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Abstract

:

Poverty alleviation, environmental protection, and healthcare are the three biggest challenges for the Sustainable Development Goals. However, they are also inter-linked. Therefore, it is imperative to achieve these goals in a compatible manner at the national level. Given the growing consumption caused by poverty alleviation in China, this paper investigates potential impacts of poverty alleviation on the environment and health based on an input–output approach, air quality estimation model, and health loss assessment. Due to data limitations, the base year was set as 2012. Nevertheless, the scientific value of the paper is that it offers an important supplement for a preliminary estimation on a macro level. We find that poverty alleviation could be a substantial threat to the environment and health from a consumption-based perspective, and this trade-off can be explained by the uneven pollution footprints per capita among different income groups. From a policy perspective, the government should promote green production, green lifestyles, and healthcare when reducing poverty.
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1. Introduction


Ending poverty in all its forms and dimensions, protecting the environment, and ensuring healthy lives are important global goals of the 2030 agenda for sustainable development. However, the Sustainable Development Goals Report 2019 warns that the world is not on track to achieve the 2030 agenda of full implementation, making the progress slow [1]. This is mainly because there exist some trade-offs among these goals, thus hindering their simultaneous implementation [2]. As the largest developing country in the world, China has resolved to pursue these goals since the onset of economic reform. On one hand, the Chinese government has initiated the targeted poverty alleviation strategy, ensuring that all of the rural residents living below the current poverty line are moved out of poverty by the year 2020. However, alleviating relative poverty is still a major concern because of increasing income inequalities [3]. On the other hand, China’s rapid economic growth has brought about serious environmental health issues. For instance, in 2018, only 35.8 percent of China’s 388 prefecture-level cities met the air quality standards (source: http://www.stats.gov.cn/tjsj/zxfb/201902/t20190228_1651265.html), and epidemiological studies have demonstrated a significant correlation between air pollution and respiratory health issues [4]. Therefore, poverty alleviation, environmental protection, and good health are still the central themes of implementing the 2030 agenda for sustainable development in China. Although China has released its national plan for sustainable development, it is far from obvious how these meaningful targets can be achieved in a compatible way from a policy perspective.



This issue must be considered with the context that poverty reduction may pose a serious threat to environmental health by improving the residents’ living standards, then driving up consumer demand and production, and finally increasing energy consumption, pollution, and emissions. Theoretically speaking, similarly to the Malthusian theory, some scholars held the view in the 1970s and 1980s that poverty alleviation accompanied by economic growth may not be beneficial to environmental quality [5]. Then, based on this idea, Brundtland [6] put forward the concept of sustainable development, stating that policy makers should pay attention to social development and environmental quality at the same time. It is also vitally important for China to guarantee the environmental quality and public health while meeting the growing consumption demand caused by poverty alleviation. Therefore, how does moving people out of poverty affect the risks to the environment and health? What about its root cause? Policy decisions would be considerably easier to make if this impact mechanism could be explicitly identified from a consumption-based perspective.



To date, the effect of poverty alleviation on the environment is still being researched. One effect is based on a commonly held view referred to as the environment–poverty trap. Because the rural poor are often located in fragile environments, they must highly depend on natural resources to survive from day to day, thus leading to greater deforestation, and it then becomes more difficult for them to get out of the poverty trap [7,8]. In this sense, poverty alleviation would help protect the environment. However, Scherr [9] and Barbier [10] find that such a conclusion may be too simplistic, and this effect is highly dependent on many other factors, such as market constraints, employment opportunities, and natural resource endowment.



The other effect is the increased energy use that result from the increasing incomes and changes in consumption patterns as residents are lifted out of poverty. There are numerous studies that investigate the relationship between increased income and climate change, but there is still no consensus. Chakravarty and Tavoni [11] find that the global final energy consumption would rise by about 7% if the global poverty eradication is achieved by 2030; the additional carbon emissions over the century would be generated in the range of 44–183 Gt   CO 2  , thus leading to a relatively minor impact on climate change. Hence, this study suggests that energy, poverty, and climate change policies can be set independently from each other. Furthermore, taking the source of energy production into account, poverty reduction, especially at a very low income level, would not be harmful to the local environment at the aggregate level [5]. However, some further empirical studies use the notion of carbon footprint to discuss the direct and indirect carbon emissions from residents’ consumption along the supply chain, and find that poverty reduction would significantly exacerbate climate change. Based on the computable general equilibrium model, Sommer and Kratena [12] demonstrate that the bottom-income group has a per capita carbon footprint of 6.1 tons, more than 2.5 times smaller than the average level, whereas the top-income footprint is 29.2 tons in Europe. Hubacek et al. [13] also estimate that the top 10% of global income earners are responsible for 36% of the current carbon footprints of households, and eradicating extreme poverty increases the required mitigation rate by 2.8%, whereas moving everybody to at least USD 2.97 purchasing power parities (PPP) would increase the effort needed to achieve the climate target by 27%.



