

[image: image1]
Does Household Capital Mediate the Uptake of Agricultural Land, Crop, and Livestock Adaptations? Evidence From the Indo-Gangetic Plains (India)









	
	ORIGINAL RESEARCH
published: 30 January 2019
doi: 10.3389/fsufs.2019.00001





[image: image2]

Does Household Capital Mediate the Uptake of Agricultural Land, Crop, and Livestock Adaptations? Evidence From the Indo-Gangetic Plains (India)


Sameer H. Shah1*, Courtney Hammond Wagner2, Udita Sanga3, Hogeun Park4, Lia Helena Monteiro de Lima Demange5, Carolina Gueiros6 and Meredith T. Niles7


1Institute for Resources, Environment and Sustainability, University of British Columbia, Vancouver, BC, Canada

2Gund Institute for Environment and Rubenstein School of Environment and Natural Resources, University of Vermont, Burlington, VT, United States

3Department of Community Sustainability, Michigan State University, East Lansing, MI, United States

4School of Planning, Design, and Construction, and the Center for Global Change and Earth Observations, Michigan State University, East Lansing, MI, United States

5Institute of Energy and Environment, University of São Paulo, São Paulo, Brazil

6Environmental Change Institute, University of Oxford, Oxford, United Kingdom

7Department of Nutrition and Food Sciences, Food Systems Program, University of Vermont, Burlington, VT, United States

Edited by:
Ademola Braimoh, World Bank, United States

Reviewed by:
Nicholas R. Magliocca, University of Alabama, United States
 Idowu O. Oladele, Sasakawa Africa Fund for Extension Education, South Africa

* Correspondence: Sameer H. Shah, sameer.shah@alumni.ubc.ca

Specialty section: This article was submitted to Land, Livelihoods and Food Security, a section of the journal Frontiers in Sustainable Food Systems

Received: 29 August 2018
 Accepted: 03 January 2019
 Published: 30 January 2019

Citation: Shah SH, Wagner CH, Sanga U, Park H, Demange LHML, Gueiros C and Niles MT (2019) Does Household Capital Mediate the Uptake of Agricultural Land, Crop, and Livestock Adaptations? Evidence From the Indo-Gangetic Plains (India). Front. Sustain. Food Syst. 3:1. doi: 10.3389/fsufs.2019.00001



Farmers in the Indo-Gangetic Plains produce much of the wheat and rice grown in India. However, food production and millions of farm-based livelihoods in this region will continue to be adversely affected by hydro-climatic change and variation, reduced land productivity, and declining groundwater levels. Thus, agricultural adaptations are essential for protecting and improving upon intersecting goals of food security, poverty alleviation, and wellbeing. Household “capital” (e.g., natural, human, financial, physical, and social) is commonly cited as an indicator of livelihood adaptability and innovation. We develop a series of mediated structural equation models to empirically evaluate the validity of capital as a suitable indicator for adaptation and adaptive capacity. These models assess the extent to which household capital mediates the relationship between over 1,000 socio-economically differentiated and randomly selected farm households, and their crop, livestock, and land management adaptations in the states of Haryana and Bihar. Central to our models is a single household capital variable, constructed by aggregating nearly 80 different measurements of households' (i) physical/infrastructural capital, (ii) owned or accessed assets, (iii) livelihood diversity, (iv) ability to reach market or commercialize, (v) access to weather information, and (vi) social capital. We find household capital is a significant predictor in adopting crop, land management, and livestock-related adaptation strategies across both states. Second, and in certain cases, lower castes and less educated households engaged in fewer agricultural adaptations—an outcome mediated by their lower composition of capital. Further, and across almost all contexts, household capital mediated the effect of owning a greater proportion of land, and the higher uptake of agricultural adaptation activities. While improvements in any capital category can improve adoption, we recommend programs that improve (i) access to public and private agricultural infrastructure for lower castes; (ii) education and shared knowledge spaces for less-educated households; and (iii) the availability of low-interest loans and the more efficient legal transfer of land for agriculturalists owning a smaller proportion of their land. Through this novel and large-scale analysis of household data, we provide short-term and immediate recommendations for more equitable agricultural adaptation in this breadbasket region of northern India.
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INTRODUCTION

Across India, and much of the global South, millions of agricultural households and livelihoods are considered vulnerable to hydro-climatological change and variation (Dasgupta et al., 2014; Shukla et al., 2017). Dry-spells, extreme temperatures, and precipitation variability are key effects of global climate change that will be felt by Indian farmers in their everyday agricultural activities (Kelkar et al., 2008; Immerzeel et al., 2010; Meshram et al., 2016). These risks will manifest in the Indo-Gangetic Plains (IGP) of India—the fertile regions of Punjab, Haryana, Uttar Pradesh, and Bihar that produce between 70–74% and 40–45% of national wheat and rice, respectively (Sekar and Pal, 2012; Khatri-Chhetri et al., 2016). In Haryana for example, it is projected that agriculture and livestock will be impacted by shifts in the range of temperature, unpredictable moisture deficits, and heat exposure (Government of Haryana, 2011). In Bihar, heat stress in the winter season combined with more intense precipitation and lengthier dry spells in the monsoon season present risks and opportunities for agricultural systems (Tesfaye et al., 2017). Importantly, such climate-driven risks are situated within a broader agrarian context where declining groundwater levels, land-use productivity, shifting labor dynamics, and structural policy changes continue to affect the foundation of agriculture (Chand and Haque, 1998; Reddy and Mishra, 2009; Rodell et al., 2009; Sekar and Pal, 2012).

In order to adapt with such climatic and non-climatic risks, it is essential that farm households are able to engage in a variety of crop, land, and livestock adaptation strategies (Aggarwal et al., 2004; Lipper et al., 2014; Sapkota et al., 2015). In this sense, adaptability or adaptive capacity refers to the capacity of a household to “prepare for stresses and changes in advance or adjust and respond to the effects caused by the stresses” (Engle, 2011, p. 647; Smit and Wandel, 2006; Agard et al., 2014). Some examples of agricultural adaptation strategies in the IGP include the adoption of land and water management strategies (e.g., improved drainage, irrigation, and altered planting dates), conservation agriculture practices, and climate-tolerant and diseases resistant varieties (Ojha et al., 2014; Bhatta and Aggarwal, 2015; Khatri-Chhetri et al., 2016; Bhatta et al., 2017; but cf. Bastakoti et al., 2017). Few studies have, however, extensively examined who is adapting and the reasons why certain households may not be able to invest in, or avail agricultural services and technologies in this breadbasket region (but see Ojha et al., 2014; Sugden et al., 2014; Bhatta et al., 2017).

