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Abstract

:

Carbon emissions have become a global issue of increasing concern due to their detrimental impact on the environment. Efforts to combat rising emissions have been taken globally. Despite China’s commitment to globalization, policymakers have faced challenges in adequately addressing this pressing issue. This paper aims to fill this gap by exploring a specific aspect of international trade, namely service trade. We theoretically analyzed the impact of service trade on carbon emissions and then empirically examined the impact using panel data from 2009 to 2019 of 30 provincial regions in China. Specifically, a non-linear model was used to capture the direct effect, particularly the potential non-linear relationship; a mediating effect model was applied to investigate the indirect effects; and a panel quantile model was adopted to examine the heterogeneity of the impact across different levels of carbon emissions. The research revealed: (1) The impact of service trade on carbon emissions exhibits a non-linear characteristic with a significant inverted U-shaped relationship being evident, indicating that the development of service trade can ultimately contribute to carbon reduction; (2) service trade can directly impact carbon emissions through its scale effect, while mechanism analysis showed that service trade can indirectly affect carbon emissions through its technological and structural effects, with carbon emission reduction also relying on these mechanisms; (3) There is significant heterogeneity in the impact of service trade on carbon emissions across geographic regions and at different levels of carbon emissions in China.
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1. Introduction


The array of ecological and environmental issues triggered by global climate change, specifically due to the emission of greenhouse gases like carbon dioxide, pose significant challenges to the multifaceted sustainable development of human society, especially the environmental dimension [1]. Reducing carbon emissions and responding to global climate change has become a universal goal worldwide. The “Climate Change 2022: Mitigation of Climate Change” report issued by the Intergovernmental Panel on Climate Change (IPCC) proposes that global carbon emissions must be reduced by 40% before 2030 [1]. As the world’s second-largest economy and a major carbon emitter, China faces serious issues with high carbon emissions, which severely impact its high-quality economic development and ecological civilization construction. In 2019, China’s carbon emissions reached 10.71 billion tons, ranking first globally, as reported by the World Resources Institute (WRI). Facing the severe carbon emissions situation, China has proposed striving to peak carbon dioxide emissions before 2030 and achieve carbon neutrality by 2060. The successful implementation of these targets, in line with its Nationally Determined Contributions (NDCs) under the Paris Agreement, would not only spur the transition to a low-carbon economy within China but also contribute significantly to global carbon emissions reduction, thereby aiding in the worldwide effort to mitigate climate change.



International trade, which includes goods trade and service trade, plays a vital role in carbon reduction. While the overarching consensus underscores the potential of trade activities in facilitating carbon reduction, the precise mechanisms through which this occurs have been a subject of considerable debate. Various channels, such as the diffusion of cleaner technologies, improvements in energy efficiency, and the transition toward less carbon-intensive sectors, are often cited. However, the intricacies of these dynamics and their relative contributions to carbon reduction are topics that continue to invite exploration. In 2019, service trade contributed more than 20% to world trade and accounted for over 65% of the world’s GDP, becoming a new engine for world economic growth. Since 2005, the share of developing economies, including China, in world service trade has grown by more than 10% [2], reflecting the increasing role of developing countries in global service trade growth. The rapid development of China’s service trade is evident. As per the World Bank Dataset in 2019, the gross value of China’s service trade was about 5.3% of the nation’s GDP. Simultaneously, figures of the Ministry of Commerce of the People’s Republic of China indicated that this accounted for nearly 14.9% of China’s total volume of foreign trade. Service trade has become a key area for promoting China’s high-level openness and an important driver of carbon reduction.



The pollution and carbon emissions of the service industry itself are more covert compared to the industry, and therefore it has been regarded as a green industry for an extended duration [3]. In the trade field, service trade is far smaller in volume compared to goods trade, with characteristics of intangibility and transaction synchronicity. This has led to a long-term lack of attention to the research on pollution and carbon emissions in service trade [4,5]. Carbon emissions are one of the environmental impacts caused by production activities, and the environmental impacts of international trade, including carbon emissions, can be determined by scale, structural, and technological effects [6]. As an increasingly important part of international trade, the impact of service trade on the environment, particularly on carbon emissions, cannot be ignored. Consequently, what is the impact of service trade on carbon emissions? Is the relationship between service trade and carbon emissions non-linear? Can service trade effectively promote carbon emission reduction? What is the essential influencing mechanism in this process? Is there heterogeneity? The answers to these questions have significant practical significance for achieving China’s “dual carbon” goal.



Despite the burgeoning recognition of service trade’s role in carbon mitigation, there is a discernible void in the scholarly discourse pertaining to the non-linear characteristics, the transmission mechanisms, and the heterogeneous effects of service trade on carbon emissions, notably within China’s unique context. This research endeavors to fill this lacuna mentioned above, thereby fostering a more nuanced comprehension of the impact exerted by service trade on carbon emissions. The significance of this research is manifold. Firstly, it reveals the non-linear characteristics, transmission mechanisms, and heterogeneity of the impact of service trade on carbon emissions. Secondly, it offers fresh insights that could guide policy formulations for enhancing carbon reduction through service trade. Thirdly, it proposes innovative approaches that are critical to achieving China’s “dual carbon” goal and are potentially beneficial in confronting global warming on a broader, international scale.



The rest of the paper is structured as follows. Section 2 contains a literature review. Section 3 contains a theoretical analysis of the direct and indirect effects and presents the research hypotheses. Section 4 contains the research design, including the model design and variable description. Section 5 introduces the empirical results and analysis. Section 6 presents the results of the robustness tests and endogeneity treatments. Section 7 contains a further analysis, including a heterogeneity analysis of the geographical location and a heterogeneity analysis of the different levels of carbon emissions. Section 8 summarizes our research conclusions and puts forward corresponding policy recommendations. The specific research framework is shown in Figure 1.




2. Literature Review


2.1. Environmental Effects of the Service Sector


The service industry’s impact on carbon emissions has been a topic of increasing interest in recent years. Zheng et al. (2021) [7] conducted a study on the moderating effect of energy service companies (ESCOs) on the relationships between urbanization, industrialization, and CO2 emissions, finding that ESCOs significantly moderate these relationships. Roberts et al. (2021) [8] suggested that tackling service emissions requires additional efficiency measures for energy use and goods use and consideration of the emission intensities of exporting countries for imports. Shi et al. (2021) [9] used nighttime light data to evaluate carbon dioxide emissions from the service industry, traffic, and the secondary industry, finding that nighttime lights revealed up to 51.2% of traffic carbon emissions and 22.7% of service industry carbon emissions.



Several studies specifically concentrated on the impact of producer services on carbon emissions. Utilizing spatial econometric methods, Han and Xie (2017) [10] found that the specialized and diversified agglomeration of the financial sector, scientific research, technical services, and environmental governance and public facilities management hold significant spatial effects in reducing carbon emissions. A study by Li et al. (2019) [11] explored the impact of the collaborative agglomeration between the producer service industry and the manufacturing industry on carbon intensity, finding that industrial co-agglomeration can promote carbon intensity reduction. Yan et al. (2022) [12] found that producer services agglomeration (PSA) significantly inhibits CO2 emissions, but heterogeneous influences exist in different regions, time nodes, and sub-industries.



These studies highlight the potential of the service industry to contribute to carbon emission reduction through effective resource allocation, technological innovation, and industrial structure upgrading. However, further research is needed to fully understand the complex relationships between the service industry and carbon emissions.



The existing research on the relationship between service trade and carbon emissions mainly focuses on the following aspects.