In the case of China, it has been widely demonstrated that poverty reduction is still a challenge for carbon emission mitigation. As China’s urbanization gathers pace, more and more energy-intensive products will be made to satisfy the growing consumption demand, leading to a significant increase in China’s carbon emissions [14,15,16]. Furthermore, Wiedenhofer et al. [17] predict that the total carbon footprint of China will be tripled if all households reach the urban high-income level or European per capita income level. However, to our knowledge, less attention has been given to the issues about what poverty alleviation would mean in terms of environmental pollution implications.



In addition, the link between poverty alleviation and health status is still unclear. Most of the existing studies agree that poverty causes health risks, or vice verse. The poor commonly suffer from serious health damage due to direct exposure to environmental pollution [18,19] and lack of health investment [20]. In turn, based on data from the China Health and Nutrition Household Survey, it was found that an increase in household income in China could significantly mitigate the health damage from industrial dust [21]. Nevertheless, it is possible for poverty reduction to increase health risk via environmental pollution resulting from increasing consumption. The fact the health damage reduces household income is also well documented. Böckerman and Ilmakunnas [22] demonstrated that persons who have poor health are more likely to be selected for the pool of the unemployed. Against this background, there is a pressing need to uncover this subsequent impact on environmental health risk once consumption patterns of a particular group have changed.



Therefore, based on detailed information on consumption patterns of households at different income levels in China, this paper uses the input–output model to evaluate the impacts of poverty alleviation on additional pollution emissions and associated health risk and to further identify the root cause of the unequal distribution of households’ pollution footprints. It is noted that, in this study, poverty alleviation focuses not only on the poorest, but also across all the main different income classes, since China eradicated absolute poverty under the current poverty line by the end of 2020, and then turned to reducing relative poverty.



This study contributes to the literature in several significant ways. Firstly, it shows that the negative effects of poverty alleviation on the environment and public health are substantial in absolute terms from a consumption-based perspective. The empirical findings are contrary to some previous studies that argue that rising income would help protect the environment and mitigate health damage. Secondly, this study contributes to the literature on sustainable development in terms of methodology (a) by using an input–output approach, air quality estimation model, and health loss assessment to preliminarily estimate the impacts of poverty alleviation on the environment and health and (b) by using the Gini coefficient of pollution footprints to further identify their root cause, which can be applied to other countries. Thirdly, this study underlines the importance of green production, green lifestyle, and healthcare in a compatible way at the national level. More broadly, these results may be useful in forming policy for developing countries that are committed to full implementation of Sustainable Development Goals.




2. Data and Methods


2.1. An Input–Output Model


This paper explores the impact of poverty reduction on environment and health from the perspective of the growing consumption demand induced by poverty reduction. On the one hand, poverty reduction will increase the income level of residents who have been lifted out of poverty and stimulate consumption demand, which will, in turn, cause an increase in household pollution emissions. On the other hand, considering the linkage of economic sectors, the increase in consumer demand will further drive the production of relevant sectors and increase energy consumption, pollution, and emissions. Because of the correlation changes between production and consumption, the input–output model is a more appropriate research method that can comprehensively calculate household pollution emission footprints, including pollutant emissions from direct consumption (i.e., complete energy consumption) and emissions of indirect intermediate input products caused by changes in consumption [13,15,17]. In addition, this input–output model is a top-down approach for calculating the environmental and health impacts of poverty reduction.



To evaluate the growing consumption demand induced by poverty reduction, it is absolutely critical to use data on resident consumption and its proportions among different income groups. However, the latest related data in China are for the year 2010, provided by the World Bank’s Global Consumption Database. Taking into account the availability of relevant data, this paper divides Chinese households into four income groups, namely, the lowest, low, middle, and higher, according to the World Bank’s Global Consumption Database, and obtains the population proportions of each income group in China and the corresponding consumption of 11 categories of products and services in 2010. In order to match the above database, this paper selects China’s 2012 Input–Output table, which obtains 135 available sectors’ input and output data sources. To be specific, we follow Hubacek et al. [13] and extend the above global consumption data set to 2012 according to the population proportion of each income group and their consumption ratios in 2010. Then, the 135 sectors in the 2012 Input–Output table are merged into 11 categories that are closely related to resident consumption, namely food, clothing, housing, energy, transportation, water, education, health, communication, finance, and others. In addition, this article selects the atmospheric pollutants   PM  2.5   ,   NO x  , and   SO 2   as representative environmental pollution indicators, and the total household emission footprints include direct pollutant emissions from household energy consumption and indirect pollutant emissions from production activities of related goods and services. The specific approach is as follows.



