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Abstract

:

The quantitative analysis of the economic impact of climate risk is an effective means of understanding and taking reasonable preventative steps in relation to the climate-related economic crisis. This paper takes panel data from China’s 31 provinces for 2009 to 2021, combined with a regulating intermediary effect model, to determine the climate risk faced in China and its influence mechanism on high-quality economic development, in an attempt to determine how to adjust the path. The results show that, first, when using a different regression model, we see that climate risks pose a significantly inhibiting effect on high-quality economic development in China. Secondly, when the climate risk increases by 1%, high-quality economic development drops by 0.0115%. When the climate risk increases by 1%, this leads to a 14.9672% increase in the likelihood of natural disasters, causing high-quality economic development to be indirectly reduced by 0.1300%. Thirdly, green innovation has a multidimensional effect; it can both directly and indirectly impact the negative effects of inhibition, and indirect adjustment has a greater effect than direct adjustment. Such regulation has a greater effect on the input than on the output. Therefore, we should seek to more accurately understand the dangers of climate risk, effectively improve the five aspects of development, and strengthen the input of green innovation and thus the output of high-quality economic development in China.
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1. Introduction


The twentieth Report of the Communist Party of China points out that high-quality economic development is an essential requirement of Chinese modernization, this being a scientific conclusion based on China’s current development stage and impending development requirements, as well as the general requirements of economic life. We can ensure an overall situation of high-quality economic development by the use of new development concepts [1,2].



As China’s economy develops and attains a higher quality, uncertain external factors (such as the greenhouse effect, black swan events and grey rhinoceros events) are becoming more inevitable [3]. Therefore, only by correctly understanding the harms posed by climate risk and quantitatively analyzing the impacts, and especially the impact of climate risk on high-quality economic development in different geographical regions with different degrees of development, can reasonable and effective preventive measures be put forward. These include strengthening the input and output of green innovation, and moderating and directing the impacts of climate risks on the high-quality development of China’s economy, so as to effectively promote its high-quality development.



The existing literature focuses on the impact of climate risk on economic development. For example, climate risk is expressed in terms of average precipitation and average temperature [4], and economic development is expressed in terms of per capita income and total income [5]. The relevant results show that climate risk significantly inhibits economic development, but climate risk is a long-term type of risk; that is, it is derived from standardized numerical treatments of the average temperature registered around 1970. Generally, the impact of short-term climate risk is not taken into account, and economic development takes income as the main indicator. The actual state of high-quality economic development in China at the present stage is not also taken into account, such as considerations of high-quality economic development under the five development concepts, and whether there is a threshold effect in relation to the five development concepts.



Secondly, in terms of the content of the research, some scholars believe that climate risk increases natural disasters and natural disasters inhibit economic development [6,7], while others believe that green innovation promotes economic development [8]. However, the mediating effect among climate risk, economic development, natural disasters and green innovation is generally not taken into account.



Finally, in terms of research conclusions, the existing studies on the impacts of climate risk on economic development all state that climate risk significantly inhibits human production and life, thus inhibiting economic development [9,10,11]. However, some scholars believe that in regions with high degrees of development, such as Beijing and Shanghai, climate risk has shown a weaker inhibiting effect on high-quality economic development [12]. It might even stimulate, to some extent, the rise of emerging industries and new technologies, attract domestic and foreign investment, and promote high-quality economic development.



Therefore, using the existing panel data from 31 provinces in China (excluding Hong Kong, Macao and Taiwan) for 2009 to 2021, this paper selects different indicators to measure climate risk and high-quality economic development. The empirical analysis is carried out using a benchmark regression model, a panel threshold model and a moderated mediation effect model, with time and space dual-fixed effects and dummy variables. Firstly, we find that climate risk significantly inhibits the high-quality development of China’s economy. Secondly, the five major development types (except shared development) all have a threshold effect, and the inhibiting effect of climate change weakens when a certain level of development is passed. Moreover, climate risk can directly or indirectly affect high-quality economic development through natural disasters, and its direct effect is less significant than its indirect effect. Finally, green innovation positively moderates the inhibitory effects of climate risk on high-quality economic development, negatively moderates the promotional effect of climate risk on droughts and floods and the inhibitory effects of droughts and floods on high-quality economic development, and the moderating effect of green innovation input is found to be greater than that of green innovation output.



The main contributions of this paper are as follows: (1) This paper employs more detailed interpretations of “climate risk” and “economic development” to study the impacts of short-term climate risk on China’s high-quality economic development, so as to provide empirical evidence that will enable us to prevent climate–economic crises, promote high-quality economic development and achieve common prosperity. (2) In terms of research content, this paper takes into account the threshold effects for areas at different levels of development, and the variables mediating between climate risk and high-quality economic development, natural disasters and regulatory variables, and green innovation, and introduces these all into one model to make the conclusions more valid. (3) In terms of research conclusions, we find that climate risk can significantly inhibit high-quality economic development directly or indirectly, through natural disasters. The input and output of green innovation can either directly or indirectly inhibit high-quality economic development, and the effect of input is greater than that of output, all of which contributes to a more detailed understanding that will help us to prevent climate–economic risk.




2. Theoretical Analysis and Research Hypothesis


Based on the neoclassical growth theory of climate risk in economics, the “AD-AS” theory of high-quality economic development and the “input-output” theory of green innovation, this paper empirically analyzes the impact mechanism of climate risk on high-quality economic development.



In general, in the “AD-AS” theory as shown in Figure 1 [13], the occurrence of climate risk will lead to frequent cycles of natural disasters, leading to the movement of the total supply curve of inelastic commodities (such as food and daily necessities) from AS1 upward left to AS2, and the total demand curve from AD1 downward right to AD2, resulting in the price increase from P1 to P2. Under the condition that the total income remains unchanged, consumers spend more of their income on inelastic commodities and reduce other expenditures. However, for elastic commodities (such as diamonds, etc.), the aggregate supply curve remains the same, the aggregate demand curve moves to the lower left, and the overall price range does not change much. At the same time, green innovation can alleviate climate risks and natural disasters from both input and output aspects and promote high-quality economic development. Therefore, this thesis can be divided into the following three levels.