2.2. Environmental Effects of Service Trade


Some scholars argue that the service industry is relatively clean, resulting in less pollution. They believe that service trade benefits environmental protection and has a positive impact on the environment. For instance, Tang and Ma (2009) [13] stated that the high degree of trade globalization in the service sector helps reduce environmental pollution. Fernandez (2010) [14] found that the liberalization of transportation service trade within the scope of the North American Free Trade Agreement can significantly reduce air pollution emissions. Levinson (2010) [5] revealed that American service trade exports primarily concentrate on low-pollution industries, contributing to reduced pollution levels in the U.S. service industry. This has allowed the U.S. to maintain a low level of pollution emissions. Steenblik and Grosso (2011) [15] further emphasized that international service trade plays a crucial role in enabling the adoption of energy utilization and low-carbon technologies.



Other scholars have found through research that the service industry and service trade have a negative impact on the environment in terms of pollution emissions. Salzman (1999) [16] divided the impact of service trade on the environment into direct and indirect effects, with chimney services and cumulative services having a direct impact on the environment and chimney services causing significant environmental pollution. Horner et al. [17] suggested that digital technology has altered business and consumption habits. The growth of e-commerce and online platforms has lessened reliance on physical stores and heavy industry, furthering the green transition of the economy.




2.3. Carbon Emission Effects of Service Trade


The multiple impacts of service trade on the environment have received significant attention in academia, yet studies focusing on the effects of service trade on carbon emissions are relatively rare. Zhang et al. (2015) [18] noted that the final demand for services in some countries leads to substantial emissions in other countries. Hu et al. (2018) [19] found that the expansion of commercial service trade can effectively promote carbon reduction. Zhang and Zhang (2018) [20] empirically found that the growth in service trade and improvements in trade structure can suppress carbon emissions. Sun and Ma (2019) [21] pointed out that the opening of service trade, especially the globalization of emerging service industries, can enhance energy utilization efficiency and carbon emission efficiency. Huo et al. (2021) [3] found that the carbon emissions implicit in service trade account for 30% of the total carbon emissions of global trade, with the Southern Hemisphere having a higher growth rate and carbon emission intensity in service trade. Feng et al. (2022) [22] found that service trade significantly improves carbon efficiency.



In reviewing the existing literature, we found that studies on the overall environmental effects of service trade are abundant, while research on the impact of service trade on carbon emissions is relatively scarce. Existing studies mainly focus on analyzing the linear impact of service trade on carbon emissions, paying less attention to non-linear characteristics, transmission mechanisms, and heterogeneous analysis of these impacts, and the research conclusions are not consistent. Based on these existing studies, this paper took China as the research object, used panel data from 30 provincial administrative regions in China from 2009 to 2019, and applied various econometric methods to explore the impact of service trade on carbon emissions. The main innovative points of this paper are as follows. Firstly, it explores the non-linear relationship between China’s service trade and carbon emissions, finding an inverted U-shaped characteristic; secondly, it empirically tests the transmission path of the impact of China’s service trade on carbon emissions, analyzing the potential operating mechanisms; thirdly, it analyzes the heterogeneous impacts of service trade on carbon emissions in different regions in China as well as at different levels of carbon emissions; and finally, it proposes policy suggestions on how China should further leverage the carbon-reducing role of service trade.





3. Theoretical Analysis and Research Hypotheses


Based on the direct and indirect impacts of service trade on the environment, service trade can be divided into “chimney services”, “cumulative services”, and “leverage services” [16], which are also applicable to categorizing them according to the different impacts they bring to carbon emissions. In service trade, “chimney services” encompass activities like transportation, power services, warehousing, and postal services, which directly emit carbon dioxide. On the other hand, “cumulative services” involve aggregating individual services with minimal environmental impact, like catering and automobile services, leading to significant carbon emissions. Additionally, “leverage services” pertain to service providers using their market positions to influence the environmental behaviors of producers, consumers, or participants in the supply chain. Services like consulting, financial services, advertising, and provision of intellectual property rights indirectly impact the behaviors of different market participants, resulting in varying degrees of carbon emissions.



The earliest research on the impact of international trade on the environment was carried out by Grossman and Krueger (1991) [6]. They explicitly divided the effect of international trade on the environment into three aspects: scale effect, technological effect, and structural effect. In other words, E = E1 + E2 + E3, where E represents the overall environmental effect of trade, and E1, E2, and E3 respectively represent the scale effect, technological effect, and structural effect. This “Three Effects” theory laid the foundation for the theoretical analysis of the environmental effects of international trade.



Recognizing that service trade is an important part of trade activities and carbon emissions are one of the significant factors affecting the environment and climate change, this research posits that the impact of service trade on carbon emissions can also be analyzed within the basic framework of the “Three Effects”. Additionally, this study considers the potential non-linear relationship between service trade and carbon emissions, leading to an examination of the potential non-linear effects of service trade on carbon emissions.



Based on these considerations, this paper discusses the complex impact of service trade on carbon emissions from two major aspects (direct effect and indirect effect) and four sub-aspects.



3.1. Direct Effect


3.1.1. Scale Effect


The direct effect (which is also the scale effect) of service trade on carbon emissions mainly exists in three aspects. First, the overall scale expansion of service trade objectively requires the use of more production factors, consumes more energy resources, and thus leads to more carbon emissions, which are mainly produced by “chimney services” and “cumulative services”. Second, digital service trade will have a significant impact on carbon emissions. On one hand, digital service trade relies on many data centers for data processing, which will directly produce carbon emissions. On the other hand, the carbon emission level of the digital service trade sector during its production process is lower than that of other industry sectors [23,24]. As the scale of digital service trade expands, it is very likely to promote green economic growth and carbon reduction [25,26]. Third, traditional logistics methods are a major source of carbon emissions in goods trade. Compared to goods trade, service trade can greatly reduce the dependence on traditional logistics methods which generate significant carbon dioxide, thus reducing carbon emissions. Therefore, this paper puts forward the following hypothesis:



Hypothesis 1:

Service trade can have direct impacts on carbon emissions by exerting scale effects.






3.1.2. Non-Linear Impact of Service Trade on Carbon Emissions


Grossman and Krueger (1995) [27] first proposed the Environmental Kuznets Curve (EKC), according to which environmental pollution increases before decreasing as the economy grows, showing an inverted “U”-shaped curve characteristic. As a crucial part of foreign economic activities, the impact of service trade on carbon emissions may also follow an order of increasing before decreasing [28]. Specifically for many developing countries, including China, at the early stage of service trade development, the home country tends to introduce or provide more “chimney services” with lower technology levels that are usually characterized by high consumption and high emissions, such as transportation services, communications, postal services, etc. The growth of these services will increase energy demand and produce more carbon emissions. At this time, “leverage services” will cater to the rapid development trend of other industries and choose to provide services that sacrifice low-carbon emission development methods, thereby indirectly intensifying the overall economy’s energy input and carbon emission levels.



Secondly, as service trade gradually matures, many high-value-added and low-emission services gradually become the main content of service trade, such as sales services, education services, health and social services, etc. As people gradually become aware of environmental issues during development, whether it is service imports or service exports, they will face stricter environmental protection requirements. This will also make service trade lean toward low-pollution and low-emission services, even for “leverage services” such as production services affecting industrial development, which will also have a positive indirect impact on carbon reduction. Therefore, this paper proposes the following hypothesis:



Hypothesis 2:

Service trade has a non-linear impact on carbon emissions, showing an inverted U-shaped relationship. The development of service trade can ultimately promote carbon reduction.







3.2. Indirect Effects


3.2.1. Technological Effect


The implementation of service trade fosters an environmentally beneficial technological spillover, thereby increasing energy use efficiency and supporting energy-saving and emission-reduction practices, which is the technological effect.



