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     Abstract

								
								In developing countries, the dependence on traditional biomass for domestic energy consumption is one of the major causes of deforestation and environmental poverty. This paper investigates the impact of women's education on the probability of using Unsustainable Biomass Cooking Technologies (UBCT) as the household main fuel of cooking instead of clean energy. Combining data from four rounds of Nigeria DHS conducted between 2003 and 2018, we take advantage of a natural experiment, the implementation of Universal Primary Education policies in 1970, to obtain an exogenous variation in women's education levels. Using an instrumental variable approach to control for the endogeneity issues, we find that women with higher levels of education are less likely to use UBCT as their primary source of cooking. This result implies that environmental policies in developing countries should rely not only on income transfers policies as suggested in the literature but also on increasing women's human capital to reduce women's dependence on unsustainable biomass cooking practices.
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								Introduction

								
								Unsustainable Biomass Cooking Technologies (UBCT)-mainly fuelwood, wood charcoal or dried animal dung-contributes to global climate change through forest degradation and deforestation [1-6]. Yet, it remains a very important source of livelihood for the poor in developing countries [7-10]. In developing countries, particularly in rural areas, this natural resource is mostly gathered and scavenged, rather than sold commercially, and sustains the livelihoods of an estimated at 2.5 billion [1,11-13]. However, forest cover around in the developing world is dwindling, due to a combination of increased climate stress and deforestation. This means that the livelihoods of billions of people in the developing world are under a serious threat, which raises the specter of an environmental poverty trap-the vicious circle of dependence on traditional biomass, increased climate stress, forest degradation and deforestation. Evidence of such a trap has already been documented in the context of SSA, where 0.5% of forest cover is lost every year, the highest rate in the world [11,14]. Moreover, unlike in other developing regions, mitigation, and adaptation efforts in SSA have actually slowed and even reversed, and, as a result, the level of dependence on this natural resource remains higher than the world average, at more than 80% depend on this fuel for cooking [15,16]. With the deadline for achieving the completion of the UN's SDGs not far away, there are legitimate concerns that policy inaction may cause SSA to lag behind, and eventually miss the deadline.
								

								
								The above notwithstanding, while in most developing countries women and men are vulnerable to climate change when highly dependent on traditional biomass for their energy and livelihoods, there is ample evidence that women in the developing world are disproportionately vulnerable to its adverse effects [17-22]. First, in most developing countries, women and girls are responsible for collecting traditional fuels-a time-consuming and physically draining household chore. As a result, women have limited time to allocate to other household chores, engage in paid work, or in public activities. This intra-household allocation of tasks has also meant that girls have to help more in the household, and thus are kept home from school, leading to the persistence of poor education outcomes for women [23,24]. When coupled with unequal access to resources and to decision-making processes, poor education outcomes for women mean that they lack the ability to adapt to climate change, as switching to more efficient cooking technologies requires, not only that they have purchasing power to afford these new technologies, but also the agency to engage in rewarding income-generating activity. Child marriage-known from Field and Ambrus [25] to be a barrier to girls' education-high fertility, and poor health linked to women being traditionally responsible for collecting firewood-a physically draining activity, and cooking-which involves hours of exposure to smoke from the cooking fire mean that women face social barriers to participation in paid employment. For SSA, therefore, it is feared that high dependence on traditional biomass-a contributor to global climate change-, whose own availability is under threat from increased climate stress, may entrench a vicious circle of climate stresses and social marginalization of women and girls [24].
								

								
								In light of these facts, the United Nations task force on Gender equality and empowerment of women has called for the identification of gender sensitive strategies to incentivize climate change's adaptation efforts in developing countries. This requires a clear understanding of factors that entrench women's dependence on traditional biomass either as a cooking fuel or as a source of livelihood. Surprisingly, despite the urgency of the situation in SSA, in the research front, the literature focusing on barriers to women's adaptation capacity in this region is very scant: is there a causal effect between women's individual characteristics and their dependence on traditional wood-based biomass? How can this effect be identified properly in the context of SSA? These are the key questions that concern us in this paper research. Addressing them is important both to guide public policy actions that can enhance irreversible adaptation practices in SSA, and to put research at the forefront of efforts, by the international community, to detect and mitigate factors likely to slow the completion of SDGs, particularly SDGs 5 and 7.
								

