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There has been a growing trend in health spending and renewable energy consumption in China over the past few decades, which has positive implications for health outcomes, such as life expectancy. Therefore, the main objective of this study is to empirically analyze the impact of health expenditures and renewable energy on life expectancy in China. We used the time series data from 2000Q1 to 2020Q4 and applied the VECM approach for the data analysis. The results of this study suggest a long run association between health spending, life expectancy and renewable energy. The increase in health spending improves life expectancy, while renewable energy consumption also positively affects life expectancy in China. Therefore, the government should allocate sufficient funding to the health sector in order to attain higher life expectancy in the country. In addition, the government should also provide incentives for the consumption and production of renewable energy, which could help to achieve the sustainable development goal and life expectancy.
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Introduction

Health spending and health outcomes have been extensively discussed in the literature. However, less attention is given to essential factors such as renewable energy. Academicians, policymakers, and the general public have devoted considerable attention to rising healthcare expenditures (1). Health spending may affect the productivity of labor, and the traditional endogenous growth theories assume that human capital accumulation could significantly improve the long run output per worker. People in good health are more productive, and higher public health spending is associated with improved health outcomes, such as high life expectancy (2, 3). Most of the studies related to health outcomes and health spending followed by the production function using health care spending as the explanatory variable while health outcomes such as mortality and life expectancy are taken as dependent variables (4). Health spending may improve life expectancy in the long run and could lead to higher earnings in short run (5). Akinci et al. (6) reported that in Middle East and North Africa (MENA) region, efficient healthcare spending increases life expectancy. Countries with the best health outcomes allocate a large portion of their budgets to healthcare spending (7). Sufficient health spending improves the outcomes. However, insufficient spending on healthcare may create impediments for the poor public to get basic health care facilities.

The economic development in China's post industrialization has increased the energy demand, which has serious concern for public health and sustainable development. Conventional fossil fuel energy could lead to environmental degradation and have negative implications for life expectancy (8). The UN Environment Conference reported that seven million people worldwide died from air pollution each year (9). The energy produced from fossil fuels may produce harmful emissions, for example, carbon monoxide (CO) and carbon dioxide (CO2). The energy production from fuel leads to air pollution and increases CO2 emissions, which affect environmental quality. Consequently, it leads to global warming, and many living species may become extinct. Increasing global temperatures can also have a negative effect on people since it increases the chance of certain diseases, such as cancer and mental illness, which leads to a shorter life expectancy (10). Therefore, it is essential to switch from non-renewable energy sources to renewable energy sources such as solar and biomass in order to reduce overall environmental degradation, which expectedly, to improve life expectancy. Although human health is associated with many factors that have been discussed in the literature, however, less attention is given to the relationship between renewable energy and life expectancy (11). China made socioeconomic improvements by investing in social sectors such as health, education, environmental management, sanitation, and sustainability. China's rising per capita income and industrialization has led to rise the healthcare expenditures. Over the past few decades, there has been a significant reduction in the prevalence of poverty, as well as improvements in adult literacy, access to safe drinking water, nutrition and nutrition, all of which are likely to contribute in the increase of life expectancy (12). Government spending on healthcare has an increasing trend in China, and globalization increases the real income of the people, which raises energy consumption.

Renewable energy consumption has significant implications for the environment and human health (13, 14). Renewable energy provides clean energy and a clean environment, which could improve human health and life expectancy. Both public health spending and renewable energy consumption could prolong the life expectancy in China. Furthermore, less attention has been given to the renewable energy and life expectancy relationship in literature. Therefore, to fill this research gap, this paper explores the linkages between health spending, renewable consumption and life expectancy in China. This paper contributes to the literature from the following aspects: First, we attempt to link life expectancy with renewable energy and health in China; Second, we use the cointegration methodology to explore long run association between life expectancy, renewable energy, and health spending. Third, we use the case of China, which is an emerging developing country. The recent economic development in the post trade liberation brings a significant improvement in people's income and quality of life in China. Therefore, this study considers the post trade and industrial development period for analysis, which provides a clear policy direction and implications of recent economic development in China for life expectancy. The rest of the paper is organized as follows: Section Health spending, life expectancy, and renewable energy consumption in China shows development facts of the health spending, renewable energy and life expectancy in China; Section Literature review gives the literature review; Section Methodology and Results and discussion show the methodology and results; Section Conclusion shows the conclusion of the study.