Firstly, China’s high-quality economic development can be divided into five aspects: innovative development, coordinated development, green development, open development and shared development [14]. For innovative development, climate risk will reduce GDP growth and increase investment rate, that is, hinder innovative development [15]. For coordinated development, climate risk will reduce the ratio of retail sales of consumer goods/GDP and increase the ratio of government debt/GDP, that is, hinder coordinated development [16]. For green development, it is believed that climate risk will increase the growth rate of energy consumption and waste water and gas emissions, which are obstacles to green development [17]. For open development, climate risk will reduce the total volume of imports and exports, total foreign investment and labor compensation, that is, hinder open development [18]. For shared development, climate risk will also reduce labor remuneration and increase the ratio of per capita consumption expenditure of urban residents/per capita consumption expenditure of rural residents, which is an obstacle to shared development [19]. As a result, when the total social demand remains unchanged or decreases, the total supply allocated to economic development will increase and prices will rise, leading to the decline in high-quality economic development. Therefore, we can propose the following hypothesis:



H1: 

Climate risk will significantly inhibit the high-quality development of China’s economy.





Secondly, different degrees of development will lead to certain differences in the impact of climate risk on high-quality economic development [20]. Then, whether there is a threshold of development degree to a certain extent, making climate risk inhibit high-quality economic development within the threshold, and whether there is a weakened inhibitory effect of climate risk on high-quality economic development beyond this threshold, there is still an opposite promoting effect. Therefore, the following hypothesis is proposed:



H2: 

When different development degrees exceed (are below) a certain threshold, the inhibition effect of climate risk on high-quality economic development is lower (higher).





Thirdly, climate risk will lead to frequent periodicities and increasing severity of natural disasters each time they occur [21,22]. At the same time, there is a certain cyclical relationship between climate risk and natural disasters such as drought and floods [23], which leads to a decrease in consumer income and an increase in production and living costs, as well as the upward-right shift of the total supply curve of high-quality economic development. The aggregate demand curve moves to the lower left, resulting in lower prices, lower per capita consumption level, reduction in the five development indexes, and thus lower high-quality economic development. Green innovation can directly promote high-quality economic development [24] and indirectly affect high-quality economic development by reducing the impact of climate risk on natural disasters and the impact of natural disasters on high-quality economic development. At the same time, considering the “input-output” theory of green innovation, some studies show that the effect of cost input is not lost [25], and is even higher than the effect of output to some extent. Therefore, this paper proposes the following hypothesis:



H3a: 

Climate risk may take advantage of natural disasters to strengthen its inhibitory effect on high-quality economic development.





H3b: 

Increasing green innovation directly or indirectly will reduce the inhibition effect of climate risk on high-quality economic development, with the indirect effect of green innovation being less than the direct effect, and the effect of input being greater than the effect of output.





The basic assumptions of this paper are shown in Figure 2 below:



In Figure 2, CR represents climate risk, ND represents natural disaster, HED represents high-quality economic development, GI stands for green innovation and a1 is the impact of climate risk on high-quality economic development in China, which can be used to test Hypothesis 1 and Hypothesis 2. a2 represents the impact of climate risk on natural disasters; a3 represents the impact of natural disasters on high-quality economic development; a4 represents the impact of green innovation on climate risk and natural disasters; a5 represents the impact of green innovation on natural disasters and high-quality economic development; a6 represents the direct impact of green innovation on natural disasters and high-quality economic development. a2 and a3 can test H3a in Hypothesis 3; while a1 and a6 with a2; a4 and a3; and a2, a5 and a3 can test H3b in Hypothesis 3.




3. Research Methodology


3.1. Model Selection


3.1.1. Reference Regression Model


In order to verify Hypothesis 1, in this study, referring to the practice of existing scholars [26], it is understood that different geographical locations of different provinces will interfere with the impact of climate risk on the high-quality development of China’s economy, so they should be excluded, while geographical locations of different provinces do not change with time. Therefore, the dual fixed-effects model of time and province shown in Equation (1) can be adopted to absorb the influence of geographical location on climate risk and the high-quality development of China’s economy, and therefore reduce the influence of endogeneity on the model:


  H E  D  i t   =  a 0  +  a 1  C  R  i t   +  a 2   X  i t   +  α i  +  β t  +  ε  i t    



(1)







HEDit represents the comprehensive index of high-quality economic development of province i in year t; CRit represents the climate risk index of province i in year t; and Xit represents the control variable. a0 is the constant term; αi represents the province fixed effect; βt represents the year fixed effect; and εit represents the random disturbance term.




3.1.2. Panel Threshold Model


In order to verify Hypothesis 2 and further explore whether there is a threshold effect on the impact of climate risk on high-quality economic development at different developmental levels, this paper constructs the panel threshold model shown in Equation (2) by referring to the existing literature [27]:


  H E  D  i t   =  a  0   +  a 1  C  R  i t   +  a 2   M  i t   +  a 3   W  i t   × M × I ( M ≤ η ) +  a 4   W  i t   × M × I ( M > η ) +  a 5   X  i t   +  ε  i t    



(2)







The value of this function is 1 when the conditions in parentheses are met; otherwise it is 0. a3 and a4, respectively, representing the coefficient of threshold variable M when M is less than or equal to η and greater than η. The other variables have the same meaning as Equation (1).




3.1.3. Models with Moderated Mediating Effects


In order to verify Hypothesis 3, on the basis of the above Formula (1) and referring to the existing literature [28,29], Formulas (3)–(8) are constructed for testing:


  N  D  i t   =  a  0   +  a 1  C  R  i t   +  α i  +  β t  +  ε  i t    



(3)






  H E  D  i t   =  b  0   +  b 1  N  D  i t   +  b 3   X  i t   +  α i  +  β t  +  ε  i t    



(4)






  H E  D  i t   =  c 0  +  c 1  N  D  i t   +  c 2  C  R  i t   +  c 3   X  i t   +  α i  +  β t  +  ε  i t    



(5)






  H E  D  i t   =  l 0  +  l 1  C  R  i t   +  l 2  G  I  i t   +  l 3  G  I  i t   × C  R  i t   +  l 4   X  i t   +  α i  +  β t  +  ε  i t    



(6)






