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Abstract

:

The research aims to assess the relationship between fiscal decentralization and climate change mitigation to warrant the direction for the carbon-capturing systems of China. The study estimated the results of China and applied unit root test, cointegration analysis, CS-ARDL test, and robustness analysis. The survey results highlighted a significant relationship between the fiscal decentralization index and climate change mitigation. More specifically, the budgetary decentralization index’s economic, governmental, and institutional factors play a substantial role in climate change mitigation in the short run. While governmental factors are found insignificant asein the long run, economic, institutional, and cultural factors revealed a significant connection in the Chinese setting. The results of the study are robust in both long-run and short-run perspectives. The study also presented prudential guidelines for using fiscal decentralization as an environmental tool for climate change mitigation and launching an effective system for carbon capture management from the Chinese perspective.
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1. Introduction


Economic development, efficiency, mobility, and quality of life are all boosted by technological innovation. Numerous economies have felt the effects of technological progress in industry, energy, entrepreneurship, and agriculture. As a result of technological advancements, manufacturing costs have been cut. Technological progress is crucial in the battle against climate catastrophes to achieve ecological sustainability via reducing greenhouse gas (GHG) emissions and other energy-related issues [1]. It also offers great potential to use cutting-edge technology to promote a more environmentally friendly world. Most research suggests that TI slows down ecological deterioration [2]. Entrepreneurial activities are the primary source of financial development, as stated by W. Zheng et al. [3], one of the first researchers to develop ideas on entrepreneurship. Achieving economic growth may be aided by contributions of new businesses, which are good sources of efficient resources regarding their familiarity with modern innovation, possibilities, and marketing ideas [4,5]. An uptick in business startup rates and innovative ideas has been demonstrated to boost GDP development. This positive feedback loop has been shown to further stimulate business growth and technology [6,7,8].



Turkey is a premier industrial economy, but ecological challenges have stymied its tremendous entrepreneurship and population expansion [4,5]. It is possible for many other kinds of problems to occur, including climate change, deforestation, and water-related ones. In several studies, entrepreneurship has been linked to ecological degradation [9], and it is suggested that entrepreneurial activity, both official and informal, is associated with deterioration in environmental quality [6,10]. There is a positive association between business and CO2 emissions, even though use of fossil fuels, the primary source of these emissions, significantly influences ecological sustainability. There has been a rise in the number of Turks who take the risk of starting businesses. To compete, however, with countries that have highly efficient entrepreneurialism, it has to become more competitive [11]. According to the GEM study model, state policies, technical assistance, education and training, infrastructures, trade, and business culture and attitude are the factors of an enterprise framework that significantly influences entrepreneurial activity in a nation. Successful businesses and new ideas can only be created with access to capital [12].



Consequently, long-term sustainability cannot be achieved until human well-being and financial development are divorced from resource usage [13]. However, there was a relative decoupling of resource extraction from economic growth, which shows that extracted resources are unsustainable [14]. Since Earth’s mineral reserves are limited, it is impossible to obtain help from the geosphere sufficiently; consequently, an absolute division worldwide is necessary. Global extraction has grown more than three times, from 32 to 80 billion tons in the previous 40 years [15]. The global population doubled over this era, meaning per capita material consumption grew by 150 percent, hitting new highs.



Today, the problem we face is constructing a dependable, safe, and efficient infrastructure within restricted resources to deliver excellent advantages that may increase competitiveness and minimize ecological pollution [16]. It is essential to overcome this difficulty by engaging road-users, businesses, and state industries to follow the stakeholders’ interests in developing excellent construction of roads. Therefore, industrialized nations have necessary facilities, such as dams, buildings, and road plans [17]. Although they have fewer extractions, these nations follow the aid-for-trade strategy, which helps exporting nations with assistance and receives construction material through commerce [18]. Therefore, they import material resources from emerging nations [19,20,21,22,23]. All bilateral and multilateral donor nations gave USD 2368 billion to lower-middle infrastructure-related countries from 2003 to 2019. Hence, donor nations play a crucial role in boosting developing countries via infrastructure [24]. This proposition stresses the relevance of trade-adjusted resource consumption when measuring the incidence and effect of resource burden. China has stressed building of digital infrastructure since the 18th National Congress and announced the “14th Five-Year Plan for the Development of the Digital Economy” in 2021, prioritizing optimizing and upgrading digital infrastructure. As the greatest carbon emitter and energy user internationally [25], China is encouraged to speed up its transition to a low-carbon economy. Numerous researchers [26], utilizing information and communication technology (ICT) or certain forms of digital infrastructure, have found that digitalization shows potential to achieve a win–win scenario in China’s growth and carbon reduction. Indeed, China’s digital economy has not yet attained green and low-carbon growth; specifically, the carbon emissions linked with digital architecture are expanding rapidly [27]. Therefore (W. Iqbal et al., 2019) [28], digital architecture’s unique consequences and processes on carbon emissions must be determined via diverse viewpoints and more precise quantification [6,10].