Research traditions in agrarian development, including the Sustainable Livelihoods Approach and broader capabilities-based models, have enriched concepts of adaptation and adaptive capacity. In particular, a household's economic, physical, natural, social capitals (including informal and formal institutional access) have often been theorized as foundational indicators of livelihood planning and adaptation to social-ecological change (Chambers and Conway, 1992; Scoones, 1998; Adger and Kelly, 1999). More recently, a growing set of work has empirically shown that such capitals, or lack thereof, shape agricultural adaptive capacity, and adaptation across regions in the global South (Sugden et al., 2014; Wood et al., 2014; Perez et al., 2015; Kabir et al., 2017; Chen et al., 2018; Sujakhu et al., 2018). We use the term “capital” to employ Sen's (1981) concepts of “endowments” and “entitlements” as the set of resources that a person or household can acquire through their owned assets, relations, and market and non-market exchanges.

There are multiple pathways through which capital supports adaptation. Sen's (1981) original work on food insecurity highlighted that endowments and entitlement relations serve critical roles in market exchange and thus, food security. Others go beyond market exchange, emphasizing the roles of social and communal exchange in shaping entitlement structures (Leach et al., 1999). According to scholars like Ifejika Speranza et al. (2014), Patnaik et al. (2017), and Abid et al. (2017), knowledge sharing and learning, access to agricultural institutions, and endowments and entitlements to capital are critical factors that underpin livelihood adaptation and resilience. Bebbington (1999) argues household capitals provide meaning and drive “emancipatory action” by challenging the structures under which life and livelihood exist (Obrist et al., 2010). This collective set of works—much of it including theoretical and indicator-based frameworks—suggest household capital can serve diverse market, social exchange, knowledge sharing, value-based, and/or emancipatory roles in shaping livelihood adaptation processes.

This paper, analyzing a large set of data from over 1,000 farm households across Bihar and Haryana (India), sets out to empirically assess the extent to which “household capital” mediates the relationship between socio-economically differentiated households and their crop, livestock, and land management adaptations. In doing so, it contributes to three key research and policy gaps in the broader agricultural adaptation scholarship.

First, frameworks that theorize capital as a key process and mechanism underlying livelihood adaptation require validation using household-level data across diverse cultural and institutional contexts. Following Birkenholtz (2012), researchers often adopt “intensive”—qualitative village-scale studies on power, culture, and institutions that mediate adaptation in social-ecological systems (e.g., Cote and Nightingale, 2012)—or, “extensive” analyses where generic indicators, such as census data, are used to predict adaptability across large spatial scales. The use of empirical household-level data in different regional institutional contexts can provide policy-makers clarity over the roles and efficacy of capital in adaptation. Second, and importantly, much of the existing agricultural adaptation research explores either the extent to which certain household characteristics (e.g., education level, gender, household size) predict adaptation outcomes, or explores the extent to which household capitals (e.g., financial capital, infrastructure, access to weather information) enable adaptation (e.g., Deressa et al., 2010; Below et al., 2012; Wood et al., 2014; Kabir et al., 2017; Sujakhu et al., 2018). While such cases can provide evidence in support of capital, its key limitation is the inability to assess the extent to which household capital mediates the relationship between particular socio-economically differentiated households and their adaptation activities. Mediation analysis provides policy-makers with key information not only on the role of capital in mediating adaptability at the meso-scale, but also enables them to identify who is adopting agricultural adaptation and who is in need of stronger state and extension support—an important empirical gap for promoting evidence-based and equitable policy interventions (see Andersson and D'Souza, 2014; Totin et al., 2018). Finally, more empirical evidence is needed to better understand mechanisms for improving agricultural adaptability of marginalized social groups, particularly women (Davidson, 2016), given such groups are expected to experience climatic and broader social-ecological change impacts more intensely than other members in rural society (Vermeulen et al., 2012).

We begin this paper by describing our dataset and the analytical techniques used (sections Dataset and Study Site and Structural Equation Modeling: A Brief Overview). We then explain the value of structural equation modeling, given it has not been widely applied in the agricultural livelihood adaptation literature (but see Niles et al., 2013; Le Dang et al., 2014; Toma et al., 2018). In section Results, we present our results, with a specific focus on the extent to which capital mediates the relationship between household characteristics and crop, land, and farm (livestock) adaptation strategies in the IGP. We then discuss key findings from our results and provide recommendations for policy-makers focused on improving adaptation for marginalized groups (section Discussion: Key Findings for Policy-Makers). We conclude, learning from our nuanced set of results, providing avenues for future research in adaptation studies.

DATASET AND STUDY SITE

This paper uses the Climate Change, Agriculture, and Food Security (CCAFS) 2010–2011 household survey dataset collected by the CGIAR-led CCAFS research program in South Asia (India, Nepal, and Bangladesh) (CCAFS, 2015: http://doi.org/10.7910/DVN/IUJQZV). Standardized baseline instruments were used to collect information on household-level demographics, assets, livelihood information, experienced crises, current risk management strategies, and adaptive management practices from all CCAFS research sites (e.g., Bhatta et al., 2013; Singh, 2013). We focus our analysis within India. The data was collected by the CCAFS research team using a specified baseline sampling framework (per Kristjanson et al., 2011). Within Bihar and Haryana, selected “sites” were sampled. The specific criteria for site selection included but were not limited to considerations around agro-ecological production, socio-economic and demographic information, anticipated environmental change, and different land tenure arrangements (ibid, see p. 6). The sample population comes from eight sites in Bihar and one site in Haryana (Karnal District). Following the CCAFS sampling framework, a 100 km2 block or area for each site was developed. The CCAFSs research team then selected seven villages at random from that block (Kristjanson et al., 2011; Bhatta et al., 2013; Singh, 2013). Once the villages were selected, a comprehensive list of households was generated using voter lists and census data (ibid). From here, 20 households were randomly selected per village with the baseline instrument executed by trained enumerators in Hindi (ibid). The dataset we use contains records for 1,259 agricultural households across nine sub-regional sites across both states (Figure 1). For a more complete description of study sites and sampling methodology, please refer to baseline survey reports (Kristjanson et al., 2011; Bhatta et al., 2013; Singh, 2013).
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FIGURE 1. Map of study village (red) in Bihar and Haryana explored in this study.