  N  D  i t   =  m 0  +  m 1  C  R  i t   +  m 2  G  I  i t   +  m 3  G  I  i t   × C  R  i t   +  m 4   X  i t   +  α i  +  β t  +  ε  i t    



(7)






  H E  D  i t   =  n 0  +  n 1  N  D  i t   +  n 2  G  I  i t   +  n 3  G  I  i t   × N  D  i t   +  n 4   X  i t   +  α i  +  β t  +  ε  i t    



(8)







In the appeal formula, NDit represents the natural disaster index of province i in year t, and GIit represents the green innovation index of province i in year t; Formula (3) corresponds to a2 in Figure 2, Formula (4) corresponds to a3 in Figure 2, and Formula (5) corresponds to a2 and a3 in Figure 2. The coefficient of interactive terms GIit × CRit and GIit × NDit in Equations (6)–(8) is used to measure its regulatory effect, that is, the regulatory effect of l3 green innovation on climate risk affecting high-quality economic development, corresponding to a6 and a1 in Figure 2. m3 and n3 represent the inhibitory effect of green innovation on high-quality economic development by adjusting the climate risk of natural disasters.





3.2. Variable Selection


3.2.1. Primary Variable


According to the main idea of this paper, the explained and explanatory variables selected are, respectively, the comprehensive index of high-quality economic development and climate risk, the index of different development degrees (the threshold variable), green innovation (the moderating variable), and natural disasters (the mediating variable).




3.2.2. Explained Variable


The explained variable selected in this paper is the comprehensive index of high-quality economic development (HED). Referring to the existing literature [30], five development concepts are adopted: “Innovative development, coordinated development, green development, open development and shared development”. We then carry out indexation processing on the positive and negative indicators of Formulas (9) and (10), and then calculate the information entropy of the five components based on the proportion of each indicator and sum it up as shown in Formula (11). Finally, the total contribution of each index and the weight of each index are used to calculate the comprehensive score, as shown in Equation (12):


   X  a b   =    x  a b   −  x  a b      m i n      x  a b      m a x   −  x  a b      m i n      



(9)






   X  a b   =    x  a  b  max     −  x  a b          x  a b      max   −  x  a b      min      



(10)






   Y  b c   =   ∑  a = 1     (  X  a b     ×    X  a b     s u m  X  a b     )  



(11)






   W b  =   ∑  a = 1   a = 5   (   1 5  ×  Y  b c   )  



(12)







In Equation (12) above, xab represents the data of province b under index a; xabmax and xabmin represent the maximum and minimum values of xab data; Xab represents the exponential data of province b under index a; Ybc represents the total information entropy of the different developmental concepts c of province b; Wb represents the comprehensive index of the high-quality economic development of province b. The specific indicators are shown in Table 1 below [31,32,33]:




3.2.3. Explanatory Variable


The explanatory variable selected in this paper is climate risk (CR). Referring to the existing literature [34,35], the standardized mean temperature (SMT) is used to represent climate risk. At the same time, considering the absence of annual mean temperature data over a long period of time and the existence of accidental factors in long-term mean temperature changes, this paper takes 10 years as the limit and uses standardized mean temperature as shown in Equation (13) to show climate risk:


  S M  T b  =   M  T  b i   − a v e r g e ( M  T  b i 10   )   s t d e v p ( M  T  b i 10   )    



(13)







SMTb represents the standardized mean temperature data of province b; MTbi represents the mean temperature data of province b in year i; MTbi10 represents the sum of the 10-year mean temperature data of province b before year i (including year i); SMT measures the degree of change in the mean temperature relative to the data of the province 10 years ago. You can see in Table 2 below that the mean of the standardized mean temperature is 0.3174, the maximum is 2.5698, and the minimum is −2.3377, with negative values implying a reduction in climate risk. The standardized mean precipitation (SMP) was also used as a robustness test.




3.2.4. Control Variable


Referring to the existing studies, the capital factor input level (million RMB, CFIL) is adopted in this paper, which demonstrates the fixed assets factor input of each province; population size by province (million, PS); technological progress level (million yuan, LOTP): R&D investment of each province; industrial structure (SOI): the ratio of secondary industry GDP/total GDP of each province; the ratio of urban population/total population in each province; total import and export volume (thousands of US dollars, TIAEV): the sum of import and export volume of each province is taken as the control variable. Specific explanations are as follows: the factor input of the fixed assets can effectively cope with the uncertainty of economic development [36]; the population size of each province is an unavoidable factor to be considered in the process of Chinese-style modernization [37]; the level of technological progress is conducive to promoting economic growth [38]; the greater the proportion of the output value of the secondary industry, the more serious the air pollution will be along with the economic development [39]; urbanization is the key to promoting high-quality economic development [40]; total import and export volume reflects China’s economic strength, showing it can effectively cope with various risks [41]. The statistical values of each indicator are shown in Table 2.




3.2.5. Threshold Variable


In order to test Hypothesis 2, considering that different degrees of high-quality economic development may lead to different impacts of climate risks on high-quality economic development in China, innovative development (ID), coordinated development (CD), green development (GD), open development (OD) and shared development (SD) in Table 1 are all processed in Formulas (9) to (11), and the values of each development degree are obtained separately as the threshold variables.




3.2.6. Mediating Variables and Moderating Variables


In order to test Hypothesis 3, natural disaster (ND) is also selected as the mediating variable of climate risk for high-quality economic development in China, with the existing literature being referred to in the process [42,43]. The area affected by drought (millions of hectares, drought) and the area affected by floods (millions of hectares, floods) are, respectively, used to represent natural disasters. Drought and floods caused by climate risk affect people’s production and life, thus affecting the quality of economic development.



At the same time, green innovation (GI) is selected as the regulating variable. According to the existing data, the measurement standard of green innovation is mainly expressed by the number of green patents. Considering that the number of green patents is divided into the input and output of green innovation, respectively, by the number of green patent applications (GII) and the number of green patents (GIO), indirect and direct regulation can therefore be analyzed from different angles [44,45].





3.3. Data Source


In this paper, provincial panel data of 31 provinces in China (excluding Hong Kong, Macao and Taiwan) from 2009 to 2021 are selected as samples. The data were taken from meteorological station observation data of the NCDC, China Statistical Yearbook, China Agricultural Yearbook, China Monthly Statistical Report on Import and Export of Agricultural Products (December), China Statistical Yearbook of Science and Technology, etc. Table 2 lists the descriptive statistical results of each variable.





