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1. Introduction Energy poverty, which arises when low-income households are confronted with having to pay high energy prices, is a recognised global problem (Belaid, 2019). Goal 7 of the United Nations Sustainable Development Goals (SDGs) is “to ensure universal access to affordable, reliable, sustainable and modern energy for all” by 2030 (United Nations, 2021). Yet, the International Energy Agency estimates that more than 1 billion people worldwide live in energy poverty (International Energy Agency, 2017). Rates of energy poverty are higher in developing countries, in which many households do not have access to affordable energy (Gafa and Egbendewe, 2021). In China, which is the country in which our study is situated, rates of energy poverty are estimated to be between one in five (Lin and Wang, 2020) and one half (Zhang et al., 2019) of households, depending on exactly how energy poverty is measured.  The increasing importance of energy as a serious policy issue has led to a growing literature on the determinants of energy poverty. Much of the literature focuses on the roles of low income, high energy prices and poor housing quality, which affect heating and cooling efficiency (Chai et al., 2021; Dalla Longa et al., 2021; Gafa and Egbendewe, 2021). A series of recent studies has sought to look behind why households have low incomes and/or pay high energy prices and link these reasons to the incidence of energy poverty. For example, recent studies have examined the roles of factors such as problem gambling (Farrell and Fry, 2021), neighbourhood ethnic diversity (Awaworyi Churchill and Smyth, 2020), forest fires (Paudel, 2021) and temperature shocks (Feeny et al., 2021) in contributing to the prevalence of energy poverty. Other studies have considered factors that potentially reduce the extent of energy poverty, such as greater financial inclusion (Dogan et al., 2021; Koomson and Danquah, 2021) and off-farm employment (Lin and Zhao, 2021). A common feature of these studies is that they focus exclusively on factors experienced in adulthood, which are contemporaneous to influencing whether one is in energy poverty.  A completely separate series of studies has examined the role of adversity experienced in childhood and adolescence on outcomes later in life (see, eg. Almond and Currie, 2011; Currie and Vogl, 2013). Much of this literature suggests that early life adversity causes neurobiological, somatic, and mental health problems for children and may lead to poor adulthood outcomes, such as impaired mental and physical health (Jones et al., 2018; Lynch et al., 2013; Mersky et al., 2018), higher rates of depression (Mansueto et al., 2021), lower levels of human capital attainment and income (Metzler et al., 2017) and higher rates of crime victimisation (Ports et al., 2016). In China, children who were left behind when one or both parents migrated to the cities to find work have been found to have a lower likelihood of finding a job (Wang et al., 2021), and that the quality of the work when they do find employment is of a lower standard (Liu et al., 2020). Yet, not all individuals who experience adversity in childhood have negative outcomes in adulthood. Experiencing adversity in childhood may help foster resilience later in life that is beneficial in contributing to positive outcomes in adulthood (Rutter, 2006). Studies suggest that, to mitigate suffering and seek a better life, many children who experience early life adversity develop coping and adaptive skills. This has been described as a ‘what does not kill you makes you stronger’ mindset by Samuels and Pryce (2008) in which individuals who experience childhood adversity develop a well-defined sense of self, which builds self-reliance later in life. Rutter (2006) shows that those who experience traumatic conditions as children develop psychological assets that facilitate the development of self-esteem and self-efficacy early in life. 
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These psychological assets are all characteristics that are conducive to performing well at school, earning a higher income and other markers of success during adulthood (Fisher, 2015; Healey and Fisher, 2011). Studies also show that early life adversity fosters entrepreneurship (Awaworyi Churchill et al., 2021; Cheng et al., 2021b; Chu et al., 2016; Huang et al., 2021). Chu et al. (2016) 
note that in China “many successful entrepreneurs claimed to have learned everything they know 
from ‘the school of hard knocks’, rather than business schools”. More generally, other studies find that a major factor in the background of many successful managers in large corporations is the development of self-sufficiency and coping strategies at an early age (Cox and Cooper, 1989).  In this study, we seek to advance our understanding of the reasons for energy poverty by examining the role that adversity experienced in childhood and adolescence plays in whether one is more likely to be in energy poverty later in life. To do so, we employ the 1959-1961 Chinese Great Famine, which is widely recognized as one of the worst famines of the last century, as a natural experiment. Specifically, we examine whether exposure to the Great Famine as a child or in adolescence influences the likelihood of being in energy poverty in adulthood. We robustly find that those who experienced the Great Famine in childhood or adolescence are less likely to be in energy poverty as adults. This finding is consistent with early life adversity building resilience, which leads those who experience adversity to be more successful later in life.  We explore Locus of Control (LoC), income and savings as channels through which early life adversity could potentially lower the incidence of energy poverty in adulthood. We find that early life adversity reduces the likelihood of being in energy poverty through the income channel.  We advance the literature on the reasons why people experience energy poverty in three main ways. The first is that we extend the literature on the causes of energy poverty to examine the role of events experienced early in life. Second, we consider various channels through which early life adversity affects the likelihood of being in energy poverty. Third, we contribute to the scant literature on the relationship between disasters and energy-related outcomes (Lee et al., 2021). Recent literature has started to consider the role of economic crisis and disasters experienced in adulthood on the prevalence of energy poverty (Bienvenido-Huertas, 2021; Halkos and Gkampoura, 2021; Paudel, 2021). We extend this literature to consider the effect of a man-made crisis experienced in childhood and adolescence on energy poverty in adulthood.  We also contribute to our understanding of the long-term consequences of adversity experienced early in life and how early life adversity should be construed. Most of the literature in economics on early life disadvantage has emphasised that early life adversity can have serious long-term adverse implications for health and labor market outcomes. As a result, the standard policy response has been to propose investment in early childhood education to offset these deficits (for example, see List et al., 2018). We contribute to a small literature in economics that shows through building resilience, early life adversity can foster positive outcomes later in life.  2. Childhood Adversity and Energy Poverty in Adulthood 2.1. Overwiew of The Chinese Famine The 1959-1961 Great Chinese Famine was one of the most severe of the last century. It was partly a consequence of the Great Leap Forward, a few years earlier, that sought to accelerate collectivisation and industrialisation. The Great Leap Forward attempted to make farmers produce iron, steel and other industrial goods, which were of poor quality. Meanwhile, local 