Health spending, life expectancy, and renewable energy consumption in China

This section provides information related to renewable health spending in China. Various health reforms have been introduced in China to promote public health. China initiated a comprehensive health-care reform in 2009 and committed to providing all residents equal access to basic health care facilities. The reform in the first phase was focused on increasing social health care coverage for the public and upgrading the infrastructure of the health care system. In the second phase, government reforms mainly focused on the delivery of health, such as the implementation of systemic reform of government hospitals by reducing mark-up for medicine sales and changing fee schedules, and fee for the patients in hospitals (15). In the past few decades, China has made significant progress in expanding equal access to healthcare and improved financial protection, particularly for those with a lower economic class. However, there are still concerns about the quality of care, the prevention and treatment of non-communicable diseases (NCDs), the effectiveness of health care delivery, the management of health care costs, and the level of public satisfaction. Health spending has a continual increasing trend in China from 1990 to 2000, while there is a moderate decrease in health spending from 2000 to 2001. The increasing trend continues from 2001 to 2021 (except for 2016 and 2017). The increasing trend of health spending indicates that the GDP of China is significantly growing over period and leads to an increase in health spending. The overall expenditure on healthcare per capita in China increased from 319 yuan in 2000 to 1888 yuan in 2011 and its representing an average yearly growth rate of 17.4 percent. Between 2000 and 2011, government and social health expenditures per capita rose fast, with an average yearly growth of 22.9 percent, from 56 yuan to 554 yuan, and with an average yearly growth of 18.8 percent, from 92 yuan to 625 yuan, respectively (16). The life expectancy also increased from 1990 to 2021, which implies that due to high spending and steady GDP growth boosted health quality and increased the life expectancy in China. The development of life expectancy and health spending can be seen in Figure 1.


[image: Figure 1]
FIGURE 1
 Life expectancy (LE) and Health spending (HE) in China (1990–2021). Source: World Bank Development Indicators.


China has been rapidly moving toward a more sustainable and low-carbon future in the past few decades. Carbon-based fuels are gradually being replaced with renewable sources, and clean air laws contribute to a healthy environment and sustainable development in both direct and indirect ways. China already leads in terms of renewable energy output, and becomes the world's largest producer of solar and wind energy, as well as the leading domestic and foreign investor in renewable energy. In 2016, Chinese corporations signed four of the world's top five renewable energy agreements. Investments in renewable energy is the top priority by the Chinese government because they can help the country overcome environmental and socioeconomic challenges. To reduce overall air pollution, the Chinese government actively promotes renewable energy use. According to the National People's Congress (NPC) Environmental Committee report, the production and consumption of energy produced from fossil fuels are responsible for 90 percent of sulfur dioxide emissions in China. The effect of air pollution on health and economy has been extensively studied. RAND Corporation estimates that in 2012, labor productivity losses caused by air pollution cost $535 billion, or 6.5 percent of its GDP in China. Currently, China is actively involved in producing green energy, and its 13th Five Year Plan aims to reduce fossil fuel energy usage and increase the production of renewable energy from 35 to 39% by 2020. China is expected to reach one fifth of its electricity consumption from non-fossil fuel sources by 2030. The International Energy Agency reports that over the next 5 years, China will produce 36% and 40% of the world's solar and wind energy, respectively. Figure 2 represents renewable energy generation in China from 1990 to 2021. Hydro energy is a major source of renewable energy production, in the year 1990 Hydro produced 54.0 GWh, which continuously increased. The second main contributor is the Wind energy; which grew drastically in 2005 and in 2020 wind energy produced 471,175 GWh. Solar energy comes as the third larger contributor to renewable energy, and there is also an increasing trend; however, solar energy started a significant contribution in 2005 and onward. In 1990 it only produced 2.0 GWh, which grew significantly, and it reached 269,718 GWh in 2020.
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FIGURE 2
 Renewable energy production. Source: (17).