4. Empirical Analysis


4.1. The Impact of Climate Risk on High-Quality Economic Development in China


4.1.1. Development Trend Analysis


In order to visually show the trend chart of high-quality economic development, this paper uses ArcGIS 10.6 software to select the comprehensive index of high-quality economic development in 2009, 2013, 2017 and 2021 as sample data, respectively, and draw the trend chart as shown in Figure 3 (where X represents the east, Y represents the north, and Z represents HED):



In Figure 3, HED presents the disequilibrium feature of “high in the east and low in the west, high in the north and low in the south” in the space–time, and presents a divergent trend, which mainly shows that the eastern region gradually rises, while the western region decreases year by year, and the difference between the two expands year by year. At the same time, in order to explore the relationship between CR and HED, this paper uses MATLAB software to build three-dimensional surface diagrams of CR, HED and Year, as shown in Figure 4 below:



It can be seen in Figure 4 that the three-dimensional curved surface of CR, HED and Year presents a wavy shape in the direction of CR, which means that in the same year, regions with higher level of high-quality economic development and higher or lower climate risk exist simultaneously. For example, in 2009, the eastern and northeastern regions had higher levels of economic development, while the eastern climate risk was lower and the northeastern climate risk was higher.




4.1.2. Baseline Regression Result


In order to verify Hypothesis 1, we combined Formula (1) to consider the impact of a standardized mean temperature for climate risk on high-quality economic development; as shown in column (1) of Table 3 below, the influence factor is −0.0115 and is significant at the 1% level. Therefore, climate risk significantly inhibits the high-quality development of China’s economy. Among the control variables, the capital factor input, population size, and industrial structure significantly inhibits the high-quality development of China’s economy at the 1% level, and technological progress, urbanization and total import and export volume significantly promote the high-quality development of China’s economy.




4.1.3. Endogeneity Test


In this paper, several variables that have a significant impact on high-quality economic development are added to avoid the model endogeneity problems caused by missing important variables. The following two aspects are mainly taken into consideration: first, regions with a high economic quality development index (such as Beijing, Shanghai, Zhejiang, Guangdong, etc.) have large pollution emissions, which leads to frequent extreme climates in these regions. In other words, there is a reverse causal relationship between high-quality economic development and climate risk. Second, last year’s high-quality development index will continue to stimulate this year’s innovative, coordinated, green, open and shared development. That is to say, the current period of high-quality economic development may be influenced by the previous period of high-quality economic development.



To this end, we use the instrumental variable method to solve the first endogeneity problem caused by reverse causality. The lag period for climate risk is taken as the instrumental variable to conduct 2SLS regression. The specific results are shown in column (2) of Table 2. At the same time, we take the lag period of high-quality economic development as the instrumental variable, apply the system GMM model combined with Formula (1) for regression to solve the second endogenous problem and the results are shown in column (3) of Table 2. It can be seen that the P values of the Sargan test in these two columns are all greater than 0.1, that is, all instrumental variables are valid, and the regression results show that climate risk significantly inhibits the high-quality development of China’s economy.




4.1.4. Robustness Test


This paper also carries out the robustness result measure, which is shown in Table 3 above, by combining Formula (3) and Stata software: in columns (4) and (5), considering the impact of the global financial crisis in 2008, the data of the three years after 2008 are excluded, and the impact of the COVID-19 pandemic in 2020 is also taken into account. In addition, the five development concepts were first proposed in October 2015, and are divided into two groups for consideration in this paper. That is, column (4) represents the data of the four years from 2012 to 2015, and column (5) represents the data of the four years from 2016 to 2019. The results still show that climate risk will significantly inhibit high-quality economic development. In order to avoid the influence of climate risk with high score, the first 80% of the data of climate risk ranking from small to large were used for regression in column (5), and the result (−0.0034 **) was also demonstrative of significant inhibition. In order to avoid the weak influence of climate risk on the low indicators of high-quality economic development, the regression analysis is conducted on the middle and bottom 80% of the data of high-quality economic development ranked from small to large in column (6). The result (−0.0159 ***) is that climate risk also significantly inhibits high-quality economic development at the 1% level. In column (7), standardized mean precipitation is used for measurement, and the impact factor is −0.0070 **, which means that different ways of measuring climate risk are still in line with conclusions for the high-quality development of China’s economy. However, the inhibitory effect of the standardized average precipitation on the high-quality development of China’s economy, given by the value 0.0070, is lower than that of the impact of the standardized average temperature on the high-quality development of China’s economy, which is given by the value of 0.0115; therefore, the influence of temperature change on the high-quality development of China’s economy is higher than that of precipitation change. Therefore, temperature change is selected as the measurement of climate risk in the following paper. To sum up, climate risk significantly inhibits high-quality economic development; that is, Hypothesis 1 is valid.





4.2. Test of Threshold Effect


In order to test Hypothesis 2, considering whether there are threshold values for the effect of climate risk on high-quality economic development under different development indexes, this paper still takes the innovative development, coordinated development, green development, open development, and shared development indexes as threshold variables, and uses a Bootstrap repeated sampling method to test their threshold characteristics. The sampling was repeated 300 times, and the results are shown in Table 4.



In Table 4 above, there is a single threshold for the innovative development, coordinated development, and open development indexes at the 1% level, and a double threshold for the open development index at the 1% level, while there is no threshold effect for the shared development index. The specific regression results are shown in Table 5 below.



As can be seen from Table 5, with the innovation development index as the threshold variable, when the innovation development index is less than or equal to the threshold value of 0.6467, the inhibitory effect of climate risk on high-quality economic development is at the significant level of 1% (−0.0710 ***). However, when the innovation development index is greater than the threshold value of 0.6467, the inhibitory effect is significant at the 5% level (−0.0034 ***) and the value is less than 0.0710, indicating that when the innovation development index exceeds the threshold, the inhibitory effect of climate risk on high-quality economic development is weakened. The same conclusion exists when the coordinated development and green development indexes are the threshold values.