Our central research objective involved providing recommendations that improve farm household adaptation in different demographic and social-ecological contexts. For that reason, we are not interested in undertaking a comparative state-wise analysis; instead, we direct interested readers to related research describing major differences between these sampled sites (e.g., Bhatta et al., 2013; Singh, 2013). That said, there are important differences between the districts. Karnal is a well-off district (1.5 million people, 417 inhabited villages) in north-eastern Haryana, with about 45% of “main workers” (>6 months of work per year) engaged in agricultural activities (Government of India, 2011a). Known as the “rice bowl” of Haryana, Karnal has been the highest-ranking district in the state on a per hectare yield (ibid, p. 17). Households sampled commonly own large livestock, and cultivate rice, wheat, vegetables, and engage in other related livelihood, likely including paper mills, sugar factories, agricultural implements (Government of India, 2011a; Singh, 2013). Vaishali, located in central Bihar, is one example of a much larger site (3.5 million people, 1,422 inhabited villages) and is heavily focused on rainfed agriculture, largely wheat, maize, and rice (Government of India, 2011b; Bhatta et al., 2013). There are differences in caste structure and distribution in our sample (i.e., Economically Backward Caste is specific to Bihar; General Caste concentration is higher in Haryana); land size (i.e., historical process in Haryana leading to larger land-sizes, Rathakrishnan and Kumar, 2014); agricultural crop production (i.e., Haryana mainly grows wheat and rice, with Bihar growing rice, wheat, and maize mix); and in hydro-climatic risks (i.e., vast majority in Bihar reported having experienced such risks). Table 1 compares demographic, social, and economic household-level information across both states. More, and clear from the Table 1, the recorded observations are unevenly distributed between Haryana (n = 140) and Bihar (n = 1,119).


Table 1. Sample population surveyed in Bihar and Haryana.
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STRUCTURAL EQUATION MODELING: A BRIEF OVERVIEW

We developed a series of structural equation models (SEMs) using R-3.4.2 (Lavaan package) and Stata 13.1. The use of two statistical programs served as a means of quality assurance and control (we report statistics using R-3.4.2). SEMs are a powerful multivariate technique used to statistically assess complex system-wide relationships (Grace, 2006; Grace et al., 2010; Kenny, 2014). An important value-added contribution of the SEM approach is the ability to assess hypothesized relationships between variables, using observed and non-measured (“latent”) variables (ibid). We apply SEM using “mediated modeling” (Baron and Kenny, 1986; MacKinnon et al., 2007; Hayes, 2009; Zhao et al., 2010). Where conventional techniques use x and y variables, SEMs allow for the inclusion of a third component—a mediator. A mediator represents a well–theorized variable believed to affect the relationship between, in our case, a given household characteristic (x) and household adaptation behaviors (y). A hypothesized mediator can explain an observed effect either completely, or partially (Baron and Kenny, 1986). Following Baron and Kenny (1986), Zhao et al. (2010) outline “non-mediation” (a direct-only effect), “full mediation” (an indirect-only, without a “direct” effect), and “partial mediation” (a complementary, or competitive effect) as possible relationships (see Figure 2). These effects can be in the same or different directions. Iacobucci (2008) and Zhao et al. (2010, p. 198) suggest that full mediation remains the “gold standard” but is not commonly found in practice. The meaningful presence of a mediator provides an opportunity to better understand forces underlying and shaping observed adaptation patterns across differentiated strata of rural households, and thus, serves as a critical entry-point for targeted policy interventions.
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FIGURE 2. Diagram illustrating different mediation effects. Top: Non-mediation or the total effect (c). Middle: Full mediation (a × b); Bottom: Partial mediation where the indirect path (a × b), or the mediated effect explains only some of the relationship. Adapted from Zhao et al. (2010).



Explained below, we use three dependent variables: (i) crop management strategies; (ii) land management strategies; and (iii) farm or animal/fish management strategies in both Bihar and Haryana (i.e., six SEMs in total). Each model is comprised of three components: (i) a well-theorized set of social and economic household-level variables that have a theoretical association with adaptation and adaptability (our independent variables); (ii) an aggregated household-level capital variable (our mediator), hypothesized to mediate the effect between a household and its adaptation behavior; and (iii) the number of crop, livestock, and land adaptive behaviors engaged in by households (our dependent variables). We carefully specified each of the three components using literature reviews as well as well-accepted statistical measures, with the processes outlined below. We used the maximum likelihood robust (MLR) estimation in computing the effects of each SEM. The MLR computes robust (Huber-White) standard errors and a scaled test statistic equal to the Yuan-Bentler test statistic and can help protect against heteroscedasticity and non-normality (Lai, 2018).

Household-Level Social and Economic Variables (Independent Variables)

As signaled in our introduction, not all farm households are able to access agricultural adaptation solutions evenly and equitably. We adopt a theoretical framework where adaptation processes are differently shaped by social and economic systems that characterize household difference. This perspective leans on a rich tradition of social constructivism and coupled social-ecological models of vulnerability in agrarian systems (e.g., Watts and Bohle, 1993; Blaikie et al., 1994; Ribot, 1995). We selected a subset of independent variables within or based off of the CCAFS household survey, including gender, caste, land ownership, education, distance to urban roads, and family dependents—all of which have been theorized or evidenced in the global and Indian livelihoods adaptation literature to affect adaptation behavior (Table 2). To protect against multicollinearity in our models, we followed a stepwise model building procedure to narrow the list of independent household variables. In our stepwise approach we examined correlation matrices amongst included variables and SEM model fit statistics [e.g., Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR) and Akaike Information Criterion (AIC)] to guide inclusion/exclusion decisions (Kenny, 2014). Households with identifiable social and economic characteristics serve as clear entry-points for policy-making intervention, if capital is shown to mediate their relationship with adaptation outcomes. Our models used 959 and 139 household observations for Bihar and Haryana, respectively. We excluded observations where records were incomplete or erroneous (e.g., incomplete or incorrect land units). In Haryana, we also excluded the sole “Economically Backwards Caste” observation (n = 1) to avoid inappropriate estimates. Table 2 summarizes the household variables and rationalizes their inclusion in our SEMs.