In this research, based on panel data from 214 Chinese cities from 2012 to 2018, we assessed the total growth level of digital infrastructure to explore how large-scale building of digital infrastructure in China influences urban energy conservation and carbon decrease. Then, we looked at concrete measures that might be taken to lessen the impact of digital architecture [6,27]. This study uses participant observation and in-depth interviews to gather data from the supply and demand sides of the hotel business, in line with those who argue that qualitative methodologies and ethnographies are crucial to grasping configurations of practice and sustainability. Since 2014, over-exploitation, over-consumption, and tourism growth in the Chinese hot spring tourist town have contributed to a decline in the quantity. Wang’s rapid tourist attractions reduction has occurred via development of rural renaissance and rebuilding [7]. The effect of fiscal decentralization and fiscal decentralization on use of conventional sources of energy has been the subject of several academic investigations [29]. Past developments have generated a dearth of research on the impact of financial growth on sustainable energy use in climate finance literature. This research is significant because it helps to close a hole in the existing literature by identifying the impact of a country’s degree of economic advancement on its renewable power use. There are three ways in which this research adds to the current body of knowledge: (i) this research analyzes the nexus between fiscal decentralization and climate change mitigation in China. (ii) Cointegration between variables is tested using CS-ARDL tests. (iii) Using econometric analysis, we look at how variables such as economic, governmental, institutional, and social factors affect climate change mitigation. It is clear from our data that all the variables are significantly co-integrated [30]. Management of environmental sustainability is aided by monetary growth. Sustainable energy consumption rises together with the economy and consumer purchasing power.




2. Literature Review


Previous research on this subject has covered ground before, with discussions focusing on the effects of innovation, renewable laws, and foreign direct investment (FDI) on ecological sustainability. It is clear from the findings and the review that there still needs to be a general agreement on the result of the factors, which is a remarkable trend in this area of study [20]. As a result, the title is more alluring, and many constructive suggestions for common ground have been presented.



2.1. Carbon Emissions’ Effect Regarding Technological Innovation


Only a small number of studies have examined how technological progress affects ecological quality [31]. Increased domestic technology mitigated the impact of CO2 emissions in Turkey via the country’s accelerated rate of economic expansion. Mohsin, Ullah, et al. [32] analyzed how adopting new technologies and implementing renewable energy policies have affected Turkey’s CO2 emissions [19,20,22]. Positive implications of technology and renewable policies for the ecosystem via reduced CO2 emissions are suggested by the results of the STIRPAT model. The impact of technical innovation, export diversification, usage of renewable energy, and fiscal decentralization on meeting carbon neutrality objectives for OECD economies from 1969 to 2018 was analyzed using the augmented mean group (AMG) approach [33]. The findings revealed that renewable energy and cutting-edge technology are the only ways to ensure ecological safety [19,21,22,23].



In comparison, emissions are influenced by financial development. Research on the effects of new technologies, renewable and nonrenewable energy sources, and human activity on Malaysia’s deteriorating natural ecosystem was conducted using the ARDL method between 1980 and 2017 [34,35]. The findings corroborated the detrimental effect of technical progress and renewable energy sources on carbon emissions while enhancing ecological sustainability [7,23]. In comparison, both economic expansion and nonrenewable energy sources contribute to rising emissions. The reversed U-shaped curve predicted by the data was confirmed [20,21,22,36].



Similarly, Iram et al. investigated how green R&D affects Japan’s carbon footprint [37]. Green research and development expenditures were shown to be inversely related to greenhouse gas output, implying that improvements in green technology improve ecological conditions [19]. The impact of innovation, trade, and renewable and nonrenewable energy on the environment for the G-7 economies from 1980 to 2019 was also analyzed [34,35]. The findings demonstrated that using renewable energy and modern technology helped lower CO2 emissions [38]. They examined the impact of foreign direct investment (FDI), technology, renewable energy, and commerce on China’s ecological degradation between 1994 and 2018. The findings showed that renewable energy and innovation reduced carbon emissions while GDP and FDI had a beneficial influence. Increases in renewable energy production and use help reduce pollution and improve air quality. Yu et al., used the ARDL method to examine the connection between technological progress and pollution in Malaysia’s natural environment between 1984 and 2013 [30].



The fundamental analysis suggests that TI has a negative association with carbon emissions. Reduced ecological deterioration is a direct result of TI enhancements. It is important to determine how economic disparity affects RTI in renewable energy and its impact on China’s ecological deterioration. The results show that RETI causes environmental deterioration in regions with substantial wealth disparity. H. Mohsin et al used the generalized method of moments (GMM) strategy to examine how OECD country technology and technological expenditure affected ecological deterioration, finding that the impact of technological investment and technology varies by country, with some nations seeing a decline in environmental quality. As a result, the authors conclude that these two factors strongly influence carbon emissions [26,32,39,40].