First of all, this paper uses the following equation, Equation (1), to calculate the indirect pollutant emissions of household consumption:


   E  i c  I  =  D c    ( I − A )   − 1    Y i   



(1)




where   E  i c  I   in Equation (1) is the indirect atmospheric pollutant emissions c caused by the consumption of income group i;   D c   is the pollutant emission intensity matrix in the   n × n   Input–Output table.    ( I − A )   − 1    is the Leontief inverse matrix, which represents the complete input of all industries required per unit of output of each industry sector.   Y i   is the final consumption column vector of the i income group in China. Taking   d  c n    as the element in   D c  , its economic meaning is the unit output’s pollutant emissions from each industrial sector n. To compute the unit output’s pollutant emissions, this paper draws on the practice of He and Ou [23]. Firstly, it uses Equation (2) to calculate the pollutant emissions caused by k energy consumption in China in 2012. Then, this paper will use Equation (3) to calculate the pollutant emissions per unit energy use,   W  e h c   . In addition, Equation (4) is used to estimate the pollutant emissions of each industrial sector in 2012. Finally, Equation (5) is used to calculate the pollutant emissions of each industrial sector’s unit output. The equations are shown as follows:


   Q  k c   =   Z k  +  S k   ·  f  k c   ·  α k   



(2)






   W  e h c   =   Q  k c     I h  +  Y h     



(3)






   Q c  =  Σ  h = 1  3    W  e  h c    ·  P h    



(4)






   d  c n   =   Q c  G  .  



(5)







Here,   Z k   and   S k   are, respectively, the final energy demand of each industry and the energy demand invested in power and thermal processing and conversion. The data are from the final energy consumption in the National Energy Balance Sheet (physical quantity) in the China Energy Statistical Yearbook 2013.   f  k c    is the energy emission factor, mainly derived from Wang et al. [24] and Kato and Akimoto [25].   α k   is the pollution control coefficient, and the specific data are set according to the International Pollution Discharge Manual and the Industrial Pollutant Generation and Emission Coefficient Manual.   I h   is the intermediate use in the energy production sector h;   Y h   refers to the final use in the energy production sector, in which the energy production sector refers to the sector that produces the corresponding energy categories, such as coal, gas, and refined oil.   P h   is the intermediate input of each sector into the energy production sector;   Q c   is the total emissions of pollution from each industry involved in energy consumption. G is the total output of each industry sector.



Next, this paper uses Equation (6) to calculate the direct pollutant emissions from the household consumption of different income groups.


   E  i c  d  =  ∑  h = 1  3   Q  i h  d   f  h c  d   α h  ,  



(6)




where   E  i c  d   is the direct pollutant emissions consumed by income group i;   Q  i h  d   is the physical physical quantity of direct energy consumption h of income group i. The specific data are calculated based on the proportion of energy consumption of different income groups to the total household energy consumption in the global consumption data set and the final domestic energy consumption in the National Energy Balance Sheet (physical quantity) of the China Energy Statistical Yearbook 2013.   f  h c  d   is the pollutant emission factor of the h household energy consumption types. It is worth noting that, since the above indirect pollutant emission accounting has taken into account the pollutant emissions in electric power production, this paper regards the electricity and heat products in the direct consumption links of residents as clean energy with zero pollution.



Finally, Equations (7) and (8) will be used to calculate the pollutant emission footprint by income group i and the total pollutant emission footprint c.


   E  i c   =  E  i c  d  +  E  i c  l   



(7)






   E c  =  ∑  i = 1  4   E  i c    



(8)








2.2. Air Quality Estimation


Once the pollution footprint is calculated, this paper will evaluate the air quality. Theoretically, atmospheric quality is not only affected by the anthropogenic pollutant emissions   E c  , but is also highly correlated with local climate, topography, and emission sources. For a vast country, however, these factors are difficult to quantify on a macro level. These data constraints have been dealt with in the existing literature by simplifying the model. In order to simplify the model, this paper makes a reference to Chen and He [26] and adopts a box model, which regards all of China as a box of uniformly mixed man-made pollutants and does not consider the accumulation of atmospheric pollutants. By eliminating the meteorological constant term, Equation (9) can be obtained.