Table 2. Theoretical specification of independent variables.
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Household Capital (The Mediator)

In our introduction, we highlighted that household capital is often understood as an indicator of adaptability. To construct our capital variable, we used nearly 80 different household measurements in the CCAFS survey instrument, which represent human, natural, financial, physical, manufactured, and social capital (see Table 3). Supplementary Material #1 lists the used set of binary measurements of capital which were grouped as six indices, namely; (1) received weather information in the last year; (2) household production diversity; (3) household commercialization diversity; (4) household asset index; (5) household infrastructure index; and (6) household social capital index (Table 3). Table 3 describes these six data-driven indices and relates them to commonly referenced capital categories within the Sustainable Livelihoods Approach (SLA, e.g., Scoones, 1998). As shown in Supplementary Material #1, the number of underlying constructs used to measure each capital index varies from five (received weather) to 21 (household asset index).


Table 3. Description of the six capital data-driven indices and evidence of their relationships or associations with adaptation.
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We used a multi-step data reduction statistical process to go from nearly 80 inquired upon variables to one aggregated capital variable, largely to retain statistical power. First, we constructed standardized indices for each of the six different capitals-indices. Six index values were produced for each of the 1,259 households. Second, using these values, we ran correlation matrices and a Cronbach's Alpha test (n = 1,259, standardized α coefficient = 0.78) finding that these six capital indices had high internal reliability amongst themselves. Third, we took the Cronbach's Alpha value as justification for the inclusion of a Confirmatory Factor Analysis (CFA) within each SEM to construct a single latent capital variable, which is not measured but inferred as the underlying construct influencing each of the six measured or observed capitals indices. A higher relative latent capital score could indicate a sizeable concentrations of few capital categories, or fewer holdings across several categories. This latent variable constructed within each SEM serves as the single mediating variable and allows for the SEM to test the mediating role of capital between household characteristics and adaptive behaviors. To account for correlations between capital variables, we allowed the error terms of the measured capital indices to co-vary in the SEM.

The choice to aggregate the household capital indices emerged as a result of testing and comparing a number of different SEM model structures to obtain the best model fit and the most parsimonious model. We tested SEM structures with no household capital aggregation (i.e., six mediating variables), SEM structures with some aggregation (e.g., three latent variables), and the final aggregated model with all six household capitals composing one latent capital variable. The aggregated model was the optimal solution in terms of model fit statistics and parsimony. Furthermore, the combination of capitals indices into a latent, aggregated variable was in line with our theoretical understanding of capitals as interrelated and interlocking.

Adaptive Behaviors (Dependent Variables)

Crop, land-management, and livestock adaptations are key undertakings popular in the IGP region of India (Ojha et al., 2014; Khatri-Chhetri et al., 2016; Bhatta et al., 2017). In our sites, households adapt to a wide range of climatic and non-climatic stressors and opportunities. Supplementary Material #2 provides a list of reasons why farmers engage in land, crop, and livestock adaptations. In both Bihar and Haryana, common reasons for land and crop adaptations include better crop yields and prices, new market opportunities, less rainfall, lower groundwater tables, less productive land, and more expensive labor. Livestock adaptations are occurring largely to fetch households better prices across both states. In Haryana, more specifically, more cold spells and the risk of pest and diseases were cited by over 30% of households as being an important reason for adopting land/crop, and livestock adaptations, respectively. Farmers have differential capacity to engage in these strategies to redress harm or capitalize on opportunities resultant from hydro-climatic change. The CCAFS instrument surveyed over 50 different adaptation strategies nested under the aforementioned categories of crop, land, and farm adaptation behaviors. Land management behaviors include altered irrigation practices, water conservation strategies, planting times, integrated crop management, and intercropping. Crop adaptations include introducing higher yielding, flood, drought, and disease resistant variants. Farm (livestock) management strategies include fodder storage, new types of breeds or livestock, and farming of improved pastures. In line with Section Household Capital (The Mediator), we formulated three dependent variables (unstandardized count values) based on over 50 listings by using simple data aggregation techniques. Our decision to quantify adaptation behaviors into three aggregated count variables originated from our research objective to explore adaptation actions for broader agricultural categories (crop, land, livestock). By examining crop, land management, and livestock changes, our analysis is specific enough to target relevant policies that are in place but still allows us to derive meaning across heterogenous sites. Rather than making inferences over the importance of individually specific adaptation strategies within diverse regions, we use the overall quantity of adaptation categories as an index on which to examine adaptation. Each crop, land, and farm adaptation index represent the number of unique adaptation strategies a household has adopted. Supplementary Material File #3 lists all adaptation strategies by the crop, land, and farm groupings. Figure 3 provides a schema of our mediated models.


[image: image]

FIGURE 3. Mediated models ran for crop, land, farm adaptation behavior in Haryana and Bihar.



RESULTS

This section synthesizes the detailed set of results for the six structural equation models across Bihar and Haryana for households' three types of adaptation behaviors: (i) land management, (ii) crop management, and (iii) farm (livestock) management adaptation strategies. We present the coefficient value and p-value in parentheses below with regards to the results in-text. The beta value can be interpreted as the average change in the dependent variable (i.e., number adaptation behaviors) for every one unit increase in the predictor variable. Table 4 shows a simplified chart highlighting instances where household capital fully mediates the relationships between a given household characteristic and their adaptive behaviors (see Supplementary Material #4 for the complete summarization).


Table 4. Instances where household capital fully mediates (indirect-only) the relationships between a given household characteristic and their adaptation behavior (✓ = p < 0.05) in Bihar and Haryana (± indicates direction of the relationship).
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Land Management Adaptations

The land adaptation model in Bihar has an acceptable goodness of fit score (Robust CFI: 0.846; Robust RMSEA: 0.088; SRMR: 0.056) while the Haryana model has an excellent fit (Robust CFI: 0.96; Robust RMSEA: 0.061; SRMR: 0.04; Table 5). Several similarities exist between both states. First, we find a significant positive relationship between household capital, and adopted land management adaptations in Bihar (β = 6.59, p ≤ 0.01) and Haryana (β = 8.92, p ≤ 0.01). Second, we observe a significant positive indirect-only relationship between household education level and the number of land adaptations adopted in Bihar (β = 0.49, p ≤ 0.01) and Haryana (β = 0.50, p ≤ 0.05). That is, household capital fully mediates the relationship between higher educated households and their higher adoption of land adaptation strategies.