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officials concocted stories of record-breaking grain harvests to create the illusion that agricultural communes promoted productivity and improved rural living standards. Communal dining halls, established as a communist-style welfare institution to provide ‘free’ meals to rural residents, resulted in enormous food wastage. In response to misinformation that grain harvests were high, the government over-procured grain outputs, resulting in insufficient food in rural areas. Overall, the Famine affected one-third of Chinese provinces with estimates suggesting that 45 million people perished from either lack of food or illness (Meng et al., 2015; Yang, 2013a). Being a child or adolescent during the Famine was a source of considerable adversity. First, parents were largely focused on their own survival, leaving children to scavenge for food and water (Coale and Banister, 1994; Yang, 2013b). This, in some instances, resulted in child abandonment or neglect (Coale and Banister, 1994), but more generally created a sense of emotional detachment between parent and child (Repetti et al., 2002). Second, lack of food led to stunted development in survivors of famines, which has been linked to a higher prevalence of adverse health outcomes, such as anxiety, depression and heart disease ( Steinberg and Morris, 2001). Third, because children were largely in survival mode, rather than being focused on attending, or doing well, at school, the Famine resulted in lower human capital for survivors (Huang and Zhou, 2013).  2.2. Adversity in early life generates psychological assets Those who experience early life adversity often are faced with considerable challenges later in life. In order to survive and thrive throughout their life they develop skills to help them cope and adapt, which are sometimes called psychological assets (Rutter, 2006). Psychological assets include characteristics such as self-reliance, resilience, resourcefulness and risk-taking. At one level, psychological assets can act as a protective layer against the impact of early life adversity on adverse outcomes in adulthood, such as depression (Mętel et al., 2019; Poole and Dobson, 2017). Recent studies suggest that many individuals who experienced intense childhood adversity develop positive interpersonal traits, such as social, emotional and cognitive functioning or adaptive coping strategies (Poole et al., 2018; Ross et al., 2020). Studies have shown that those who experience early life adversity often develop problem-focused coping or avoidance mechanisms, which serve to mitigate adverse responses to stressors (Sheffler et al., 2019; Suls and Fletcher, 1985). At another level, having to cope on one’s own during childhood makes one more resourceful and helps build social skills that serve one well later in life. Crivello et al. (2021) demonstrate that children who survived the Ethiopian Famine of 1984-1986 fared well in adulthood because they developed a greater sense of self-reliance and proclivity to take calculated risks, which enabled them to overcome the challenges they faced during the Famine.  Coping and adaptive skills of individuals facing childhood famines include resilience, self-reliance, resourcefulness and risk-taking. Resilience is a predictor of career success since it protects individuals exposed to adverse life circumstances, helps them bounce back from adversity and move on, and helps them embrace change in a fast-paced world. Self-reliance is the ability to do things and make decisions independently. Children in rural areas of China had less food, clothes, or water compared to their counterparts in the urban areas during the Famine (Cheng et al., 2021a). Studies have found that rural survivors of the Famine exhibit high levels of endurance and the ability to overcome difficulties (Cheng et al., 2021a; Manning and Wemheuer, 2011). Survivors of the Famine, who have been successful later in life, attribute their success to self-reliance and resilience acquired during the Famine (Lothe, 2010; Lothe and Heggen, 2003).  
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Resilience and resourcefulness acquired during the Famine have been shown to foster skills associated with success at school (Fisher, 2015; Healey and Fisher, 2011), increased willingness to work longer hours in order to get ahead and commensurately higher income (Manning and Wemheuer, 2011). Finally, those who experienced the Famine might have a ‘nothing to lose’ attitude about the future, which increases risk-taking behaviours, which has been shown to be conducive to building wealth (Haushofer and Fehr, 2014). Cheng et al. (2021a) establish that, consistent with the underdog theory of entrepreneurship (Miller and Le Breton-Miller, 2017), those who were children and adolescents during the Famine have a higher propensity to be entrepreneurs later in life. Relatedly, Chu et al. (2016) find robust evidence of higher rates of entrepreneurship in counties in China that experienced greater hardship during the Famine. Psychological assets borne out of childhood adversity will potentially affect several aspects of energy poverty. Perhaps, the most obvious is income. Individuals who have more psychological assets are likely to earn higher incomes and have higher savings, which act as a buffer against paying higher energy prices. Characteristics such as self-reliance, resilience, resourcefulness and risk-taking, though, are not only likely to affect one’s income, but also other components of energy poverty as well. For instance, resourcefulness and willingness to take risks will affect one’s ability to access lower energy prices. These attributes may also affect one’s capacity to develop creative ways to reduce energy expenditure through the purchase of energy-efficient appliances, off-peak usage of electricity and taking advantage of tiered electricity rates. Thus, skills learned in childhood can influence income, the prices that people pay for energy and their energy usage, which determines energy expenditure, all contributing to whether one is in energy poverty.  Hypothesis 1 Those who experienced the Famine in childhood will be less likely to be in energy poverty during adulthood. 2.3 Channels through which resilience might lead to lower energy poverty Locus of Control The first possible channel is Locus of Control (LoC), which measures the extent to which people feel in control of their outcomes in life (James and Rotter, 1958; Rotter and Mulry, 1965). Those with a more internal LoC believe that their outcomes in life are their own doing, while those who are external on LoC believe outcomes are due to fate or luck. Coping strategies developed in response to dealing with adverse environments during middle and late childhood are conducive to being more internal on LoC (Knoop, 1981). Cheng and Smyth (2021) suggest that those who experienced the Chinese Great Famine in childhood will have a more internal LoC due to adversity building coping and adaptive skills. As a consequence, Cheng and Smyth (2021) argue that those who experienced the Famine in early life and are more internal on LoC will be more willing to engage in high-risk activities such as the decision to hold risky assets.  Awaworyi Churchill and Smyth (2021a) find that being more internal on LoC is associated with a lower likelihood of being in energy poverty. One reason is that those who are more internal on LoC will have higher human capital, invest more in general training, have higher earnings and higher savings (Ahn, 2015; Andrisani, 1977; Caliendo and Hennecke, 2020; Cobb-Clark et al., 2014; Coleman and DeLeire, 2003; Groves, 2005). The other reason is that those who are more internal on LoC are likely to be more proactive in taking positive steps to lower their overall expenditure on energy. This could be reflected, for example, in taking steps to actively manage their energy use, such that they use less energy during peak periods and/or are more efficient in how they use household appliances – for example waiting until the washing machine is full.  