Initially, the progression of service trade, through the import of services, can directly facilitate energy-efficient and emission-reducing technologies for the producer service sector, such as environmental services like pollution and waste treatment. Furthermore, to enhance their competitiveness, service-exporting companies can demonstrate and encourage higher productivity levels within the service sector. They can also significantly improve the efficiency of manufacturing firms that employ service products as intermediate inputs, thereby boosting the total factor productivity of the national economy [29]. This inevitably leads to enhanced carbon efficiency and reduced carbon emissions.



Secondly, the advancement of service trade encourages domestic producers to imitate and learn from more advanced energy-saving and emission-reducing technologies present in imported services [30], thereby accelerating green, low-carbon technological innovation in related service sectors. The service sector further promotes the employment of technical talents across various industries, leading to technological spillovers. This in turn indirectly propels the progress of green, low-carbon technologies in other industries, elevating the overall level of low-carbon technologies used in economic activities, reducing per unit energy of output, and facilitating carbon reduction in the production process.



Lastly, with the growth in both service import and export trades, they increasingly face the constraints of stringent environmental trade barriers. On one side, for service import trade, this constraint paves the way for host countries to enjoy the benefits of more low-carbon and environmentally friendly technological advancements. Conversely, for service export trade, it imposes pressure on service providers in the home country to improve their energy-saving and emission-reduction levels [31,32], adapting to the environmental protection regulations and market demands of foreign countries [33].



In conclusion, the expansion of service trade can strongly propel the enhancement of energy use efficiency. Increases in energy efficiency can effectively curb carbon emissions [34,35], marking a crucial pathway toward achieving energy conservation and emission reduction [36]. Thus, this study proposes the following hypothesis:



Hypothesis 3:

Service trade can exert technological effects by influencing the level of low carbon technology, ultimately leading to carbon reduction.






3.2.2. Structural Effect


Service trade can exert influence on carbon emissions by playing a role in the optimization and upgrading of industrial structures, which is the structural effect.



Firstly, for the tertiary industry, the enhancement of service trade scale and quality can directly drive its development. The import of services trade can positively contribute to the social investment, human capital accumulation, and institutional innovation of the service industry, thus promoting the upgrade of domestic services. On the other hand, the development of service export trade can enhance the complexity of export technology [37], thereby promoting the expansion of service export competitiveness, driving the development of the service industry in the exporting country, and stimulating the transformation and upgrading of the industry structure in the exporting country.



Secondly, as for the manufacturing industry, service trade drives the development of producer service industries, which can increase the efficiency of the manufacturing industry by reducing transaction costs [38]. The growth of service trade can bring advanced technology, experience, and management from abroad to the manufacturing industry, aiding its transformation toward a more high-end and service-oriented direction.



Thirdly, the growth of service trade advances the openness of the service industry, igniting competition, demonstration, and investment effects, and promotes local traditional industries’ upgrade while driving the evolution of industries along the global value chain [39]. The structural optimization increases the low-energy-intensity service, which mitigates carbon emissions compared to equivalent industrial growth, contributing to a slower rate and lower intensity of carbon emissions [40]. Furthermore, this upgrade stimulates high-value-added and ‘clean’ industries, diminishing the proportion of polluting and high-energy-consuming sectors in the economy, thereby inhibiting carbon emissions [41,42,43]. Hence, the following hypothesis is proposed:



Hypothesis 4:

Service trade can exert structural effects by influencing the upgrading of industrial structures, ultimately leading to carbon reduction.





The mechanism analysis diagram is illustrated in Figure 2.






4. Research Design


4.1. Model Setup


4.1.1. Benchmark Regression Model


The IPAT model can be used to examine the impacts of human activities on the environment. Building on this, Dietz and Rosa (1994) [44] improved the IPAT model to create the STIRPAT model. The general form of this model is as follows:


  I = α  P b   A c   T d  ε  



(1)







In Formula (1),  I  represents the environmental impact caused by human activities,  P  denotes population size,  A  represents the economic level,  T  signifies technology level, and  ε  indicates error. In practical applications, we usually take the natural logarithm on both sides to get Formula (2):


  ln I = ln α + b ln P + c ln A + d ln T + ln ε  



(2)







To study the impact of service trade on carbon emissions, this paper drew on Shahbaz (2016) et al. [45] to set the environmental impact  I  as the level of carbon emissions. Their research intentionally integrates trade openness into their extended STIRPAT model, providing an empirical examination of the impact of trade openness on carbon emissions. The third section of this study carries out a comprehensive theoretical analysis and discusses the direct effect as well as the indirect effects of service trade on carbon emissions.



The direct effect includes the scale effect and the non-linear impact. Conversely, the indirect effects focus on environmentally friendly technological spillovers brought about by service trade, driving the technological effect on carbon emissions as well as the structural effect on carbon emissions through influencing industrial structure upgrade via service trade.



Therefore, within the framework of the STIRPAT model, after designating carbon emissions as the dependent variable, this study incorporated service trade as the core explanatory variable. In addition, considering the potential non-linear impact of service trade on carbon emissions, this paper also introduces a squared term of service trade into the model. Secondly, the per capita value added in the tertiary sector, total regional population, and green technology efficiency in the service sector are used to represent  I ,  P , and  T  respectively. Furthermore, considering that the level of service sector industrial structure [46] and environmental regulation [47] may also affect the level of carbon emissions, to minimize model specification error, these factors were included in the model as additional control variables. Ultimately, the empirical model was specified as follows:


  ln  C  i t   =  ∂ 1  +  β 1  ln t r a d  e  i t   +  β 2    ( ln t r a d  e  i t   )  2  + γ C  V  i t   +  μ i  +  ε  i t    



(3)







In Formula (3),  i  represents region;  t  represents time;    C  i t     represents the level of carbon emissions in various provinces of China;   t r a d  e  i t     represents service trade;   C  V  i t     represents control variables (including levels of economic development, population, technology, industrial structure, and environmental regulation);    ∂ 1    is the intercept;    β 1   ,    β 2   , and  γ  are parameters to be estimated;    μ i    represents regional fixed effects; and    ε  i t     is a random disturbance term.




4.1.2. Mechanism Impact Model


To analyze the indirect effects of service trade on carbon emissions, which consist of the technological effect (bringing environmentally friendly technological spillovers) and structural effect (influencing industrial structure upgrade) as the potential mediating mechanism, the mechanism impact model was set as Formula (4). This model was also used to verify the two research hypotheses relating to the two effects discussed above.


   M  i t   =  ∂ 2  +  β 3  ln t r a d  e  i t   +  β 4    ( ln t r a d  e  i t   )  2  + γ C  V  i t   +  μ i  +  ω t  +  ε  i t    



(4)







In Formula (4),    M  i t     represents the mediating mechanism variables, i.e., the paths through which China’s service trade influences carbon emissions, including improvements in energy efficiency (EF), level of industry structure sophistication (TS), and level of industry structure rationalization (TL). EF is the mediating variable that represents the technological effect, while TS and TL are the mediating variables that represent the structural effect.    ∂ 2    is the intercept, and    β 3    and    β 4    are the parameters of interest.



As the discussion based on the theoretical analyses and research hypotheses suggests, many studies have convincingly argued that industrial upgrading, which includes sophistication and rationalization of industry structure as well as improvements in energy efficiency (the three mediating mechanism variables), significantly contributes to reductions in carbon emissions (the dependent variable). Therefore, following the approach of Jiang (2022) [48], this study conducted an impact mechanism analysis by only examining the effect of the core explanatory variable (service trade) on the mediating mechanism variables. If service trade significantly influences energy efficiency and the levels of industrial structure sophistication and rationalization, which are the three mediating mechanism variables, it would suggest that service trade can influence carbon emissions through the mediating mechanism variables.    μ i    and    ω t    represent the fixed effects of the region and time, respectively, and    ε  i t     is the random disturbance term.