Figure 3 shows the trend between life expectancy and renewable energy; overall, there is a close association between life expectancy and renewable energy consumption. This implies that, along with other factors, renewable energy is the main factor responsible for the life expectancy in China. According to a study conducted at UC Berkeley, fossil fuel energy has serious health concerns. As a result, air pollution accounts for around 17 percent of all deaths in China. A University of Chicago study estimated that suspended particles in northern China cause half a billion people to lose 5 years of their life expectancy. The Chinese government ranked air pollution as their top priority, and air pollution is the second biggest concern for Chinese citizens. Nevertheless, several participants have less hope, and many participants think air pollution will worsen over the next 5 years. The renewable energy source may become a prominent source of energy in the future that will contribute to sustainable development and the improvement of life expectancy.
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FIGURE 3
 Life expectancy and renewable energy consumption in China (1990–2021).




Literature review

In this section we review the literature, which discusses the relationship between health expenditures and health outcomes, e.g., life expectancy, but less attention has been given to the relationship between renewable energy and life expectancy. Lubitz et al. (18) investigated the implications of health spending for elderly people. The elderly with good health live longer as compared to those who did not have good health, assuming the accumulative health spending was the same for both category people. It was possible to improve the health and life expectancy of the elderly without increasing health care spending if promotion efforts were directed toward those under the age of 65. Zeeshan et al. (19) explored the asymmetric relationship between CO2 emissions, environmental pollution, and household-level health spending using the case of China. Their results showed an asymmetric relationship between CO2 emissions and health spending, argued that an increase in environmental pollution could raise health spending. Owumi and Eboh (20) studied the health spending on life expectancy in Nigeria. They found that life expectancy improved significantly as a result of domestic and external health expenditures during the period of 2000–2017. In addition, government spending could improve life expectancy, and results reported that 1% increase in Nigeria's general government health expenditure would improve life expectancy by 6%. An increase in out-of-pocket health care expenses of 1% would result in improving life expectancy by 63%. In addition, a 1% increase in external health spending would rise in life expectancy by 11%. Shahbaz et al. (21) analyzed the determinants of life expectancy under the role of economic misery using the case of Pakistan. Their results showed that, among the other factors, health spending improved life expectancy. The study of Van den Heuvel and Olaroiu (22) explored the relationship between life expectancy and health spending using the case of European countries. They used cross-sectional data for the 31 European countries. They found that health spending was not the main factor affecting life expectancy, but rather social protection spending could improve life expectancy. The results showed that high spending on social protection could increase life expectancy in Europe. Kabir (12) studied determinants of life expectancy in developing countries; the results indicate that among the different factors such as per capita income, education and safe water, however, health spending is the main factor. Jakovljevic et al. (23) examined long run association between health spending and life expectancy in Eastern Europe. The outcomes suggested a positive relationship between life expectancy and health spending in EU members. Anderson and Poullier (24) studied health spending, access, and outcomes trends in industrialized countries. Their finding reported that health spending significantly increased in industrialized countries. Giang (25) analyzed the relationship between life expectancy and private health spending for EU-15. They applied multiple regression analysis for data and their results indicated a positive association between private health expenditures and life expectancy. They also mentioned that GDP per capita and employment also determined health expectancy.

