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Taking the Qinling-Huaihe River as the boundary, this paper divides the Chinese service industry into north and south regions. The current study calculates the green total factor productivity of the Chinese service industry from 2003 to 2019 by using the DEA-Malmquist productivity index method. The influencing factors of the service industry in the north and south of China are tested by the Moran index and the spatial Durbin model. The results show that the green total factor productivity of the Chinese service industry shows great regional heterogeneity. The average green total factor productivity of northern China is 1.4 percentage points lower than that of southern China. The leading factor for the growth of green total factor productivity in southern China is technological progress, while TFP in northern China mainly depends on technical efficiency improvement. The results of spatial econometric regression show that the intensive level of producer services plays a significant role in promoting the green development of the service industry. The transportation infrastructure can significantly promote the green development level of the service industry. Finally, some suggestions are provided to narrow the gap between the north and south of the Chinese service industry.
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1. Introduction

The report of the 17th National Congress of the Communist Party of China pointed out that China should accelerate the transformation of the economic development model, and promote the optimization and upgrading of the economic structure. China should promote economic growth by relying on the second industry to the third industry to coordinate the development, and vigorously develop the service industry; The national “12th Five Year Plan” points out that promoting the development of the service industry is the strategic focus of the optimization and upgrading of the industrial structure; According to the national 13th Five Year Plan, the proportion of the added value of Chinese tertiary industry during the 13th Five Year Plan period increased from 50.5% in 2015 to 56% in 2020, with an average annual increase of 1.1 percentage points. During the 14th Five-Year Plan period, a structural adjustment will be combined with industrial upgrading to promote the prosperity and development of the service industry. With the proposal of high-quality economic development, the high-quality development of the service industry has attracted much attention. Statistics on service industry development show that the proportion of the added value of the Chinese service industry in GDP and the proportion of employment in the service industry rose from 23.9 and 12.2% in 1978 to 54 and 46.3% in 2019. The Chinese service industry has become the most important industry. However, compared with developed economies, the Chinese service industry still has a low proportion of added value, employment, and per capita added value. Chinese economy develops rapidly while the service industry has lagged. This is mainly due to the zero growth rate of total factor productivity in the service industry of senior producers. The growth of total factor productivity in the service industry shows great regional and industrial heterogeneity. The productive service industry shows a trend of spatial agglomeration from the northeast, central and western regions of China to the eastern coastal areas.

Transforming the pattern of economic development and pursuing high-quality growth has become a priority. The service industry has gradually increased its contribution to economic development. In addition to relying on capital, labor, and other traditional production factors, its development is inseparable from efficiency improvement and technological progress. The existing literature mainly focuses on the regional heterogeneity of the service industry in the east, west, and east. In recent years, with the increase of the north–south economic gap, some scholars began to study the north–south gap in economic development. Based on the existing research results, this paper increases the analysis of the north–south gap in the green development of the service industry, which has important practical significance for promoting the high-quality development of China’s service industry (Chen et al., 2022). Taking the Qinling Mountains Huaihe River as the dividing line, this paper divides the Chinese Mainland into the north and the south (Wu, 2001). The rapid development of the manufacturing industry in the North had led to the rise of the agglomeration level of producer services, so the green development level of the service industry in the north was higher than that in the south. However, in recent years, due to the lagging transformation and upgrading of the manufacturing industry in the northern region, the gap between the north and the south in the service industry is narrowing. Benefiting from reform and opening up, the economy of the southern region has risen rapidly and surpassed that of the northern region. The green development of the service industry in the south is gradually surpassing that in the north.

With the narrowing of the east–west gap and the widening of the north–south gap in economic development, it is necessary to discuss the heterogeneity of the service industry development from the perspective of the north–south region. Therefore, this paper takes the Qinling-Huaihe Line as the boundary to divide China into the north–south region and analyzes the north–south differences in the service industry development. With the development of the economy, the relevance of regional economic development is gradually strengthened. If only the changes in the service industry within the region are considered and the relevance between regions is ignored, the research results will be biased. It is necessary to discuss the north–south differences in the service industry from the perspective of spatial relevance and bring the spatial factors into the research framework.

The rest of this paper is arranged as follows: The second part summarizes the relevant literature. The third part is about the research method and variables description; The fourth part is about the measurement of the green development level of the service industry; The fifth part shows the analysis of empirical results and robustness test. The sixth part is the conclusion and enlightenment.



2. Literature review

The existing research related to this paper is mainly reflected in two aspects: the research on the regional heterogeneity of the service industry and the research on the influencing factors of the service industry.