4.1.3. Panel Quantile Regression Model


Quantile regression can fit explanatory variable functions under different conditional distributions of the dependent variable. This paper uses the panel quantile regression model with fixed effects proposed by Koenker (2004) [49] to establish the following model for the impact of service trade on carbon emissions:


  ln  C  i t   ( τ ) =  ∂ 3  ( τ ) +  β 5  ( τ ) ln   trade   i t   +  β 6  ( τ )   ( ln t r a d  e  i t   )  2  + γ ( τ ) C  V  i t   +  μ i  ( τ ) +  ε  i t    



(5)







In Formula (4),   ln  C  i t   ( τ )   is the quantile of the natural logarithm of carbon emissions;    ∂ 3  ( τ )   is the intercept at the quantile  τ ;    β 5  ( τ )   and    β 6  ( τ )   are the parameters of interest in this study, estimated at the quantile  τ ;    μ i  ( τ )   is the individual fixed effect at the quantile  τ ; and    ε  i t     is a random disturbance term. The range of the quantile  τ  is   τ ∈ ( 0 , 1 )  .





4.2. Variable Description and Data Explanation


4.2.1. Dependent Variable


Carbon Emissions (C). The total amount of CO2 emissions was used to represent carbon emissions in this paper. Figure 3 illustrates the carbon emissions from 2009 to 2019 in China, including the whole country as well as the Eastern and Central–Western regions in China. Carbon emissions nationwide surged 51% from 2009’s 8153.4 million tons to 12,289.75 million tons in 2019. The Central and Western regions saw an approximate 65% hike (from 4537.15 to 7488.982 million tons), whereas the Eastern region grew around 32.8% (from 3616.25 to 4800.77 million tons). Overall, carbon emissions rose across China during this period, with more pronounced and swift increases in the Central and Western regions and more moderate growth in the Eastern region.




4.2.2. Core Explanatory Variable


Service Trade (trade). This paper uses the total amount of service imports and exports to represent service trade. Figure 4 charts the course of service trade totals for China and its regions from 2009 to 2019. The national and Eastern totals initially followed an oscillating growth trend, peaking in 2017 at USD 1.0593 trillion and USD 940.56 billion, a dramatic escalation from their 2009 figures of USD 284.31 billion and USD 260.45 billion, respectively. These totals then descended to USD 876.6 billion and USD 747.99 billion by 2019, respectively. Conversely, the Central and Western regions in China, although smaller in total scale, sustained an upward trajectory, swelling from USD 23.85 billion in 2009 to USD 128.61 billion in 2019—a substantial surge of about 539%.




4.2.3. Control Variables


	(1)

	
Population Level (pop). This paper uses the number of permanent residents at the end of each year in each province to represent the population level.




	(2)

	
Level of Service Industry Development (dls). The level of service industry development can reflect the overall development of the service industry in which service imports and exports are located. This paper uses the per capita added value of the tertiary industry in each province to represent the level of economic development.




	(3)

	
Service Industry Technology Level (tech). This paper, referring to Teng (2020) [50], measures the green total factor productivity of the service industry in each province and decomposes it into the index of changes in green technology efficiency and the index of changes in green technological progress of the service industry, selecting the index of changes in green technology efficiency to represent the service industry technology level.




	(4)

	
Service Industry Structure Level (stru). This paper first divides the service industry into environmentally friendly services and non-environmentally friendly services. Non-environmentally friendly services specifically include wholesale and retail, transportation, storage and postal services, accommodation and catering services, and real estate. The rest are environmentally friendly services. This paper uses the proportion of the added value of environmentally friendly services in the added value of the tertiary industry to represent the level of the service industry structure.




	(5)

	
Environmental Regulation (regu). This paper selects local public fiscal expenditure on environmental protection to represent environmental regulation.








4.2.4. Mechanism Variables


	(1)

	
Energy Efficiency (EF). Following the practice of Lyubich et al., (2018) [51], this paper selects energy productivity, i.e., the ratio of regional GDP to standard coal energy consumption, to represent energy efficiency.




	(2)

	
The upgrading of the industrial structure is mainly measured from the aspects of the sophistication and rationalization of the industrial structure. Industrial structure sophistication is carried out with the deepening of division of labor and specialization. So, following the practice of Li and Wu (2012) [52], this paper constructs the level of industrial structure sophistication (TS) with the calculation formula as follows:


  T S =   ∑  i = 1  3     L  P i     P i    , i = 1 , 2 , 3  



(6)











In Formula (6),   L  P i    represents the labor productivity of each industry, which is represented by dividing the added value of primary, secondary, and tertiary industries by the number of employees in each industry.    P i    represents the proportion of each industry’s added value of GDP.



Rationalization of industrial structure is a comprehensive reflection of the degree of coordination between industries and the utilization of resources. The level of industrial structure rationalization (TL) draws on the ideas of Gan et al. (2011) [53] but adjusts it as follows:


  T L = 1 /   ∑  i = 1  3   (    Y i   Y  )   ln (    Y i     L i    /  Y L  ) , i = 1 , 2 , 3  



(7)







In Formula (7),    Y     represents the gross production value,  L  represents the number of employees in each industry, and  i  represents the industry. The closer   T L   is to zero, the less rational the industrial structure is.




4.2.5. Data Source


This study took 30 provincial regions in China (excluding Tibet, Hong Kong, Macao, and Taiwan) as research objects. Referencing the research of Shen et al. (2021) [54], this paper grouped China’s 30 provincial-level administrative areas into the Eastern and Central–Western regions according to geographic locations. Specifically, the Eastern region encompassed Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan (11 regions). The Central–Western region comprised Inner Mongolia, Chongqing, Sichuan, Guangxi, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, Shanxi, Jilin, Heilongjiang, Henan, Hubei, Hunan, Anhui, and Jiangxi (19 regions). The research period was 2009 to 2019. Carbon emission data were sourced from CEADs.net (Carbon Emission Accounts and Datasets for emerging economies) [55,56,57,58]; service trade data, expressed in US dollars at the average annual exchange rate, were primarily drawn from the China Business Statistics Yearbook, provincial commerce departments, and provincial statistical yearbooks. Some data were estimated through growth rates in the Yearbook or linear interpolation for missing values. The remaining data were primarily drawn from the China Environmental Statistics Yearbook, China Energy Statistics Yearbook, China Tertiary Industry Statistics Yearbook, Wind Dataset, various provincial statistical yearbooks, and the National Bureau of Statistics of China, with missing values estimated using a fitting method. The service industry technology level (variable tech) accounted for price variable data deflated to the year 2000. Descriptive statistics of main variables are displayed in Table 1.



This paper then proceeds to preliminary data screening. To avoid spurious regression in the empirical analysis, the stationarity of the data was initially examined. We adopted three different methods of unit root tests—the LLC, Fisher-ADF, and Fisher-PP tests. Both the LLC and Fisher-PP tests were significantly passed, leading us to consider the variables in this study as stationary. Subsequently, the Kao test was employed, and the results suggested a long-term high-level cointegration relationship between the dependent and explanatory variables. Finally, we applied the Variance Inflation Factor (VIF) test to examine potential multicollinearity among the independent variables of the benchmark regression model. The VIF test results revealed that all VIF values were less than 10, as shown in Table 2, indicating the absence of multicollinearity among the variables.






5. Empirical Analysis


5.1. Benchmark Regression


To consider the differences in the effects estimated via different estimation methods, the existence of individual effects in the research object, and the possible omission of variables that do not change with time, as well as to eliminate heteroscedasticity and autocorrelation problems, this paper used a panel fixed-effects model with cluster robust standard errors for regression analysis.