Table 5. SEM results for land-based adaptation strategies in Bihar and Haryana.
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We also find several differences between both states. A first difference involves the proportion of land a household owns. In Bihar, a significant positive indirect-only relationship exists between the number of adopted land adaptation strategies and the proportion of land owned (β = 0.37, p ≤ 0.01). Said differently, household capital fully mediates the relationship between households with a greater proportion of owned land and their higher uptake of land management activities. In Haryana, a significant negative direct relationship exists between the adoption of land adaptations and the proportion of land owned (β = −0.95, p ≤ 0.05). Here, household capital—although higher for those with a greater owned share of land—serves no statistical role in explaining land-based adaptations.

Second, in Bihar a significant positive indirect-only relationship exists between the number of household dependents and number of land adaptations (β = 0.09, p ≤ 0.01). In other words, households with more dependents adopt more land-based adaptations—an effect mediated by household capital. We do not observe this effect in Haryana. The third difference concerns households located farther from urban roads. A significant positive direct relationship exists between the distance to urban roads and the number of land-based adaptations in both Bihar (β = 2.90, p ≤ 0.01) and Haryana (β = 29.72, p ≤ 0.01). Interestingly, households that are farther from urban roads engage in significantly more land-based adaptations in each state. Conflictingly, a significant negative indirect relationship also exists in Bihar (β = −1.18, p ≤ 0.05) indicating “competitive mediation” (Zhao et al., 2010). Unpacking this, distance from an urban road has a significant negative effect on household capital (β = −0.18, p ≤ 0.01), yet household capital has a significant positive effect on land adaptation. While households farther from roads engage in more strategies (the direct effect), more road distance equates to less capital simultaneously available for adaptation. Hence, an omitted mechanism likely exists for explaining the positive effect in Bihar (Zhao et al., 2010).

Last, we focus on the complex relationships between caste and land management changes. The results are reported in relation to the General Caste level1. In Bihar, a significant negative indirect-only relationship exists between Scheduled Tribes (β = −0.63, p < 0.01) and the number of land adaptations—an effect fully mediated by household capital, which is on average lower for ST compared to upper castes. Although this effect was significant, we caution readers of the low sample size (n = 8) in the Bihar dataset (see section Limitations). We find significant positive direct (β = 1.24, p ≤ 0.01) and a significant negative indirect (β = −0.49, p ≤ 0.01) relationships between Economically Backwards Castes (EBC) and the number of land adaptations undertaken (“competitive mediation”). That is, EBC households adopt more land management strategies in comparison to General Caste households; however, this is likely explained by an omitted mediator given their lower capital scores detract from adaptation uptake. In Haryana, a significant negative indirect-only relationship exists between both Scheduled Castes (SC) (β = −3.15, p ≤ 0.01) and Other Backward Castes (OBC) (β = −2.06, p ≤ 0.01), and their land adaptations. Here, household capital—much lower for SC and OBC—mediates the relationship between these lower castes and their fewer uptake of land-based adaptation strategies.

Crop Management Adaptations

The crop adaptation models in Bihar (Robust CFI: 0.895; Robust RMSEA: 0.070; SRMR: 0.044) and Haryana have excellent goodness-of-fit scores (Robust CFI: 0.979; Robust RMSEA: 0.043; SRMR: 0.037). We find three similar relationships between both states. First, consistent with land-based adaptations (section Land Management Adaptations), there is a significant positive relationship between the household capital latent variable and adopted crop management adaptations in Bihar (β = 1.48, p ≤ 0.05) and Haryana (β = 3.61, p ≤ 0.01). Second, we find significant positive relationships between household education level and the number of adopted crop adaptations. Here, household capital partially mediates this relationship in Bihar (direct: β = 0.27, p ≤ 0.01; indirect: β = 0.08, p ≤ 0.05), and all of it in Haryana (β = 0.21, p ≤ 0.05). Third, the proportion of land owned has a significant positive indirect-only relationship with crop adaptations in Bihar (β = 0.06, p ≤ 0.05) and Haryana (β = 0.38, p ≤ 0.05). That is, household capital (increasing with the share land ownership) fully mediates this relationship.

We also find several notable differences. In Bihar, a significant positive indirect-only relationship exists between the number of household dependents and the number of crop adaptations made (β = 0.02, p ≤ 0.05). In other words, household capital fully mediates the relationship between a higher number of dependents and higher adoption of crop adaptations. This relationship was not statistically observed in Haryana. Second, in Bihar, we find a significant positive direct effect between distance to urban roads, and the number of crop adaptations (β = 3.09, p ≤ 0.01); but, at the same time a significant negative indirect relationship also exists where household capital acts as a mediating factor which detracts from crop adaptations (β = −0.22, p ≤ 0.05). Distance from an urban road has a significant negative effect on household capital, which affects adaptation uptake. Thus, an omitted mechanism likely explains this positive relationship. In Haryana, a significant positive direct relationship exists between distance to urban road and the number of crop strategies adopted (β = 28.96, p ≤ 0.01).

Last, caste continues to demonstrate diverse relationships. In Bihar, a significant negative indirect-only relationship exists between Scheduled Tribes (β = −0.11, p ≤ 0.05), Scheduled Castes (β = −0.13, p < 0.05) and EBC (β = −0.102, p < 0.05), and crop-based adaptations—an effect mediated by household capital. In contrast, a significant positive direct effect (β = 0.62, p < 0.01) and a significant negative indirect effect (β = −0.08, p < 0.05) exist between OBC and the number of crop management changes (“competitive mediation”). In Haryana, significant negative direct and indirect relationships exist between SC (direct: β = −3.15, p ≤ 0.01; indirect: β = −1.14, p ≤ 0.01) and OBC (direct: β = −1.09 p ≤ 0.01; indirect: β = −0.64, p ≤ 0.05), and the number of crop adjustments made. This effect is partially mediated by their household capital—which is lower than General Castes. The full results for the crop model in Bihar and Haryana are presented in Table 6.


Table 6. SEM results for crop-based adaptation strategies in Bihar and Haryana.
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Farm (Animal/Fish) Adaptation Strategies

The farm adaptation models have acceptable goodness-of-fit scores in Bihar (Robust CFI: 0.837; Robust RMSEA: 0.090; SRMR: 0.052) and excellent fit in Haryana (Robust CFI: 0.955; Robust RMSEA: 0.060; SRMR: 0.04). In regard to farm (livestock) adaptations, we observe three important similarities between both states. First, and similar to the land and crop models, we find a significant positive relationship between the household capital latent variable and adopted farm management adaptations in Bihar (β = 4.15, p ≤ 0.01) and Haryana (β = 4.95, p ≤ 0.01). Second, a significant positive indirect-only relationship exists between household education level and the number of farm adaptations adopted in each state (Bihar: β = 0.27, p ≤ 0.01; Haryana: β = 0.30, p ≤ 0.05). That is, household capital—which, once again is on average higher for more educated households—fully mediates these relationships. Third, this same indirect relationship holds in each state for households with a greater proportion of land owned (Bihar: β = 0.21, p ≤ 0.01; Haryana: β = 0.50, p ≤ 0.05).