    E  c 1    E  c 2    =    M  c 2   − B    M  c 1   − B   ,  



(9)




where   E  c 1    and   E  c 2    are the baseline and counterfactual scenarios’ atmospheric pollutant emissions, respectively, which are calculated by Equation (8). B is the background concentration of pollutant c, that is, the pollutant concentration without man-made emissions in nature. Referring to previously published literature [26,27,28], the background concentrations of   PM  2.5   ,   NO x  , and   SO 2   are 39, 17, and 10 μ  g /  m 3   , respectively.   M  c 1    and   M  c 2    are the baseline and counterfactual scenarios’ atmospheric pollutant concentrations, respectively. According to the China Environmental Statistical Yearbook 2013, the baseline concentrations of   PM  2.5   ,   NO x  , and   SO 2   were 59.00, 35.51, and 40.22 μ  g /  m 3   , respectively. Thus, the air pollution concentration in the counterfactual scenario is estimated by   M  c 2   .




2.3. Health Loss Assessment


Once atmospheric pollutant concentrations are determined, the physical quantity and monetary value of the residents’ health losses can be quantified through the epidemiological research results and health statistics. Due to data availability, this paper selects respiratory hospital admission, cardiovascular hospital admission, and premature deaths from acute exposure as the health endpoints. There are some limitations related to the data in the health loss assessment. Firstly, for the sake of simplicity, this study did not distinguish indoor and outdoor pollution, and the exposed population was not divided into urban and rural groups. Secondly, this paper did not consider the changes in environmental and health investments when household incomes rise. Thirdly, the linear exposure–response function with a zero threshold assumption may somewhat overestimate the health loss. Even so, we believe that this calculation can provide useful information on the detrimental impacts of poverty alleviation on public health.



2.3.1. Physical Quantity of Health Damage


As mentioned before, in order to assess the physical quantity of residents’ health losses, this study employs the linear exposure–response function with a zero threshold assumption, as shown in Equations (10) and (11). This approach is usually used in domestic and foreign health risk assessment studies [29,30]. It is worth noting that this approach would overestimate the economic burden of air pollution if the threshold did exist. Limited by the existing epidemiological literature, the exposure–response coefficients preferentially draw on relevant Chinese studies, as well as some international literature (see Table 1).


   case  c   A M   = E  R  C   A M   · Δ  M C  · P · R  



(10)






   case    c j   Morbidity    = E  R  c j   · Δ  M c  · P ,  



(11)




where   E  R  C   A M     and   case  c   A M    respectively represent the exposure–response coefficient of acute death and the number of acute deaths related to pollution c.   E  R  c j     and    case    c j   Morbidity      show, respectively, the exposure–response coefficient for non-fatal health endpoint j and the number of non-fatal health endpoint related to pollution c.   Δ  M c    refers to the concentration change of pollutant c; P refers to the exposed population; R is the overall mortality rate, that is, the natural mortality rate.




2.3.2. Monetization of Health Damage


To monetize the assessment of residents’ health damage, this paper uses the Value of a Statistical Life (VOSL) to assess the loss of acute death caused by air pollution. Considering that the income level of residents is an important factor affecting the assessment of economic losses due to air pollution, this paper computes the national-level VOSL in 2012 based on the ratio of the total per capita income of the whole country in 2012 to the per capita annual income of Chongqing in 2004, referring to Zhang et al. [33]. Specifically,


   cost  A M   = VOSL ·  Σ c   case  c   A M    



(12)




and


  VOSL =  VOSL  C Q   ·    1  I  C Q     e  ,  



(13)




where   cost  A M    represents the economic loss of a premature death;    VOSL  C Q     refers to the statistical life value of Chongqing residents in 2004; I refers to the national per capita income in 2012;   I  C Q    refers to the per capita income of Chongqing in 2004; e represents income elasticity, which is set as 1, according to Chen and He [26].



For the economic loss of a non-fatal health endpoint, we use the Cost of Illness (COI) method to estimate the economic loss due to hospitalization caused by air pollution as follows:


   cost  j   Morbidity    =  ∑ c   case  c j   Morbidity    ·  COI j  .  



(14)







Here,     cos t     j  Morbidity    shows the economic loss due to hospitalization for a non-fatal health endpoint j;   COI j   refers to the unit hospitalization expenses of non-fatal health endpoint j (including direct expenses and indirect escort expenses). Due to the limitations of data availability, this article regards the hospitalization costs of bacterial pneumonia and congestive heart failure as those of respiratory diseases and cardiovascular disease, for which data came from the China Health Statistical Yearbook 2012, and the indirect hospitalization costs came from “China’s Fourth Health Service Survey Report”. The loss of working days caused by air pollution can be expressed as:


   cost  j   workday    =  ∑ c   case  c j   Morbidity    · D a  y j  ·  COI  d a y   .  