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Therefore, we propose the following hypothesis. Hypothesis 2a LoC will mediate the relationship between childhood adversity and being in energy poverty, such that those who are more internal on LoC will be less likely to be in energy poverty later in life.  Income A second potential channel through which early life adversity could affect proclivity to be in energy poverty is personal income. As discussed above, childhood adversity builds psychological assets, such as self-reliance, resilience, resourcefulness, and risk-taking, which are conducive to success at school, in paid employment and entrepreneurship. We expect that individuals who exhibit these traits are likely to work harder to achieve economic security and that their higher income could help them to afford access to energy. Thus, the hypothesis is as follows: Hypothesis 2b Personal income will mediate the relationship between childhood adversity and being in energy poverty, such that those who experience childhood adversity will earn more and be less likely to be in energy poverty later in life.  Savings A third channel via which early life adversity could affect the probability of being in energy poverty is through savings. Households with higher income will save more than low income households and have more investment income (Huggett and Ventura, 2000). People who are more internal on LoC have been found to have higher savings and make better savings and investment decisions (Cobb-Clark et al., 2014; Pinger et al., 2018; Salamanca et al., 2020). Moreover, people in China with higher income might save more to self-fund retirement, given the uncertainty around pension reforms (Chamon et al., 2013). Chen et al. (2018) and Chen and Rupelle (2016) find that savings rates of rural households are higher in counties in which the Famine was more severe. Similar to the role of personal income, we expect that households are less likely to be in energy poverty if they have more savings to tap into when paying energy bills. We propose the following hypothesis: Hypothesis 2c Savings will mediate the relationship between childhood adversity and being in energy poverty, such that those who experience childhood adversity will save more and be less likely to be in energy poverty later in life.  3. Data and Measures We use data from the 2014 wave of China Family Panel Studies (CFPS), which is a nationally representative survey of Chinese households conducted by Peking University in China. The 2014 CFPS surveyed 37,147 adults in 29 provinces using a multi-stage probability sample and was assembled employing the implicit stratification method. We utilise the 2014 wave because it contains detailed information on household energy consumption and spending, enabling us to construct different energy poverty measures. The CFPS has been used in other studies on energy poverty (Cheng et al., 2021b; Nie et al., 2021; Zhang et al., 2019; Zhang et al., 2021).  Our analysis focuses on the sub-sample from rural China. The main reason is that, as discussed in Section 2.1, the Famine affected rural areas more severely than urban areas due to the nature of the food procurement and allocation system. Thus, individuals in rural areas suffered relatively 
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homogenous effects of the Famine. Rates of energy poverty in rural China are also relatively higher than in urban areas (Lin and Zhao, 2021). Focusing on rural areas has two further advantages for our purposes. One is that it mitigates the possible influence of the Cultural Revolution, which was primarily centered in the cities (Walder and Su, 2003). The other is that it avoids the potential confounding effect caused by the high proportion of retirees in Chinese cities, reflecting the relatively high coverage of social insurance in urban areas (Cheng et al., 2021a). 3.1. Measures of energy poverty There are both subjective and objective approaches to defining energy poverty. Since there is no subjective measure of energy poverty in the CFPS survey, we rely exclusively on objective indicators. Our primary measure of energy poverty is the low-income-high-cost (LIHC) indicator proposed by Hills (2012), which classifies households as energy poor if their energy costs per capita are above the national median, while their residual household income per capita is below 60 percent of the national median household income per capita. The LIHC indicator has the advantage over alternative measures, such as the 10 percent threshold indicator and expenditure share, that it does not understate or overstate energy poverty rates depending on household income and/or energy rationing practices, which the latter measures have been criticised for so doing (Awaworyi Churchill and Smyth, 2020; Herrero, 2017). For this reason, the LIHC indicator is the most commonly used objective measure of energy poverty in the literature (Awaworyi Churchill and Smyth, 2020, 2021a, 2021b; Faiella and Lavecchia, 2021). It has also been widely employed to measure energy poverty in China (Lin and Wang, 2020).  Given the considerable disparities in socioeconomic development and energy infrastructure that exist across provinces in China, as an alternative indicator we also employ an adjusted LIHC indictor, in which we replace the reference lines from the national median with the provincial median for household energy costs per capita and household income per capita.  Deller et al. (2021) emphasise that different definitions of energy poverty can produce different outcomes. Hence, we also employ three other measures of energy poverty in our robustness checks. The first is the ten-percent-rule (TPR) indicator, defined as whether a household needs to spend more than ten percent of its income on energy expenditure (Boardman, 1991, 2010). The second alternative measure is an adjusted TPR indicator. Since the TPR may overestimate the prevalence of energy poverty by including high income households, we construct an adjusted TPR indicator following Kahouli (2020). The adjusted TRP indicator defines a household as energy poor if its energy consumption to household income ratio is higher than 10 percent and its household income per capita is in the third decile of household income per capita.  The third alternative measure of energy poverty is an energy deprivation score (EDS), which is a weighted multidimensional score of the LIHC, adjusted TPR, double median (2M), and indoor air pollution measures. The 2M indicator identifies households as energy poor if their energy costs exceed twice the median energy cost-to-income ratio (Moore, 2012). The indoor air pollution indicator (yes=1; no=0) identifies a household as energy poor if it uses solid fuel as its primary fuel. We then calculate the EDS using the weight of 0.25 for each of these four indicators. = . × + 𝐴  𝑃  +  +    3.2. Definitions of Famine and post-Famine cohorts  
