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In many low-income nations agriculture is used as the primary source of income, which in the face of a changing climate, is known to be at considerable risk for the smallholder farmers that rely on it. Financial resources may enable smallholder farmers to implement adaptation practices and diversify income and investments, which has the potential to affect household income and food security. Here we explore relationships between access to different types of financial resources among male and female-headed households and women vs. men, use of financial resources, and its relationship to food security. We use data from the CGIAR Climate Change, Agriculture, and Food Security (CCAFS) program from four sites including Nyando (Western Kenya) and Wote (Eastern Kenya), Rakai (Uganda) and Kaffrine (Senegal), to represent major farming systems and agro-ecological zones across Africa. We find that male and female-headed households do not attempt to borrow financial resources in significantly different quantities; however, female-headed households are less likely to have access to financial resources if they wanted them. We find that men and male-headed households are more likely to access formal loans. As well, we find that male and female-headed households spend their financial resources differently with female-headed households most likely to use their credit for food, medical expenses and education and male-headed households most likely to use it on food, agriculture/ livestock inputs and education. Formals loans were more frequently associated with credit spent on agriculture/livestock inputs while informal loans were more likely to be utilized for buying food and medical care. In the context of food security we find that all households and sexes that attempted to borrow money in the past 12 months were less likely to borrow food or other goods, but that female-headed households were more than twice as likely to borrow food or other goods overall. These results add nuance to the relationship of financial resources to food security, suggesting that for many smallholders, especially women, credit is often used to obtain food and other health outcomes as compared to on-farm investment. The use of financial resources for these varying purposes likely has different short-term vs. long-term returns and tradeoffs, which could influence smallholder farmer capacity for climate change adaptation.
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INTRODUCTION

Access to financial resources is a key part of rural development; helping individuals to save and borrow eventually expands other economic opportunities available to these individuals (Fletschner, 2009). Limited access to financial resources in low-income countries presents many potential challenges for low-income countries, as access to financial resources is critically important for achieving sustainable development goals (UN General Assembly, 2015), including targets in food security and investment in education (De la Torre et al., 2007). In low-income countries, a large percent of the demographic makeup is smallholder farmers, who typically have less than five acres of land, yet provide more than half of the food produced in low-income countries (Lowder et al., 2014). Globally, there are estimated to be more than two billion smallholder farmers (International Fund for Agricultural Development, 2013), demonstrating their significant importance in our global food system and making them an important topic of study.

Given this importance, here we focus on smallholder farmers and financial resources in the context of food security and gender. Evidence suggests that financial resources can help smallholder farmers by improving agricultural productivity to better handle risks associated with climate change, and allow smallholders to participate in non-farm activities (Khandker and Koolwal, 2014). Use of financial resources for agricultural production may be particularly important in Africa. The agricultural production per capita has remained fairly stagnant in recent decades (Godfray et al., 2010) and this area is facing a heightened threat of climate change, reducing food security within the household (Morton, 2007; Niles and Brown, 2017). Despite this, Sub-Saharan Africa shows great potential to close “yield gaps” (Mueller et al., 2012). Access to credit can offer multiple avenues for improving agricultural production through access to inputs, but also by alleviating some technical barriers including access to extension services (Khandker and Koolwal, 2014). For many proposed “climate smart” agricultural practices, additional financial resources may further assist farmers in adoption. For example, a recent study of smallholder farmers across multiple continents and countries finds that those with income from other sources were more likely to be food secure and adopting climate-smart agricultural practices (Thornton et al., 2018).

Within the context of smallholder farmers, there has been a growing focus on female-headed households, which may be more likely to be food insecure (Niles and Brown, 2017; Niles and Salerno, 2018). Further, additional evidence indicates that the least food secure households, particularly female-headed households, are less likely to adopt new agricultural technologies due to factors including lower income and lack of access to financial resources (Jost et al., 2016). Furthermore, formal institutions more often directly allocate money to property owners; however, many rural women lack property rights due to inheritance laws favoring men in the family line.

This study explores financial resource access and use among male and female-headed households across four regions in Africa. We contribute to a growing body of research examining financial resources and their ability to improve smallholder farmer livelihoods, particularly through the explicit exploration of food security. We contribute novelty to the existing research by using data across multiple places, and among data collected separately between the men and women at the household level. Below we provide additional detail about the role of financial resources for food security in the context of gender, then present our hypotheses, methods, results, discussion and conclusion.