(15)







Here,    cost  j   workday      represents the loss of working days for non-fatal health endpoint j, or the income loss due to hospitalization.   D a  y j    represents the average hospital stays for the non-fatal health endpoints. According to the China Health Statistical Yearbook 2012, the mean hospital stay was set to 10 days.    COI  d a y     was estimated using average per capita GDP per day.





2.4. Gini Coefficient of Pollution Footprints


Through the above analysis, we can calculate the pollution footprint of China’s four income groups for 11 categories of consumer goods. Furthermore, by combining the population size of each income group, the per capita pollution footprints of different categories of consumer goods corresponding to each income group in China can be calculated. In order to better analyze the differences in pollution footprints of different income groups in the same consumer category, this paper draws on the research idea of Groot [35] to construct a carbon Gini coefficient, and introduces the Gini coefficient of pollution footprints on the basis of the traditional Lorenz curve. The specific calculation process is as follows: Assuming that residents are ranked according to their income level from low to high, the population grouping proportions are   p 1  ,   p 2  ,   p 3  , and   p 4   respectively. The pollution footprint share of each income group in n consumer goods is, in turn,   c n 1  ,   c n 2  ,   c n 3  , and   c n 4  , and its upward accumulation proportion is    C  n 1    =  c  n 1     ,    C  n 2    =  c  n 1   +  c  n 2     , and    C  n 4   = 1  . Suppose that the area between the actual pollution footprint distribution curve (i.e., Lorenz curve) and the absolute equality distribution curve is X, and the area at the lower right of the actual pollution footprint distribution curve is Y; then, the Gini coefficient of inequality is   X / ( X + Y )  . If the area Y is approximately divided into the sum of the areas of a triangle and three trapezoids, we assume that the Lorentz curve with a vertical and horizontal axis length of 1 is the area of the distribution curve of absolute equality,   X + Y = 0.5  , while    g n  = X /  ( X + Y )  = 1 − Y /  ( X + Y )   ,   Y = 0.5   p 1   C  n 1   +  p 2    C  n 1   +  C  n 2    +  p 3    C  n 2   +  C  n 3    +  p 4    C  n 3   +  C  n 4      . Thus,    g n  = 1 −   p 1   C  n 1   +  p 2    C  n 1   +  C  n 2    +  p 3    C  n 2   +  C  n 3    +  p 4    C  n 3   +  C  n 4      , and then the Gini coefficient of the pollution footprint of consumer goods i should be shown in Equation (16).


   g n  = 1 −   p 1   C  n 1   +  p 2    C  n 1   +  C  n 2    +  p 3    C  n 2   +  C  n 3    +  p 4    C  n 3   +  C  n 4      



(16)







Obviously, the greater the Gini coefficient of the pollution footprint, the greater the difference in pollution footprints of different income groups with consumer goods.



As a whole, this paper builds an evaluation framework with the pollution footprints and Gini coefficient to estimate and further explain the environmental and health effects of the growing consumption demand induced by poverty reduction. This empirical framework has some simplifications due to data limitations, though this is a common problem in most studies. In fact, there exists a reciprocal relationship between environmental health and poverty alleviation. However, it cannot be recognized by the macro-assessment framework in this study. It is worth pointing out that the purpose of this paper is to discuss whether poverty alleviation, environmental protection, and good health can be achieved in a compatible way by investigating the effects of different poverty alleviation scenarios. In future work, we will explore some other solutions for dealing with data limitations and will further examine the reciprocal relationship between environmental and health effects and poverty reduction. Thus, what is essential is that our method is an important supplement for a preliminary estimation of the impacts of poverty alleviation on the environment and health on a macro level.





3. Results and Discussion


3.1. The Environmental and Health Effects of Poverty Alleviation


3.1.1. Scenario Design of Poverty Alleviation


China eradicated absolute poverty under the current poverty line by the end of 2020. However, facing the issues of unbalanced and inadequate development, the relative poverty would still exist in the long run. According to the Credit Suisse Global Wealth Report in 2015, 90% of China’s population lived below the middle-income level, while the U.S. middle class accounted for 50% of the country’s population, and it was up to 68.6% in Japan (source: http://www.xinhuanet.com//fortune/2016-05/19/c_128997286.htm). This paper focuses on relative poverty alleviation, partly for data availability reasons, and also because China will soon transform from eradicating absolute poverty to mitigating relative poverty. In the past, the absolute poverty line in China was set as the per capita net income of rural residents of RMB 2300 (2010 constant price), and would be RMB 2487 (at the 2012 price level) after the adjustment of CPI change. Subject to data availability, this paper employs the World Bank’s Global Consumption Database, in which the per capita consumption of the lowest income group was RMB 4566 in 2012. In this context, this paper was unable to assess the effect of absolute poverty elimination on household consumption under the current poverty line standard. Nevertheless, this paper is of great practical significance in assessing the impact of relative poverty alleviation on environmental quality and public health in the future.