The existing literature on regional differences in the service industry mainly focuses on the development gap between the east, the west, and the central. There are relatively few studies on the north–south differences in service industries. The total factor productivity of the Chinese service industry is lower than that of agriculture and manufacturing, and the capital-output ratio growth rate is the main driver of Chinese service sector growth (Cheng, 2003). Some scholars believe that the differences in the marketization process and labor quality (Wei, 2006), and technological progress are the main reasons for the improvement of total factor productivity in the service industry (Zhang and Yu, 2012), and also the main reasons for the differences in total factor growth rates in the eastern, central, and western regions. The eastern region has a relatively high TFP growth rate in the service industry (Zhong et al., 2020), while the western region lags. The internal structure of the service industry is also heterogeneous (Tan and Zheng, 2012). The total factor productivity of producer services is declining, but the decline rate is slowing year by year. The decline rate of total factor productivity in the central and western regions is much higher than that in the eastern regions. The Chinese economy is growing at a high speed (Chen and Sheng, 2009; Wang et al., 2015), but the upgrading of the service industry structure is lagging. When considering environmental factors, the total factor productivity of Chinese service industry provinces and sub-industries has a large regional and industrial heterogeneity. The carbon productivity of the Chinese service industry is growing year by year as a whole and is decreasing from east to west (Sheng and Lu, 2013).

In terms of research on influencing factors of service industry development, some scholars believe that the output of service products (Guo, 1992; Gu and Li, 2006; Zhang and Chen, 2018), population density (Yang and Xu, 2006), the relative intensity of the service industry (Cui and Zhao, 2018), foreign direct investment (Yuan et al., 2009), education level of employed people (Yu and Pan, 2019), degree of opening to the outside world (Wang and Hu, 2012; Wang et al., 2020) and birth rate (Li, 1994) have a significant impact on the development of the service industry. With the development of the economy, different service sectors do not develop in parallel in the structural evolution (Jiang and Li, 2004). The optimization of the internal structure of the service industry is an important part of its development of the service industry (Yin and Chen, 2009). The technological progress of producer services contributes a lot to the output value, and its technical efficiency is higher than that of living services. There is obvious heterogeneity in the evolution of the internal structure of the service industry (Cheng and Chen, 2005). Productive services can improve the overall total factor productivity of the macroeconomy (Yin, 2006), thereby promoting the sustainable and high-quality growth of the Chinese economy (Yuan and Guo, 2018; Zhang and Zheng, 2020). The industrial structure shows obvious gradient distribution characteristics (Gu, 2008), with the eastern coastal provinces being the highest and decreasing gradually from east to west. Some scholars consider the regional heterogeneity of the service industry from the perspective of spatial economics and think that the level of transportation and communication (Camilla, 2002), knowledge intensity, and manufacturing agglomeration are the main factors that affect the spatial differences in the development of the Chinese service industry (Chen et al., 2009).

Pollution emissions have a significant spatial spillover effect (Su et al., 2009). The environmental effects brought by economic agglomeration are not limited to the agglomeration areas (Zhong et al., 2022), but also have significant spillover effects on the environment of surrounding areas (Drucker et al., 2012; Liu et al., 2018). The internal structure development of the provincial service industry does not match the local resources, resulting in the demand for service industry elements being realized through the surrounding areas (Lee and Hong, 2012). The green development of the service industry in the surrounding areas is affected, so the green development of the service industry is spatially related. In recent years, due to the lagging transformation and upgrading of the manufacturing industry in the northern region, the green development in service in the northern region is slower than that in South region. The southern region has benefited from technological progress, industrial structure optimization, economic transformation, and other reasons. The service industry development level in the southern region is gradually higher than that in the northern region. If the northern region does not actively carry out industrial optimization and upgrading, the gap will expand (Chen et al., 2022).

It can be concluded that the green development of the service industry in China has regional differences and spatial spillover effects. The green development of the service industry in the Southern reason is higher than that in the northern region, and the gap will continue to widen with the economic development of the South. Qinling Huaihe Line is short for Qinling Mountains Huaihe River Line. Qinling Mountains Huaihe River Line is the geographic boundary between northern and southern China. This paper takes the Qinling Huaihe Line as the north–south boundary of China. The northern region includes 15 provinces and cities, including Beijing, Tianjin, Hebei, Shandong, Henan, Shanxi, Inner Mongolia, Heilongjiang, Jilin, Liaoning, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. The southern region includes 16 provinces and cities, including Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou, Yunnan Tibet (excluding Hong Kong, Macao, and Taiwan; Chen et al., 2022).