BACKGROUND

Financial Resources

Existing research suggests that the type of credit and lending source (formal or informal) have differing effects on agricultural outputs and food security (Sacerdoti, 2005). Formal financial institutions often include banks and credit unions, while informal lenders can include friends, family, landlords, non-governmental organizations, and microfinance institutions (Ghate, 2000). Formal lenders more often attract wealthier clients, which could enable greater economic advancement at a regional or country level (Ghate, 2000). Contrarily, smaller, more informal institutions are associated with lower access to external financing options including leasing and credit access (Beck and Demirguc-Kunt, 2006). Nevertheless, small, informal loan sources have become an important source of financing for millions of people. Despite the ability of financial resources to improve livelihoods, evidence suggests in Africa only 21% of farms have a line of credit and only 16.5% of households indicate that they have an account with a formal financial institution (Zins and Weill, 2016). In some places, these numbers may be even less, such as Malawi where only a reported 2% of households have access to formal credit, despite evidence that access to such credit can help to increase the efficiency of food markets and reduce post-harvest losses (Edelman et al., 2014).

Formal credit use may be limited in low-income countries where people often rely on informal sources of credit including family, friends, and informal lenders (De la Torre et al., 2007). Such informal sources may confer many benefits, including reduced transaction costs and capacity for small loans in a timely manner (Yami and van Asten, 2018). Historically, there has been a consistent failure and inability of formal loan sources to maintain a presence within rural farming (Faruqee and Khandker, 2001), which has influenced many low-income individuals to rely on informal credit to alleviate financial constraints (Boucher et al., 2008). Maintaining rural financial institutions is costly due to the limited network of rural financial institutions (Tsai, 2004) and stark differences in costs of accessing types of lenders. One analysis found that formal institutions can, on average, cost about 30 USD to access due to transactions and transportation fees while the cost to access informal institutions were negligible (Brune et al., 2011). With exclusionary and costly mechanisms within formal institutions, low-income countries have seen a rise in informal institutions, particularly micro-financing institutions. Microcredit has shown one of the widest effects on improving outcomes for households in both rural and urban areas, including factors such as crop income and hours spent working on the farm (Khandker and Koolwal, 2014). In Mali, evidence shows that using microfinance for agricultural loans when compared to cash grants increased purchasing of agricultural products, showing a higher return to capital (Beaman et al., 2014). Although positive effects and an increase in micro-financing has been seen in the past 40 years (Koubâa, 2014), micro-financing institutions still have many limitations.

Smallholder Farmers, Climate Change, and Food Security

Financial resources are widely discussed as a potential strategy for ensuring agricultural production through climate-smart agriculture in the face of a changing climate (CGIAR, 2013). As the climate changes, food security will continue to be a major concern, which comes on top of the already 815 million individuals classified as malnourished in 2016 (FAO et al., 2017). Integration of credit may allow households to protect themselves against vulnerabilities including shocks and loss/damage of crops (Khandker and Koolwal, 2014). Evidence further suggests that outside financial resources can enable smallholders to “step up” to utilize strategies such as investments in agricultural assets that enable expansion in the scale or productivity of existing assets and activities (Thornton et al., 2018). Resilience to climate change is crucial, as it makes households more equipped to deal with surprising and unexpected environmental stressors (Perez et al., 2015). Additionally, access to information and financial markets enables longer-term saving and borrowing and increases the ability of households to obtain insurance (Zins and Weill, 2016). This study further explores the relationship of financial resources and food security among smallholder farmers utilizing research conducted within the context of climate change and adaptation strategies.

Women and Financial Access

Considering gender as a critical component of access to financial resources is important to address challenges around accessibility, as evidence increasingly shows men and women have differing access to property, education, credit and extension services (Croppenstedt et al., 2013). While women make significant contributions to agriculture in low-income countries, women are still shown to have a lower output per unit of land and be less likely to participate in commercial farming when compared to men, which is linked to less access to financial resources and extension services (Croppenstedt et al., 2013). A major challenge for women is reliance on internal village groups, and also trying to overcome anti-women biases that make female headed households vulnerable to food insecurity (Perez et al., 2015). In some instances it is not acceptable for women to interact with men beyond their family members, and so this can make it difficult and often impossible to engage in informational sessions regarding financial institutions or markets (Fletschner, 2009). Importantly, these challenges can vary significantly by region and even village, as social norms may govern the traditional behaviors of a given place or the accessibility for women to credit and other resources.