In general, the relative poverty line is often set at 50–60% of the median income in most European countries [36]. However, no data are available at present to calculate the consumption value of individuals below this poverty line. As mentioned above, based on the World Bank’s Global Consumption Database, Chinese residents can be divided into four groups: lowest income, low income, middle income, and high income, and their annual per capita consumption amounted to about RMB 4566, RMB 13,466, RMB 31,979, and RMB 94,793 in 2012, respectively. For the sake of simplicity, we set the base year as 2012 due to data availability, and designed four poverty alleviation scenarios based on the growth of the consumption level, as described in Table 2.




3.1.2. Changes in Air Quality and Public Health


Table 3 summarizes the effects of poverty alleviation on pollutant emissions and associated health outcomes. It indicates that the repercussions of poverty alleviation would be quite negative on the air quality and health risk through the increase in direct and indirect energy demands. If the annual per capita consumption of half of the lowest-income residents is raised to the level of the low-income group (S1), the   PM  2.5   ,   NO x  , and   SO 2   levels would rise by 8.06%, 5.09%, and 4.85%, respectively, or with the absolute values of 3.25, 2.24, and 1.72 μ  g /  m 3   . As a result, public health would be at great risk from this bad air quality. Regardless of the fact that individuals with higher income are likely to spend more on healthcare, scenario S1 would cause 56.6 thousand residents to lose their lives, almost one-twentieth of the annual average premature deaths resulting from air pollution. In addition, hospitalization for respiratory and cardiovascular diseases would also be increased by 15.46 million cases and 14.70 million cases, respectively. Based on the data on the statistical value of life and cost of disease, it is estimated that the health cost induced by these rising pollution levels is about 326.34 billion RMB, accounting for about 0.63% of the annual national GDP. After decomposing the health damages, we find that around 64.66% of the total costs result from hospitalization for respiratory and cardiovascular diseases.



By extending the scope of poverty reduction by moving the lowest-income residents to the next income level (S2), the pollutant level and public health losses would be double those of scenario S1. This is mainly because this study uses the linear exposure–response function. If poverty reduction efforts are further enhanced by raising the annual per capita consumption of all of the lowest-income and low-income residents to the level of low-income groups and middle-income groups, respectively (S3), the concentrations of the   PM  2.5   ,   NO x  , and   SO 2   pollutants will be increased by 14.28, 11.03, and 20.74 μ  g /  m 3   , respectively, and the cases of premature deaths will rise by about 36.18 thousand, which is equivalent to five times more than those of scenario S1. Likewise, the total economic losses of the population’s health effects are five times more than those of scenario S1.



In order to further reduce the income gap between the rich and the poor, it is necessary to lift the annual per capita consumption of the lowest-income groups and low-income groups to the middle-income level (S4). In this case, compared with the baseline level, the concentrations of   PM  2.5   ,   NO x   and   SO 2   pollutants would rise by 54.66%, 52.30%, and 86.85%, with absolute values of 24.05, 18.58, and 34.94 μ  g /  m 3   , respectively. Moreover, the total economic losses due to health damage would reach the value of 3513.41 billion RMB, accounting for 6.80% of GDP in 2012. Moreover, this is almost equivalent to nine times more than that of scenario S1. As for these three pollutants, the   NO x   level would grow at the fastest pace in the process of poverty reduction. In this sense, China should put this   NO x   issue on high alert.



This paper draws the conclusion that poverty reduction increases the risk to public health. This is not to say that health quality would inevitably be worse off. In fact, in the process of poverty reduction, as the residents’ income rises, their consumption expenditures on healthcare and nutrition would also increase, thus helping to increase the ability to reduce or avoid health risks. Nonetheless, this paper is of great importance for clarifying the potential threats to environmental quality and public health due to poverty reduction.





3.2. Explaining Unequal Emission Distributions of Different Income Groups


As mentioned above, poverty alleviation would exacerbate environmental pollution and public health threats without the consideration of many changes, such as pollution abatement and healthcare. In order to shed light on this conflict among the sustainable development goals, this section explains this unequal emission distributions of different income groups with their pollution footprints.