Like the above adaptations, differences exist. First, in Bihar, we find a significant positive indirect-only relationship between households with more dependents and the number of farm management adaptations (β = 0.06, p ≤ 0.01), but not in Haryana. Second, in Bihar, we see a significant negative indirect-only relationship between distance to urban roads and the number of farm adaptations adopted (β = −0.62, p ≤ 0.01). This effect was not found in Haryana. Last, as with land and crop adaptations, we observe a significant negative indirect-only effect between Scheduled Tribes (β = −0.30, p < 0.01) and the number of farm adaptations in Bihar. Competitive mediation exists for SC, EBC, and OBC households and their relationship with farm adaptation strategies wherein a significant positive direct effect co-exists with significant negative indirect effects. While SC, EBC, and OBC households adopt more farm management strategies in relation to their General Caste counterparts, household capital is not driving this relationship. Rather, it detracts from it, given these households have lower capital scores for adaptation. In contrast, in Haryana, we observe a significant negative indirect-only effect between SC (β = −1.67, p < 0.01) and OBC (β = −1.05, p < 0.01), and adopted farm adaptation activities—an effect fully mediated by household capital. We present clarified highlights of these trends in section Discussion: Key Findings for Policy-Makers.

DISCUSSION: KEY FINDINGS FOR POLICY-MAKERS

We found that household capital is a significant and positive predictor of the number of land, crop, and farm (livestock) strategies adopted by households across Haryana and Bihar (Tables 5–7). That is, a higher composition of household capital is related to households engaging in more adaptation behaviors, even under multiple research sites with differing demographic, agricultural, economic, and institutional contexts. More importantly, we found that household capital fully mediates adaptation behavior for a sub-set of the sampled population. This was for around 48% of the relationships between a given household characteristic and their adaptation behaviors. We highlight key findings below with the intent of showcasing policy recommendations (Table 8) that are aligned with supporting and enhancing adaptation for certain marginalized sub-groups within our sample.


Table 7. SEM results for farm-based adaptation strategies in Bihar and Haryana.

[image: image]




Table 8. Short-term policy recommendations across Bihar and Haryana for disadvantaged groups where household capital was observed to mediate adaptation.
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Education and Land Ownership

First, more educated households engage in more adaptation strategies in both geographical contexts—an outcome fully mediated by their higher capital scores. As education increases, so do mean scores for each of the six capital variables, with noticeable improvements in owned assets and infrastructure, production diversity, and received weather and climate information. One possible, and well-theorized, explanation for this observed mediated pattern is that higher levels of education—linked with more assets (e.g., radios, television, internet, mobile phones) and exposure to climate information—could influence farmers' perception of climate risks and facilitate livelihood adaptations (see Deressa et al., 2009; Lutz et al., 2014; Kibue et al., 2016; Tripathi and Mishra, 2017). One key recommendation includes stronger diffusion of weather forecasting and early warning systems to facilitate adaptation, particularly for less-educated households (Aggarwal, 2008; Lobo et al., 2017; Table 8).

Second, households with a higher proportion of owned land adopt more adaptation strategies across both states—an outcome fully mediated by their higher composition of capital. Research shows that as the ownership of land2 increases, so can a household's capacity to invest in sustainable crop, farm and land based strategies (Deininger, 2003). One possible reason this pattern emerges is because such households are better positioned to “mobilize,” or gain access to more capital, either via institutional opportunities that exist with larger land ownership, or through incentives for land investments (e.g., ibid).

Caste and Community

Highlighted above, caste exhibits differentiated effects on agricultural adaptation. In certain cases, and particularly in Haryana, SC, and OBC's lower capital score fully mediates and explains lower adaptation action, relative to General Castes. The same can be said consistently for Scheduled Tribes in Bihar, and with EBC, SC, and OBC when it comes to crop adaptations. Thus, in a number of cases, capital fully mediates the lower adoption of agricultural management adaptations for lower castes in different institutional and geographic contexts. In more limited cases, notably land and farm adaptations in Bihar, we observe negative indirect effects as well as simultaneous positive direct and total effects of SC, EBC, and OBC households. This indicates higher adaptation uptake relative to General Castes. However, household capital is not driving this effect. While another mechanisms or mediator exists in these cases, we maintain that improving capital scores can in fact increase adaptation, even in the presence of other unaccounted mediators.

As an aggregated sample, General Castes have a higher mean score in each of the six major capitals, as compared to both SCs and OBCs. However, prominent differences exist with respect to certain capitals. Received weather information, infrastructure, and asset holdings are much lower for OBCs as compared to General Castes. The same holds true for SCs; however, their production diversity is substantially lower than General Castes. Based on our data analysis, SC and OBC households could more effectively adopt adaptation strategies if the household capitals mentioned above were strengthened. Further, a broader set of non-climate strategies such as effective soil, water, and nutrient management could be essential for enabling households to engage in climate change adaptation, including livelihood diversity (Chaudhari and Mishra, 2015).

The Climate Smart Village3 program adopted by the government of India in 151 vulnerable sites in India aims to mobilize and empower communities through decentralized decision making on coping and adapting while also stabilizing and improving agricultural production (Rao et al., 2016; Aggarwal et al., 2018). Aggarwal et al. (2018) demonstrate important gains in rice-wheat yields, income, water conservation, and emissions reduction with altered tillage practices, residue incorporation, and land-leveling in multiple sites in northern India. However, it remains unclear to what extent social and economic difference play in shaping adoption rates within villages. Improving the capital holdings of SC and OBC households could enable them to partake in these initiatives as well. In this line of reasoning, lower castes could be prioritized to receive assistance from ongoing programs, such as the National Initiative on Climate Resilient Agriculture Program, which facilitates access to agricultural machinery in support of climate resilient cultivation practices (Sikka et al., 2016).