The amount, type of credit, and who obtains credit all play an important role on the impact of the financial resource. Women however are more likely to be excluded from formal access to credit (Zins and Weill, 2016), leaving them to more often rely on family and friends for types of financial resources (Fletschner, 2009), and will more often begin businesses with fewer resources (Carter et al., 2003). These sources of lending can influence overall capacity for women. For example, women in India with lower incomes tended to have larger social networks, but which included other women with low incomes. Conversely men reported having smaller social networks, but their networks more often included wealthier men with access to agricultural resources (Magnan et al., 2013). In addition to having a social network that is more financially advantageous, men also value different organizations in the community (e.g., government agencies, community based organizations, and international organizations) when compared to women (e.g., community based organizations), which may affect utilization of certain types of financial resources (Cramer et al., 2016).

Women and Credit Allocation

Additional research has considered how gender may influence allocation of financial resources. Women's credit access is known to increase household and child food security (Lemke et al., 2003), while men's access to credit has shown fewer effects on nutrition and food-security for the family (Hazarika and Guha-Khasnobis, 2008). This may be because women tend to be in control of food preparation in the house including tasks but not limited to, collecting water, gathering wood and the physical cooking of the food (Hyder et al., 2005). Furthermore, there is a positive correlation between female empowerment and a higher dietary diversity for both women and children, which is linked to an increased body mass index (Malapit et al., 2013). This may be related to women more often spending their personal income on food, healthcare, and education for their children (Duflo and Udry, 2004; Malapit et al., 2013; Cramer et al., 2016). Spending patterns among women, however, relies on the fact that women must have direct access to financial resources and they cannot be mediated through their husbands (Fletschner, 2009). In many cases, women are required to hand over the received loan to their husband, or have little say in income spending, potentially eliminating positive benefits seen with women's access to financial capital (Start and Johnson, 2004). For example, 75% of women surveyed in Nyando, Kenya were able to decide on how to use crops, yet only 50% of the women reported that they were able to then make decisions on how the income from those crops was spent (Bernier et al., 2015). Thus, female empowerment, that enables women to work or access credit and allocate their earnings as they wish, or which enable women to be involved in household decision-making, may be an important strategy to improve household nutrition outcomes (Sraboni et al., 2014; Malapit and Quisumbing, 2015).

MATERIALS AND METHODS

Research Questions and Hypotheses

The purpose of this study is to explore relationships between access to different types of financial resources among male and female-headed households and men and women within these households and communities and its effect on food security. Based on the existing research, we aim to explore the following research questions and hypotheses:

1. Do male and female-headed households and women have different access to kinds of financial resources? (H1: Male-headed households have greater access to loans and financial resources).

2. Are there gender differences in the kinds of financial resources that are sought by smallholder farmers? (H2: Male-headed households are more likely to utilize formal financial resources such as a bank or credit union, while female-headed households and women are more likely to access money from informal sources such as relatives or friends).

3. Are there gendered differences in how financial resources are spent? (H3: Loans and financial resources will be spent differently among male vs. female-headed households and women).

4. Is there a relationship between food borrowing and financial resources? (H4: Financial resource access is associated with higher rates of food security).

Site Locations

Our analysis utilized data from the CGIAR Climate Change, Agriculture, and Food Security (CCAFS) program from their gender survey. Four sites representing three countries (Kenya, Uganda, and Senegal) were chosen including Nyando (Western Kenya) and Wote (Eastern Kenya), Rakai (Uganda) and Kaffrine (Senegal) (Figure 1). A total of 2,245 responses were recorded from Nyando (426), Rakai (769), Senegal (565), and Wote (485). These sites were chosen by the CCAFS to represent major farming systems and agro-ecological zones across Africa (Bernier et al., 2015). The survey integrated an IMPACTLite methodology (Integrated Modeling Platform for Mixed Animal Crop System; Rufino et al., 2013), collecting data from only households participating in crop and other agricultural activities. Though our data analysis can explore the data relevant to the surveyed households, it should be noted that these data cannot be interpreted to be nationally nor regionally representative because of their purposeful selection by CCAFS (Bernier et al., 2015).
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FIGURE 1. Location of Kaffrine, Rakai, Nyando, and Makueni (capital of Wote). Kenyan regions were derived from ke_district_boundaries.shp, available from https://www.wri.org/resources/data-sets/kenya-gis-data. The other two regions were derived from OpenStreetMap data (https://www.openstreetmap.org), and were converted to .shp files using the OsmToShape tool. The relevant .shp file is boundary_ply.shp, available from https://github.com/mgotovtsev/OsmToShape.