As shown in Figure 1, taking the pollutant   PM  2.5    as an example, we find that due to income inequality, the   PM  2.5    footprint of the high-income group (i.e., the top 1.52% of income earners with consumption higher than RMB 94,793 yearly) amounts to 7677.17 g per capita, which is about 2.60 times as high as the national average level. In contrast, the sub-middle-income groups (including middle income, low income, and lowest income) account for 98.48% of China’s total population, but their   PM  2.5    footprint is only about 364.68–2525.23 g per capita on average, all below the national average level of 2903.98 g per capita. Among them, the lowest-income group accounts for 39.64% of China’s total population, while its per capita   PM  2.5    footprint is only about 4.75% of the high-income group’s footprint. Therefore, given the fact that the per capita pollution footprint distribution is evidently unequal among different income groups, poverty reduction would inevitably increase the pollution footprint of the poor lifted out of poverty via rising income, and then exacerbate the threats of environmental pollution and public health.



Further insight into the pollution footprints can be gained through comparison among the   PM  2.5   ,   NO x  , and   SO 2   pollutants. Figure 1 also presents the total pollutant emissions arising from daily life and industrial production processes. Obviously, the per capita footprint of the   NO x   pollutant is the highest, followed by   SO 2  , and the smallest is   PM  2.5   . In other words, relatively speaking, the   NO x   pollutant footprint per capita is most unequally distributed among different income groups. In this sense, this is why the   NO x   pollutant has the largest increase in the process of poverty reduction, as mentioned above. Therefore, when reducing poverty, the Chinese government should pay much attention to the shift in consumption behavior towards energy-intensive lifestyles and the deterioration of environmental quality, particularly the rapid growth of   NO x   emissions.



In addition, for these consumption categories, food, housing, and other industrial products (including manufacturing) are the main sources of household pollution footprints. Specifically, there are also many significant differences among the four income groups with respect to these sectoral pollution footprints. Of these, food and housing account for a high share of the pollution footprint from the lowest-income group, and food and other industrial products (including manufacturing) occupy a large proportion of the pollution footprints of both the low- and middle-income groups, while housing and other industrial products (including manufacturing) are relatively the main footprint items for the high-income group.



In order to more visually understand the inequality of the pollution footprints across income groups, this paper uses the Lorentz curve to calculate the pollution footprint Gini coefficients. As shown in Figure 2, we can see that the Gini coefficient of the   NO x   pollution footprint is much higher than that of   PM  2.5    and that of   SO 2  . In terms of the consumer goods category, for example, the Gini coefficients of the pollution footprints are higher for transportation (0.52), information and communication (0.51), and financial services (0.51), while the pollution footprints are relatively equal for food (0.34), household energy (0.38), and housing (0.40). This means that households coming out of poverty tend to use their increasing income for energy-intensive transportation and more services, such as information, communication, and financial services. Not surprisingly, in the process of poverty reduction, the improvement of living standards would inevitably lead to a particularly significant increase in the pollution footprints of transportation, information and communication, and financial services.





4. Conclusions and Policy Implications


Poverty alleviation, environmental protection, and healthcare, as important goals for sustainable development, have been seen as weaknesses in meeting people’s needs for a better life in China. However, as residents are moved out of poverty, the rise of income may stimulate consumption demand, increase the direct and indirect pollutant emissions during the processes of production and livelihoods, and then worsen environmental pollution and health risks. This paper uses an input–output approach, air quality estimation model, and health loss assessment to investigate the effects of poverty alleviation on the environment and public health in China, and further identifies their root cause with the Gini coefficients of pollution footprints. In order to do so, this study compared China’s 2012 Input–Output table with the World Bank’s Global Consumption Database, and all of the parameters in the air quality estimation model and health loss assessment came from peer-reviewed literature on epidemiology and health statistics. Altogether, this offers a significant supplement for recognizing the negative effects of poverty alleviation on the environment and public health from a consumption-based perspective.



This study discovered that if the annual per capita consumption for half of the lowest-income residents is increased to the low-income level, the concentrations of   PM  2.5   ,   NO x  , and   SO 2   will be increased by 5.09%, 8.06%, and 4.85%, respectively. Without considering the enhancement of ability of residents to avoid health risks, the economic losses due to health damage account for about 0.63% of the national GDP. If more efforts are made to reduce poverty, the environmental pollution and health risks would be more serious. As a result, there exists a conflict among poverty alleviation, the environment, and health, for which those involved in the sustainable development process need to be on high alert. In practice, the Chinese government should avoid independent management systems, strengthen policy coherence among different management departments, and collaboratively promote the goals of poverty reduction, environmental protection, and health protection. This is to say that, when fighting poverty, China is facing a great pressure on environmental protection, and urgently needs to take measures to control air pollution, especially to prevent the rapid growth of   NO x   emissions. In addition, it is important for China to improve the quality of health services and enhance the ability of residents to cope with environmental health risks. The government should pay attention to health policy, such as by accelerating the advancement of environmental health technology and optimizing health services.