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We restrict our analytical samples to those born between 1945-1968. We employ two alternative approaches to classifying cohorts. The first measure is a dichotomous variable equal to one if the survey respondent was born between 1945-1962 (i.e., aged -1-17 and, hence, either in utero, an infant, a toddler, a child or an adolescent at the time of the Famine), or zero if the survey respondent was born between 1963 and 1968 (i.e., not yet born at the time of the Famine). Our second approach divides the sample into six cohorts, which are defined as follows: cohort 1 = born 5–7 years after the Famine; cohort 2 = born 2–4 years after the Famine; cohort 3 = just born or in utero during the Famine; cohort 4 = born 4–6 years before the Famine; cohort 5 = born 7–11 years before the Famine); and cohort 6 = born 12–17 years before the Famine).  3.3. Measures of famine severity Our main measure of famine severity is the excess death rate (EDR) in 1960 in the province in which the respondent was born and resided during childhood. Since the largest number of deaths occurred in 1960, we use the difference between the death rate in 1960 and the average death rate in the three years before the Famine to calculate the EDR. This follows the approach employed in other studies to calculate the EDR (Chen and Zhou, 2007; Cheng et al., 2021a). The EDR is measured at the one percent level (i.e., one excess death per one hundred people).  We also check the results using the EDR in a series of sensitivity tests with two other commonly employed measures of famine severity in the literature; namely, the cohort size shrinkage index (CSSI) and fertility reduction index (FRI) proposed by Huang et al. (2013). CSSI and FRI are based on the size of the survived cohort or live births as an alternative to the size of recorded deaths; thus, they are not subject to potential measurement error in recording deaths.1  3.4. Covariates  Consistent with the existing literature, we control for a set of individual and household characteristics likely to be correlated with energy poverty (Awaworyi Churchill and Smyth, 2020; Feeny et al., 2021). Covariates include age and its squared term, sex, education, ethnicity, hukou status, marital status, whether the respondent has a child or not, and migration status. 3.5 Potential mediators We examine personal LoC, income and savings as potential mediators. LoC is measured by the difference between the standardised scores of internal LoC and the standardised scores of external LoC (Chen et al., 2020).2 Thus, a higher LoC score indicates being more internal on LoC.  1  The CSSI is calculated by the following equation: =  𝑧   ℎ    −  − −  𝑧   ℎ    − / 𝑧   ℎ    −   − .  The FRI is calculated by the following equation: FRI = mean size of live births in −  and −− mean size of live births born in − / mean size of live births born in − and − . See Huang et al. (2013) for details.  2  Internal LoC is measured by responses to the following three statements on a 10-point scale (1=lowest; 10=highest): (1) Education: The higher level of education that one receives, the higher the probability that he/she will be successful in the future; (2) Ability: The most important factor affecting one’s future success is his/her ability, 
and (3) Effort: The most important factor affecting one’s future success is his/her effort. The external LoC is measured by the response to the following three statements on a 10-point scale (1=lowest; 10=highest): (1) Family 
socioeconomic status: The higher a family’s social status is, the higher the likelihood that the child will be successful in the future, while the lower a family’s social status is, the smaller the likelihood that the child will be successful in the future; (2) Family connections: The most important factor affecting one’s future success is whether his/her family has connections; and (3) Luck: The most important factor affecting one’s future success is his/her luck. 
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Personal income is the annual total personal income for all jobs (including zero income). Savings is the total amount of cash and deposits (including zero savings). Table 1 presents descriptive statistics for respondents on their age (and life stage) during the Famine; age at the time of the survey, the LIHC and adjusted LIHC indicators and the EDR. Descriptive statistics on alternative measures of energy poverty and famine intensity employed in the robustness checks, covariates and mediators are given in Appendix Table A1. [Table 1 here] 4. Methods We estimate the following specification using ordinary least squares (OLS) or probit with a difference-in-differences (DID) estimator. 𝑃 = 𝛼 + 𝛼 + 𝛼 + 𝛼 ( × ) + 𝑋 + 𝜂𝑐 + 𝜀  where EPi j is the energy poverty status of individual i in province j at the time of survey; Faminei indicates whether the individual i experienced the Famine in childhood or adolescence (yes=1; no=0) and EDRj is the excess death rate in 1960 in province j. Thus, the interaction term Faminei ×EDRj captures the effect of the Famine on the probability of being in energy poverty. Xi is a vector of individual covariates correlated with energy poverty, c is county fixed effects and εij denotes the error term. In the mediation analysis, we adopt the Baron and Kenny (1986) three-step approach to examine if childhood adversity has an impact on mediators, and whether the impact of childhood adversity on energy poverty will decrease when including mediators in the regressions. The three-step approach entails three regressions and there are three conditions that need to be satisfied. For the sake of illustration, assume we are testing whether income is a mediator. In the first regression, when income is regressed on the severity of the Famine and controls, the interaction term Faminei ×EDRj has to be significant. In the second regression in which energy poverty is regressed on the severity of the Famine and controls, the interaction term Faminei ×EDRj has to significantly influence the probability of being in energy poverty. In the third regression, in which energy poverty is regressed on the severity of the Famine, income and controls, the coefficient on income has to be significant and the magnitude of the coefficient on the interaction term Faminei ×EDRj has to either decline or the coefficient become insignificant. This approach to testing mediation has been used in other recent studies on energy poverty and in energy economics more generally (Awaworyi Churchill et al., 2020; Awaworyi Churchill and Smyth, 2021a; Do et al., 2021). 5. Results Table 2 presents the DID results for the effect of the Famine on the probability of being in energy poverty as measured by the LIHC and adjusted LIHC indicators. Model 1, based on DID-OLS, shows that one additional excess death per 100 people in 1960 decreases the probability of being in LIHC energy poverty by 2.4 percentage points among the Famine cohort. The results from model 2, based on DID-probit, show that one additional excess death per 100 people decreases the probability of being in LIHC energy poverty by 2.8 percentage points among the Famine cohort. Models 3 and 4 present results for the adjusted LIHC indicators. Models 3 and 4 show that one additional excess death per 100 people decreases the probability of being in LIHC energy poverty by 1.9 and 1.8 percentage points, respectively. Thus, a one 