Taking the open development index as the threshold variable, when the open development index is less than or equal to the threshold value of 0.3957, the inhibitory effect of climate risk on high-quality economic development is 0.0405 at the significance level of 1%. When the threshold value of the open development index is greater than 0.3957 and less than or equal to 0.4771, the inhibition effect of climate risk on high-quality economic development is 0.0039 at the significance level of 1%. When the threshold value of the open development index is greater than 0.4771, the inhibitory effect of climate risk on high-quality economic development is 0.0020 at the significant level of 1%. It can be seen that with the increase in the threshold range, the inhibitory effect of climate risk on high-quality economic development decreases, and strengthening open development is an effective measure. The appellate conclusion makes Hypothesis 2 valid. When the development index exceeds a certain threshold, the inhibitory effect of climate risk on high-quality economic development is weakened.




4.3. Mediation Effect Analysis


In order to test Hypothesis 3, we used Stata to analyze the data from Equations (3) to (8), and obtained the following results.



4.3.1. Regression Results of Mediating Effect


Among natural disasters, drought and flood have the greatest impact on economic development. Therefore, considering the impacts of different natural disasters, individually, and combining Formulas (3)–(5), the regression results are shown in Table 6 below:



Column (1) in Table 6 above shows the significant inhibitory effect of climate risk on high-quality economic development at the 1% level (−0.0115 ***), which is the regression result of Equation (1). Column (2) shows the impact degree of climate risk on drought (8.0850*), indicating that a 1% change in standardized mean temperature leads to a 8.0850% increase in drought-affected areas, which is the regression result of Equation (3). Column (3) shows the impact degree of drought on high-quality economic development (−1.5224 **). An increase of 1% in the affected area will lead to a decrease of 1.5224% in high-quality economic development, which is the regression result of Equation (4). In column (4), drought and climate risk are analyzed in the regression equation at the same time, namely, the regression result of Equation (5). It can be seen that the impact factors for drought are −1.3124 and −1.5224 in column (3) and are similar in both significance and value, with the impact factor of climate risk being 0.0116 larger than that of column (1). Combining the results of these two factors, it can be seen that drought absorbs the inhibition effect of climate risk on high-quality economic development. Climate risk can directly inhibit high-quality economic development, or indirectly inhibit high-quality economic development in the area affected through drought, and the direct effect is smaller than the indirect effect.



Column (5) shows the impact degree of climate risk on floods (6.8822 *), indicating that a 1% change in standardized mean temperature leads to a 6.8822% increase in flood-affected areas, which is the regression result of Equation (3). It is smaller than the impact factor for drought, indicating that climate risk has a greater impact on drought-affected areas. Column (6) shows the degree of impact of drought on high-quality economic development (−0.1010 **). A 1% increase in flood-affected areas will lead to a 0.1010% reduction in high-quality economic development, which is also the regression result of Equation (4). The value is also smaller than that of drought, indicating that drought has a greater impact on high-quality economic development. Column (7) puts flood and climate risk into the regression equation at the same time for analysis, as can be seen in the regression result of Equation (5). It can be seen that the impact factors for flood are −0.1110 and −0.1010 in column (3) and are similar in both significance and value. The impact factor for climate risk is −0.0117, which is slightly larger than that of column (1), −0.0115. Therefore, floods can increase the inhibition effect of climate risk on high-quality economic development. Climate risk can directly inhibit high-quality economic development, or indirectly inhibit high-quality economic development in flood disaster areas, and the direct effect is smaller than the indirect effect.



In column (8), climate risk, drought, and floods are put into the regression equation as explanatory variables. The impact factor for climate risk (−0.0126 ***) is greater than the result of column (1), and the impact factor for drought (−1.3624 **) is greater than the result of column (4). The impact factor for floods (−0.1201 *) is greater than the result in column (7). Therefore, the impact of a natural disaster cannot be taken into account separately, but the impact of drought and floods should be understood comprehensively, that is, the climate risk increases by 1%, and the high-quality economic development directly decreases by 0.0115%. It can also increase by 14.9672% through natural disasters (the sum of drought and floods), indirectly reduce high-quality economic development by 0.1300%, and the direct effect of climate risk is less than the indirect effect, that is, H3a in Hypothesis 3 is true.




4.3.2. The Moderating Effect of Green Innovation Input


The inhibition effect of climate risk reduction on high-quality economic development may also be designed to be the regulation effect of green innovation input and output. Combining Formulas (6)–(8), the regulation of green innovation input is shown in Table 7 below:



Column (1) in Table 7 above shows the results of Equation (6). The interaction term GIit × CRit coefficient is 0.1431, indicating that green innovation input positively regulates climate risk and has a significant inhibitory effect on high-quality economic development at the 5% level. Column (2) shows the results of Equation (7). The interaction term GIit × CRit coefficient is −27.4222, indicating that green innovation input negatively regulates climate risk and promotes drought, which is significant at the 5% level. Column (3) also shows the results of Equation (7). The interaction term GIit × CRit coefficient is −129.3860, indicating that green innovation input negatively regulates climate risk, which is significant at the level of 5%. Column (4) shows the results of Equation (8). The interaction term GII × Drought coefficient is −0.1754, indicating that green innovation input negatively moderates the inhibitory effect of drought on high-quality economic development, which is significant at the 5% level. Column (5) also shows the results of Equation (8). The interaction term GIit × Flood coefficient is −0.2291, indicating that green innovation input negatively regulates the inhibitory effect of flood on high-quality economic development, and it is significant at the 5% level. The regulatory effect of green innovation on floods is greater than that of drought. To sum up, H3b of Hypothesis 3 is valid.




4.3.3. The Moderating Effect of Green Innovation Output


The regulatory regression results of green innovation output obtained by adopting the same approach are shown in Table 8 below.



The results of columns (1) to (5) in Table 8 are the same as those in Table 7, highlighting that green innovation output positively moderates the inhibitory effect of climate risk on high-quality economic development, green innovation output negatively moderates the promoting effect of climate risk on drought or flood and green innovation output negatively moderates the inhibitory effect of drought or floods on high-quality economic development. The positive adjustment effect of green innovation output on climate risk on high-quality economic development (0.0610 **) is smaller than that of green innovation input (0.1431 **). The negative adjustment effect of green innovation output on climate risk for drought (−13.5510 **) and floods (−68.4120 **) is less than that of green innovation input. Drought (−0.1149 **) and floods (−0.1130 **) negatively moderated by green innovation output had less of an inhibitory effect on high-quality economic development than that of green innovation input. This may be because green patents have a certain loss between input and output, resulting in the regulation effect of green innovation input being greater than that of green innovation output. Additionally, that also means that H3b in Hypothesis 3 is true.