Table 3 reports the benchmark regression results of the impact of service trade on carbon emissions. The regression results from Column (1) to Column (4) show that with unincluded and gradually included control variables, the first-order term of service trade was positive, the second-order term was negative, and both were significant at least at the 10% significance level. As shown in Column (6), after all control variables were included, the coefficients of the first-order and second-order terms of service trade were 0.152 and −0.017, respectively, and were significant at the 1% significance level. This indicated that: first, service trade can have scale effects and directly affect carbon emissions, which verified Hypothesis 1; second, the impact of service trade on carbon emissions has non-linear characteristics, and there is an inverted U-shaped relationship between service trade and carbon emissions that first promotes and then suppresses, which verified Hypothesis 2.



In line with these findings, a more detailed examination of the changing coefficients revealed some intriguing insights. From model (1) to model (6) in Table 3, the coefficient of the first-order term of service trade (lntrade) decreased from 0.218 to 0.152 as we sequentially included control variables. This suggests a diminishing direct carbon emission effect as the scale of service trade increases, given the consideration of more control variables. The largest decrease in the coefficient occurred after introducing the population control variable (lnpop), potentially signifying a certain mitigating effect on carbon emissions due to the expanding population size.



On the other hand, the coefficient of the second-order term of service trade (lntrade) saw an increase from −0.013 to −0.017 when more control variables were gradually included. This indicates that the suppressing effect on carbon emissions becomes more prominent when the scale of service trade reaches a certain level, and even more so when additional control variables are considered. The absolute increase in the second-order term coefficient, especially after the inclusion of service industry technology level (lntech) and population (lnpop), could reflect that service technological progress and population growth might further strengthen the reduction in service trade carbon emissions as its scale expands.



The reason why service trade can exert scale effects and directly affect carbon emissions may be due to its overall scale changes, which lead to changes in the use of production factors and the consumption of energy resources, mainly through “chimney services” and “cumulative services”, which directly impact carbon emissions. In addition, the development of digital service trade changes energy consumption and subsequent carbon emissions, and service trade partly changes and replaces the traditional logistics methods of goods trade, which will also directly affect carbon emissions.



Service trade initially escalates carbon emissions due to early dominance of high-consumption, high-emission “chimney services” and “leverage services” driving high-carbon production activities. Over time, with more stringent environmental regulations and service trade reaching a certain level, the focus shifts to high-value, low-emission services, and “leverage services” encourage industries to move toward lower emissions, thus initiating a “carbon emission reduction effect”.




5.2. Mechanism Analysis


Table 4 presents the regression structure of the influence mechanism analysis.



As per Table 4, the significant negative linear and positive quadratic coefficients of service trade in Columns (1), (2), and (3) signify a U-shaped relationship between service trade and both energy efficiency and industrial structure refinement. This supports Hypotheses 3 and 4, which suggested that service trade can affect carbon emissions by exerting structural and technological effects, respectively. At the initial stages, service trade could not enhance industrial upgrading or energy efficiency, likely because its dividend effects on industrial upgrades and improved energy utilization were overshadowed.



5.2.1. Technical Effect


Column (1) of Table 4 shows how service trade influences low-carbon technology level, thus enabling carbon reduction.



In the initial stages of service trade development, advanced clean technologies are introduced. However, a larger technology gap makes low-tech sectors reliant on foreign technologies, curbing the motivation for green innovation. High-tech industries are further dissuaded from their own green innovation due to cheaper foreign services replacing costly domestic R&D.



Once service trade surpasses a certain threshold, the narrowing gap between domestic and foreign technology, coupled with decreased domestic R&D costs, allows domestically less-technology-intensive industries to enhance their capabilities by integrating advanced clean production technologies, reducing dependence on foreign technology. For high-tech industries, there is a shift toward domestic R&D over foreign services. At this juncture, service trade’s green, low-carbon tech spillover begins playing a positive role, rekindling domestic enterprises’ autonomous green, low-carbon innovation abilities.



In this phase, service import trade aids in domestic green technology imitation. Service export trade sees domestic enterprises learning from market leaders with green advantages, leading to a “learning in export” effect and a reverse technology spillover. The quest for greener services also prompts host countries to assist service export enterprises with green tech, boosting home-country technological progress.



As theoretically analyzed, augmenting energy efficiency effectively lowers carbon emissions. Thus, service trade can, beyond a specific development stage, enhance energy efficiency and reduce carbon emissions, demonstrating service trade’s technological effect in promoting carbon reduction.




5.2.2. Structural Effect


As illustrated in Columns (2) and (3) of Table 4, service trade influences industrial structure upgrade through structural effects, ultimately inducing carbon reduction.



During initial service trade phases, developing countries typically import capital-intensive services and export labor-intensive services [59], creating dual effects. On the one hand, due to the intangible nature of service trade, most of the effects related to service trade need physical carriers, so it largely relies on the exertion of the employment effect to promote industrial structure upgrading. However, an increased deficit in capital-intensive services may offset employment gains from a labor-intensive service surplus, hindering technology spillover and adversely impacting industrial structure upgrading. On the other hand, low-profit labor-intensive services exported by developing nations contrast with high-value capital-intensive services from developed countries, impairing capital accumulation in developing nations. The capital accumulation is critical for regional industrial growth and structural enhancement. Thus, early service trade phases can suppress industrial structure upgrading due to diminished or negative effects on capital accumulation.



Over time, service trade in developing countries has grown, and capital-intensive service sectors have made significant strides. Domestic capital-intensive service sectors are now capable of partially substituting foreign services and venturing into exports, reducing the deficit in capital-intensive services. This promotes both capital accumulation and overall employment growth. Ultimately, it significantly contributes to the upgrading and rationalization of the industrial structure.



The theoretical analysis suggested that industrial structure upgrading effectively reduces carbon emissions. Hence, past a certain development level, service trade can stimulate industrial structure upgrading and reduce carbon emissions, thereby exerting structural effects and ultimately promoting carbon reduction.






6. Robustness Test


6.1. Robustness Test


In the robustness test, we first replaced the core explanatory variable with service trade dependence (tra), the ratio of service trade volume to GDP. The rationale for selecting this variable lies in its ability to link service trade with the overall scale of economic activity. This allowed our research to consider the relationship between service trade and carbon emissions from a broader perspective and scope not solely restricted to the service trade itself. The results are shown in Column (1) of Table 5.



Next, we employed the bootstrap resampling method for additional robustness testing. By setting the sample size to 330 and running 100 iterations, this method offered reliable parameter estimates, accounting for potential variance and bias. The essence behind this step was leveraging the capability of bootstrapping to simulate possible data distributions, thereby exploring inherent uncertainties within the data. The resampling process yielded significant results, as evident in Column (2) of Table 5.



Furthermore, we replaced the dependent variable with per capita carbon emissions (lnPC) and carbon emissions per square kilometer (lnLandC). The actual cause behind this replacement lies in the different aspects of carbon emissions that each variable emphasizes: per capita carbon emissions reflect the impact of population size and individual consumption, whereas carbon emissions per square kilometer underscore the spatial density of carbon emissions. These substitutions allowed us to better measure the effects of service trade on carbon emissions from distinct angles, thereby providing a more robust confirmation of our results. The results are shown in Columns (3) and (4) of Table 5.



A uniformity can be observed across all columns of Table 5. We can observe that the coefficients of lntrade in Columns (1), (2), and (3) of Table 5 were all positive and statistically significant at the 1% level. This consistency across different robustness checks further underscored the stability of these variables’ relationship with carbon emissions regardless of the changes in dependent variables or the application of bootstrap resampling, which also validated the robustness of the benchmark regression results.




