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The literature is still divided on the study of the ecological and economic effects of fiscal decentralization. To clarify the relationship between fiscal decentralization between central and local governments and green economic development in developing countries, we take China as an example to test the impact of fiscal decentralization on green total factor productivity and its mechanism. It is found that fiscal decentralization helps local governments play a greater role in the regional economic system and promotes green economic development. From the perspective of policy synergy, environmental regulation is an enhanced mechanism for fiscal decentralization to promote green economic development. We also find that technological innovation is an important mechanism for fiscal decentralization to promote green economic development. Our study develops the theory of fiscal federalism and affirms the necessity of decentralization system reform in the context of the green economy, which has important theoretical and practical implications.
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INTRODUCTION
The vast majority of centralized countries are faced with the problem of the distribution and trade-off of powers and responsibilities between central and local governments. Therefore, some countries have been exploring the institutional reforms of the division of powers and responsibilities. However, these reforms may affect economic growth and the ecological environment by adjusting the relationship between the central and local governments. Our study focuses on the impact of fiscal decentralization on the local green economy, which is an interesting and important topic. On the one hand, fiscal decentralization may have an impact on the green economy by affecting the structure and efficiency of local fiscal expenditures. For example, some studies based on incentive theory and public choice theory have found that fiscal decentralization may affect local fiscal expenditures on science and technology and environmental protection as a way to influence the local green economy (Yang et al., 2020). On the other hand, the horizontal competition among local governments around economic growth under the decentralization system may also affect the speed and quality of economic growth (Yan et al., 2022). Therefore, the reform of the fiscal decentralization system has the potential to influence the local green economy.
How to promote green economy development through institutional reform is a hot topic (Chen et al., 2022; Qi et al., 2022), and the literature has increasingly focused on the performance of the local green economy under the fiscal decentralization system (Safi et al., 2022). For example, Gao et al. (2022) examined the impact of fiscal decentralization on local carbon productivity based on provincial panel data in China and found that decentralization can leverage the local information advantages of local governments, which is an important institutional guarantee to improve local carbon productivity. Similarly, He (2015) found that fiscal decentralization also promotes an increase in local fiscal expenditures on environmental protection as a way to promote environmental governance. However, more studies have expressed concerns about urban environmental governance under a decentralized system (Cheng and Zhu, 2021; Yuan et al., 2022). For example, Li et al. (2022) examined the impact of fiscal decentralization on environmental pollution from the perspective of haze pollution and found that decentralization reinforces the economic growth preferences of local governments and is a key factor impeding environmental improvement. Qi and Yu (2022) found that decentralization makes it difficult for the central government to effectively constrain the self-interested investment preferences of local governments, which results in serious environmental pollution.
We aim to clarify the impact of fiscal decentralization on the green economy with China as an example. On the one hand, China is a typical centralized country and began the decentralization system reform in 1994. On the other hand, like other developing countries, China is facing severe environmental pressure. In 2021, China’s energy output rate was 84% of that of the United States, 57% of that of Germany and 59% of that of Japan. The contribution rate of China’s green total factor productivity (GTFP) growth to the overall economic growth is less than 30%, while the contribution rate of OECD countries has reached 60%. Research on China is a reference for other developing countries.
Compared with previous studies, our potential contributions are as follows. First, the ecological and economic effects of fiscal decentralization at the city level have been less explored. We construct urban green economic development indicators by GTFP and examine the impact of fiscal decentralization on the green economy, which makes up for the lack. Second, previous literature has neglected the examination of government policy synergy in the development of the green economy. We put fiscal decentralization and environmental regulation in the same analytical framework, explored the moderating mechanism of environmental regulation, and verified the theoretical viewpoint that multidimensional policies synergistically promote green economic development. Third, we also explore the mechanism of the effect of fiscal decentralization on the urban green economy from the perspective of technological innovation, which provides empirical evidence for understanding the economic and ecological effects of fiscal decentralization.