								
								This paper focuses on women, as in SSA, women are primary responsible for cooking [24]. The objective is to understand the extent to which a woman's individual characteristics (her level of education) predispose her and her household to depend on traditional biomass as a source of livelihood. According to a recent Unite Nation report, women are often the most marginalized in social, political and economic domains, and are overrepresented in the illiterate population. The report points to illiteracy as a manifestation of social marginalization of girls and women, as early marriage and pregnancy, gender-based violence in and around schools, as well as lack of gender-sensitive learning contents and environments force girls to drop out of school [26]. Moreover, high female illiteracy rates have ramifications to women and children's health outcomes, further limiting their opportunities for earning an income. Indeed, evidence shows that maternal literacy correlates with better health outcomes for women and their children, reduced child mortality, greater enrolment of children in school, and reduced poverty at the family and household level [26]. Of course, there are potentially many barriers to households' transition to more efficient cooking practices, as a climate change induced adaptation behavior. One such barrier is household income [27-30]. Others include the price of more efficient biomass-specific cookstoves, and the area or region of residence, as these may determine the availability of better cooking technologies. If indeed these were the only or more important factors at play, price-based interventions that subsidize the use of more efficient cooking technologies would suffice to incentivize the transition away from traditional biomass cooking fuel. Yet evidence in SSA indicates that this might not be the case. For example, Hiemstra-van der Horst and Hovorka [31] in Botswana, and Brouwer R and Falcão MP [32] in Mozambique find evidence that households of all income levels use traditional wood-based biomass fuel. What is more, Davis [33] in South Africa, Campbell, et al. [34] in Zimbabwe, and Brouwer and Falcão [32] in Mozambique find evidence of the use of electricity for cooking by low-income households. Unlocking this puzzle provides a strong motivation to explore the role played by social factors, particularly women's individual characteristics.
								

								
								This paper contributes to the literature on woman's individual characteristics (including education) as a factor of significant importance in household choice of cooking practices. In a study of rural Kenya, Pundo and Fraser [35] find evidence that the education level of wife is associated with the probability of switching from fuelwood to charcoal or kerosene in rural Kenya. Likewise, in a study of rural India, Pandey and Chaubal [36] find evidence that the number of educated females between 10 and 50 years of age and average household's level of education had a positive and significant correlation with the probability of using clean cooking fuels. What essentially distinguishes our proposed research from the existing literature is our strategy for identifying the causal effect of a woman's human capital-as measured by education and health, in the face of well-documented endogeneity issues surrounding the use of human capital as explanatory variables of individual or household choices [37] Addressing these endogeneity issues is paramount to consistent identification. Therefore, unlike the existing literature, this paper focuses on devising an empirical strategy that delivers a consistent estimation of the causal effect of women's education, by dealing with, potential endogeneity issues.
								

								
								We exploit the natural experiment context caused by the implementation of Universal Primary education program in Nigeria in 1976, that created exogenous effect on women education levels [38] to control for the endogeneity of education. After applying an instrumental variable approach, we find that an additional year of schooling decreases a woman's probability of using UBCT by 1.35 percentage points, and the result is highly statistically significant.
								

								
								The remainder of the paper is organized as follows. Section 2 describes the data and Section 3 outlines our empirical strategy. Section 4 presents estimation results. Section 5 concludes the paper.
								