Less attention has been given to explore the relationship between life expectancy and renewable energy in the literature. Caruso et al. (11) studied the relationship between renewable energy consumption, social factors, and health in Europe. They applied Panel Vector Auto Regression (PVAR) technique for the data analysis. Some factors such as modernization and industrialization significantly affected human health in Europe. In contrast, environmental degradation induced by fossil energy might have a negative effect on human health. Fossil fuel energy could be replaced with renewable energy. Their findings showed the growth of renewable energy use and its impact on other social aspects, rather than the existence of causal linkages between health and renewable energy. Shah et al. (26) analyzed the FDI inflow, mortality and renewable energy consumption in China for the period 1998–2020. They reported that a significant amount of FDI inflow had occurred in the last few decades. This FDI inflow improved the economic growth and development in the country, but on the other hand, it brought environmental degradation in terms of higher CO2 emissions. They applied nonlinear ARDL approach and used the data for the period 1998–2020. Their findings showed a significant association between renewable energy, mortality and FDI in China. In addition, they found that renewable energy reduces mortality in China. Ibrahim et al. (27) analyzed the non-renewable energy consumption on quality of life for sub-Saharan African countries. Their findings showed that an increase in non-renewable energy reduced life expectancy in sub-Saharan African countries. Shah et al. (8) studied the linkages between trade, CO2 emissions and life expectancy in China. Their findings reported that trade increased CO2 emissions, which reduced life expectancy in China. They suggested that renewable energy may provide a clean environment and improve life expectancy. Some literature such as Cheng et al. (28) discussed health spending and health outcomes with different variables, including fiscal decentralization, trade and FDI. However, renewable energy and health association has been analyzed little in the literature. Therefore, this research contributes to the literature by adding the renewable energy implication for life expectancy, with the case of China.



Methodology


Model

We use the following model for the data analysis

[image: image]

Where LE shows the life expectancy, HE represents the health spending, GDP is the per capita income, Pop is the population, and REN shows the renewable energy consumption. The β1, β2, β3… βnrepresent the coefficients of the relevant variables and ε is the error term, which expected to be uncorrelated with the variable. Life expectancy determines by several factors such as per capita income (GDP), health spending (HE) and Renewable energy (REN). Therefore, we use life expectancy as dependent variable, while GDP, HE and REN are taken as explanatory variables. The population used as control variable in the model. The data for the relevant variables are obtained from the World Bank Development, the data is available in annual frequency, which has been converted into Quarter frequency using the Eviews software.



Methodology

The study adopts the Vector Error Correction Model, which assumes that all variables have same order of integration. The estimation of VECM performs under VAR framework, VAR analyzes the interrelationship between included variables in the system by taking lag values of the variables. Since we are using the long run time series data, it's essential to check the unit root properties of the variables. Unit root tests are usually used to find out if the variables are stationary, which could lead to spurious results. In time series, if the variance and mean of a variable remain constant over time, the series is referred to as stationary (i.e., it is not a random walk and does not have a unit root). Alternatively, the series is defined as non-stationary, which means that it has a unit root. There are different techniques used to test the unit root, Augment Ducky Fuller (AFD) and Ducky Fuller (DF) methods are used to estimate the stationary status of the variable. The Augumnetd Dickey and Fuller (ADF) (29) test of unit root is a modified form of Ducky Fuller (DF)(30). Following regression equations are used to test the unit root
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These equations are estimated for the parameter value of γ, Yt is considered to be unit root or nonstationary. Dickey and Fuller (30) estimated H0: 0 by using the (trace) statistics critical value for hypothesis testing. In addition, error term in Dicky Fuller (DF) is assumed to be uncorrelated; however, if this assumption does hold and the error term is autocorrelated, then Dicky Fuller (DF) will be invalid and we may use Augmented Dicky Fuller (ADF) test, which augments the above equation by including the dependent variable's lag value. Furthermore, ADF test holds that Y is subject to an AR (n) process and assigned a (n)lag difference value of the response variable.
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In the ADF unit root test, parameter Yt − 1 is tested by using Mackinnon's critical and t(tau) statistics values, if it becomes zero, it indicates the presence of unit root, indicating nonstationary in variable, and vice versa. Following to test the order of integration, we proceed to test the evidence of a long run relationship. The key requirement for testing Johansen cointegration is that all variables have integrated at the initial difference I(1). There are several ways for cointegration, including Engle and Granger (31) unit root test and Johansen (32, 33). However, Johansen cointegration provides several advantages as compared to Engel and Granger because Engel and Granger's method does not specify the number of vector(s), but Johansen tests provide information about the numbers of cointegration vectors. The Johansen test is calculated as follows:
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In Johansen techniques, the error term is required to estimate likelihood ratios (LR) to determine the cointegrating vectors of Yt in the system. The first test is based on the hypothesis that the rank is equal to or smaller than the cointegrating vector (r), whereas the second is based on trace statistics.
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The second test in cointegration provides a maximal Eigen value that tests the null hypothesis for the number of cointegrating vectors as follows:
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Because the cointegration test is performed in a VAR setting, we use the Akike and Shward criterion to estimate the suitable lag length. If cointegration is detected, we can proceed to identify the short run deviation from the long run equation known as Error correction model(ECM) for the vectors.
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β1,β2,β3….βn shows the short run coefficient of the variables included in the model, ECM lag presents the long causality. The short run causality can be estimated by imposing restrictions on the short run parameters under the Wald Test. In addition, we will use impulse response function and variance decomposition analysis to see the variations of included variables.