2.2. Carbon (CO2) Emissions’ Effect Regarding Energy Forms (Renewable and Nonrenewable)


Increasing productivity in any economy requires reducing wasteful energy use, which is critical in ensuring the economy’s long-term health and the environment. Many studies have analyzed renewable and nonrenewable energy usage concerning ecological sustainability. The data verified a positive and negative correlation between energy use and environmental degradation. Examples include Cockerill et al., who use the quantile ARDL method to compare the impact of renewable and nonrenewable energy sources on an organization’s carbon footprint from 1964 Q1 to 2018 Q4 [41]. Ultimately, the EKC hypothesis was validated in Turkey, showing that renewable energy reduces ecological footprint [42]. The environmental deterioration in Turkey may be partially attributed to the country’s reliance on renewable and nonrenewable energy sources. The results show that renewable energy sources lower carbon emissions. Employing the ARDL method, we confirmed that renewable energy improves environmental quality in Turkey.



From 1996 to 2015, the effects of 16 EU economies’ environmental footprints on ecological deterioration proxies were analyzed using renewable and nonrenewable energy sources and international commerce. The studies confirmed that using nonrenewable energy sources degrades the ecosystem and using renewable energy sources improves it. Duan et al. looked into renewable energy sources’ impact on environmental quality and global commerce [43]. Utilizing renewable energy sources has improved ecological quality. Things such as urbanization and using renewable and nonrenewable energy sources may help slow the rate of environmental deterioration. The research found that carbon emissions are reduced via improved ecological quality when renewable energy sources are used. However, emissions rise with nonrenewable energy sources and financial development. They assessed renewable energy’s impact on Africa’s ecology from 2002 to 2017. The results showed that using green energy helped reduce pollution. Carbon emissions are reduced as use of renewable energy sources increases, as has been verified. However, a rise in renewable energy causes CO2 emissions, suggesting a positive relationship between the two. An inverse correlation was demonstrated between renewable energy and carbon emissions. Growth of alternative energy sources affects pollution levels.




2.3. Carbon (CO2) Emissions’ Effect Regarding Economic Factors


In addition, several academics have analyzed the connection between financial growth and ecological quality for various nations and locations during the previous few generations. Several of them arrived at their findings on the assumption that a rise in GDP would harm the natural world, and their results include: Yumei et al. conducted an autoregressive distributed lag test for Turkey between 1965 and 2012 to look at how growing the economy has affected their energy consumption and carbon emissions, showing that ecological deterioration is a good result of economic expansion [44]. Rising GDP levels are associated with increasing CO2 emissions. Furthermore, Mohsin et al. findings suggest that favorable environmental conditions boost productivity of economic endeavors [45]. If GDP rises, so does ecological quality. Consider the ARDL model’s use from 1996 to 2013 to analyze the significance of sustainability in reducing environmental degradation across EU nations. Improved living conditions are one result of growth in real GDP. According to some research, the environment may harm financial efficiency [46]. The researchers used ARDL bound analysis for 1964–2008 in South Africa. Increases in real GDP are associated with higher emissions regarding investigating the connection between financial growth and ecological decline. With Azerbaijan data stretching back to 1993, a time series analysis has been performed. The findings indicate that environmental degradation increases as GDP grows. Researchers considered the uneven effects of development and foreign direct investment on pollution. They also found that real GDP per capita had a favorable impact on the ecology in Turkey. Using the ARDL technique, they examined the association between Malaysia’s real GDP per capita and carbon dioxide emissions from 1970 to 2008. We found a long-term correlation among the factors we examined, and we can trace the root of ecological deterioration back to increases in GDP. The BRICS economies’ energy consumption patterns, environmental degradation, and GDP development can be analyzed to determine their causal relationship. The results indicated that a Granger causal relationship between financial development and ecological deterioration in India or China did not exist. However, there is evidence to support a concept between GDP growth with ecological degradation; in Russia, GDP growth leads to increased CO2 emissions, but, in Brazil, the opposite is true [47].




2.4. Carbon (CO2) Emissions’ Effect Regarding Foreign Direct Investment (FDI)


Both sound and adverse effects on the ecosystem, as a result of FDI and associated CO2 emissions, have been shown in several studies. It has been claimed that CO2 emissions are a result of FDI. This study examined the connection between foreign direct investment (FDI) and pollution in China’s ecosystem using time series regression and panel data regression. Foreign direct investment is linked to pollution according to the research. A rise in FDI impacts ecological deterioration [31]. W. Iqbal et al. claimed that FDI helps to improve environmental damage by causing more emissions added that FDI contributes to pollution [28]. Still, some researchers have discovered a greener world thanks to FDI [48]. Ecological quality is improved due to foreign direct investment. FDI affects environmental quality by reducing pollution since cleaner technology is introduced into the economy [19,20,21]. Using yearly data from 1980 to 2018, researchers analyzed the impact of FDI, energy usage, and GDP on the UAE’s ecological footprint to identify potential avenues for mitigating climate change. The results corroborate the EKC link and demonstrate an inverse connection between FDI and environmental CO2 emissions.