								Data

								Data sources

								
								In this section, we introduce our data sources, summarize the main features of the data, and present visual tests of the relation between women's mean years of schooling and the use of UBCT. Data used comes from Nigeria four rounds of DHS conducted in 2003, 2008, 2013, and 2018. DHS are individual-level nationally representative cross-section samples of individuals aged 15´49. The women questionnaire contains information about women individual characteristics such as their age, age at the first union, level of education, ethnic group, religion, the state or region of residence, and the area of residence. Our variables of interest include an indicator of a women use of UBCT and her level of education. A woman's use of UBCT is built as a dummy variable equals 1 if the female report usually using fuelwood, wood charcoal or dried animal dung as her main source of cooking and 0 if she reported using clean energy as electricity. The woman level of education is measured in single years of schooling completed.
								

								Regional disparities

								
								Nigeria displays large significant cross-regional disparities both in the average number of years of schooling completed by men and in the biomass energy use. For observational evidence, we match each married man and his characteristics to a local government area and plot the prevalence of biomass use and women's mean years of schooling by local government area. Figure 1a represents the geographic variation in the prevalence of biomass use while Figure 1b represents the geographic variation in women's educational attainments. Thus, Figure 1a provides a visual test of the hypothesized negative correlation between women education and the UBCT use. Dark blue areas are those where the use of UBCT is highest (Figure 1a), and more women are educated (Figure 1b). The lighter the color of an area, the lower the prevalence of the UBCT and the less educated the married men.
								

								
								Both Figure 1a and Figure 1b show a great deal of variation across local government areas for both the percentage of UBCT use and the years of schooling. Southern local government areas seem to have relatively more educated women than those located in the North (Figure 1b). By contrast, the UBCT use seems to more prevalent in northern local government areas (Figure 1a). Consequently, Figure 1 clearly shows a pattern of negative correlation between women education and the use of UBCT in Nigeria. Indeed, the use of UBCT appears to be more prevalence in local government areas where women have lower educational attainments.
								

								Descriptive statistics

								
								In this subsection, we present summary statistics on women's educational attainments and the use of UBCT. Table 1 presents the summary statistics by UBCT use, religion, area of residence, and ethnic group. In terms of UBCT, 78.3% of women tend to use UBCT as the main fuel of cooking. The average level of education among women who use UBCT is 4.83 years of schooling. The corresponding figure for those who use clean energy for cooking is nearly double at 9.274 years of education. In Nigeria, UBCT use appears more prevalent among women living in rural areas. In fact, nearly 89% of women using UBCT reside in rural areas rural areas [33]. This fact suggests that UBCT is predominantly use in rural areas. Regarding the distribution by ethnic group, the use of UBCT is also unequally distributed. Finally, among Nigerian women who use UBCT, 17.6% were exposed to the UPE reform. This figure is slightly higher among those who are using clean energy (19.6%).
								

								Econometric Model

								One equation model

								
								In this section, we study the correlation between a woman's level of education and the probability of using UBCT. First, we estimate this correlation using the following OLS regression:
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								In Equation (1), UBCTiar is an indicator for whether a woman i belonging to a birth cohort a, and residing in area r predominantly use UBCT as her main fuel for cooking. yearsofschoolingiar denotes the number of years of schooling she completed. xi is a vector containing the individual and geographic controls, including age, a dummy for whether she lives in a rural area, and, in different specifications, fixed effects for country-round, sub-national region, and survey cluster. Standard errors are clustered by survey cluster. Based on the visual tests presented in Figure 1, we expect the sign of β to be negative. We are interested in uncovering the magnitude of this correlation coefficient and the extent to which it is sensitive to different controls.
								

								
								If education were exogenous, then the effect estimated from in Equation (1) could be interpreted as causal. However, in Nigeria settings, there is likely to be an omitted variable that increases/decreases a woman's number of years of schooling completed but has a negative/positive partial effect on her probability of using UBCT. For example, in Nigeria, where colonization exposed coastal regions to western styles of living, admiration for such styles can positively be associated with a woman being educated but negatively affects the probability of using UBCT. Not accounting for this omitted variable can lead to a negative bias.
								