Literature review
Fiscal decentralization not only affects the supply of regional public goods but also profoundly affects the performance of the government’s ecological functions (Weingast, 2009). Fiscal expenditure is the basic way for local governments to support green economic development (Lee, 2011). The rationalization of the economic power structure between central and local governments can effectively give play to the macrostrategic advantages of the central government and the information advantages of local governments, which improves the efficiency of fiscal expenditures (Xu, 2011; Yang et al., 2020). The second generation of fiscal federalism believes that devolving part of the fiscal revenue and expenditure authority to local governments can enhance the sense of responsibility of local governments and improve their fiscal efforts, thus improving fiscal expenditure efficiency (Oates, 1985; Qian and Roland, 1998). Additionally, fiscal federalism theory suggests that local governments can provide public goods more efficiently than the central government in accordance with the conditions of their jurisdictions and the heterogeneous preferences of their residents (Qiao et al., 2008). These arguments provide a theoretical basis for fiscal decentralization promoting urban green economic development.
However, decentralization is not always perfect. Fiscal decentralization may lead to vertical fiscal imbalance and distort local government behavior, which results in negative outputs (You et al., 2019). For example, it has been argued that China’s fiscal decentralization system lacks integrity and normativity and negatively affects ecological improvement (Yang et al., 2021). This is due to the irrational design of the fiscal decentralization system that may cause an imbalance in economic structure and the prevalence of local government corruption (Xie et al., 1999; He, 2015; Jia and Nie, 2017). In addition, fiscal decentralization weakens the macrocontrol ability of the central government. When there is no effective supervision mechanism for local governments, fiscal decentralization makes it more difficult for the central government to restrain the behavior of local governments, resulting in self-interested investment preferences of local governments that “emphasize scale over ecology” (Zhang and Zou, 1998).
In addition, a growing body of literature pays attention to the impact of fiscal decentralization on technological innovation (Feng et al., 2021). For example, Lin and Zhou (2021a) argue that the vertical fiscal imbalance caused by decentralization is an important cause of inefficient technological innovation. Yang et al. (2020) found that fiscal decentralization predisposes local governments to a preference for “scale over innovation” in fiscal investment, which inhibits local governments’ innovation functions. However, technological innovation is an important support for ecological improvement (Koseoglu et al., 2022). Therefore, some studies have explored the role of fiscal decentralization in affecting ecological performance from the perspective of technological innovation and found that fiscal decentralization leads to the distortion of local government incentives, inhibits the government innovation function, and further inhibits energy performance (Lin and Zhou, 2021b). Drawing on these ideas, we also build a mediating effect model to test whether fiscal decentralization can affect the green economy by influencing technological innovation.
METHODOLOGY
Models
We investigate the impact of fiscal decentralization on the green economy by a two-way fixed effect model as in Eq. 1.
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where [image: image] denotes the GTFP of city i in year t, which is used to measure the level of urban green economy. This is appropriate because GTFP is a composite indicator that captures both economic growth and negative outputs of energy consumption and the environment (Yang et al., 2022). [image: image] indicates the degree of fiscal decentralization. [image: image] refers to a series of control variables that affect urban green economy, including industrial structure and population density and so on. [image: image] denotes the city dummy variable and [image: image] is the year dummy variable. [image: image] is the error term.
Based on Eq. 1, we continue to construct the models shown in Eqs. 2, 3 to test the mechanism of fiscal decentralization influencing the green economy.
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If fiscal decentralization has a significant effect on local green economy, that is, if [image: image] is significant, then Eqs. 2, 3 are further estimated. If [image: image] and [image: image] are simultaneously significant, then fiscal decentralization affects urban green economy by influencing technological innovation; thus, its indirect effect is [image: image]. If they are not simultaneously significant, then the indirect effect of technological innovation is not significant.