5. Discussion, Conclusions, and Implications


5.1. Discussion


Indeed, “development” is the main theme in today’s world, and how to realize the sustainable development of ecology and the high quality of economic development is the focus of current academic research [46,47]. As the biggest developing country in the world, China’s development experience has implications for all countries. China’s issues of drought, floods, and other natural disasters suppressing high-quality economic development require green innovation as an effective way to relieve the inhibition [48,49], which will also in turn affect the pace of global economic growth [50]. Therefore, correct understanding of the climate risks for China’s economy actively improves the green innovation input and output of adjustment and is a critical step in preventing climate risk.



However, this article acknowledges that the effects of climate risk on quality and economic development are still big issues. First of all, from the point of view of research, for different indicators (climate risk and high-quality economic development), measurements should refer to the literature more frequently and should be calculated using different methods to reduce the error brought about by the endogenous model. Secondly, in terms of research data, this study uses China’s provincial data, therefore the final results may be affected by regional economic development and may not be entirely accurate at the national scale. Thirdly, there are many factors affecting the development of China’s economy, and we should take into account that climate will inhibit the development of agricultural economy in conjunction with other factors that affect the development of the economy as a whole; therefore, this requires further investigation.




5.2. Conclusions


The panel data of 31 provinces in China (excluding Hong Kong, Macao, and Taiwan) taken from 2009 to 2021 were used to prove the three hypotheses in this paper using the benchmark regression model, panel threshold model, and adjusted mediation effect model, and the following conclusions were reached.



Firstly, climate risk significantly inhibits high-quality economic development in China, which holds true for multiple model scenarios. Moreover, a high-scoring climate risk has a stronger inhibitory effect on high-quality economic development.



Secondly, when different development degrees (except shared development) exceed a certain threshold, climate risk has a lower inhibitory effect on high-quality economic development.



Thirdly, a 1% increase in climate risk can directly reduce high-quality economic development by 0.0115%. It can also increase by 14.9672% through natural disasters, which can indirectly reduce high-quality economic development by 0.1300%. The indirect effect is greater than the direct effect.



Finally, green innovation positively moderates the inhibitory effect of climate risk on high-quality economic development, negatively moderates the promoting effect of climate risk on drought or floods; in addition, the inhibitory effect of drought or floods on high-quality economic development and the moderating effect of green innovation input is greater than that of green innovation output.




5.3. Implications


The conclusions of this paper are mainly to provide enlightenment for quantifying the understanding of climate risk, effectively improving the degree of development and reasonably strengthening the input and output of green innovation to ensure the high-quality development of China’s economy, which are mainly reflected in the following three aspects.



Firstly, climate change is unpredictable, but the harm is obvious in terms of production and human life and more direct impacts on economic development, so realizing its harmfulness can help us accurately take preventive measures. Dredge drainage facilities in advance before the rainy season, for example, could help us avoid floods causing harm to production and human life.



Secondly, development is a key global theme, and the high-quality development of the Chinese economy is an important way to realize the road of common prosperity for all, also helping to further reduce climate risk for the inhibitory effect of high-quality economic development. Furthermore, the five development ideas—“innovation, coordination, green, open and sharing”—help to promote the quality of economic development and can be applied in different geographic areas.



Thirdly, climate risk will lead to frequent natural disasters, thus inhibiting high-quality economic development. Green innovation input and output can directly positively or indirectly regulate the inhibiting effect of climate risk on high-quality economic development. Therefore, green innovation can be strengthened, not only from the perspective of green patents, but also from the belief that “lucid waters and lush mountains are gold and silver mountains”. Strengthening public awareness and the education of everyone will help to consolidate the protection of “clean water and green mountains”, ensuring damaging behavior is brought under control by the relevant laws, thus further developing green innovation and promoting high-quality economic development.
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Figure 1. Change diagram of AD and AS. 
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Figure 2. Hypothetical model diagram. 
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Figure 3. A provincial trend map of China’s high-quality economic development over time. 
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Figure 4. Three−dimensional surface diagram of CR, HED and Year. 






Figure 4. Three−dimensional surface diagram of CR, HED and Year.



[image: Sustainability 15 09773 g004]







[image: Table] 





Table 1. Economic high quality index system.






Table 1. Economic high quality index system.





	
First-Order Index

	
Secondary Index

	
Three-Level Index

	
Function

	
Specific Meaning






	
Economic high quality

	
Innovative development

	
GDP growth rate

	
+

	
Regional GDP growth rate




	
Intensity of R&D investment

	
+

	
R&D expenditure/GDP of industrial enterprises above designated size




	
Investment efficiency

	
−

	
Investment rate/GDP growth rate




	
Technology trading activity

	
+

	
Technology transaction volume/GDP




	
Coordinated development

	
Demand structure

	
+

	
Total retail sales of consumer goods/GDP




	
Urban–rural structure

	
+

	
Urbanization rate




	
Industrial structure

	
+

	
Tertiary industry output value/GDP




	
Government debt burden

	
−

	
Government debt balance per GDP




	
Green development

	
Elasticity coefficient of energy consumption

	
−

	
Energy consumption growth rate/GDP growth rate




	
Wastewater per unit of output

	
−

	
Wastewater discharge per GDP




	
Unit of exhaust gas produced

	
−

	
Sulfur dioxide emissions per GDP




	
Open development

	
Foreign trade dependence

	
+

	
Total imports and exports/GDP




	
Proportion of foreign investment

	
+

	
Total foreign investment/GDP




	
Degree of marketization

	
+

	
Regional marketization index




	
Shared development

	
Proportion of workers’ remuneration

	
+

	
Wages per GDP




	
Elasticity of personal income growth

	
+

	
Per capita disposable income growth rate/GDP growth rate




	
Urban–rural consumption gap

	
−

	
Per capita consumption expenditure of urban residents/per capita consumption expenditure of rural residents