Senegal, located in West Africa, depends heavily on agriculture, which employs about 70% of the population (CCAFS, 2015). Only about 7% of the cultivated land in the country is irrigated, which makes the agriculture heavily dependent on the countries rainfall (CCAFS, 2015). The agricultural and ecological zone is classified as a transition zone from the Sahel toward Sudan Savannah (Perez et al., 2015). Women in Senegal report growing cereals (millet and maize), groundnuts, beans and sesame. In addition, women are responsible for free ranging livestock and for collecting firewood, all of which contribute to food security. Nyando and Wote, in Kenya, relies heavily on agriculture with a direct contribution of 25.4% of the national GDP. The agriculture primarily consists of crops, livestock and fishery subsectors (CCAFS, 2015). Nyando, Kenya has an agricultural ecological zone of a primarily mixed rainfed crop livestock, and a humid to sub-humid climate (Perez et al., 2015). Food security in specifically Nyando, Kenya can consist of hunger periods lasting up to 10 months, which often leads to dependence on food relief from family members working in Nairobi (Perez et al., 2015). Rakai, in Uganda located in East Africa, is also heavily agricultural, and agriculture contributes up to 40% of Uganda's GDP. More than two-thirds of the country is a plateau and up to 95% of the population participates in in rainfed mixed farming for both food and cash income (CCAFS, 2015). Uganda has an agricultural ecological zone defined as a steep rainfall gradient from highland agroforestry. It contains mid hill coffee/tea and a range of agricultural systems from small scale mixed farming/commercial to dryland small-scale agriculture (Perez et al., 2015).

Statistical Analysis

We employ three measures to explore women and household type in the dataset: (1) female (households where a woman is head of household but there are two primary decision-makers (e.g., a male adult son, uncle) compared with households with male headed/dual-headed households with two primary decision-makers, for simplicity we refer to these as “female-headed households”); (2) female2 (women within female households with two primary decision-makers vs. women in male/dual headed households with two primary decision-makers, for simplicity we refer to these people as “women in female-headed households” vs. “women in male-headed households”); (3) sex (women vs. men regardless of household type). Table 1 shows the distribution of these types across the four regions.


Table 1. Sample sizes of each household type and sex breakdown for the analysis by region.
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While there is no explicit question about food security within the survey, we utilize data related to food borrowing borrow food or other goods, which measures borrowing food or other goods within the past 12 months (Table 2). We note that food access is only one of the four pillars of food security (the others being availability, utilization, and stability), and that there is also a growing focus not just on food availability and access but nutritional security as well. Additional research could better explore these other components of food and nutritional security in these contexts. To compare male and female-headed households borrowing frequency allows us to understand how frequently households are borrowing food and other goods.


Table 2. Variable names and scales utilized in the analysis.
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We explore how many and what types of households are attempting to borrow (borrowing last year) and have access to borrowing (borrowing access) while credit source represents the source of household credit (formal and informal). Formaloan captures participants that received loans from a bank, credit union, or the government, while a 0 indicates an informal loan source including group-based microcredit, non-governmental organization, friends, relatives, traders or shopkeepers and landlords. To understand where participants are most often spending credit we created sub-category variables from the variable credit use, which asked respondents to list their top three uses of credit. We aggregated credit uses across all possible uses and created binary variables for the top five outcomes including, buying food (buyfood), for purchasing agricultural or livestock inputs (aglivestock), for other consumption (consumption), for education (education), or for medical expenses (medical). Food borrowing (borrowing food and other goods) indicates whether or not they borrowed food or other goods in the past 12 months.

Data was analyzed in Stata 15 (StataCorp, 2017) using chi square tests and analysis of variance to test for the key differences between household and sex types among the four core hypotheses. We also utilize a two separate logistic regression models to explore food borrowing/food security in the context of loan access, household type and sex, and socio-demographic factors. The first explores food borrowing/security among all households and its relationship to borrowing attempts, while the second explores only households that did borrow and its relationship to loan type, how credit was spent, household type and sex, and socio-demographic factors. In both of these models we use an interaction term of sex and female to explore the relationship of household type and sex outcomes. The baseline outcome for this interaction term is men in male-headed households with two decision-makers, meaning the interaction terms are compared to this type of person and household. As reported below, we present data results along with p values for statistical significance.