3. Methodology


3.1. Study Data


The researchers collected data on fiscal decentralization, sustainable development planning, and climate change mitigation from world development indicators [49] using constant local currency, Statistical Review of World Energy 2021, and UNDP databanks. The time frame of the research data is 2012–2018. All three variables of the study, including climate change mitigation, sustainable development planning, and fiscal decentralization, were converted into per capita units. Researchers applied the quadratic matchsum technique to convert the study data into time-bound frequencies. It adjusted the seasonality factor likely to occur in data trends.




3.2. Study Variables


Measurement of Variables


Climate change mitigation is measured using three proxy parameters, including change in carbon emission (ΔCE) and change in carbon productivity (ΔCP). On the other side, by applying PCA, fiscal denaturalization (FD) is measured using the ratio of China-specific income/expanses to common government revenues and expenditures. In another way, fiscal decentralization is also measured by taking the square root of FD. Following this recommendation and standing on the shoulders of Henriques & Sadorsky et al [48], our study also used the same method to measure fiscal decentralization with different functions (see Figure 1). However, a process of budgetary decentralization named market equilibrium (ME) is used, as calculated through Equation (1):


   ϖ l  ≡  h p  +  b t  +  l t   E t   [    β ˜   t , t + 1    (  1 − G  (   z  t + 1  ε   )   )    Δ ˜   t + 1  W   ]   



(1)







Equation (1) denominated the market equilibrium (ME) with    h p    using the unemployment benefits,    b t    indicating the chances of job findings,    l t   E t    measuring the consumption behavior function in China, and    (  1 − G  (   z  t + 1  ε   )   )    measures the fiscal demand and supply in the Chinese market for climate change mitigation. Equation (1) is extended to develop Equation (2), and its empirical viability is shown as follows:


   a  t + 1   =   1 +  i l    1 +  π  C l      a l  + T  B I   



(2)







Extending it, fiscal denaturalization in the Chinese economy is further measured with Equation (3).


     X l   X  =    (     X  l − 1    X   )    e x      (     B  l − 1      Y  t − 1      )    −  (  1 − e x  )   γ x     ε  X , t    



(3)







The fiscal decentralization index is further quantified by Equation (4), which considers the government’s increased spending on climate change mitigation. To put it simply, the crisis conditions that make these two advocates imminent to practice also produce a green revival in other areas of the economy, leading to a budgetary constraint [49]. Additionally, the fiscal decentralization index is measured as


      T  b e , j   =  1  ω +      [  2 π j + a r c c o s  (    a −  ω + 2   d   )   ]  ,   b      > 0    1   ω +     [  2 π  (  j + 1  )  − a r c c o s  (    a −  ω 4 2   d   )   ]  ,   b < 0       



(4)







Equation (4) is further supported by Equations (5) and (6), respectively.


  Φ  (   x ⋆   )  = g + δ  



(5)




where   Φ  (   x ⋆   )    elaborates fiscal decentralization, and  g  is fiscal decentralization growth.


      λ 2  −  [  α  (   I y   ( 0 )  − γ  )  +  I k   ( 0 )  − 2 g − δ  ]  λ +  [  α  (   I y   ( 0 )  − γ  )  − g  ]   [   l k   ( 0 )  − g − δ  ]  − a  l y   ( 0 )   L k   ( 0 )   e  − λ T              = 0     



(6)









3.3. Model Specification


A decentralized government with a balanced budget is a cornerstone of economic success, productivity, and fairness. According to proponents, local governments flourish because they are more accessible to citizens, more information is readily available, and municipal services and goods are provided with better outcomes. Similarly, fiscal decentralization may influence the environment in two ways: the “race to the top” and the “race to the bottom.” According to Martinez-Tejada et al., the race to the top strategy of increasing fiscal decentralization would improve environmental quality by decreasing CO2 emissions [50]. Decentralization of government expenditure leads to greater economic productivity, enhanced use of public funds, higher-quality institutions, and internalization of the external costs of environmental pollution, all of which contribute to a more sustainable environment. Fiscal decentralization’s effect on greenhouse gas emissions is not well established in the academic evidence. For this reason, the present research considers both linear and non-linear measures of fiscal decentralization. This may be the case in the early stages of budgetary decentralization, making space for another process called the lowest part method.