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standard deviation increase in the EDR decreases the probability of being in energy poverty by 3.2, 3.7, 2.5 and 2.4 percentage points across models 1-4, respectively, supporting our first hypothesis. [Table 2 here] Table 3 presents the DID results for the effect of the Famine on energy poverty across different life stages. The results are consistent with those in Table 2. For example, model 1 shows that one additional excess death per one hundred people during the Famine decreases the probability of being in LIHC energy poverty by 2.8, 3.2, 2.9, 3.5 percentage points among cohorts 3-6 who experienced the Famine at different life stages, respectively. Thus, a one standard deviation increase in the EDR decreases the probability of being energy poor by 3.7, 4.2, 3.8 and 4.6 percentage points for cohorts 3-6, respectively. Again, these findings support the first hypothesis. [Table 3 here] 6. Potential Mechanisms We investigate LoC, personal income, and savings as potential channels through which the Great Famine affects energy poverty. Panel A and Panel C of Table 4 show that LoC and savings do not mediate the relationship between famine experience and energy poverty.  In Panel B of Table 4, Model 1 shows that experiencing the Famine in childhood or adolescence is positively related to personal income. Model 2 indicates that experiencing the Famine in childhood or adolescence negatively affects LIHC, consistent with the results in Table 2. Finally, Model 3 in Panel B shows that personal income mediates the relationship between experiencing the Famine in childhood or adolescence and LIHC. In Model 3, the coefficient on income continues to be positive and significant, while the magnitude of the coefficient on Famine cohort × EDR decreases marginally between Models 2 and 3. The Sobel test statistic for whether personal income mediates the influence of famine experience on energy poverty is significant at p<0.0712.3 Overall, these findings support Hypothesis 2b, but not Hypotheses 2a or 2c.  [Table 4 here] 7. Robustness Checks We consider several robustness checks. In our first check, we employ TPR, adjusted TPR and EDS as alternative indicators for energy poverty. In Table 5, Models 1 (DID-OLS) and 2 (DID-probit) show that experiencing the Famine in childhood and adolescence does not have a significant effect on the likelihood of being in energy poverty measured by TPR. The adjusted TPR, though, better reflects both energy usage and household economic status. Models 3 and 4 show that experiencing the Famine in early life has a negative effect on energy poverty measured by adjusted TPR. Estimates for Model 3 and Model 4 show that the likelihood that the Famine cohort will be in energy poverty decreases by 2.6 and 3.5 percentage points for every additional unit increase in excess deaths per 100 people in 1960 during the Famine, respectively. Alternatively, the likelihood of being in energy poverty for the Famine cohort decreases by 3.4 and 4.6 percentage points for a one standard deviation increase in the excess death per 100 people, respectively. In Model 5, the coefficient is -0.021 (i.e., -2.8 percentage points in response  3 The Sobel test is a specific form of t test used in mediatrion analysis to ascertain whether the reduction in the magnitude of the coefficient on the independent variable (Famine cohort × EDR), after including the mediator (income) in the model, is significant and, hence, whether the mediation effect is statistically significant.  
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to a one standard deviation increase), which shows that cohorts who experienced the Famine have a lower EDS. Overall, the results in Table 5 are consistent with the main findings in Table 2. [Table 5 here] Next, instead of using the EDR to measure famine severity, we use two alternative measures of famine severity. In Table 6, the results in panel A based on CSSI and in panel B based on FRI show that those who experienced the Famine in their childhood and adolescence have a lower probability of being in energy poverty, consistent with the results based on EDR in Table 2.  [Table 6 here] Our DID model has accounted for the level effects of cohort exposure and famine intensity. The DID model relies on a parallel cohort trend assumption between provinces with high and low Famine intensity (Bai and Wu, 2020). To validate the parallel trend assumption, we conduct a placebo (falsification) test by interacting a hypothetical famine-affected cohort born between 1963 and 1968 (relative to the cohort born between 1969-1975) and the EDR. Table 7 shows the interaction term between the hypothetical famine cohort and EDR is not statistically significant in predicting any one of the energy poverty indicators. Results for these control experiments show that the parallel tend assumption is satisfied, which lends confidence to our DID estimation.  [Table 7 here] One concern is that our results capture other potential cohort differences that may simultaneously affect our dependent variable and independent variable. To account for this, we further control for year of birth linear trends to account for potential cohort-specific trends. Results in Table 8 suggest that our findings hold after controlling for year of birth linear trends.  [Table 8 here] One may be worried be that that some inland provinces had higher EDRs during the Famine and slower economic growth during the reform era compared to the coastal provinces and, thus, may exhibit different impacts on specific cohorts in a systematically different way. For example, younger cohorts may be more likely to benefit from higher economic growth in the economic reform period and, thus, be less likely to be in energy poverty. To address this concern, we include a full set of province-year of birth linear interactions to control for province-specific policies and potential differences in both pre-famine and post-famine province-specific cohort trends. The results, reported in Table 9, are qualitatively similar to the results in Table 2.  [Table 9 here] Next, we control for the total Marketisation Index to address the issue that energy poverty may be correlated with the level of local economic development. 4  Table 10 shows that, after controlling for the level of marketisation, which is a composite measure of the development of the market economy at the provincial level, the results are qualitatively similar to those in Table 2. [Table 10 here] In our main analysis, we cluster the standard errors at the county level. As a robustness check, we cluster the standard errors at the cohort and county levels to see if energy poverty is  4 The Marketisation Index is obtained from the Marketization Index of China’s Provinces: NERI Report 2018. 