RESULTS

Access to Loans and Financial Resources

We predicted that male-headed households would have greater access to loans and financial resources compared with female-headed households and women (H1). Overall we find no statistically significant differences in female-headed and male-headed households with two decision-makers in attempting to borrow money (57.1% to 56.6%, p = 0.898). We also find no statistically significant differences between borrowing attempts of women in female-headed households compared to women in male-headed households (54.7% to 73.3%, p = 0.165), or of women overall, regardless of household type (59.1% to 56.6%, p = 0.480).

In terms of potential access to loans should individuals wanted to borrow, we find that female-headed compared to male-headed households with two decision-makers were statistically less likely to have loan access (53.9% to 70.9%, p = 0.003). We find no statistically significant difference of women in female-headed households compared to women in male-headed households with regards to access to loans (54.2% to 75%, p = 0.423) or of women overall compared to men in access to loans (62.7% to 70.9%, p = 0.109). In summary, we find no statistically significant differences between any of our three household and sex type measurements and attempting to borrow money. However, we do find that female-headed households were statistically less likely to have had access to loans if they wanted to borrow.

Formal and Informal Loan Sources

We predicted that male-headed households would be more likely to utilize formal loan sources (bank, credit union or government), while female-headed households would be more likely to access money from informal sources such as group-based micro-finance, relatives or friends (H2). We confirm this hypothesis, finding that male-headed households are more likely to access formal loans compared to female-headed households (14.2% compared to 5.8%, p = 0.007). We also find that women in female-headed households vs. women in male-headed households were also statistically less likely to utilize formal loans (2.9% to 10.9%, p = 0.018). Finally, we find that women overall compared to men are less likely to utilize formal loans (6.7% to 15.0%, p < 0.001) (Figure 2 and Table 3). However, overall, group-based microfinance is the most common source of lending, with 43.0% of male and 56.9% of female-headed households utilizing this source. In summary, we find consistent evidence that female-headed households, women in either household type, and women overall are less likely to utilize formal loans.
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FIGURE 2. Credit source by household type and within the full sample.




Table 3. Household uses of credit by household type.
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Spending Loans and Financial Resources

We predicted that loans and financial resources would be spent differently among male vs. female-headed households (H3), which we confirm (Figure 3 and Table 3). While buying food was the most common use of credit overall, we find no significant difference between female-headed and male-headed households (29.4% to 25.0%, p = 0.434). However, we do find that women in female-headed households vs. women in male-headed households (32.4% to 22.5%, p = 0.052) were more likely to spend their credit on food. Overall however, we find that men are more likely than women to spend credit on food (38.3% to 26.4%, p < 0.001). We find no significant differences in credit spending on education between any of our three groups of interest. For agriculture and livestock inputs we find that male-headed households are more than twice as likely as female-headed households (22.3% to 9.2%, p < 0.001) and men vs. women overall (27.8% to 15.5%, p < 0.001) to spend credit in this way. Female-headed households vs. male-headed households (13.0% to 7.1%, p = 0.005) and women overall (15.2% to 8.1%, p < 0.001) were more likely spend credit on medical expenses. Finally, we find that male-headed households vs. female-headed households (11.5% to 3.8%, p = 0.001), women in male-headed households vs. women in female-headed households (13.0% to 4.6%, p = 0.015), and men overall compared to women (13.5% to 9.6%, p = 0.054) were more likely to spend their credit on other consumption. In summary, we find evidence that women in female-headed households are more likely to spend their credit on food, while male-headed households and men overall are significantly more likely to spend credit on agriculture and livestock inputs and other consumption. Female-headed households and men overall are more likely to spend credit on medical expenses.
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FIGURE 3. Use of credit among male and female-headed households. Bars indicate standard errors.



Further, we additionally analyzed the relationship of loan source to credit use. We find that buying food is significantly more common among informal loan recipients (38.8% compared to 24.0%, p < 0.001). Conversely, purchasing agricultural or livestock inputs was significantly associated with formal loans (39.0%) compared with 23.7% of households using informal loans (p < 0.001). The use of informal loans was positively associated with spending credit on medical expenses (12.0% of informal loans compared to 3.9% of informal loans, p = 0.003).