3.4. Empirical Modeling


3.4.1. Slope Efficiency Heterogeneity Technique


Due to the potential for incorrect and biased estimate conclusions [51], this research takes a different approach from conventional econometrics by first conducting tests for CSI and SCH. Since this is the case, we check for the CSI and SCH. This objective was reached utilizing the SCH test developed [52]. Since the homogeneous coefficient is presumed to exist, this may or may not be the case. Cross-sectional heterogeneity and dependency (SCH and CSI) are alternatives to the null hypothesis that is evaluated.




3.4.2. Unit Root Estimation


Throughout this research, we used Pesaran’s cross-section augment IMPS (CSIMPS) test to compare to first-generation unit-root testing. The cross-sectional dependence and variability of slope coefficients hold for this strategy. Using lagged, the initial difference to supplement cross-sectional means and cross-sections, this strategy is able to eliminate the dependence between successive sections.




3.4.3. Panel Cointegration Estimation


The cointegration relationship between fiscal decentralization and climate change mitigation was investigated using the Wasteland co-integration test. The Wasteland cointegration test is more consistent than former panel cointegration tests, such as the Pedroni and Kao tests. Hence, the study used this approach to test and report the findings.




3.4.4. Cross-Section Auto-Regressive Distributive Lag (CS-ARDL) Test


In this work, the CS-ARDL method developed by Shah et al. is used for both long- and short-term forecasting purposes [53]. Such assessment is more reliable and effective than numerous other methods, including mean group (MG), pooled mean group (PMG), similar correlating effect mean group (CCMG), and augmented mean group (AMG). Non-stationarity (mixed integration order), endogeneity, and the problem of heterogeneous slope coefficients are all dealt with using this approach. Failing to account for hidden influences on the estimates might lead to misleading conclusions. The research uses the regression method to determine the direction of the relationship between climate change mitigation and fiscal decentralization. This method of CS-ARLD is also helpful for a panel dataset with homogeneous and asymmetrical components. In addition, this strategy may be used to deal with cross-section dependency.
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Figure 1. Fiscal decentralization index structure. Source: developed by authors. 
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4. Results and Discussion


A 0.940% positive comes from MF from economic development, which may indicate that rising per capita income encourages resource consumption. Therefore, increased economic activity puts heavy stress on both the environment and the human ability to consume resources. MF may be viewed as a by-product of business. Population growth similarly affects the material footprint, with a 0.245 percent increase in MF. More natural and manufactured goods, including those used for shelter, food, water, sanitation, and transportation, are needed to accommodate a growing population’s demands. Larger people need more state resources, energy, and public architecture to meet their housing, food, water, sanitation, and transport needs, which has an asymmetrical impact on ecological quality. Waste, soil erosion, pollution, and other forms of environmental pollution are all factors in the environmental stress caused by the rising human population [54].



The long-term effect of ecological technology on MF is a decrease of 0.063 percent according to the findings. Improvements in manufacturing’s resource effectiveness are possible because of cutting-edge technological innovations that have helped lighten the load on the environment [55]. It also allows nations to satisfy their energy demands with greener alternatives (Table 1). Consistent spending on environmental technology is a great way to boost national output via implementing resource efficiency without compromising the quality of the natural world. This means that the effects of EI on financial and environmental consequences are amplified.



The long-term effect of ecological innovation on CF is a decrease of 0.064 percent according to the findings. Improvements in manufacturing’s resource effectiveness are possible because of cutting-edge technological innovations that have helped lighten the load on the environment. It also allows nations to satisfy their energy demands with greener alternatives. Consistent spending on environmental innovation is a great way to boost national output via implementing resource efficiency without compromising the quality of the natural world (Table 2). EF has a more significant effect on financial and environmental consequences because of this.



According to Model 1, there is a negative long-term association between IQI and MF. If the IQI increases by one point, the MF will decrease by 0.067 percent. Institutions that are well-managed increase resource efficiency and promote ecological sustainability. By fostering good administration, streamlining bureaucratic processes via intra-governmental networking, and combating corruption, democracy is aided. This factor significantly impacts the importance of protecting the environment. In Model 2, the combined effect of CCM and IQI is determined by the interaction term of the two variables. Since the interaction term coefficient is negative, we know that financial decentralization combined with increased institutional quality increases productivity in resource use. Optimal eco-environmental benefits of FD may be achieved by minimizing rent-seeking behavior and making effective use of resources, both facilitated by well-enforced norms and laws when institutions are robust, as presented in Table 3. Widespread application of strict ecological preservation legislation and availability of sustainable practices are guaranteed by the quality of the institutions in place. Compared to other works in the field, the present one is the most important.



Consistent with the findings of Xia et al., the long-term results show that human capital considerably decreased CM by 0.082 percent [56]. Raising human capital’s capabilities is crucial for extracting and using material resources while reducing their adverse environmental effects [57]. Therefore, HC is essential for implementing environmentally friendly practices, such as reduced energy use and decreased waste output. In Model 4, FD and EF are brought together to evaluate their combined impact. Since the interaction term (−0.209) is significantly negative, it follows that using FD in economic networks where talented and inventive human resources are used reduces resource usage. With corruption eliminated, human capital significantly impacts the productive use of natural resources [58].