The impact of poverty reduction on environmental quality can be explained by the uneven pollution footprint per capita. In terms of consumption items, the Gini coefficients of pollution footprints are relatively high for transportation, information and communications, and financial services. In other words, with the improvement of living standards, the relatively large contributors to the increases in pollution footprints come from tertiary industry, especially transportation, information and communications, and financial services. For example, the low-income groups tend to travel with low-polluting modes, such as public transport, bicycles, or walking, while high- and low-income groups are likely to travel with more polluting modes, such as comfortable and powerful private cars. In this sense, during the poverty alleviation process, it is imperative for China to find effective ways, such as subsidies, propaganda, education, and environmental labeling, to strengthen the awareness of energy saving and environmental protection, encourage the preference for environmentally friendly transportation, and guide the energy conservation and emission reductions of these related industries via financial subsidies and environmental taxes, thus achieving the multiple goals of poverty reduction, environmental protection, and healthcare in a coherent and integrated manner.



For all residents, housing, food, and other industrial products (including manufacturing) are the main sources of pollution footprints. Therefore, green production and green consumption need to “go hand in hand”. On one hand, the Chinese government should actively guide the transformation of consumption patterns of all households and encourage the use of green buildings, clean manufacturing products, and low-energy food; on the other hand, it is also expected to improve corporate environmental responsibility and raise the energy consumption and emissions standards of these related industrial chains. Only by doing so can we effectively control the excessive growth of direct and indirect emissions of air pollutants and help our country accelerate the achievement of the United Nations 2030 Sustainable Development Goals.



Last not but least, our empirical results can also have big implications for other developing countries that are planning for sustainable development. It provides compelling evidence that achieving the multiple goals of poverty reduction, environmental protection, and healthcare in a compatible manner is impossible if no action is taken.
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Figure 1. Per capita pollution footprint for different income groups in 2012. 
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Figure 2. Gini coefficients of pollution footprints for different consumption categories in 2012. 
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Table 1. Exposure–response coefficients of multiple pollutants.
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Impact Category

	
Pollution

	
Exposure–Response Coefficients

	
Source






	
Mortality from acute exposure

	
   P  M  2.5     

	
0.042

	
Xie et al. [31]




	
   S  O 2    

	
0.04

	
Aunan and Pan [32]




	
   N  O x    

	
0.013

	
Zhang et al. [33]




	
Respiratory hospital admission

	
   P  M  2.5     

	
0.00022

	
Bell et al. [34]




	
   S  O 2    

	
0.15

	
Aunan and Pan [32]




	
   N  O x    

	
2.57

	
Zhang et al. [33]




	
Cardiovascular hospital admission

	
   P  M  2.5     

	
0.0008

	
Bell et al. [34]




	
   S  O 2    

	
0.19

	
Aunan and Pan [32]




	
   N  O x    

	
1.18

	
Zhang et al. [33]
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Table 2. Description of the poverty alleviation scenarios.
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	Scenario
	Description





	S1
	The annual per capita consumption of half of the lowest-income residents is increased to the low-income level



	S2
	The annual per capita consumption of all of the lowest-income residents is increased to the low-income level



	S3
	The annual per capita consumptions of the lowest-income and low-income residents are increased to the low-income level and the middle-income level, respectively



	S4
	The annual per capita consumptions of the lowest-income and low-income residents are increased to the middle-income level
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Table 3. Impacts of different poverty alleviation scenarios on air quality and health damage.
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	Category
	S1
	S2
	S3
	S4





	Pollutant
	   PM  2.5    
	2.24
	4.41
	14.28
	24.05



	concentration
	   SO 2   
	1.72
	3.40
	11.03
	18.58



	(  μ g /  m 3   )
	   NO x   
	3.25
	6.39
	20.74
	34.94



	Health
	Premature death
	56.62
	111.54
	361.77
	609.49



	damage
	Respiratory hospital admission
	15,461.15
	30,457.81
	98,814.51
	166,485.83



	(thousands of cases)
	Cardiovascular hospital admission
	14,770.61
	29,096.90
	94,380.29
	159,009.05



	
	Total loss a
	326.34
	642.87
	2085.37
	3513.41



	Economic loss due to health
	Premature death
	83.05
	163.60
	530.61
	893.94



	(billions of RMB yuan)
	Respiratory hospital admission
	32.26
	63.55
	206.18
	347.37



	
	Cardiovascular hospital admission
	211.03
	415.71
	1348.57
	2272.08







a In comprehensively assessing the health damages resulting from air pollution, referring to Ho and Nielsen (2007), we estimate the total loss by summing up these health losses from all air pollutants concerned in this paper.
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