Food Security and Loan Access

Finally, we expected that access to financial resources would be associated with higher rates of food security (e.g., less food borrowing) (H4), a hypothesis we confirm. We find that overall those that had attempted to borrow in the last year were statistically less likely to borrow food or other goods (33.2% to 44.9%, p ≤ 0.001). We find no evidence that male or female-headed households that had access to loans borrowed food at different rates (36.6% to 34.4%, p = 0.654). Similarly, women in either of these male or female-headed households didn't borrow food or other goods at significantly different rates (36.7% to 45.5%, p = 0.581) and women vs. men overall who had access to loans (29.4% to 33.9%, p = 0.307), didn't borrow food or other goods at significantly different rates.

Logistic regression models explore food security outcomes among all households compared with households that accessed loans and financial resources of any type. Table 4 shows the results reported in odds ratios among food security for all households. We find that households that borrowed had a 65% reduced odds (or = 0.654, p = 0.005) of food borrowing. Higher years of education was associated with slightly higher rates of food borrowing (or = 1.075, p = 0.001). Exploring the relationship of household type and sex through interaction terms, we find that compared with men in male-headed households with two decision-makers, males in female-headed households with two decision-makers are more than six times as likely to borrow food or other goods (or = 6.210, p = 0.027), women in male-headed households were three times as likely to borrow food or other goods (or = 3.118, p = 0.064), and women in female-headed households were more than two times as likely to borrow food or other goods (or = 2.115, p = 0.001). Households in East Africa were much less likely to borrow food compared to the Senegalese households in West Africa (or = 0.344, p = 0.035).


Table 4. Multivariate logistic regression exploring food borrowing.
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Among households that did have access to a loan, Table 5 examines the relationship of loan access and other key variables on food borrowing. We find several significant relationships. Households that utilized their loan to purchase food were less than half as likely to borrow food or other goods (or = 0.451, p = 0.001) compared to those that didn't purchase food with loans. Similar to all households in the previous model, we also find that higher levels of education is associated with slight increased odds of food borrowing (or = 1.085, p = 0.006). Finally, when exploring household type and sex through interaction terms, we find that compared with men in male-headed households with two decision-makers, women in male-headed households were more than four times as likely to borrow food or other goods (or = 4.675, p = 0.038) and female-headed households with two decision-makers were 2.4 times as likely to borrow food or other goods (or = 2.446, p = 0.006). Households in East Africa were much less likely to borrow food (or = 0.174, p = 0.004).


Table 5. Multivariate logistic regression exploring food borrowing among the sub-set of households that accessed loans.
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DISCUSSION

Gender Access to Financial Resources

This study explored the relationship of sex and household types to access of varying financial resources and credit uses and its implications on food security. We find that there are no statistically significant differences between borrowing attempts among household type or sex, but that female-headed households were less likely to have access to loans if they wanted to borrow. This is consistent with evidence from other African communities using broader CCAFS data, in which women were found to have less access to cash compared to males (Perez et al., 2015). However, we do find that male-headed households and men overall regardless of household type are more likely to access formal loans compared to female-headed households and women. This work is consistent with Zins and Weill (2016), who also find that women are more likely to be excluded from formal credit. This finding is critical since evidence suggests that female-headed households in these smallholder contexts are more likely to be food insecure (Niles and Brown, 2017; Niles and Salerno, 2018), and that formal financial resources can increase food security among smallholder farmers (Khandker and Koolwal, 2014) and increase rates of economic development across all households (Beck and Demirguc-Kunt, 2006). Importantly, access to formal financial resources has also been linked to greater financial stability among women in particular (Zins and Weill, 2016). Our work confirms existing findings that show female-headed households may have less access to such development opportunities with the decreased access to formal financial resources.

Differences in Allocation of Financial Resources

This analysis explored not only the type of financial resources being accessed, but also the differences in spending among male and female-headed households and sex. While buying food was the most common use of credit for any kind of household, women in female-headed households are more likely to spend credit on food buying. Male-headed households are significantly more likely to spend financial resources on improving agricultural systems, including the purchase of inputs and livestock, and on other consumption, as compared to female-headed households. Conversely, the top three credit uses among female-headed households address basic needs through buying food, education, and medical expenses. Furthermore, we find additional evidence that formal loans are significantly more likely to be used for agricultural and livestock inputs, whereas informal loans are more likely to be spent on food and medical care. That women are less likely than men to spend their credit on agricultural resources may also be related to complex land control and tenure in many of the regions. Perez et al. found that women across their regions in Africa controlled less land than male-headed households and land tenure was insecure. Notably, the study also found that the land women do access is often of poorer quality, further demonstrating the potential benefit that integration of agricultural inputs may have. Although men are spending money on buying food, their allocation of financial resources for agricultural production may generate more income in the short-term if such inputs result in greater yield. These results are consistent with Jost et al. (2016), who found that women are less likely to adopt new agricultural technologies due to several factors, including lowered income and lack of access to financial resources. However, Twyman et al. (2014) found that in East Africa, women were just as likely to have adopted climate-smart agriculture practices, particularly if they had access to information.

