated with a consistent decrease in months of food insecurity (Figure 4). This supports our hypothesis (H2) that increases in household social capital are associated with better food security outcomes at the household level, but suggests community social capital may mediate this relationship. For brokered network types however, the effect of household group membership is more nuanced. In these communities, households who participate in only one group experience a decrease in the average months of food insecurity. Conversely, in brokered network communities, participation in zero groups or participation in two or more groups is correlated with increased months of food insecurity (p = 0.023). This suggests potential interactions occurring between household and community-level social capital, rather than consistent effects of household social capital across all types of communities.


[image: Figure 4]
FIGURE 4. Average months of food insecurity across household group membership by community network type. Lower numbers indicate reductions in food insecurity (i.e., greater food security).


Further, when examining what types of groups households participate in, we find that only credit groups are consistently associated with reduced food insecurity at the household level across all community network types (Table 2). Within brokered networks, household membership in credit groups is associated with 3.65 months food insecurity on average, compared to 4.23 months for those households who are not participating in a credit group (p = 0.05). All other groups in brokered communities except vegetable production groups (p = 0.06) are associated with higher rates of food insecurity (p < 0.001), although some of these groups (i.e., marketing) are not statistically significant. Conversely, in shared network communities, household memberships in any type of group, except marketing groups, are associated with lower rates of food insecurity (p < 0.05). Likewise in fragmented network communities, household membership in any type of group is associated with lower rates of food insecurity, though only membership in credit, productivity, and marketing groups are statistically significant (p < 0.05). This suggests that both the number and type of group memberships may have varying effects across different community network types.


Table 2. Mean months of food insecurity by network type and household group membership type.
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Hierarchical Models Exploring Group Membership and Food Security

Lastly, we utilize generalized linear models with random intercepts to explore how household social capital and demographic controls in different community network structures correlate with food security. Since we are specifically testing hypotheses related to social capital at household and community levels in relation to household food security outcomes, we include credit group membership (since only credit group membership was associated with lower average months of food insecurity across all network types) and total number of groups that households participate in (excluding credit) as two separate measures of social capital. We also include five demographic controls (household size, household education, female-headed households, poorest and wealthiest households) across network types. Since including many control variables does not necessarily lead to better model estimates (Clarke, 2005), we limit ourselves to socioeconomic and demographic controls that have been previously found to affect food security in similar smallholder populations [e.g., (Hadley et al., 2007; Silvestri et al., 2015; Niles and Brown, 2017; Niles and Salerno, 2018)]. We were particularly concerned with controlling for confounding variables such as wealth, which could jointly predict both the capacity to access group memberships (especially credit) and food security, and thus creates the risk that the estimated relationship between group memberships and food security would be biased due to endogeneity.

Models confirm our descriptive findings that credit group membership, across all network types, is consistently associated with reductions in the number of months of food insecurity, though it is only statistically significant for brokered (b = −0.349, p = 0.019) and shared networks (b = −0.454, p < 0.001) (Table 3). Conversely, total number of other group memberships (not including credit membership) is associated with reductions in the number of months of food insecurity in fragmented (b = −0.425, p = 0.000) and shared networks (b = −0.099, p = 0.018), but is associated with increases in the number of months of food insecurity (b = 0.271, p = 0.003) in brokered networks.


Table 3. Generalized linear model results of food insecurity as a function of credit group membership and total group membership.
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Models also demonstrate female-headed households are associated with higher rates of food insecurity, which is statistically significant in brokered (b = 1.01, p < 0.001) and shared networks (b = 0.252, p = 0.051). Larger households are significantly associated with reduced food insecurity in brokered networks (b = −0.130, p = 0.007), but associated with higher food insecurity in fragmented networks (b = 0.108, p = 0.011). Higher rates of formal education in the household are positively associated with reductions in food insecurity in fragmented (b = −0.170, p = 0.044) and brokered networks (b = −0.382, p < 0.001) but positively associated with food insecurity in shared networks (b = 0.279, p < 0.001). Finally, wealth is also associated with reduced food insecurity, but only significantly in some communities. Being in the poorest households in a shared network is positively associated with higher rates of food insecurity (b = 0.977, p < 0.001) such that poorest households have almost one additional month of food insecurity. Conversely, being in the richest households in fragmented networks is negatively associated with food insecurity (b = −0.941, p < 0.001) in that these households have almost one month reduction in food insecurity.




DISCUSSION

We find significant associations between household and community-level social capital and their relationship to household food security outcomes. Fragmented network community types, which have the lowest community-level social capital (i.e., fewest number of connections among organizations), have the lowest average household group membership. Theoretically, our work suggests that there are clear relationships between multiple scales of social capital; when social capital is low among households, it is also more likely to be low among organizations working in those same communities (or vice versa, the directionality of the relationship remains to be understood). Additionally, there appear to be five dominant types of groups (out of 13 considered, see Supplementary Table 1) that make up more than 80% of all household group memberships across all community types, with household credit groups being the most common group membership, and significantly more common than all other group types in brokered communities. Households have the most diverse group memberships in shared networks, where there are higher levels of collaboration among the organizations, or higher community-level social capital. Overall, the rate of group membership is consistent with other studies from similar regions, finding smallholder farmer participation groups ranging from 32% (Gyau et al., 2016) to the mid 40% of surveyed farmers (Abdul-Rahaman and Abdulai, 2018; Sinyolo and Mudhara, 2018).