Our results suggest household capital mediates the observed effects between adaptation, and certain factions of our sample that have lower education, less owned land, and belong to lower caste communities. These are broader, noteworthy results for policy approaches focused on just, and equitable adaptation and are not universal across all adaptation behaviors in both states. Nevertheless, where we do find evidence that “disadvantaged” groups adopt fewer strategies, policy interventions that raise household-level capital scores can be an immediate and effective means of increasing adaptation. Table 8 reflects illustrative examples where possible improvements in capital could be made for specific groups. While improvements in any capital category will, in theory, improve adaptation adoption, these recommendations reflect areas where mean scores of certain capitals are lower for certain disadvantaged members of socio-economic groups. As such, they reflect relevant areas for intervention.

LIMITATIONS

There are some important limitations of our approach we wish to address. We are using the number of adaptation strategies engaged in as an indicator of flexibility, choice, and response diversity (Bhatta et al., 2017). We assume more adaptations or innovations is a positive characteristic, even though we understand that some individual interventions or particular combinations thereof may eventually not result in climate-smart strategies in certain contexts. We recognize that this is an imperfect proxy for “vulnerability” (a relational concept we engage with in limited fashion in this paper) given households who adopted fewer strategies may have found success in these and opted not to pursue other strategies.

Second, the nature of our analysis does not allow us to infer whether specific household capitals, or varying combinations of capital, have a stronger effect on adoption rates. We cannot identify mediating relationships between independent and dependent variables at a level of specificity greater than the aggregated capital mediator (i.e., mediation by specific capital indices). However, we are able to examine relative capital indices for certain groups, which allow us to identify promising areas for increased efforts to enhance adaptation and adaptive capacity.

Third, while the CCAFS implements a random sampling design, more data from female-headed households is required in order to better assess differential adaptive capacities in the IGP. The sample size of female-headed households in both Haryana (n = 4) and Bihar (n = 28) was small and likely unsuitable for inferential testing. As a result, we caution against the interpretation that no observed adaptation differences in female and male-headed households exist. While we cannot provide a robust results, our descriptive statistical findings are aligned with scholarship recommending women's access to finance, social networks, knowledge, and their participation in formal agricultural institutions should be improved (e.g., Sugden et al., 2014; Chaudhari and Mishra, 2015). For example, in Bihar female-headed households (n = 28) had lower livelihood, commercial diversity, and asset holding scores compared to male-headed households, echoing findings that female ownership and access to assets, networks, and exclusion from formal agricultural institutions may be important factors shaping adaptation behavior (Ahmed and Fajber, 2009; Sugden et al., 2014; Perez et al., 2015; Mehar et al., 2016; Niles and Brown, 2017). We call for more research, particularly given the context where the scale and rate of male out-migration (especially in Bihar) is restructuring conventional gender roles in agriculture (Datta and Mishra, 2012; Aryal et al., 2014). The same disclosures apply equally to the effect of Scheduled Tribes on agricultural adaptations, particularly in Bihar where the sample size was small (n = 8).

Fourth, income is likely to be correlated with other household capital variables. We were unable to control for this variable, as it was unmeasured and unquantified in the household survey. Fifth, we acknowledge that adaptation decisions involve complex socio-cultural and human decision-making factors (e.g., Adger et al., 2012) in addition to household capital. That said, we hypothesize—using insights from the agrarian livelihoods, development, and environmental change literatures—capital remains but one critical entry point for improving adaptations, innovations, and experimentations. Last, we recognize there could be other estimations of the structural equation models used to better handle count data.

FUTURE RESEARCH

The use of mediation allows us to evaluate the contribution household capital makes in affecting the relationships between socially-economically differentiated households and their adaptation behavior. In numerous cases, we find evidence of no mediation or partial mediation. The implications of both non-mediation and partial mediation are that our theorization and construction of the mediator variable are incomplete and room exists for exploring underlying drivers of adaptation adoption (Zhao et al., 2010). But in the case of non-mediation, we caution against a reading that capital itself is unimportant. Rather, this should be interpreted as capital—constructed here—requires expansion or refinement, or the underlying metrics through which capital is surveyed does not mediate adaptive behavior patterns. In addition to metric development, we speculate that there could be other, non-material forms of capital that are mediating the relationship between a given sub-set of households and their adaptive decisions. In cases of partial mediation, household capital mediates observed behavior, but cannot account for it in full. The above recommendations around metric re-examination and other, non-surveyed factors are future areas of research, particularly for “complementary” effects (same signs). In fewer cases, we see negative “competitive” relationships (opposite signs) between household capital and adaptation behavior (Zhao et al., 2010). This means that household capital mediates, all factors equal, relationships where a sub-set of households adopt less of a given strategy, such as crop variants; however, there is an additional factor at play that is allowing the uptake of said strategies. The identification of other factors—including those that extend beyond an individual household and branch into social-ecological systems properties supportive of adaptation—could help explain adaptation outcomes.

CONCLUSIONS

This paper developed six robust SEMs to explore the relationships between household capital and diverse agricultural adaptation strategies for over 1,000 randomly selected farm households in Bihar and Haryana. The models sought to identify the extent to which capital mediates the relationship between household social and economic difference, and adaptation strategies in a heterogeneous population with different geographical and institutional contexts. To accomplish this, we statistically constructed a single capital variable by aggregating nearly 80 different household measurements, which were reflective of households' financial, physical, human, natural, and social capital. We found household capital-holdings significantly predict the number of adaptation strategies households adopted. More specifically, we find in certain cases that households with a higher education level and a greater proportion of owned land adopt more adaptation strategies—an outcome fully mediated by their (higher) household capital scores. Further, the (lower) household capital scores often mediate the relationships between lower castes and their engagement with fewer agricultural adaptation strategies in key cases.

Our robust and carefully specified SEMs suggest that increased adoption of adaptation strategies can occur by raising the overall household capital score, especially for disadvantaged groups. In the short-term, we recommend programs that improve (i) access to public and private agricultural infrastructure for lower castes; (ii) education and shared knowledge spaces for less-educated households to increase adaptation; and (iii) the availability of low-interest loans and the more efficient legal transfer of land for agriculturalists owning a smaller proportion of their utilized land. While we recognize more adaptation does not overlap neatly with complex conceptions of vulnerability, we maintain that the ability to engage in more strategies is critical given the uncertainty posed by active processes of hydro-climatic change and approaching environmental limits (Zacharias et al., 2014). In sum, our results suggest that improvements in household capital can improve adaptability in the immediate term for households in the IGP.
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FOOTNOTES

1Often taken in many contexts as the highest-ranking caste.

2A wider scholarship examines how land shortage, landholding size, and/or tenure can affect adaptation practices (e.g., Deressa et al., 2009; Shah, 2015; Singh et al., 2016).