These varying allocation of resources has myriad implications. First, it suggests that credit are still being utilized by all households to meet basic needs including food purchasing. Beyond this, the results suggest that the short-term vs. long-term returns on investment may be quite different in male vs. female-headed households and men vs. women in the same households, and that this may be in part due to the access to formal vs. informal loans. Investing in agriculture can provide resilience to shocks long-term (Dercon, 2004). Since formal loans often provide more financial resources, it is possible that this additional income is a driving force for the capacity to purchase inputs and invest in other capital investments necessary for agricultural development. That women, and those utilizing informal loans, are much less likely to invest in agriculture and livestock has clear implications for climate change adaptation in agriculture, and suggests that women may be even more vulnerable to future impacts than previously suggested. While financial resources may be a strategy to ensure agricultural production in the face of climate change (CGIAR, 2013), women may face adaptation challenges due to allocating spending toward basic household needs (Cramer et al., 2016). This is critical since investment in climate-smart agricultural practices and technologies help farmers respond to climate variability, reducing the number of households eating one or no meals each day (Gilbert, 2015). Additionally, investing in agriculture has been integrated into the Paris Agreement, with the knowledge that climate-smart agriculture is a way to transform the agricultural system in a way that supports food security, increases agricultural productivity, incomes, and adaptation to climate change (Braimoh, 2018). This potential progress however may be hindered by the fact that female-headed households, at least within these communities, are not investing financial resources in agricultural production at the same rate as male-headed households, and rather prioritizing basic needs and educational mobility. While not all climate-smart practices have significant capital investments, recent evidence from Thornton et al. (2018) suggest that financial resources have a role to play in agricultural input use. The discrepancies found and supported here need to be considered when thinking about adaptive capacity in the context of climate change (Cramer et al., 2016).

Similarly, the prioritization of female-headed households toward basic needs and longer-term opportunities for financial mobility is worth considering. As other previous research suggests, this allocation of funding may have significant nutritional benefits for children and the household overall (Hazarika and Guha-Khasnobis, 2008). Further, previous work also suggests that children's health and schooling are often closely related to their mother's education and empowerment status (Schultz, 2002). While education is a longer-term investment and doesn't offer immediate food security relief or climate change resilience, countries with higher enrollment in schooling are associated with faster and greater GDP per capita (Bils and Klenow, 2000), suggesting that investing in education shows positive long-term effects. Similarly, the role and effectiveness of investing in medical expenses are critical to understanding the effectiveness of financial resources. The health-poverty trap is perpetuated on the basis that low income households are more likely to be in poor health (Casasnovas et al., 2005), which then contributes to a lower income due to lack of participating in economically productive activities. Thus, investment in medical expenses is likely both a short-term and a longer-term economic strategy, enabling work, and schooling in the short-term, with potential long-term benefits. However, it is important to note that female-headed households using credit for education may be the case that their basic income is not sufficient to cover schooling fees.

The Relationship of Financial Resources to Food Borrowing

Notably, our results do suggest that access to financial resources result in less food borrowing overall among all household types and sexes. However, we find that women in all household types and men in female-headed households with two decision-makers are much more likely to borrow food or other goods. Similarly, among those with access to loans, we find that those with loans are much less likely to borrow food or other goods, but this is likely confounded by the fact that many households are using their credit to purchase food, especially women in female-headed households. Furthermore, among those with loans, women in female-headed households were still more likely to borrow food or other goods compared to men in male-headed households. This suggests that the relationship of financial resources to food security is much more complicated than a single question. Unpacking financial resources, household spending, and food access may involve multiple questions to fully understand a household's given situation for meeting their food needs. For example, if this survey had simply asked about food borrowing, it would have overlooked the financial credit access necessary for many to obtain basic needs including food.