This research investigates the direct and indirect effect of infrastructure growth as novel routes of FD and CF and finds that it is positively correlated with improved public service delivery and access to means of transportation, energy, and information and communication technology [52]. Investments in infrastructure lead to significant financial growth, but they also have undesirable side effects, such as increased pollution and garbage. According to Model 5, cumulative CF rises by 0.643 percentage points for every percentage point improvement in the construction quality index [59,60]. Economic architecture, transportation, information and communication technology infrastructure, and energy infrastructure all have multiplier effects, leading to more financial activity and, therefore, more significant demands for energy, fossil fuels, and other resources (Table 4) [61].



While increasing GDP, investments in construction also increase pollution, water conservation, and loss of natural resources. Accordingly, the risks to human civilization posed by declining biodiversity, acidification, and health are substantial. Model 6 examines the influence of financial decentralization on EF via construction growth, with the effect being determined by the interaction terms of FD and EF factors. These findings imply that FD encourages resource depletion while generating increased construction demand since the element of interaction terms has a positive and more substantial impact than just the FD coefficient alone (Table 5).



For formal business activity and ecological quality to be sustained across countries, technology and organizational quality are crucial [62]. Our empirical analysis supports this claim, showing that a 1% increase in technological innovation leads to a 0.852% decrease in the rate of environmental deterioration in the short run and a 1.1% decrease in ecological degradation in the long run. However, a 0.819 percent short-term and 1.051 percent long-term decrease in environmental quality is expected for every one percent fall in innovation breakthroughs. To maintain ecological integrity, Turkey should subsidize both business endeavors and scientific inquiry (Figure 2). Our research confirms the claim made by Xiuzhen et al. [63].



Furthermore, under the existing setup, an increase of 1% in financial efficiency would result in deterioration of ecological quality and a 0.267% increase in CO2 emissions. This number was calculated to be 0.344 percentage points over the long run and was shown to be statistically significant at the five percent level. Even more so, a one percent drop in financial efficiency will reduce CO2 emissions by 1.542 percentage points in the near term and by 1.98 percentage points in the long run. Evidence suggests that China is putting economic development ahead of ecological sustainability in its quest to join the world’s top 10 economies by 2023 (Ullah et al., 2020). Thus, improved financial efficiency will lead to higher levels of emissions and worse ecological quality. Despite suffering significant damage from COVID-19, China has risen to ninth regarding most preferred FDI destination, with 160 projects (Figure 3). The result was a 3.1 percentage increase in its share throughout China in 2019, up from 2018′s 3%. In 2019, China had a 16% share of all foreign direct investment (FDI), making it the second most popular FDI destination (Ko et al., 2022).



4.1. Robustness Analysis


Consequently, we estimated the magnitude of FD influx and its unequal influence on ecological quality. More specifically, a one percent rise in volatility on FD inflow in China would result in a 0.677 percentage drop in its carbon emissions on average in the short run and a 0.858 percentage decline in the long run. Long-term environmental quality would suffer 0.816% if FD inflow decreased by 1%, whereas short-term ecological quality would suffer 0.578%. These findings underline the significance of the FD influx to China’s economy and society (Table 6). The findings agree with those of other research [26,40,45]. Sustainable and high-ecological practices are considered a problem, while renewable energy is the solution (Figure 4).




4.2. Discussion


Thus, the importance of ecological and environmental sustainability and quality have been emphasized in environmental sustainability conferences [64], such as the Kyoto Protocol and the Paris Agreement, and some targets have been set and restrictions imposed on countries, such as maintaining the rise in global heat within 1.5–2 °C by 2019. As a result, several nations are trying to improve their ecological conditions by investing heavily in renewable energy technology [65]. China’s geographical advantages provide it with a wealth of renewable energy potentials; nonetheless, for generations, the country has focused chiefly on hydroelectric energy to fulfill energy demands and lessen its reliance on energy imports and conventional fuels, such as oil (Figure 5).



Thus, according to our calculations, a one percent increase in China’s use of hydroelectric energy would result in a 0.128 percentage point decrease in CO2 emissions in the near term and a 0.093 percentage point decrease in the long run. However, a 0.245 percent and 0.50 percentage increase in environmental degradation results from a 1% reduction in hydroelectric energy use. It follows that use of hydroelectric energy in China has a statistically significant and beneficial impact on ecological quality. In other words, if China drastically reduced its reliance on hydropower, the country’s energy supply would shift toward more polluting, nonrenewable sources, and the quality of the environment would suffer [66]. As a nation that relies heavily on energy imports, this will also harm economic growth and development. Turkey’s environmental progress may be measured, in part, by the country’s commitment to technical innovation via R&D. Our calculations reveal that both positive and negative shocks to technological innovation via R&D may cause either a decrease or an increase in carbon emissions. Carbon emission reductions of 0.853 percentage points and increases of 0.819 percentage points in the near term and 1.095 percent and 1.051 percent, in the long run, result in 1% positive and negative shocks to technological advancements. In addition to other factors, technological progress has been shown to help reduce carbon emissions by fostering novel approaches to creating green technologies. Our results are consistent with those of other studies.