6.2. Endogeneity Treatment


To address the influence of time-varying omitted variables, this study employed time-fixed effects, Two-Stage Least Squares (2SLS), and the System Generalized Method of Moments (System GMM) for robustness and endogeneity mitigation. Adding time-fixed effects allowed for the handling of variables that changed over time but not with entity changes, with the results shown in Column (1) of Table 6. Using the method of Wang and Li (2015) [60], the one-period lag of the core explanatory variable (L.lntrade) was used as the instrumental variable for the 2SLS regression, with the results shown in Column (2) of Table 6. Furthermore, adopting the method by Feng et al. [22], we introduced the lagged dependent variable (L.lnC) as the proxy for omitted variables and employed System GMM to address potential endogeneity, as seen in Column (3) of Table 6. After addressing potential endogeneity issues, all regression results confirmed the inverted U-shaped relationship, signifying that the impact of service trade on carbon emissions first intensifies, then weakens.





7. Further Analysis


7.1. Heterogeneity Analysis Based on Geographic Locations


Considering that the level of service trade development may vary due to different resource endowments, the disparate endowments caused by geographical locations could potentially influence the impact of service trade on carbon emissions. Accordingly, this paper divided the sample into the east and central west in China according to geographical location for regression.



Table 7 shows the regression results after sample division. The results for both the Eastern and Central–Western regions of China are discussed in Columns (1) and (2), respectively.



In Columns (1) and (2), it can be observed that the linear term for service trade was positive, the quadratic term was negative for both the east and the central west, and both were significant at least the 10% level of significance, indicating that the relationship between service trade and carbon emissions is an inverted U-shaped curve in these regions.



Regarding the level of service trade development corresponding to the turning point, the Eastern region (turning point at 5.70) was considerably higher than the Central–Western region (turning point at 3.48). This discrepancy may be attributed to the Eastern region’s head-start in liberalization and early-stage development of service trade, which initially centered on high carbon-emitting “chimney services”. Furthermore, “cumulative services”, in which an individual service’s carbon emissions are easily overlooked, constituted a significant proportion in early service trade due to their high economic benefits and concealed emissions. As service trade evolves, “chimney services” and “cumulative services” tend to exert considerable resistance against the shift of service trade toward sectors with lower carbon emissions, thus inhibiting the transition of service trade toward having a carbon reduction effect.



In terms of the magnitude of carbon reduction effect of service trade post-turning point, there is a phenomenon in which the development of service trade in the central west has a greater inhibitory effect on carbon emissions than in the east. The regression results showed that after surpassing the turning point, for every 1% increase in service trade, the carbon emissions in the central west were directly reduced by 0.048%, while those of the east were reduced by 0.046%. That is, at the same level of service trade, the development of service trade of the central west in China brings about a greater marginal benefit in carbon reduction.



The reason for this could be that, compared to the Eastern region, the carbon reduction effect of service trade in the Central–Western region exhibits a “latecomer advantage”. The Central–Western region’s economic development relies more heavily on energy resources, resulting in higher energy consumption and emissions. Once service trade develops considerably, it stimulates the rapid development of the service industry, which has a lower level of carbon emissions compared to the local traditional industries. Moreover, “leverage services” could expedite the evolution of producer services, swiftly exerting influence on industries that are relatively larger and more reliant on energy inputs. This could indirectly foster the reduction in carbon emissions.




7.2. Heterogeneity Analysis Based on Varying Levels of Carbon Emissions


Considering the likely variances in service trade preferences at different levels of carbon emissions, focusing solely on the average impact of service trade on carbon emissions levels may yield a skewed perception. To delve deeper into the heterogeneity arising at different carbon emissions levels, this paper employed a panel quantile regression model to estimate the specific impact of service trade on different levels of carbon emissions.



The results of the panel quantile regression are shown in Table 8.



Firstly, it can be seen in Table 8 that the inverted-U relationship between service trade and carbon emissions varied at different emission levels. According to the regression results in Column (1) to Column (5) in Table 8, before the turning point, each 1% increase in service trade would exacerbate carbon emissions by 0.073% to 0.106%, all of which were lower than the benchmark regression of 0.118%. After the turning point, each 1% increase in service trade would reduce carbon emissions by 0.036% to 0.066%, all of which were higher than the benchmark regression of 0.034%. This suggests that at different carbon emissions levels, service trade could exert a weaker influence on exacerbating carbon emissions and a stronger one on curbing carbon emissions.



Secondly, for each quantile in the panel fixed-effects model in the benchmark regression, according to Column (6) in Table 8, the turning point at which the effect of service trade on carbon emissions transitions from positive to negative was calculated to be 4.47. However, according to the panel quantile regression results from Column (1) to Column (5) in Table 7, the calculated turning point was between 2.1 and 3.83, significantly lower than 4.47. The standard panel fixed-effects model might overestimate the period in which service trade exacerbates carbon emissions, meaning that as service trade grows, its impact on carbon emissions will transition to negative at a higher level. However, the panel quantile regression results suggest that in some provincial-level administrative regions, service trade has already begun to curb carbon emissions, entering a stage that promotes carbon emission reduction.



Thirdly, the impact of service trade on carbon reduction shows a clear “W”-shaped trend. According to the results of the panel quantile regression (Columns (1) to (5) in Table 8), it can be calculated that for each 1% increase in service trade, carbon emissions were reduced by 0.038%, 0.036%, 0.046%, 0.036%, and 0.066% at the five quantiles, respectively. This indicates a “W”-shaped trend—a contraction–expansion–retraction–resurgence trajectory for the carbon reduction effect of service trade as the level of carbon emissions increases.



A potential reason for this trend could be that in the globalized market, the competition in the international market may lead to a “W”-shaped impact of service trade on carbon emissions. During phases of carbon reduction expansion, enterprises leverage low-carbon services to bolster environmental competitiveness, amplifying the carbon reduction ability of service trade. Conversely, under competitive stress, enterprises might loosen carbon emission limitations of their services to decrease their cost of environmental protection, reducing service trade’s carbon mitigation capability, thus creating a “W”-shaped trend.





8. Conclusions and Policy Recommendations


The research conclusions are as follows: (1) The impact of service trade on carbon emissions exhibits non-linear characteristics, revealing an inverted U-shaped relationship between the two; (2) service trade can directly impact carbon emissions by exerting a scale effect (it can also indirectly affect carbon emissions through technological and structural effects, eventually leading to carbon reduction; and (3) the impact of service trade on carbon emissions has obvious heterogeneity in China, with service trade in the central west achieving an earlier shift in carbon emission reduction and a stronger reduction effect.



Based on theoretical analysis and empirical research, this paper proposes the following policy recommendations.



Firstly, enhancing the speed and quality of service trade development is vital. While its early acceleration might initially raise carbon emissions, service trade will eventually contribute to emission reduction. Therefore, investment and policy support should be increased in key sectors such as education, healthcare, and tourism to boost the transition to a low-carbon economy. It is crucial to eschew extensive growth and instead optimize service trade’s content and structure. Environmental governance can improve enterprise performance while balancing corporate environmental responsibility [61]. Enterprises should be guided to select services that balance economic gains with carbon emissions, hastening carbon mitigation via service trade. Talent, being the primary “physical carriers” of service trade, are integral to this process. Emphasis should be placed on cultivating technical personnel proficient in energy saving and emission reduction in the service import and export sectors. The ripple effect of their services can further encourage carbon reduction across economic activities.