3Climate Smart Village program initiated by the CGIAR promotes practices such as agricultural diversification, conservation practices, tolerant variants, insurance-based programs and agro-advisory extension services (see Aggarwal et al., 2018).
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Gender-unequal structures and exclusionary relations acversely
affect the capacity for women to adapt (Doss, 2001; Ahmed and
Fajber, 2009; Sugden et al., 2014; Jost et al., 2015; Perez et al.,
2015; Cramer et al,, 2016; Kristianson et al., 2017; Pearse, 2017);
but cf. (Aryal et al., 2014)].

Caste relations and other overlapping marginalties have produced
major inequalities in resource ownership, access, and wealth
(Bosher et al., 2007; Kelkar et al., 2008; Jones and Boyd, 2011;
Sugden etal., 2014).

The number of household dependents can affect adaptation and
adaptive capacity in complicated and uncertain ways. More
dependents could restrict certain adaptation options, including
migration, or investment into capital-intensive adaptations (e.g.,
irrigation source).

Education is shown to be important in gaining access to
higher-value livelihood opportunities (Maddison, 2007; Apata
etal., 2009; Lutz et al., 2014), which could support adaptations
and improvements for existing on-farm livelihoods.

Ownership is linked to the ability to contractually change land-use
practices (Shah, 2015) and is connected with wealth and
institutional access (e.g., formal credit) for cost-effective
adaptations (Duncan et al., 2017).

Distance to roads often translates into access to markets,
extension services, credit institutions, and complementary
livelihood activities that can increase adaptation (Maddison, 2007;
Robert, 2016; Tian et al., 2018).





OPS/images/fsufs-03-00001-t003.jpg
Capital index

1. Received
weather
information in the
last year

2. Household
production
diversity

3. Household
commercialization
diversity

4. Household
asset index

5. Household
infrastructure
index

6. Household
social capital index

Related SLA
capital category

Human and social

Natural, financial
and human

Natural, financial
and human

Human and
financial

Physical, natural,
human, and
financial

Social

Importance to adaptation

Key information for agriculturalists
necessary for making decisions on
on-farm adjustments and
adaptations.

Reflective of livelihood and income
diversification underpinning asset
generation necessary for the adoption
of certain adaptation strategies.
Reflective of the extent to which
households are able to sell diverse
products and enter specific
agricultural markets, necessary for
the generation of financial capital.
Reflective of a diverse set of physical,
financial and informational capitals.
These provide a means and ends for
engaging in particular adaptation
activties.

Reflective of physical infrastructure,
inclucing electricity, vestock facilties,
and water access. These serve other
capitals, including informational
sources, or are central (as in the case
of borewelss) to the adoption of
certain adaptations.

Households with higher social capital;
both bridging and bonding can
enable them to gain access to
institutions and adopt more strategies

The related SLA capital category is illustrative, via Scoones (1998).





OPS/images/fsufs-03-00001-g003.gif
(- Direct ENfect (betwoen xand )

= 4 et e

served by househld cepita)






OPS/images/fsufs-03-00001-t001.jpg
Household Bihar (n = 1,119)* Haryana (n = 140)
characteristic
Household type Male-headed (97.32%)  Male-headed (97.14%)

Female-headed (2.50%)
Unknown (0.18%)
Caste® Scheduled tribe (0.71%)

Female-headed (2.86%)

Scheduled tribe (0.00%)

Scheduled caste (14.48%) Scheduled caste (10.71%)

Econ. Backwards caste
(15.82%)
Other backwards caste
(43.79%)

General caste (25.20%)

Education No education (11.80%)
Primary (32.17%)
Secondary (31.55%)

Post-secondary (24.49%)

Household dependents  1.86 (Min. O; Max. 12)
(mean)

Average land size (ha)  1.07 (Min. O; Max. 16).
Proportion of land owned 0.6 (Min. O; Max. 1)
(%)

Average household size  7.49 (in. 1; Max. 49)
Small livestock (sheep, ~ Owned (22.88%)
goats, etc.)

Large livestock (cattle,  Owned (67.56%)
buffalo, etc.)

Crops grown Rice (75.34%)
Meaize (27.97%)
Wheat (78.46%)
Other Crops (79.71%)

Cimate crisis faced in ~ Yes (26.87%)
past five years?

Econ. Backwards caste
©.71%)

Other backwards caste
(9.29%)

General caste (79.29%)
No education (2.14%)
Primary (14.29%)
Secondary (40.71%)
Post-secondary (42.86%)
1.46 (Min. O; Max. 6)

551 (Min. 0; Max. 50)
0.61 (Min. 0; Max. 1)

5.00 (Min. 1; Max. 7)
Owned (5.00%)

Owned (92.14%)

Rice (90.00%)
Meaize (0.00%)

Wheat (90.00%)

Other Grops (100.00%)
Yes (45.71%)

*160 households in the Bihar sample were removed from the SEM analysis because of
incorrect units or emoneous measurements, therefore the Bihar SEM model sample size is
959, Scheduled Tribe and Economically Backwards Caste are not included in the Haryana
analysis due to low sample size. Therefore, the Haryana SEM model sample size is 139.
Source: Climate Change, Agriculture and Food Security Baseline Survey (CCAFS, 2015),
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Scheduled castes

Other backwards caste

Less educated households

Owning less land

Capitals composition

Livelinood diversity, asset holding scores, infrastructure, and
weather information are lower as compared to General Castes.

Lower asset, infrastructure scores, and received weather
information compared to General Castes.

Much lower weather information retrieval, infrastructure, livelihood
diversity, and asset index compared to the most educated class.

Liveiihood diversity, infrastructure and household asset index are
more positively correlated as proportion of ownership rises.

Recommendations

« Improvements in public infrastructure and access (e.g., imigation
facilties, electricity).

* Relief measures (e.g., subsidy for farming inputs) or direct cash
transfers (Bhatta and Aggarwal, 2015).

* Testing different ways of organizing production (e.g., cooperative
farming)

« Prioriize lower castes to receive assistance from programs,
such as the National Initative on Ciimate Resilient Agriculture
program (Sikka et al., 2016)

« Improve access and incentives for education

« Ensure forecasting and early warning information reaches
disadvantaged groups.

« Create spaces for farmers to share information and knowledge
sharing as a means of supporting household adaptation.

« Ensure low-crediit agencies are available for agriculturalists.

« Faciltate the legal transfer of land more readily and efficiently.
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