Local organizational choices heavily affect pursuit of reduced carbon emissions and development of necessary structures. Local administrations may have to cut down on carbon emission reduction spending if they boost spending on digital infrastructure; if this happens, estimates of the effect of digital architecture on carbon emissions would be inflated. On the other hand, high-carbon cities may need to be able to attract expenditure in digital infrastructure due to a massive spending on carbon emission decrease, resulting in a total lagging level of digital construction growth [67]. Endogeneity may have arisen in our regression due to the interdependence of the two choices and any unobservable influences. Using the instrumental variable approach with the exogenous policy shock of “Broadband China”, we aimed to determine the overall impact of building and digital architecture on urban GHG emissions.



The pace of technology inside a firm is one aspect that affects the organization’s success. The prior study did not consider the mediating function that technology may play between digital finance, economic restrictions, and financial success. Digital finance has less of a marginal effect on larger enterprises according to the statistics. This is in line with the fact that small firms face more significant financial risks and that digital banking provides new financing opportunities for these enterprises.



On the one hand, larger firms have more extensive economic demands, and their investments are more likely to concentrate on cutting-edge technology characterized by heightened risk and uncertainty [68]. Large businesses are especially vulnerable to attacks when dealing with budgetary restraints and an ever-shifting economic landscape. In contrast, the negative consequences of financial restraints are tempered by the fact that small businesses cannot develop smoothly. Other researchers have produced similar findings indicating that small businesses are less likely to be severely impacted by a green credit policy’s punitive effects due to a lack of financial resources.



The statistical significance of the indices of the year-lagged components demonstrates the dynamic nature of the company’s financial success. The data so far lend credence to H1: the advantages of digital finance are both natural and considerable. Those economic restraints are harmful to economic success, consistent with the results of other studies. Hence, H2 is supported. In line with this finding, research by Waschull et al. demonstrates that increases in green total component production have a positive effect on environmental quality [69]. The expense of more financial resources and tighter economic constraints may reduce efficiency. Development of digital platforms, introduction of cutting-edge digital technology, the need for digital elites, and the availability of financial and human resources are all factors that will limit the impact of digital finance.





5. Conclusions and Policy Recommendations


The current global climate crisis is readily apparent as natural ecosystems are being destroyed and expended at an alarming pace. The study estimated the results of China and applied unit root test, cointegration analysis, CS-ARDL test, and robustness analysis. The results of the study highlighted that there is a significant relationship between fiscal decentralization index and climate change mitigation. As a result, the title is more alluring, and many constructive suggestions for common ground have been presented. The outcomes are analyzed via five lenses: direct, mediating, premise, geographical, spillover, and policy shock. Here, you may find a synopsis of the most important findings.



In addition to their apparent advantages, optimization of corporate design and promotion of green technology innovation have far-reaching implications for reducing carbon intensity via inclusive digital finance. However, aspects such as a conducive technical setting, enough financial development, and an open mind are needed before the impact can appear. Carbon intensity may be lowered within a particular range with aid of the regional spillover effect of inclusive digital financing. In addition to mitigating the economic risks associated with “transitioning away from the truth to reality,” introduction of digital finance can successfully address the “difficult and costly financing” issue facing vital rising firms. It will also aid some of the most promising new enterprises in speeding up their digital transformation, expanding their technological capabilities, and growing their value. The benefit of inclusive green digital finance in reducing carbon emissions is more significant in industrialized countries than in places with undeveloped conventional finance. The developed world’s community traits are universal. The study’s policy suggestions are grounded in these findings.



While achieving green development, states should prioritize optimizing energy utilization structures and industry structures, promoting development of financial statements, and encouraging expansion of inclusive green finance. State entities tasked with guiding evolution of inclusive finance should optimize distribution of resources, fully implement a growth plan, and adapt to the specifics of the local economy. This will aid successful company owners in pursuing green development funds. Additionally, digital inclusive economic stock’s multidimensional growth component is the most helpful in boosting urban economies and protecting the ecosystem via employment of digital technology. Supporting digital inclusive green finance businesses in rural and underserved areas, speeding up rollout of digitally enabled payment organizations for those regions, and improving the quality of digital payment, banking, and credit services for those regions would all benefit from states and relevant agencies setting up a dedicated server and technical guarantee state agencies. Traditional economic organizations use inclusive digital banking to reach more people, reduce their negative social and environmental consequences, and enhance the value of their online financial offerings to customers.
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Figure 2. Historical trends over the period of time. 
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Figure 3. Trend analysis of study constructs along with frequencies. 
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Figure 4. Robust form of fiscal decentralization over the sample period. 
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Figure 5. Robust results of fiscal decentralization role on climate change mitigation. 
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Table 1. SCH and SCI diagnostics.