Secondly, enhancing service trade agglomeration that marries scale with quality; optimizes regional industrial structures; and bolsters green, low-carbon tech innovation is key. Service trade can cut carbon emissions through scale, technological, and structural effects. We should increase the concentration of efficient, low-carbon services and trade; elevate resource and energy utilization efficiency; maximize scale effects; and achieve carbon reduction. Moreover, emphasis should be placed on optimizing the industrial structure and fostering green, low-carbon technology. Policy measures should be used to adjust and optimize the structure of service trade and industry while guiding the transition and upgrade of industrial structures. Companies should be motivated to boost green, low-carbon technology development while ensuring eco-friendly innovation inputs and minimizing resource wastage. Lastly, the combined leverage of service trade’s scale, structural, and tech effects is crucial. Their synergy should drive enhanced carbon reduction, fostering harmonious, sustainable development across the economy, society, and the environment.



Thirdly, a regionally tailored service-trade-led carbon reduction strategy should be implemented that can bridge the gap between Eastern and Western China. This strategy includes the following. (1) For the Central and Western regions, targeted policies should be introduced to achieve early carbon reduction and robust results by leveraging the “latecomer advantage” of service trade in emission reduction. This involves offering tax incentives, financial support, and promoting technology research and development in energy-saving and emission reduction. Collaboration with domestic and international partners for adopting advanced green, low-carbon technologies will foster a transformation towards a more eco-friendly and sustainable economy. (2) For the Eastern regions, a focus on invigorating green service trade innovation and diversification is essential, encouraging the import of advanced green services and supporting green technology innovation in service-export companies. Technology collaboration and sharing between domestic and international firms should be fostered, enabling the transfer of advanced, green, low-carbon technologies to domestic firms, thus amplifying the overall impact of emission reduction efforts. (3) Establish and refine market-based mechanisms like carbon emission taxation and emission rights trading in regions with varying emission levels. This will encourage firms to consider domestic emission reduction alongside international competition, steering service trade toward a greener, low-carbon direction. By implementing these region-specific strategies and further market-based mechanisms, China can address the disparity between Eastern and Western regions in service trade and carbon reduction. It will foster a more balanced and harmonious development across the country, contributing to the overall achievement of the “dual carbon” goals and combating global warming effectively.



In light of the above findings, as China’s service trade continues to develop and with the ongoing progress of “carbon peaking” and “carbon neutrality” goals, the key direction for future research could be to construct variables that more comprehensively reflect the level of service trade development. Further exploration of potential indirect mechanisms through which service trade promotes carbon emission reduction is also suggested.



Additionally, many of our empirical results have demonstrated a significant positive regression coefficient for the control variable of population, indicating that population growth indeed propels carbon emissions to some extent. However, the influence of population on carbon emissions is intricate and multifactorial. The focus of this study remained on the relationship between service trade and carbon emissions. As China transitions from a one-child to a two-child policy, changes in population structure and growth are inevitable. These alterations’ impacts on carbon emissions necessitates further in-depth research. The population issue might suggest another direction for future research: exploring greener and more sustainable development paths for service trade to accommodate evolving population dynamics and environmental conditions. It will facilitate the better incorporation of future population changes into the development and implementation of population policies for carbon reduction.
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Figure 1. Diagram of the research framework. 
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Figure 2. Mechanism analysis diagram. 
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Figure 3. Trends in carbon emissions in the country and regions. 
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Figure 4. Trends for service trade in the country and regions. 
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Table 1. Descriptive statistics of variables.






Table 1. Descriptive statistics of variables.





	Variable
	Average Value
	Standard Deviation
	Minimum Value
	Maximum

Value





	lnC
	5.605
	0.773
	3.568
	7.438



	lntrade
	4.138
	1.659
	−0.371
	7.691



	lnpop
	8.196
	0.739
	6.323
	9.433



	lndls
	9.892
	0.636
	8.581
	11.81



	lntech
	0.0301
	0.0453
	−0.0479
	0.104



	lnstru
	−0.618
	0.126
	−0.893
	−0.270



	lnregu
	4.662
	0.659
	2.592
	6.615



	TS
	2.792
	0.549
	1.664
	4.329



	TL
	1.184
	0.590
	0.517
	3.989



	EF
	1.369
	0.594
	0.397
	3.406










 





Table 2. Variance Inflation Factor (VIF) test results.






Table 2. Variance Inflation Factor (VIF) test results.





	Variable
	lndls
	lnpop
	lntrade
	lnregu
	lnstru
	lntech
	Mean





	VIF
	7.370
	6.780
	6.610
	4.280
	1.700
	1.010
	4.62



	1/VIF
	0.136
	0.148
	0.151
	0.234
	0.590
	0.986
	0.216










 





Table 3. Benchmark regression results.






Table 3. Benchmark regression results.














	Variable
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)





	lntrade
	0.218 ***
	0.220 ***
	0.192 ***
	0.192 ***
	0.200 ***
	0.152 ***



	
	(3.94)
	(3.96)
	(3.78)
	(3.87)
	(4.05)
	(3.29)



	(lntrade)2
	−0.013 *
	−0.014 **
	−0.016 **
	−0.016 ***
	−0.017 ***
	−0.017 ***



	
	(−2.04)
	(−2.06)
	(−2.40)
	(−2.79)
	(−3.02)
	(−2.99)



	lntech
	
	−0.408 ***
	−0.364 ***
	−0.365 ***
	−0.372 ***
	−0.328 ***



	
	
	(−2.97)
	(−2.89)
	(−3.04)
	(−3.48)
	(−3.38)



	lnstru
	
	
	0.589 **
	0.579
	0.556
	0.361



	
	
	
	(2.18)
	(1.58)
	(1.48)
	(0.86)



	lnregu
	
	
	
	0.003
	−0.033
	−0.076



	
	
	
	
	(0.05)
	(−0.58)
	(−1.18)



	lnpop
	
	
	
	
	0.808 **
	0.785 **



	
	
	
	
	
	(2.16)
	(2.23)



	lndls
	
	
	
	
	
	0.146



	
	
	
	
	
	
	(1.31)



	Constant
	4.967 ***
	4.977 ***
	5.497 ***
	5.480 ***
	−0.995
	−1.968



	
	(35.14)
	(36.06)
	(25.29)
	(13.49)
	(−0.32)
	(−0.62)



	Region FE
	YES
	YES
	YES
	YES
	YES
	YES



	R2
	0.253
	0.266
	0.300
	0.300
	0.324
	0.341







Note: robust t-values in parentheses; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.













 





Table 4. Results of the mediating mechanism analysis.






Table 4. Results of the mediating mechanism analysis.





	
Variable

	
(1)

	
(1)

	
(3)




	
EF

	
TS

	
TL






	
lntrade

	
−0.263 ***

	
−0.096 *

	
−0.161 **




	

	
(−4.82)

	
(−1.92)

	
(−2.05)




	
(lntrade)2

	
0.033 ***

	
0.015 ***

	
0.022 ***




	

	
(3.84)

	
(2.78)

	
(3.17)




	
lntech

	
0.093

	
−0.113

	
0.289




	

	
(0.85)

	
(−0.62)

	
(1.08)




	
lnnstru

	
−0.504

	
0.196

	
−0.235




	

	
(−0.93)

	
(0.50)

	
(−0.91)




	
lnregu

	
0.205 ***

	
0.122 *

	
0.130




	

	
(3.13)

	
(1.76)

	
(1.51)




	
lnpop

	
−0.614

	
2.066 ***

	
−0.532 *




	

	
(−1.07)

	
(4.55)

	
(−1.74)




	
lndls

	
0.300

	
1.006 ***

	
−0.055




	

	
(1.62)

	
(6.17)

	
(−0.53)




	
Constant

	
2.482

	
−24.012 ***

	
5.412 **




	

	
(0.46)

	
(−5.94)

	
(2.19)




	
R-squared

	
0.853

	
0.694

	
0.551




	
Region FE

	
YES

	
YES

	
YES




	
Year FE

	
YES

	
YES

	
YES








Note: robust t-values in parentheses; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.