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correlated within a specific cohort or county. The results, which are reported in Table 11, are qualitatively similar to the results in Table 2. [Table 11 here] Previous research suggests that adults who were children or adolescents during the Cultural Revolution have higher blood pressure, reduced ability to engage in daily life activities and lower cognition (Islam et al., 2017). Thus, experiencing the Cultural Revolution as an adoelescent might bias the estimate of the impact of the Famine on energy poverty. Our analytical sample is limited to rural areas, while the Cultural Revolution was concentrated in urban areas, so we think that experiencing the Cultural Revolution is unlikely to bias our estimates of the impact of childhood adversity on energy poverty. To confirm this, in Table 12 we control for experiencing the Cultural Revolution during adolescence. The results are qualitatively similar to those in Table 2.   [Table 12 here] 8. Conclusion  We have examined the effects of early life adversity, as proxied by experiencing the Great Chinese Famine in childhood or adolescence, on the probability of being in energy poverty in adulthood. The previous literature on the determinants of energy poverty has emphasised factors contemporary with experiencing energy poverty in adulthood, such as household characteristics (eg. household income, household size, socioeconomic status) and environmental attributes (eg. energy price, energy efficiency, ethnic diversity, and temperature) (Ambrose, 2015; Awaworyi Churchill and Smyth, 2020; Azpitarte et al., 2015; Boardman, 2010; Bouzarovski and Tirado Herrero, 2017; Simon et al., 2000). We extend this literature to show, for the first time, that the likelihood of experiencing energy poverty has its origins in early life adversity. Most of the economics literature on early life adversity has emphasised that it has negative long-term effects. There are only a few studies in other areas (such as the underdog theory of entrepreneurship) that point to the benefits of early life adversity for building psychological assets, such as self-reliance, resilience, resourcefulness and risk-taking, which are important determinants of future economic success (Awaworyi Churchill et al., 2021; Cheng et al., 2021a; Cheng et al., 2021b; Cheng and Smyth, 2021). Consistently with previous research, we find that the effect of early life adversity on energy poverty channels through higher income.  Most studies in economics in the tradition of Heckman (2006) have focused on early life interventions to redress early life deficits. This literature focuses on putting in place strategies to counter the negative effects of early life adversity, rather than fostering the potential benefits. However, from a policy perspective, our results provide a different pathway, suggesting that early life adversity can build psychological assets that foster positive outcomes, such as lower proclivity to be in energy poverty later in life. Thus, rather than implement early life interventions designed to offset the negative consequences of early life disadvantage, our results point to the need for policies that reinforce the potential upside of early life adversity in reinforcing coping and adaptive skills, such as resilience, self-reliance, resourcefulness and risk-taking. In this respect, school boards in several countries are revising their curricula to teach resilience to children (see Schurer, 2017 for a discussion). Examples include the Penn Resilience Program in the United 
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States5 and the BOOST project in Europe.6 While we find that LoC is not a channel through which early life adversity affects energy poverty in our study, previous research has found that being more internal on LoC is associated with a lower likelihood of being in energy poverty (Awaworyi Churchill and Smyth, 2021a). Policies to build resilience in schoolchildren have the advantage of also nudging children to be more internal on LoC before LoC is stabilised during late adolescence.  More generally, measures to build resilience in survivors of catastrophic events could include 
training designed to enhance personal psychological resources (psychological capital or ‘PsyCap’), which would reinforce coping and adaptive skills. PsyCap is as ‘an individual’s positive psychological state of development’ Luthans et al. (2006, p.3.). It is “a higher order construct subsuming hope, resilience, optimism and self-efficacy” (Newman et al., 2018). The useful thing about PsyCap, identified in the psychology literature, is that it can be developed or nurtured (Luthans, 2012). This suggests that with appropriate training, it is possible to nudge people to be more resilient, optimistic and exercise greater control over their lives. Importantly, for our purposes, previous studies have shown that training in PsyCap has the potential to increase self-esteem and reduce anxiety in other vulnerable groups, such as refugees (Newman et al., 2018).  

 5 For an overview of the Penn Resilience Program, see https://ppc.sas.upenn.edu/research/resilience-children. 6 For an overview of BOOST see https://cordis.europa.eu/project/id/755175. 
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Table 1. Descriptive Statistics  Full sample Post-Famine cohort Famine cohort Year of birth 1945 to 1968 1963 to 1968 1945 to 1962 Age during the Famine Unborn to 17 Unborn Fetus to 17 Life stages during the Famine (1959-1961) Unborn to adolescence Unborn Fetus to adolescence Age during the survey 46 to 69 46 to 51 52 to 69 Low-income-high-cost (LIHC) energy poverty indicator (yes=1; no=0) 13.9%  13.5%  14.0%  Adjusted LIHC energy poverty indicator (yes=1; no=0) 12.0%  11.6%  12.1%  Excess death rate (EDR) in home province in 1960 (%)  1.576 (SD: 1.313)    Observations 5105 1530 3575 Notes: SD is the standard deviation. Life stages for the Famine cohort include fetus/infancy/toddlerhood, early childhood, middle childhood, and adolescence.  