	
Share of private fiscal expenditure

	
+

	
The proportion of local expenditure on education, medical and health care, housing security, social and employment in local budget expenditure











[image: Table] 





Table 2. Descriptive statistical results of each variable.
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	Variable
	Obs
	Mean
	Std
	Min
	Max





	HED
	403
	0.2922
	0.1298
	0.1190
	0.7860



	SMT
	403
	0.3174
	1.0258
	−2.3377
	2.5698



	SMP
	403
	0.2973
	0.9736
	−2.1188
	2.6699



	ID
	403
	0.1343
	0.1176
	0.0163
	0.8366



	CD
	403
	0.4337
	0.1354
	0.1978
	0.9150



	GD
	403
	0.7526
	0.0842
	0.3839
	0.9851



	OD
	403
	0.1664
	0.1379
	0.0096
	0.6367



	SD
	403
	0.5377
	0.1085
	0.1412
	0.8333



	Drought
	403
	0.3846
	0.5464
	0.0002
	4.256



	Flood
	403
	0.3226
	0.4486
	0.0001
	3.2797



	GII
	403
	0.1036
	0.0437
	0.0455
	0.7246



	GIO
	403
	0.1046
	0.0394
	0.0404
	0.4825



	CFIL
	403
	1.6785
	1.3403
	0.0378
	6.6299



	PS
	403
	44.4599
	28.7511
	2.9580
	129.2410



	LOTP
	403
	4.7737
	5.9998
	0.0115
	34.7990



	SOI
	403
	0.4103
	0.0830
	0.1486
	0.6196



	Urban
	403
	25.0624
	16.8865
	0.6806
	93.4361



	TIAEV
	403
	17.3394
	1.6418
	12.5447
	20.9995
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Table 3. Impacts of climate risk on high-quality economic development in China.
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(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)






	
L−HED

	

	

	
0.8339 ***

	

	

	

	




	

	

	
(27.68)

	

	

	

	




	
CR

	
−0.0115 ***

	
−0.0066 *

	
−0.0023 **

	
−0.0015 **

	
−0.0034 **

	
−0.0159 ***

	
−0.0070 **




	
(−2.89)

	
(−1.79)

	
(−2.04)

	
(−2.25)

	
(−2.03)

	
(−3.72)

	
(−2.07)




	
CFIL

	
−3.1724 ***

	
−3.1424 ***

	
−3.4524

	
−3.0324 **

	
−5.1424

	
−2.0824 ***

	
−3.6324 ***




	
(−5.76)

	
(−6.32)

	
(−1.14)

	
(−2.23)

	
(−0.46)

	
(−6.05)

	
(−6.66)




	
PS

	
−0.0029 ***

	
−0.0028 ***

	
−0.0005

	
−0.0023 **

	
−0.0051 ***

	
−0.0033 ***

	
−0.0029 ***




	
(−5.28)

	
(−5.05)

	
(−1.59)

	
(−2.05)

	
(−3.06)

	
(−5.43)

	
(−5.27)




	
LOTP

	
1.3024 ***

	
1.2924 ***

	
1.5124 *

	
2.2424 ***

	
1.124 ***

	
1.1824 ***

	
1.2824 ***




	
(12.19)

	
(11.06)

	
(1.94)

	
(6.84)

	
(5.36)

	
(11.18)

	
(12.06)




	
SOI

	
−0.2604 ***

	
−0.2433 ***

	
−0.0356

	
−0.2259 **

	
−0.4617 ***

	
−0.2694 ***

	
−0.2331 ***




	
(−4.93)

	
(−4.68)

	
(−1.17)

	
(−2.42)

	
(−4.87)

	
(−4.80)

	
(−4.43)




	
Urban

	
0.0030 **

	
0.0028 **

	
0.0007

	
0.0005

	
0.0057 *

	
0.0024 *

	
0.0031 **




	
(2.30)

	
(2.39)

	
(0.96)

	
(0.20)

	
(1.67)

	
(1.81)

	
(2.37)




	
TIAEV

	
0.0383 ***

	
0.0397 ***

	
0.0068 ***

	
−0.2031 **

	
0.0336 ***

	
0.0409 ***

	
0.0393 ***




	
(12.20)

	
(12.65)

	
(3.33)

	
(−2.59)

	
(6.73)

	
(11.72)

	
(12.2)




	
Fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
403

	
372

	
372

	
124

	
124

	
322

	
403




	
R2

	
0.7361

	
0.7330

	
0.9156

	
0.7921

	
0.7746

	
0.7610

	
0.7320




	
Sargan tests of the p-value

	

	
0.665

	
0.998

	

	

	

	








*, ** and *** are significant at the 10%, 5% and 1% levels, respectively.
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Table 4. Estimation results of threshold characteristics.
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Threshold Variable

	
Threshold Type

	
F Value

	
p Value

	
Critical Value

	
Threshold Estimate

	
95% Confidence Interval






	
ID

	
Single

	
16.82

	
0.017

	
1%

	
0.6467

	
[0.6338, 0.6708]




	
CD

	
Single

	
22.20

	
0.000

	
1%

	
0.7643

	
[0.6890, 0.7823]




	
GD

	
Single

	
14.47

	
0.030

	
1%

	
0.8683

	
[0.8607, 0.8683]




	
OD

	
Single

	
26.62

	
0.007

	
1%

	
0.3957

	
[0.3885, 0.3998]




	
Double

	
16.61

	
0.017

	
1%

	
0.4771

	
[0.4552, 0.5145]




	
SD

	
Single

	
4.54

	
0.353

	
10%

	
0.4066

	
[0.4024, 0.4081]
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Table 5. Regression results of panel threshold model.






Table 5. Regression results of panel threshold model.