It can be seen from the literature that the existing research can be expanded from the following three levels: First, in the context of the increasingly prominent regional heterogeneity of the service industry, the existing literature mainly focuses on the regional differences between the east, west, and center of the service industry, but the existing literature rarely involves the regional differences between the north and south of the service industry. Second, the evolution of the internal structure of the service industry shows obvious heterogeneity (Harberger, 1978). The agglomeration of producer services can significantly promote technological innovation (Xia et al., 2019). Compared with developed countries, China has huge space and potential for upgrading the internal structure of the service industry. The service industry can promote structural allocation effect, industrial development, and economic growth through continuous structural optimization. Third, regional economic activities are not independent of each other. The cross-regional flow of production factors will have an impact on the development of regional service industries (Li and Wang, 2007). There is an obvious spatial correlation between regional economies. Therefore, the potential marginal contribution of this paper is as follows: First, Based on the difference between east and west, this paper introduces the north–south gap analysis of green development of the service industry. Second, this paper introduces spatial factors into the traditional regression model to investigate the influencing factors of regional differences in the service industry under the spatial effect, and to provide countermeasures for promoting the coordinated development of the service industry.



3. Research methods and variable descriptions


3.1. Research methods


3.1.1. DEA Malmquist index method

This paper uses the DEA Malmquist index method to measure the green total factor productivity of the service industry. The Malmquist index method does not need to set the production function, to avoid the influence on the accuracy of the results due to the wrong setting of the function form. The empirical analysis is based on the Malmquist index method of DEA, which defines the Malmquist productivity index based on the distance function and uses the linear optimization method to estimate the marginal production function of the decision-making unit, to measure the efficiency change and technological progress. The change value of the Malmquist productivity index is the change value of the green total factor productivity.

Suppose that in the period t (t = 1, 2 … T), the k (k = 1, 2 … K) province uses n (n = 1, 2 …, N) input [image: image], get m (m = 1, 2 … M) output [image: image], where d. represents the distance function and dt. represents the distance function under the technical conditions of time t, then DEA Malmquist index method is as follows:

[image: image]

[image: image]

Where, M represents the Malmquist productivity index, which is the geometric average of the productivity indexes in t period and t + 1 period. When the index is greater than 1, it indicates that the total factor productivity of the province has increased from t period to t + 1 period. EC is the relative efficiency change index under the condition of constant returns to scale, which depicts the catching-up effect of provinces and cities on the best frontier from t to t + 1. When EC > 1, it indicates that the production of the province is closer to the production frontier. TC index measures technological progress and depicts the growth effect of the technological frontier from t period to t + 1 period. When TC > 1, it indicates that the technology has made progress or innovation, and the technology frontier moves upward. Technical efficiency index can be decomposed into pure technical efficiency index (PEC) and scale efficiency index (SEC).

Service industry output. This paper uses the tertiary industry-added value of each province to measure the actual output of the service industry of each province (Deng, 2009). Taking 2003 as the base period, the data comes from the China Statistical Yearbook and the statistical yearbooks of each province and city. In theory, labor input should include labor number, labor time, labor efficiency, and other factors, but considering the availability of data, this paper uses the number of tertiary industry employees at the end of each province as the proxy variable of labor input indicators in each province. The data comes from the statistical yearbooks of provinces and cities and the CSMAR database. The capital input is measured by the capital stock of each province’s service industry. This paper uses the perpetual inventory method to estimate, and the estimation formula is:

[image: image]

Where [image: image] represents the actual capital stock of province i in year t and year t − 1 respectively, [image: image] represents the capital stock of province i in the base year, [image: image] represents the total fixed asset investment in the service industry of province i in year t, [image: image] is the depreciation rate of fixed assets of province i in year t. This paper follows the existing literature and sets the capital depreciation rate of China’s service industry at 4% (Cui and Wei, 2015). The capital stock in the base year is based on the steady-state method (Li et al., 2017), that is, the capital-output ratio is unchanged or the growth rate of physical capital is equal to the growth rate of total output in the steady-state. The capital stock in the base year of province i is estimated as follows:

[image: image]

Among them, [image: image] is the stock of fixed capital in the service industry of province i in 2003, [image: image] the amount of fixed asset investment in the service industry of province i in 2004, and [image: image] the growth rate of fixed asset investment in the service industry of province i in period t. To control the impact of the economic cycle and output fluctuation, this paper uses the average annual growth rate of added value in the service industry of each province from 2003–2017 to replace. The data are from China Statistical Yearbook and CSMAR database Database.



3.1.2. Spatial Moran index

The Moran index is used to measure the spatial correlation between variables. This paper uses the Moran index to judge the spatial correlation of green total factor productivity in the service industry. The formula for calculating the Moran index is:

[image: image]

Where, [image: image]=[image: image] represents the green total factor productivity of the service industry in region i. n = 31. W is the spatial weight matrix, and the value range of I is - 1 ≤ I ≤ 1. When I approach 1, it means that there is a positive spatial correlation between regions, when I approach - 1, it means that there is a negative spatial correlation between regions, and when I value is 0, it means that there is no spatial correlation between regions.