Variables and data
As mentioned earlier, we use GTFP to characterize the development level of green economy. Wang et al. (2020) proposed a two-period Biennial Malmquist–Luenberger Productivity Index (Biennial MLPI or BML) to measure GTFP. The index can not only solve the problem of infeasible solutions but also take into account technological retrogression. In addition, the previously calculated index also remains robust when the sample years are increased. Therefore, the index is somewhat better than the Global Malmquist–Luenberger Productivity Index (GML). We measure labor input in terms of the number of employed persons, capital input in terms of the real capital stock, and energy input in terms of the city’s annual electricity consumption. It is important to note that we use the perpetual inventory method to calculate capital stock. In particular, we set the depreciation rate at 10.96%. Output indicators include both expected output and unexpected output. The expected output is measured by real gross domestic product (GDP), which is converted to GDP in constant prices in 2003 through the GDP deflator. We measure the unexpected output by the emissions of three pollutants produced in industrial production: wastewater, sulfur dioxide and soot.
Fiscal decentralization (fisdec) is the core explanatory variable. Similar to Yang et al. (2020), we approximate the level of fiscal decentralization using the proportion of urban per capita fiscally budgeted expenditure to the sum of central, provincial and urban per capita budgeted expenditure.
The level of technological innovation (innovation) is our mediating variable. Considering that invention patents have the most innovative value and economic value among all patent types, we use the ratio of invention patent applications to the total population within a city to measure technological innovation.
We also control the following variables. (1) Financial development level (finance), measured by the ratio of bank deposits and loan balances to regional GDP. (2) Industrial structure (indstru), measured by the proportion of added value of the service industry in GDP. (3) Marketization level (marketization), measured by the marketization index of each province as disclosed by Wang et al. (2019). (4) Population density (population), measured by the logarithm of population per square kilometer. (5) Local government growth incentive (goal), measured by the economic growth targets set by local governments at the beginning of the year. (6) Environmental regulation (ER), measured by the frequency of environment-related words in the government’s annual work report.
Due to the availability of data, we conduct empirical analysis based on the panel data of 285 cities from 2003 to 2018. The data of invention patent applications are obtained from China’s Research Data Platform. The marketization level is obtained from the China Provincial Marketization Index Report. Local government economic growth targets and environmental regulation intensity are obtained by the authors according to the annual governments’ work reports of each city. Other data are obtained from the China Urban Statistical Yearbook. The statistical characteristics of each variable are shown in Table 1.
TABLE 1 | Statistical characteristics of variables.
[image: Table 1]RESULTS AND DISCUSSION
First, we estimate Eq. 1 based on city panel data to examine the effect of fiscal decentralization on the green economy and the results are shown in regressions (1–5) in Table 2. Among them, regression (1) is the result of estimation with only fiscal decentralization as the independent variable. We can see that fiscal decentralization plays a significant role in the development of urban green economy. Regression (2) further incorporates a series of control variables, and the results show that the coefficient of fiscal decentralization remains positive and still passes the significance test of 1%. The above results show that fiscal decentralization promotes urban green economy. This confirms the applicability of fiscal federalism theory in promoting decentralization reform and green economy in a large developing country such as China (Tiebout, 1956; Oates, 1985). The development of green economy is inherently dependent on local governments. On the one hand, local governments have a more specialized understanding of the development of green economy in their regions. Fiscal decentralization is conducive to the local information advantages of local governments, which overcomes the information asymmetry between the central government and local governments and guarantees the accuracy and flexibility of fiscal expenditures. On the other hand, fiscal decentralization has a certain incentive effect to stimulate the degree of fiscal effort and responsibility of local governments while expanding their fiscal expenditure authority, which is conducive to improving local fiscal expenditure efficiency on green economy.
TABLE 2 | Estimation results.