Implications and Future Research

This study can inform future policy work around types and priorities of financial resources among smallholder farmers. Our findings suggest that financial resources are related to food security via multiple pathways, and that credit use is complex and appears to have implications for short-term and long-term development goals.

This analysis opens a space for continued research around female-headed households and women's access to financial resources and how this affects food security. It's worth noting that men living within female-headed households may also be an important overlooked demographic, as our results suggest that compared to men in male-headed households they are significantly more likely to borrow food or other goods. While some previous work has suggested that financial resources can provide better food security outcomes and potentially help households adapt to a changing climate, this may be more nuanced if that borrowing is to purchase food, which may prevent investment in agricultural or livestock investments. Additional future research is necessary to better assess the relationship of financial resources and food borrowing, as this analysis utilizes a single-question linear approach. Understanding the longer-term implications of financial resource allocation across multiple priorities can inform climate adaptation and other development goals for smallholder farmers.

Limitations

While the findings and the implications of this study are critical in the context of policy and development, it is important to understand the limitations within this research. While four sites representing three countries (Kenya, Uganda, and Senegal) were chosen by the CGIAR to represent major farming systems and agro-ecological zones across Africa (Bernier et al., 2015) these responses and findings are not nationally representative. Furthermore, given the multiple household types and sex analysis we conducted, we did not break out analysis further by individual region, as small sample sizes would have prevented analysis with appropriate statistical power. Further, while this analysis aims to understand the nuances in the access and implications of financial resources among female-headed households and women, there is no consideration to how things such as religion can affect this relationship. For example, individuals practicing a strong Muslim religion are required to follow regimented standards of conduct called Sharia, which includes beliefs and limitations around borrowing money. As credit was first widely being introduced, many Muslims in order to adhere to the proper guidelines would largely use cash, checks or debit cards. Cultural and religious factors clearly have a role in determining the type of credit that an individual can access, which may affect loan access (O'Neill, 2016). Furthermore, Muslim and other cultures often have traditions of wealth sharing, especially with vulnerable people, which may influence the informal lending sources available in a given region. This study does not consider cultural and religious relationships to credit, even though the three countries in which we work have significant Muslim populations, which have been shown to supplement explanations among various economic outcomes (Guiso et al., 2006).

This study as noted in the introduction evaluates food security in the context of food borrowing, which can be understood through a common food security indicator of access. As mentioned previously, access to food is one pillar in evaluating food security and this approach does not consider an important and growing focus on nutritional security. Indeed, food access is only one of the four pillars of food security (the others being availability, utilization, and stability). Other components such as quality, safety, and culturally appropriate food must be evaluated to gather a true understanding of food security for a specific region (Leroy et al., 2015). Furthermore, the question, as utilized in this survey, also asked about borrowing food or other goods, so it is possible that respondents were not borrowing food, but instead borrowing other goods. Given this limitation, there is great potential to further evaluate these relationships with other future surveys. Using experience based indicators including the Household Food Security Survey Module, the Household Food Insecurity Access Scale, and the Food Insecurity Experience Scale (Cafiero et al., 2014), to understand a households access to diet diversity, focusing on micronutrient adequacy, would be a useful next step to evaluate food security in the context of financial resources (Leroy et al., 2015). In response to both the Millennial Development Goals and the Sustainable Development Goals, food security is being measured in a number of ways, pushing beyond just measuring food security on the national level. While this study utilizes population surveys, it does not utilize more than one dimension of food security, which may contribute to a lowered validity (Cafiero et al., 2014).

Finally, it is important to acknowledge that additional household dynamics may be at play in the dataset, which are not explicitly able to be explored in this analysis. While we examine the role of female-headed households and women as compared to male-headed households and men, it is possible that there are varying household dynamics within these households that could influence food security and credit outcomes, including the presence of other household members of earning age and multiple adults.

CONCLUSION

Understanding how financial resources, formal and informal, are accessed and utilized has important implications for sustainable development, particularly in the context of smallholder farmers and future climate changes. Financial resources have been identified as a potential strategy to maintain food security amongst a changing climate (Fletschner, 2009), however, this relationship demands that several other factors be considered. As found by this analysis, gender, type of financial resource, and allocation of that resource are key components that show potential in affecting long-term food security and economic development for smallholder farmers. In particular, our results indicate that there are key differences in short vs. long-term investments with financial resources. Future research could consider the other components of food security as it relates to financial resource access and analyze longer-term studies across time to understand how financial resources contribute to short-term and long-term outcomes at the household level.
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