Results and discussion

This section provides the results and discussion of this paper. Since we're using long-term time series data, we are estimating the long association between the variables, therefore we used the Vector Error Correction Model (VECM) for our long-term analysis. Cointegration is a prerequisite for the VECM application, but before estimating the cointegration, we must analyze the order of integration. The ADF unit root test is applied for the order of integration. The ADF results are shown in Table 1.


TABLE 1 ADF unit root test.

[image: Table 1]

Table 1 shows the ADF estimations both at first level and at first difference. The outcomes indicate that all variables are non-integration at the first level, while after taking the first difference, it becomes stationary. This implies that all variables have the same order of integration; this fulfills the essential requirement of cointegration. The cointegration requires the selection of optimal lag length; we select the Schwarz information criterion (SC) and Akaike information criterion (AIC) to choose the optimal lag length. In Tables 2 and 3, the trace statistics and maximum eigenvalue both shows two cointegration vectors in the system. This means the existence of long run association between LE, HE, GDP, Pop and Renewable Energy consumption in China. It suggests that in the long run, health spending and renewable energy consumption determine the life expectancy in China.


TABLE 2 Cointegration results.

[image: Table 2]


TABLE 3 VECM results.
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After cointegration test, we estimate the error correction model. Wald test estimations present the short run causality, while the lag value of ECT shows the long run causality. The ECM value is negative and significant in first model, where LE is the dependent variable while HE, GDP, POP and REN are independent variables. This implies that health spending improves life expectancy, and an increase in health spending improves life expectancy in China. This suggests the in the long run Chinese government increases life expectancy by increasing health spending. The short run finding also indicates that health spending also improves life expectancy. Similarly, renewable energy also increases life expectancy both in the short run and in the long run, which indicates that renewable energy consumption improves the quality of the environment, thus improving life expectancy both in short run and in the long run. The GDP could also improve life expectancy both in the short run and in the long run, which indicates that a rise in per capita income increases life expectancy. People with good income can access healthcare facilities that improve their health and life expectancy. The population also has long run and short run association with health spending.

Table 4 presents the variance decomposition analysis, which shows a percentage of the error variation in the prediction for all variables. These variations arise from variable's own shocks as well as shocks in other variables within the system. The variance decomposition analysis of LE for the period 1-10 indicates that most variations in LE come from its own shocks. The second major contributor to the variations in LE is the GDP, in the 2nd period, it produces 0.15 variations in LE and gradually increases in the subsequent period, for example, in 10th period, GDP produces 25 percent of the variation in LE. HE variance decomposition findings show that in 2nd period it produces 0.15 percent of variations and gradually increases in the consequent periods for example, in the 10th period, it reaches 6.57 percent of variations. The RE contributes variations in LE and in the 2nd period, it produces 0.38 variations in LE, which gradually increase in the proceeding periods and in the 10th period it produces 8.29 variations in LE. The population produces a lower rate of variation and in 10th period, it only contributes 0.86, which is very low as compared to the other variables in the system.