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Table 2. The Impact of Famine on Energy Poverty  LIHC indicator  Adjusted LIHC indicator   (1) DID-OLS (2) DID-probit  (3) DID-OLS (4) DID-probit Famine cohort × EDR -0.024** (0.009) -0.111*** (0.040)  -0.019** (0.009) -0.095** (0.044) Famine cohort -0.029 (0.025) -0.143 (0.121)  -0.027 (0.024) -0.163 (0.127) EDR 0.019* (0.011) 0.084* (0.047)  0.003 (0.008) 0.013 (0.041) Age 0.038** (0.018) 0.190** (0.089)  0.020 (0.017) 0.120 (0.088) Age squared -0.000* (0.000) -0.001* (0.001)  -0.000 (0.000) -0.001 (0.001) Male -0.002 (0.007) -0.008 (0.034)  -0.003 (0.007) -0.013 (0.034) Education level -0.031** (0.012) -0.158** (0.063)  -0.022* (0.012) -0.126* (0.067) Han ethnicity -0.103*** (0.030) -0.402*** (0.097)  -0.077** (0.032) -0.350*** (0.123) Non-agricultural hukou -0.073*** (0.017) -0.443*** (0.129)  -0.042** (0.019) -0.238** (0.120) Married -0.001 (0.047) 0.025 (0.181)  0.022 (0.050) 0.111 (0.209) Has child -0.093** (0.043) -0.378** (0.155)  -0.109** (0.046) -0.470*** (0.171) Migrate to another city -0.014 (0.014) -0.065 (0.069)  -0.017 (0.013) -0.088 (0.070) Constant -0.808 (0.533) -6.065** (2.592)  -0.350 (0.502) -4.191 (2.607) Observations 5105  5105   5105  5105  Adjusted/Pseudo R2 0.018  0.025   0.012  0.019  Calculated interaction effect: Famine cohort × EDR  -0.028   -0.018 Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. ∗ p <.10, ∗∗ p <.05, *** p <.01 
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Table 3. The Impact of Famine on Energy Poverty: Alternative Definitions of Cohorts  LIHC indicator  Adjusted LIHC indicator  (1) DID-OLS (2) DID-probit  (3) DID-OLS (4) DID-probit Cohort 2 × EDR -0.005 (0.009) -0.023 (0.037)  -0.002 (0.008) -0.011 (0.038) Cohort 3 × EDR -0.028** (0.012) -0.132** (0.052)  -0.025** (0.010) -0.141** (0.056) Cohort 4 × EDR -0.032*** (0.012) -0.150*** (0.053)  -0.024** (0.010) -0.123** (0.053) Cohort 5 × EDR -0.029** (0.013) -0.138** (0.057)  -0.022* (0.012) -0.108* (0.062) Cohort 6 × EDR -0.035*** (0.013) -0.165*** (0.056)  -0.025** (0.012) -0.119** (0.058) Control variables, cohorts and EDR Yes  Yes   Yes  Yes  Observations 5105  5105   5105  5105  Adjusted/Pseudo R2 0.017  0.025   0.011  0.019  Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohorts, EDR and other variables as in Table A1. Full results are available from the authors. ∗ p <.10, ∗∗ p <.05, *** p <.01
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Table 4. The Impact of Famine on Energy Poverty: Potential Mediators  Panel A: Locus of Control (1) Locus of Control (2) LIHC indicator (3) LIHC indicator Famine cohort × EDR -0.175 (0.300) 0.015 (0.068) 0.016 (0.066) Locus of Control     0.008 (0.014) Control variables, Famine cohort and EDR Yes  Yes  Yes  Observations 196  196  196  Adjusted R2 -0.006  -0.014  -0.018  Method DID-OLS DID-OLS  DID-OLS   Panel B: personal income (1) log(Personal income) (2) LIHC indicator (3) LIHC indicator Famine cohort × EDR 0.19525* (0.116) -0.02406** (0.011) -0.02356** (0.011) log(Personal income)     -0.00254* (0.001) Control variables, Famine cohort and EDR Yes  Yes  Yes  Observations 3381  3381  3381  Adjusted R2 0.138  0.016  0.016  Method DID-OLS DID-OLS  DID-OLS   Panel C: savings (1) log(Savings) (2) LIHC indicator  (3) LIHC indicator Famine cohort × EDR 0.144 (0.147) -0.024** (0.009) -0.023** (0.009) log(Savings)     -0.004*** (0.001) Control variables, Famine cohort and EDR Yes  Yes  Yes  Observations 5105  5105  5105  Adjusted R2 0.015  0.018  0.021  Method DID-OLS DID-OLS  DID-OLS Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohort, EDR and other variables as in Table A1. Full results are available from the authors. ∗ p <.10, ∗∗ p <.05, *** p <.01 
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Table 5. Robustness Checks: Alternative Measures of Energy Poverty   (1) TPR indicator (2) TPR indicator (3) Adjusted TPR indicator (4) Adjusted TPR indicator (5) EDS Famine cohort × EDR -0.015 (0.014) -0.040 (0.037) -0.026* (0.013) -0.101** (0.044) -0.021** (0.008) Control variables, Famine cohort and EDR Yes  Yes  Yes  Yes  Yes  Observations 5105  5105  5105  5105  5096  Adjusted/Pseudo R2 0.010  0.009  0.042  0.041  0.057  Methodology DID-OLS DID-probit DID-OLS DID-probit DID-OLS Calculated interaction effect: Famine cohort × EDR   Nonsignificant  -0.035   Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohort, EDR and other variables as in Table A1. Full results are available from the authors. ∗ p <.10, ∗∗ p <.05, *** p <.01 
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Table 6. Robustness Checks: Alternative Measures of Famine Intensity  Panel A (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Famine cohort × CSSI -0.260** (0.112) -1.219** (0.526) -0.219* (0.111) -1.081* (0.563) Control variables, CSSI and Famine cohort Yes  Yes  Yes  Yes  Observations 5105  5105  5105  5105  Adjusted/Pseudo R2 0.017  0.025  0.012  0.019  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Famine cohort × CSSI   -0.291   -0.199   Panel B (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Famine cohort × FRI -0.297** (0.120) -1.388** (0.574) -0.246** (0.110) -1.220** (0.560) Control variables, FRI and Famine cohort Yes  Yes  Yes  Yes  Observations 5105  5105  5105  5105  Adjusted/Pseudo R2 0.018  0.025  0.013  0.021  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Famine cohort × FRI   -0.319   -0.213 Notes: Robust standard errors are clustered by county and reported in parentheses. CSSI is the cohort size shrinkage index, and FRI is the fertility reduction index. All specifications control for cohort, CSSI (or FRI) and other variables as in Table A1. Full results are available from the authors. ∗ p <.10, ∗∗ p <.05, *** p <.01   
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Table 7. Robustness Checks: Placebo Test    (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Hypothetical Famine cohort × EDR 0.025** (0.010) 0.118*** (0.045) 0.021** (0.010) 0.107** (0.048) Control variables, EDR and hypothetical Famine cohort Yes  Yes  Yes  Yes  Observations 4505  4505  4505  4505  Adjusted/Pseudo R2 0.023  0.029  0.019  0.025  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Hypothetical Famine cohort × EDR   0.024   0.015 Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohorts, EDR and other variables as in Table A1. Full results are available from the authors. ∗ p <.10, ∗∗ p <.05, *** p <.01       
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Table 8. Robustness Checks: Controlling for Year of Birth Linear Trends   (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Famine cohort × EDR -0.024*** (0.009) -0.111*** (0.040) -0.019** (0.009) -0.095** (0.044) Control variables, EDR and Famine cohort Yes  Yes  Yes  Yes  Year of birth linear treands Yes  Yes  Yes  Yes  Observations 5105  5105  5105  5105  Adjusted/Pseudo R2 0.018  0.025  0.012  0.019  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Famine cohort × EDR   -0.028   -0.018 Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohorts, EDR and other variables as in Table A1 and year of birth linear trends. Full results are available from the authors.   