	
Variable

	
1

	
2

	
3

	
4

	
5






	
CR

	
−1.2024 **

	
−1.3624 ***

	
−1.1624 **

	
−1.2924 **

	
−1.1524 **




	
(−2.34)

	
(−2.76)

	
(−2.26)

	
(−2.60)

	
(−2.19)




	
PS

	
−0.0028 *

	
−0.0029 **

	
−0.0024 *

	
−0.0042 ***

	
−0.0024 *




	
(−1.95)

	
(−2.04)

	
(−1.67)

	
(−2.86)

	
(−1.66)




	
LOTP

	
2.2224 *

	
2.8424 **

	
1.8724 *

	
2.2824 **

	
6.4124




	
(1.90)

	
(2.38)

	
(1.61)

	
(2.05)

	
(0.57)




	
SOI

	
−0.1686 ***

	
−0.1823 ***

	
−0.1929 ***

	
−0.1777 ***

	
−0.1654 ***




	
(−3.06)

	
(−3.34)

	
(−3.48)

	
(−3.28)

	
(−2.84)




	
Urban

	
0.0030 **

	
0.0025 *

	
0.0028 **

	
0.0033 **

	
0.0039 ***




	
(2.15)

	
(1.83)

	
(2.03)

	
(2.39)

	
(2.74)




	
TIAEV

	
0.0366 ***

	
0.0390 ***

	
0.0364 ***

	
0.0374 ***

	
0.0343 ***




	
(6.57)

	
(6.97)

	
(6.51)

	
(6.82)

	
(6.09)




	
Interval one

	
−0.0710 ***

	
−0.0380 ***

	
−0.0570 ***

	
−0.0405 ***

	




	
(−4.28)

	
(−5.05)

	
(−4.02)

	
(−5.45)

	




	
Interval two

	
−0.0034 ***

	
−0.0022 ***

	
−0.0039 ***

	
−0.0039 ***

	




	
(−2.94)

	
(−2.89)

	
(−2.99)

	
(−3.97)

	




	
Interval three

	

	

	

	
0.0020 ***

	




	

	

	

	
(3.43)

	




	
N

	
403

	
403

	
403

	
403

	
403




	
R2

	
0.5935

	
0.5983

	
0.6259

	
0.4806

	
0.6168








*, ** and *** are significant at the 10%, 5% and 1% levels, respectively.
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Table 6. Regression results of the mediation effect model.






Table 6. Regression results of the mediation effect model.





	

	
(1)

HED

	
(2)

Drought

	
(3)

HED

	
(4)

HED

	
(5)

Flood

	
(6)

HED

	
(7)

HED

	
(8)

HED






	
CR

	
−0.0115 ***

	
8.0850 *

	

	
−0.0116 ***

	
6.8822 *

	

	
−0.0117 ***

	
−0.0126 ***




	
(−2.89)

	
(1.45)

	

	
(−2.78)

	
(1.90)

	

	
(−2.94)

	
(−2.85)




	
Drought

	

	

	
−1.5224 **

	
−1.3124 **

	

	

	

	
−1.3624 **




	

	

	
(−2.87)

	
(−2.30)

	

	

	

	
(−2.17)




	
Flood

	

	

	

	

	

	
−0.1010 **

	
−0.1110 **

	
−0.1201 *




	

	

	

	

	

	
(−1.97)

	
(−2.20)

	
(−1.74)




	
Control variable

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
403

	
403

	
403

	
403

	
403

	
403

	
403

	
403




	
R2

	
0.7361

	
0.1209

	
0.7296

	
0.7361

	
0.1808

	
0.7303

	
0.7373

	
0.7393








*, ** and *** are significant at the 10%, 5% and 1% levels, respectively.
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Table 7. Regression results of the moderating effect of green innovation input.
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(1)

HED

	
(2)

Drought

	
(3)

Flood

	
(4)

HED

	
(5)

HED






	
CR

	
−0.0266 **

	
5.0125 *

	
20.2939 *

	

	




	
(−2.18)

	
(1.70)

	
(1.76)

	

	




	
GII

	
0.2599 **

	
−10.2220 *

	
−137.8084 ***

	
0.2784 *

	
0.2270 *




	
(2.41)

	
(−1.91)

	
(−2.83)

	
(1.75)

	
(1.69)




	
Drought

	

	

	

	
0.1580

	




	

	

	

	
(0.75)

	




	
Flood

	

	

	

	

	
−0.2560 *




	

	

	

	

	
(−1.76)




	
GII × CR

	
0.1431 **

	
−27.4222 **

	
−129.3860 **

	

	




	
(2.24)

	
(2.03)

	
(−1.79)

	

	




	
GII × Drought

	

	

	

	
−0.1754 **

	




	

	

	

	
(−2.00)

	




	
GII × Flood

	

	

	

	

	
−0.2291 **




	

	

	

	

	
(2.12)




	
Control variable

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
403

	
403

	
403

	
403

	
403




	
R2

	
0.7434

	
0.1209

	
0.2031

	
0.7364

	
0.7365








*, ** and *** are significant at the 10%, 5% and 1% levels, respectively.
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Table 8. Regression results of the moderating effect of green innovation output.






Table 8. Regression results of the moderating effect of green innovation output.





	

	
(1)

HED

	
(2)

Drought

	
(3)

Flood

	
(4)

HED

	
(5)

HED






	
CR

	
−0.0176 *

	
8.9097 *

	
5.39684 *

	

	




	
(−1.53)

	
(1.79)

	
(1.68)

	

	




	
GIO

	
0.2743 **

	
−21.14262 *

	
−157.1551 ***

	
0.3545 **

	
0.2751 **




	
(2.08)

	
(−1.89)

	
(−2.77)

	
(2.16)

	
(2.00)




	
Drought

	

	

	

	
0.3810 *

	




	

	

	

	
(1.66)

	




	
Flood

	

	

	

	

	
−0.1570 *




	

	

	

	

	
(−1.73)




	
GIO × CR

	
0.0610 **

	
−13.5510 **

	
−68.4120 **

	

	




	
(2.56)

	
(−2.02)

	
(−2.00)

	

	




	
GIO × Drought

	

	

	

	
−0.1149 **

	




	

	

	

	
(−2.05)

	




	
GIO × Flood

	

	

	

	

	
−0.1130 **




	

	

	

	

	
(2.58)




	
Control variable

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
Fixed effect

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes




	
N

	
403

	
403

	
403

	
403

	
403




	
R2

	
0.7422

	
0.1211

	
0.2003

	
0.7380

	
0.7365








*, ** and *** are significant at the 10%, 5% and 1% levels, respectively.
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