TABLE 4 Variance decomposition results.
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Variance decompositions do not provide information regarding the direction of variations in the system, but the impulse response can provide the direction information of the shocks, which is shown in Figure 4. The impulse response function (IRF) illustrates how a change in one variable's standard deviation affects the variations in other variables in the system. It predicts the ith variable innovation (residual) increase by one standard deviation at time t. The graph shows that HE has no effect or minor effect on the LE from 1-5 period; however, from 6th to 10th period HE holds a significant positive impact on LE. And one percent increase in standard deviation in LE has positive and increasing effect on the LE. The variation in GDP shows positive implications for LE from 1st to 8th period; however it become negative in the period of 8th-10th, this negative association may happen due to higher GDP growth increases environmental pollution mainly to industrialization and economic development, which increases the pollution and reduces LE. Population has positive implications for LE from 4th period to 10th period. The REN shows a positive effect on LE from 2nd period to 10th period. This validates the initial results, and it confirms that renewable energy leads to clean environment and improves life expectancy.


[image: Figure 4]
FIGURE 4
 Impulse response results.


Tables 5, 6 represents the dynamic OLS and Granger Causality Test, which are used as robustness tests. The dynamic OLS model provides regression results regardless of existence of cointegration. The results show the positive and significant implications for the life expectancy. Health spending also has positive and significant implication for the life expectancy, while renewable energy has determine the life expectancy at 10 percent level. The granger causality test estimates bivariate, single variate, or no causality among the variables. The outcomes show that GDP, HE and REN causes LE. Both dynamic OLS and Granger Causality test validate the initial VECM findings. The results of this study support the past studies outcomes such as Kabir (12), Van den Heuvel and Olaroiu (22), Shah et al. (26) and Rodriguez-Alvarez (34).


TABLE 5 Dynamic OLS.
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TABLE 6 Pairwise granger causality tests.
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Conclusion

The paper analyzes nexus between renewable energy, health spending and life expectancy in China for the period 2000–2020. We applied Vector Error Correction Method for empirical estimations. The life expectancy is used as dependent variable while health spending, GDP per captia, population growth and renewable energy as independent variables. The results of this study have some significant implications for public policy. Our results suggest long run association between health spending, renewable energy, GDP per capita and population. Government can improve life expectancy by increasing health spending in China both in the short run and in the long run. The unidirectional causality reports that government spending causes life expectancy in China both in the short run and in the long run. Therefore, the findings of this study suggest that government should increase health spending in order to improve life expectancy in China. The government may increase healthcare facilities such as setting up new healthcare unites especially in remote and rural areas to make sure that more people have access to the healthcare facilities. In addition, government may provide health insurance to the public and give people easier access to get the healthcare facilities. In addition, renewable energy could have positive implications on life expectancy. The renewable energy consumption has both short-run and long-run association with life expectancy. The consumption of renewable energy could provide clean environment and improve the life expectancy. It suggests that government should raise the production of the renewable energy production and provide incentives to increase renewable energy consumption. Furthermore, Investment in renewable energy consumption should be encouraged and Chinese government should provide subsides interest rate on loan to raise the investment in the renewable energy. The per capita income also improves life expectancy; therefore, economic development is an essential factor for higher life expectancy. Besides, government should make laws for the control of the air pollution to make people turn to renewable energy consumption. Government should provide subsidies on medicine to reduce the pocket heath expenses.

Finally, there are several directions for our study in the future. First, since we used the data for 2000–2020 period in this paper, and it can be expanded by more data with availability in the future. Second, we may use different countries for the data analysis in the subsequent studies. Third, we can consider the social changes and demographic changes in medical care that may affect the health status of the country.
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