 





Table 5. Robustness test results.
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Variable

	
(1)

	
(2)

	
(3)

	
(4)




	
lnC

	
lnC

	
lnPC

	
lnLandC






	
lntrade

	

	
0.152 ***

	
0.079 ***

	
0.150 ***




	

	

	
(3.87)

	
(3.34)

	
(3.41)




	
(lntrade)2

	

	
−0.017 ***

	
−0.009 ***

	
−0.020 ***




	

	

	
(−3.89)

	
(−2.81)

	
(−3.34)




	
lntra

	
0.186 **

	

	

	




	

	
(2.44)

	

	

	




	
(lntra)2

	
−0.018 **

	

	

	




	

	
(−2.41)

	

	

	




	
lntech

	
−0.304 ***

	
−0.328 *

	
−0.159 ***

	
−0.189 **




	

	
(−3.05)

	
(−1.83)

	
(−3.26)

	
(−2.46)




	
lnstru

	
0.356

	
0.361

	
0.085

	
0.106




	

	
(0.84)

	
(1.52)

	
(0.44)

	
(0.35)




	
lnregu

	
−0.100

	
−0.076 *

	
−0.033

	
−0.028




	

	
(−1.44)

	
(−1.85)

	
(−0.87)

	
(−0.46)




	
lnpop

	
0.721 *

	
0.785 ***

	
−0.185

	
0.644




	

	
(2.01)

	
(2.61)

	
(−1.11)

	
(1.36)




	
lndls

	
0.194 *

	
0.146 **

	
0.076

	
0.195 *




	

	
(1.83)

	
(1.39)

	
(1.14)

	
(2.04)




	
Constant

	
−1.974

	
−1.968

	
1.483

	
−8.887 **




	

	
(−0.62)

	
(−0.80)

	
(1.02)

	
(−2.06)




	
R-squared

	
0.317

	
0.341

	
0.233

	
0.487




	
Region FE

	
YES

	
YES

	
YES

	
YES




	
Year FE

	
No

	
No

	
No

	
No








Note: robust t-values in parentheses are in Columns (1), (3), and (4); Column (2) is the bootstrap method; and the z-values are in parentheses; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.













 





Table 6. Endogeneity treatment results.






Table 6. Endogeneity treatment results.





	
Variable

	
(1)

	
(2)

	
(3)




	
Individual and Time-Fixed

	
2SLS

	
System GMM






	
L.lnC

	

	

	
1.028 ***




	

	

	

	
(48.16)




	
lntrade

	
0.088 *

	
0.076 *

	
0.189 *




	

	
(1.88)

	
(1.78)

	
(1.72)




	
(lntrade)2

	
−0.016 ***

	
−0.027 ***

	
−0.021 *




	

	
(−2.98)

	
(−3.92)

	
(−1.80)




	
lntech

	
−0.260 **

	
−0.214

	
−0.005




	

	
(−2.71)

	
(−1.42)

	
(−0.13)




	
lnstru

	
0.726

	
0.686 ***

	
−0.112




	

	
(1.55)

	
(2.60)

	
(−0.95)




	
lnregu

	
−0.126 *

	
−0.085 **

	
−0.019




	

	
(−1.91)

	
(−2.11)

	
(−0.11)




	
lnpop

	
0.636

	
0.777 ***

	
−0.045




	

	
(1.45)

	
(3.19)

	
(−0.87)




	
lndls

	
−0.032

	
0.032

	
0.075




	

	
(−0.24)

	
(0.36)

	
(0.61)




	
Constant

	
1.406

	
−0.564

	
−0.907




	

	
(0.38)

	
(−0.29)

	
(−0.70)




	
R-squared

	
0.488

	
0.981

	
/




	
Region FE

	
YES

	
YES

	
/




	
Year FE

	
YES

	
YES

	
/




	
AR(1)

	
/

	
/

	
0.024




	
AR(2)

	
/

	
/

	
0.299




	
Hasen Test

	
/

	
/

	
0.996








Note: robust t-values in parentheses are in Column (1); robust z-values in parentheses are in Columns (2) and (3); and the values in the parentheses for AR and Hansen test statistics correspond to the values of prob > z and prob > chi2, respectively; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.













 





Table 7. Results of geographical location heterogeneity.
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Variable

	
(1)

	
(2)




	
East

	
Central West






	
lntrade

	
0.262 *

	
0.167 **




	

	
(2.02)

	
(2.71)




	
(lntrade)2

	
−0.023 **

	
−0.024 **




	

	
(−2.46)

	
(−2.13)




	
lntech

	
−0.190

	
−0.379 ***




	

	
(−1.29)

	
(−2.92)




	
lnstru

	
−0.757 *

	
0.711




	

	
(−1.90)

	
(1.28)




	
lnregu

	
−0.076

	
0.010




	

	
(−0.93)

	
(0.10)




	
lnpop

	
0.379 *

	
1.025




	

	
(1.86)

	
(1.67)




	
lndls

	
0.360 ***

	
0.065




	

	
(4.50)

	
(0.42)




	
Constant

	
−2.069

	
−3.253




	

	
(−1.08)

	
(−0.62)




	
Observations

	
121

	
209




	
R-squared

	
0.468

	
0.370




	
Region FE

	
YES

	
YES








Note: robust t-values in parentheses; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.













 





Table 8. Panel quantile regression results.






Table 8. Panel quantile regression results.





	
Variable

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)




	
0.1

	
0.3

	
0.5

	
0.7

	
0.9






	
lntrade

	
0.135 ***

	
0.138 ***

	
0.152 **

	
0.111 ***

	
0.139 ***




	

	
(0.021)

	
(0.037)

	
(0.075)

	
(0.031)

	
(0.045)




	
(lntrade)2

	
−0.019 ***

	
−0.018 ***

	
−0.023 ***

	
−0.018 ***

	
−0.033 ***




	

	
(0.002)

	
(0.003)

	
(0.004)

	
(0.002)

	
(0.005)




	
lntech

	
−0.209 **

	
−0.243 ***

	
−0.206 ***

	
−0.211 ***

	
−0.289 ***




	

	
(0.091)

	
(0.057)

	
(0.073)

	
(0.052)

	
(0.058)




	
lnstru

	
−0.729 ***

	
0.114

	
0.165

	
0.399 ***

	
−0.016




	

	
(0.173)

	
(0.430)

	
(0.317)

	
(0.044)

	
(0.077)




	
lnregu

	
0.012

	
−0.008

	
−0.062 ***

	
−0.024

	
0.140 ***




	

	
(0.022)

	
(0.032)

	
(0.010)

	
(0.025)

	
(0.043)




	
lnpop

	
0.832 ***

	
0.671 ***

	
0.646 ***

	
0.752 ***

	
0.624 ***




	

	
(0.045)

	
(0.038)

	
(0.058)

	
(0.022)

	
(0.057)




	
lndls

	
0.265 ***

	
0.111

	
0.168

	
0.041

	
0.139 *




	

	
(0.034)

	
(0.081)

	
(0.129)

	
(0.043)

	
(0.084)




	
Observations

	
330

	
330

	
330

	
330

	
330




	
Region FE

	
YES

	
YES

	
YES

	
YES

	
YES








Note: The values in parentheses represent the standard errors obtained from bootstrapping with 1000 replications, and the sample size was 330; *, **, and *** represent significance at the 10%, 5%, and 1% levels, respectively.
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