We also find evidence that the relationship between group membership and food security is mediated by the structure of community-level social capital. The results are consistent with H2, especially in the case of membership in credit groups, which was positively associated with food security across all community types. This basic finding corroborates the argument that credit access is a critical resource for food security (Wossen and Berger, 2015; Niles and Brown, 2017), as well as improved adaptation to climate change (Bryan et al., 2009). However, the positive effect of credit group membership is strongest in shared networks, followed by brokered networks, and with a very small estimate in fragmented networks. This suggests that credit groups may be more effective when embedded in well-connected community development networks, such as those with a shared network structure. This structure may allow for more collaborative organizational structures, enabling credit groups to be better connected to other organizations and to households. Such community-level social capital may be especially important in communities where the capacity for reciprocity or food lending among other community members may be limited or households lack resources (Paul et al., 2016).

Intriguingly, the effect of memberships in other types of groups, other than credit groups, is not consistent with our simple hypothesis (H2) that household social capital is more effective as community-level social capital increases. Other group memberships are positively associated with food security in fragmented and shared network communities, but negatively associated with food security in brokered communities. The mixed findings suggest that broader types of social capital may be operating via different mechanisms in different types of communities, which stimulates some intriguing possibilities for future research, including how social capital may relate to or interact with other types of capitals (e.g., natural, human) within a given place.

Specifically, we speculate, drawing upon Adger (2003) that the positive correlation of other group memberships in fragmented network communities to household food security, may represent a mechanism where group membership is a substitute for community-level social capital. Absent organized community networks, additional household group memberships may expand trust, reciprocity and access to resources among households, where there may otherwise be less organized activity or aid [e.g., (Martin et al., 2004; Quetulio-Navarra et al., 2017)]. Conversely, in shared networks it may be that connected community organizations are a complement to individual-level social capital especially by providing bridging social capital that goes beyond the community and connects to more types of organizations (Karlsson and Hovelsrud, 2015). This is supported by the fact that shared, more densely connected community networks have a higher presence of international actors, which may bring additional resources to a community and enable relationship and capacity building through bridging capital (Rudnick et al., 2019). Indeed, communities that organize and cooperate have been shown to better access external support for climate change adaptation (Karlsson and Hovelsrud, 2015) and active participation of local organizations results in better food security outcomes among households in those communities (Thornton et al., 2018).

The negative effect of other group membership in brokered communities is more puzzling, but may be a clue to the potential negative consequences of concentrating power into a single or few actors (i.e., the central organization or “network broker”) and accentuating the influence of bonding social capital (Portes, 1998). Brokered community networks may concentrate power in one or two key actors, which then have outsized authority over the distribution of resources between more peripheral organizations (Panda, 2015). Beyond these powerful central actors, the other groups may be less organized or even become a source of group conflict, such that household connections to those groups are a drain on food security and other social and economic outcomes. Such power differentials may result in stratification among households in the community, where only a subset of households have access and connection to the key actors (Chaudhury et al., 2017). Previous research has found that strong bonding social capital, which may be present among connections to the highly centralized actor within a brokered network, can foster in-group favoritism and conformity, which is also associated with corruption (Wachs et al., 2019). In the case of this work, it may be that the network structures in brokered communities lead to a concentration in critical resources only among credit groups, and actually reduce the effectiveness of the other groups. The central actors in such communities may in fact have “captured” or gained a “policy monopoly” on social capital, which reinforces their central status over time.

Our work has important limitations that point the way for additional research. First, we cannot make a strong causal claim about the relationship between household social capital and food security. Our analyses account for some of the main threats to the identification of a causal effect, in particular by controlling for household wealth and using random effects models, but still does not allow for causal inference. Longitudinal data collection that could enable difference in difference approaches, or other causal statistical techniques could improve this understanding. Second, while we have nearly 2,000 households in our dataset, there are only 13 sites across which to assess and compare community-level social capital, which limits our ability to estimate how the effect of individual social capital varies across sites. Expanding the scale of this type of analysis to more regions and sites within regions would allow a more precise estimation of how the direction and magnitude of the relationship between household social capital and food security varies across community context including the structure of development networks. Third, our measures of household social capital are not explicitly connected to specific organizational nodes in the community-level networks. For example, the manner in which our data was collected does not allow us to know if the household tree-planting group in a given site is connected to or the result of the international NGO working on natural resource management in the same given site. To address this problem, we recommend the collection of multi-level network data that explicitly ties households to identifiable organizations in the community-level networks. This would enable the estimation of more sophisticated statistical models of multi-level networks that link different types of community-level network structures to household outcomes (Bodin et al., 2019), for example the dynamics of bonding versus bridging social capital under different community network structures. Finally, we acknowledge there are other factors that influence food security, including farm systems and agricultural markets and outputs. The focus of this work was to explicitly consider relationships between social capital at varying scales and food security outcomes, while controlling for demographic factors that have previously been shown to affect food security. While we believe that these demographic controls account for some of the farm system and agricultural factors that could influence food security, (e.g., controlling for wealth could capture market access, cash crop growth, and farm size), we certainly have not included all possible predictors of food security in our model.