								Instrumental variable approach

								
								As argued above, our primary concern is that ordinary least squares (OLS) estimates of β in Eq. (1) are biased due to the endogeneity of the education variable. When observational data is available, one commonly used solution to resolve these biases is to find an exogenous source of identifying variation in men's levels of education. Therefore, to test whether education reduces UBCT use probabilities, we exploit a natural experiment that has exogenously exposed some cohorts of men to additional education in Nigeria. The Universal Primary Education (UPE) in Nigeria has been the backbone of several empirical studies, including by [38]. It was introduced in September 1976, by the Federal Government of Nigeria, as a nationwide program designed to increase educational attainment. At the time of its inception, the federal government intended to use education as a lever of rapid national development and social cohesion in a multi-ethnic and religiously diverse country split by civil war. This large-scale program provided tuition-free primary education and increased the number of primary school classrooms and teacher-training institutions throughout the country, marking a significant change in the educational opportunities available to young Nigerian children. Before its end in 1981, the UPE was credited for substantially increasing enrollment in primary education [38].
								

								
								We use Osili and Long [38] research design to estimate the impact of women's educational attainment on UBCT use probabilities. Because of the regional disparities, UPE was not equally distributed across the regions. To account for this disparity, Osili and Long [38] design two levels of impacts: high intensity regions were the impact of UPE were higher than the low intensity states. We follow a similar design and therefore estimate the following two regression equations:
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								Where α1 capture the overall impact of UPE, taking into account regional disparities. We estimate this system jointly allowing to test for the presence of endogeneity issues.
								

								Results

								OLS results

								
								Table 2 below reports the result of the OLS estimation. When we include no control (column 1, Table 2), we find that an additional year of schooling predicts a 2.1% percentage point reduction in a woman's probability of using UBCT. This effect decreases slightly to 1.7% percentage point as we add religion, ethnic group, and DHS rounds' fixed effect (column 2). Adding a geography fixed effect among the controls (column 3) leads to a drop of 0.7% percentage points in magnitude compared to the no control baseline, which is still a relatively small change. These results suggest that the correlation between a woman's level of education and UBCT use is negative and robust in Nigeria.
								

								IV results

								
								Table 3 reports the result of the estimation using the instrumental variable approach. The correlation coefficient between errors in the women UBCT use and education equations is strictly, large in magnitude, and highly statistically significant. This indicates the presence in Nigeria of unobserved characteristics that increase a man's number of years of schooling completed and have a positive partial effect on the probability that she uses UBCT. As argued above, not accounting for this type of omitted variable leads to a positive bias. However, because the estimated effect of a woman's level of education on UBCT probability is negative, this positive bias amounts to underestimating this impact in absolute value. Comparisons with OLS estimates confirm that not accounting for endogeneity indeed leads to overestimation of the effect of education in absolute value. First-stage results show that the UPE reform increased the number of years of schooling of those treated by at least 30% relative to the untreated. When we include all controls (Table 3, column 6), we find that an additional year of schooling decreases a woman's probability of using UBCT by 1.35 percentage points, and the result is highly statistically significant. These results also show that OLS (Table 2, column 3) overestimates the effect of education on a man's probability of taking a bride by 0.03% percentage points. These results also show that OLS (Table 2, column 3) overestimates the effect of education on a man's probability of taking a bride by 0.03% percentage points.
								

								Conclusion

								
								This paper provides a robust estimation of the effect of education on the choice of cooking method, especially the use of UBCT in Nigeria. In order to obtain consistent estimates, we exploit the exogenous gap in the years of women's education created by the Universal Primary Education program introduced in 1996. Combining data from the four waves of DHS and controlling for endogeneity, the results show that women with higher levels of education have a lower probability to use UBCT as their primary source of cooking. This result therefore shows that in addition to household income identified in the previous literature [27-30], individual characteristics such as education are also important predictors of women's adoption of clean energy. This implies that environmental policies in developing countries should not only focus on income transfers policies as suggested in the previous literature [39] but also focus on women's human capital as drivers of women's choice of cooking technologies.
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