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Table 9. Robustness Checks: Controlling for the Province-Year of Birth Linear Interaction   (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Famine cohort × EDR -0.031*** (0.010) -0.146*** (0.043) -0.023** (0.010) -0.116** (0.051) Control variables, EDR and Famine cohort Yes  Yes  Yes  Yes  Proince × Year of birth linear treands Yes  Yes  Yes  Yes  Observations 4383  4383  4383  4383  Adjusted/Pseudo R2 0.019  0.028  0.014  0.022  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Famine cohort × EDR   -0.034   -0.021 Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohorts, EDR and other variables as in Table A1 and province-year of birth linear interaction. Full results are available from the authors. 
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Table 10. Robustness Checks: Controlling for the Marketisation Index   (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Famine cohort × EDR -0.022** (0.009) -0.105*** (0.039) -0.019** (0.009) -0.095** (0.044) Control variables, EDR and Famine cohort Yes  Yes  Yes  Yes  Marketisation Index Yes  Yes  Yes  Yes  Observations 5105  5105  5105  5105  Adjusted/Pseudo R2 0.025  0.035  0.012  0.020  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Famine cohort × EDR   -0.023   -0.018 Notes: Robust standard errors are clustered by county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohorts, EDR and other variables as in Table A1 and the Marketisation Index. Full results are available from the authors.    
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Table 11. Robustness Checks: Clustered by Cohort and County   (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Famine cohort × EDR -0.024* (0.013) -0.111* (0.058) -0.019* (0.011) -0.095* (0.056) Control variables, EDR and Famine cohort Yes  Yes  Yes  Yes  Observations 5105  5105  5105  5105  Adjusted/Pseudo R2 0.018  0.025  0.012  0.019  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Famine cohort × EDR   -0.028   -0.018 Notes: Robust standard errors are clustered by cohort and county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohorts, EDR and other variables as in Table A1. Full results are available from the authors. ∗ p <.10, ∗∗ p <.05, *** p <.01    
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Table 12. Robustness Checks: Controlling for whether the Respondent Experienced the Cultural Revolution in Adolescence  (1) LIHC indicator (2) LIHC indicator (3) Adjusted LIHC indicator (4) Adjusted LIHC indicator Famine cohort × EDR -0.024** (0.009) -0.113*** (0.040) -0.019** (0.009) -0.096** (0.044) Control variables, EDR and Famine cohort Yes  Yes  Yes  Yes  Experienced the Cultural Revolution during adolescence Yes  Yes  Yes  Yes  Observations 5105  5105  5105  5105  Adjusted/Pseudo R2 0.018  0.026  0.012  0.020  Method DID-OLS DID-probit DID-OLS DID-probit Calculated interaction effect: Famine cohort × EDR   -0.027   -0.018 Notes: Robust standard errors are clustered by cohort and county and reported in parentheses. EDR is the excess death rate in 1960. All specifications control for cohorts, EDR and other variables as in Table A1. Full results are available from the authors. ∗ p <.10, ∗∗ p <.05, *** p <.01  
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Appendix Table A1. Descriptive Statistics  Full sample Famine cohort Post-Famine cohort Welch’s t-statistic Mean SD Mean SD Mean SD Alternative measures of energy poverty        Ten-percent-rule (TPR) indicator (yes=1) 0.434  0.496  0.444  0.497  0.409  0.492  -2.325** Adjusted TPR indicator (yes=1) 0.262  0.439  0.282  0.450  0.214  0.410  -5.287***  Energy deprivation score (EDS) 0.316  0.296  0.331  0.296  0.282  0.294  -5.485*** Alternative measures of famine intensity        Cohort size shrinkage index (CSSI) 0.395  0.201      Fertility reduction index (FRI) 0.368  0.187      Potential mediators        Locus of Control -0.136  1.866  -0.692  1.859  -0.028  1.854  1.849*  Personal income (thousand yuan) 4.712  11.796  3.354  9.994  7.249  14.238  8.355***  Savings (thousand yuan) 18.514  51.220  17.215  47.088  21.550  59.677  2.525** Control variables        Age 56.634  6.710  60.081  4.831  48.578  1.740  -124.706*** Male (yes=1) 0.481  0.500  0.483  0.500  0.476  0.500  -0.414 Education level 1.356  0.497  1.312  0.480  1.459  0.522  9.423*** Han ethnicity (yes=1) 0.914  0.281  0.914  0.280  0.912  0.283  -0.198 Non-agricultural hukou (yes=1) 0.077  0.267  0.088  0.283  0.052  0.223  -4.800***  Married (yes=1) 0.983  0.128  0.985  0.121  0.979  0.143  -1.457* Has child (yes=1) 0.975  0.156  0.976  0.153  0.973  0.162  -0.564 Migrant (yes=1) 0.204  0.403 0.196  0.397 0.222 0.416 2.062** Notes: SD is the standard deviation. Welch’s t-statistics are presented for the differences across the Famine and post-Famine cohorts. For education levels, primary school and below=1; junior high school and senior high school=2; 2- or 3-year college=3; 4-year college/bachelor's degree, master's degree, and doctoral degree=4. ∗ p <.10, ∗∗ p <.05, *** p <.01  