Table 1. SCH and SCI diagnostics.











	
	Δ
	Δ-Adjusted
	





	Climate change mitigation
	11.191 *
	15.389 *
	



	Fiscal decentralization
	11.783 *
	15.011 *
	



	Variable Measure
	CD-Stats
	Variable Measure
	CD-Stats



	EF
	0.505 *
	ΔCE
	0.28 8 *



	GF
	0.547 *
	ΔCP
	0.459 *



	IF
	−0.758 *
	-
	-



	CF
	0.918
	-
	-







Note: * means significance level at 5 percent.
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Table 2. Unit root estimation.






Table 2. Unit root estimation.












	Parameters
	I(0)
	
	I(1)
	





	
	Constant
	With trend
	Constant
	With trend



	ΔCE
	1.965 *
	2.938 *
	2.852
	3.468 *



	ΔCP
	1.882 *
	1.865 *
	1.638 *
	1.167 *



	EF
	1.045 *
	1.295 *
	1.777 *
	3.586 *



	GF
	1.965
	2.561 *
	2.384
	3.849 *



	IF
	2.826 *
	3.543 *
	2.029
	3.713 *



	CF
	2.053
	2.805 *
	1.203 *
	1.101







Note: * means significance level at 5 percent.
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Table 3. Westerlund cointegration test.
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	Variables
	Gt
	Ga
	Pt
	Pa





	CCM
	0.9492 *
	0.7461 *
	0.0626 *
	0.1767 *



	FD
	0.2907 *
	0.9822 *
	0.0067 *
	0.2197 *







Note: CCM means climate change mitigation, and FD means fiscal decentralization. * means significance level at 5 percent.













[image: Table] 





Table 4. Internal calibrated moments (targeted and untargeted).
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Targeted Moments






	

	
1999

	

	
2005

	

	
2017

	




	

	
Data

	
Model

	
Data

	
Model

	
Data

	
Model




	
CCM

	
0.6069

	
0.3838

	
0.4788

	
0.4882

	
0.3295

	
0.0393




	
FD Index

	
0.0177

	
0.2286

	
0.5498

	
0.9814

	
0.0096

	
0.5765




	

	
Untargeted Moments




	
CCM

	
0.1009

	
0.0855

	
0.1298

	
0.0092

	
0.0114

	
0.3774




	
FD Index

	
0.9301

	
0.1978

	
0.8623

	
0.1836

	
0.3807

	
0.0038




	

	
Calibrated Moments




	

	

	

	

	
1999

	
2005

	
2017




	
CCM

	

	

	

	
0.000681

	
−0.00341

	
0.001097




	
FD Index

	

	

	

	
0.00019

	
0.000604

	
0.006017
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Table 5. CS ARDL Test.
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	Short Run
	CCM Estimates
	CCM Stand Error



	ΔCE
	0.6506 *
	0.0005



	ΔCP
	−0.1898 *
	0.0087



	EF
	0.3889 *
	0.0001



	GF
	0.6039 *
	0.0027



	IF
	0.2253 *
	0.0031



	CF
	−0.1492
	0.0015



	Long run
	
	



	ΔCE
	−0.0918 *
	0.1074



	ΔCP
	−0.0047 *
	0.0044



	EF
	0.3759 *
	−0.0012



	GF
	0.3307
	−0.0053



	IF
	0.1763 *
	−0.0049



	CF
	−0.0055 *
	0.0014







Note: * means significance level at 5 percent.
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Table 6. Robustness analysis.
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	EASC Pilot
	PAC Pilot
	Mixed Pilot





	
	(1)
	(2)
	(3)



	ΔCE
	−0.00245
	0.000472
	−0.00016



	EASC
	0.0241 *

(0.0051)
	
	



	PAC
	
	0.437 *

(0.0634)
	



	Mix
	
	
	0.678 *

(0.044)



	ΔCP
	0.0395 *

(0.041)
	0.5044

(0.034)
	0.5629 *

(0.008)



	EF
	−0.0087 *

(0.021)
	0.0094 *

(0.014)
	0.2992 *

(0.073)



	GF
	−0.0569 *
	−0.0537
	−0.1471



	IF
	−0.0696 *

(0.0538)
	0.1332 *

(0.0061)
	0.2773

(0.1010)



	CF
	−0.1572

(0.8472)
	0.2603

(0.0073)
	−0.0254 *

(0.0783)



	Country effect
	Yes
	Yes
	Yes



	Year effect
	Yes
	Yes
	Yes



	R-square
	0.6615
	0.4113
	0.8206







Note: * means significance level at 5 percent.
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