[image: Table 2]The factors affecting green economy are complex and some of them are difficult to quantify precisely. In addition, it is difficult to accurately include all control variables affecting green economy in our regressions. Therefore, the aforementioned estimation results face the problem of missing variables to some extent. We construct the interaction term between year and province where the city is located and add it to Eq. 1 for estimation to alleviate the problem of omitted variables. The results are shown in regression (3). The coefficient of fiscal decentralization is positive at the significance level of 1%, which is consistent with the previous results. In addition, China’s provincial capitals, municipalities directly under the central government, and municipalities with independent planning status have special status in regional and even national economic development, and most of them also enjoy special fiscal policies and political resources. Therefore, in regression (4) we exclude the sample of these cities. As seen, the results also affirm the role of fiscal decentralization in the development of green economy.
Existing studies have neglected the environmental institutional context in which fiscal decentralization affects green economy. Fiscal decentralization may have a differential impact on the green economy under different environmental regulation intensities. For this reason, we construct the interaction term between environmental regulation and fiscal decentralization and bring it into Eq. 1 for estimation. The results are shown in regression (5) in Table 2. The coefficient of fiscal decentralization remains significantly positive, while the interaction term is also significantly positive at the 1% level. This is similar to the findings of Song et al. (2018), which provides evidence that fiscal decentralization may better promote green economy under strict environmental regulation policies. Thus, environmental regulation is a reinforcing mechanism for fiscal decentralization to promote green economy and increasing the intensity of environmental regulation can strengthen the role of fiscal decentralization in promoting green economy.
Finally, we estimate Eqs. 2, 3 to examine the mechanism of fiscal decentralization influencing green economy. The results are shown in regressions (6) and (7) in Table 2. Fiscal decentralization can effectively promote technological innovation. This is also consistent with the view of fiscal federalism theory that fiscal decentralization enables local governments to better provide necessary public goods for technological innovation. In addition, technological innovation also plays a significant role in promoting urban green economy, which is also consistent with the mainstream view that technological innovation provides technical support and guarantees for green economy (Yan and Zhang, 2021). Combining the results of the two regressions, it can be judged that fiscal decentralization can promote the development of green economy by promoting technological innovation. In addition, we also conducted a Sobel test, and the results also support the existence of the mediating effect of technological innovation. After controlling for the mediating effect of technological innovation, the coefficient of fiscal decentralization on green economy remains significantly positive. This shows that technological innovation is a partial mediating variable and that fiscal decentralization may also promote urban green economy through other mechanisms.
CONCLUSION
We investigate the impact of fiscal decentralization on green economy and its mechanism based on panel data from China’s cities. As emphasized by the theory of fiscal federalism, fiscal decentralization enables local governments to better perform the functions in the regional economic system and promote urban green economy. From the perspective of policy synergy, environmental regulation is an enhanced mechanism for fiscal decentralization to promote urban green economy. China’s city-level environmental and fiscal policies have achieved effective synergy in promoting green economy. We also find that technological innovation is an important mechanism for fiscal decentralization to promote urban green economy. This finding complements studies on the ecological and economic effects of fiscal decentralization. Our study emphasizes the necessity of decentralization system reform in the development of green economy and affirms the applicability of fiscal federalism theory in guiding the practice of decentralization system reform in developing countries, which has important theoretical and practical implications.
Based on the above conclusion, more attention should be given to the role of decentralization system reform in green economic development. On the one hand, fiscal decentralization system reform should be deepened and give local governments greater autonomy in fiscal expenditure. On the other hand, green development requires the coordination of policies in different areas, especially the environmental system. In addition, innovation is an important support for green economic development. The reform of decentralization system should strengthen the incentive effect on technological innovation.
It should be noted that our study also has shortcomings and room for further expansion. For example, we did not include the environmental decentralization system in the analytical framework. Environmental decentralization and fiscal decentralization are two important issues that cannot be ignored in the reform of the decentralization system between the central government and local governments. Considering the synergy of the two types of decentralization systems in the process of promoting green economy is an important issue that needs to be studied in the future. In addition, although we examined the impact mechanism of fiscal decentralization on green economy from the perspective of technological innovation, we failed to exclude the existence of other mechanisms. The diverse mechanisms of the impact of fiscal decentralization on green economy also need to be further clarified in future studies.
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