Future research with this scale and depth of data could certainly explore a rich network analysis to further test our hypotheses and understand multi-level social capital in the context of food security and climate change adaptation. Furthermore, we suggest that this methodological approach and its implications could have important relevance for exploring other important development goals and outcomes at household and community levels within low-income country contexts. Utilizing network analysis and explicitly gathering data in this way, thus may provide important insights for researchers and policymakers at the interface of achieving the Sustainable Development Goals.



CONCLUSION

Our analysis is the first attempt to link multiple scales of social capital in the context of food security and climate change adaptation across multiple low-income countries. We find evidence that both household and community social capital are related to household food security, but that there are important interactions between social capital at these different scales. Overall household group membership is correlated with better food security outcomes, but the type of group and the way that organizations within that community collaborate appear to correlate with these outcomes. In shared and fragmented networks, there are additive effects of additional household group memberships on food security outcomes, albeit with potentially different mechanisms at play (i.e., substitution vs. complementarity). Conversely, in brokered networks, participation in credit groups is the only type of household membership that correlates with better food security outcomes, which we theorize may be explained by the possible negative consequences of bonding social capital in networks where power is concentrated in a few central actors. Importantly, all outcomes control for household demographics and socioeconomic factors, which may also influence food security outcomes, including gender, household education, size, and wealth. As such, we suggest that research and development efforts aimed to improve food security outcomes need to consider not only household factors, but also the structures of community organizations in the sites that they work, in order to secure effective outcomes.

These results suggest that social capital at multiple scales and the interactions between these scales are critically important for food security in a changing climate and beyond. Research that explores social capital on only one scale may miss the ways in which households are embedded within communities where organizations work and coordinate in different ways, which as we have shown, may shift different types of social capital. Programs and policies aimed to build social capital should consider these multiple scales and their interactions for most effective outcomes. However, our understanding of these complex interactions is nascent and requires a much larger effort for data collection using networks across households and institutions. As such, we suggest that it is imperative to not only improve data collection and analysis using network methods, but to ensure that such methods work across communities and scales. These new data collection and research efforts have great potential to help achieve important community and household goals far beyond food security, including many other Sustainable Development Goals.
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Variable Coefficient Std. error z P value 95% confidence interval

Fragmented networks

Credit group -0.1825 0.2294 -0.80 0.426 -0.6322 0.2671
Total groups (no credit) —0.4248 0.1103 —3.85 0.000 —0.6408 —0.2084
Female-headed household 0.2106 02217 0.95 0.342 —0.2240 0.6452
Household size 0.1080 0.0426 2.54 0.011 0.0246 0.1915
Household education -0.1703 0.0844 -2.02 0.044 —0.3368 —0.0048
Poorest 02186 0.1868 117 0.242 -0.1475 0.5848
Wealthiest —0.9408 0.2308 —4.08 0.000 —1.3932 —0.4885
AIC = 3233.707
Brokered networks
Credit group —0.3491 0.1494 —-234 0.019 —0.6418 —0.0563
Total groups (no credit) 0.2708 0.0900 3.01 0.003 0.0945 0.4471
Female-headed household 1.0107 0.2023 5.00 0.000 0.6143 1.4071
Household size —0.1304 0.0488 —2.67 0.007 —0.2260 —0.0349
Household education —0.3821 0.1012 -3.78 0.000 —0.5804 —0.1837
Poorest —0.0360 0.2285 -0.16 0.875 —0.4838 0.4119
Wealthiest —0.2969 0.2239 -1.33 0.185 -0.7357 0.1419
AIC = 1932.983
Shared networks
Credit group —0.4541 0.1024 —4.44 0.000 —0.6548 —0.2535
Total groups (no credit) —0.0989 0.0417 —-237 0.018 —0.1806 -0.0172
Female-headed household 0.2523 0.1201 1.95 0.051 —0.0008 0.5054
Household size 0.0340 0.0310 1.10 0273 —-0.0268 0.0949
Household education 0.2792 0.0589 4.74 0.000 0.1638 0.3946
Poorest 0.9768 0.1130 8.64 0.000 0.7553 1.1983
Wealthiest 0.1181 0.1383 0.85 0.393 -0.1529 0.3891
AIC = 2961.059

Negative coefficients are indicative of fewer months of food insecurity. Statistically significant relationships (p < 0.05) are highlighted for emphasis.
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