3.1.3. Spatial metrological model

Compared with traditional econometric models, spatial econometric models consider the spatial dependence of variables, which is reflected in the lag term of dependent variables and error terms in spatial econometric models. Therefore, spatial econometric models can be divided into Spatial Autoregressive Models (SAR), spatial error models (SEM), and Spatial Durbin Models (SDM). The spatial autoregressive model mainly studies the influence of variables in adjacent regions on variables in other regions of the whole system (spillover effect), its spatial dependence is reflected in the lag term of the dependent variable; The spatial error model mainly studies the interrelation between regions, and its spatial dependence is reflected in the lag term of the error term; The spatial Durbin model studies the influence of the explanatory variables in adjacent areas on the explanatory variables in this area. Its spatial dependence is reflected in the lag term between the explanatory variables in adjacent areas and the explanatory variables.

[image: image]

Where subscript i represents province and t represents year; [image: image] is the explained variable, that is, the green total factor productivity of the tertiary industry in each province, [image: image] is the set of explanatory variables, including the location entropy, population density, government expenditure level, openness, and the proportion of the secondary industry of producer services; [image: image] is the time effect, [image: image] is the regional effect, [image: image] is a random perturbation term. β It is a spatial lag regression coefficient, reflecting the inherent spatial dependence in the observations. When γ is zero, the spatial Durbin model can degenerate into a spatial autoregressive model. When [image: image] is zero, the spatial Durbin model can degenerate into a spatial error model. [image: image] represents the spatial weight matrix, which is standardized so that the sum of elements in each row is 1. To avoid the limitation of the single weight matrix, this paper selects the spatial adjacency matrix, spatial distance matrix, and spatial economy matrix for analysis. The spatial adjacency matrix refers to 31 provinces. If two provinces are geographically adjacent, the corresponding weight is 1, and if they are not adjacent, it is 0. The spatial distance matrix uses the large arc distance between provincial capitals to replace the distance between regions, that is, the shortest distance between cities calculated by latitude and longitude on the sphere. The interaction of service industries between different provinces is proportional to the geographical distance of provinces. The economic weight matrix is set according to the per capita GDP and provincial distance from 2003 to 2017, and the data is from the National Geographic Basic Information Center.




3.2. Variable descriptions

This paper takes the Qinling Huaihe Line as the north–south boundary of China. The northern region includes 15 provinces and cities, including Beijing, Tianjin, Hebei, Shandong, Henan, Shanxi, Inner Mongolia, Heilongjiang, Jilin, Liaoning, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. The southern region includes Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou, and Yunnan Tibet has 16 provinces and cities (excluding Hong Kong, Macao, and Taiwan). Considering the availability of data, this paper selects the annual data from 2003 to 2017 as the research sample. The data comes from the CSMAR database, statistical yearbooks of provinces, and the National Statistical Yearbook.

The existing literature studies the development level of the service industry around the urbanization level, system, transportation infrastructure, fiscal expenditure, and other factors. On this basis, this paper introduces the level of productive service industry aggregation as the proxy variable of the internal structure of the service industry to measure the impact of the service industry structure difference between the north and the south of China on the service industry. According to the above analysis, the explained variable of this paper is the green total factor productivity of the service industry. In the robustness test, this paper selects the per capita GDP of the tertiary industry in each province to measure.

Variables are divided into core explanatory variables and control variables. The core explanatory variables mainly reflect the differences in the internal structure of the service industry. This paper chooses the location entropy of producer services to replace the aggregation level of producer services. Based on the existing research assumptions, the control variables are measured by transportation infrastructure, openness, population density, industrialization level, and government expenditure level.


3.2.1. Interpreted variable

This paper selects the green total factor productivity of the service industry to measure the service industry development level of the province. The higher the provincial service industry development level, the greater the green total factor productivity in the service industry (Mahadevan, 2000). In the robustness test, this paper selects the per capita GDP of provinces to measure the development level of the service industry (Gao et al., 2022a).



3.2.2. Core explanatory variables

This paper uses location entropy (PS) to measure the relative intensity of producer services in each province. Location entropy measures the relative concentration level of the service industry (Sun et al., 2017), can eliminate the factors of regional spatial scale difference, and can truly reflect the spatial distribution of geographical elements (O’Donoghue and Gleave, 2004; Shen et al., 2007; Chen et al., 2009).

[image: image]

Location entropy [image: image] refers to the relatively intensive level of producer services in province i during the period t, [image: image] refers to the number of productive services employed in province i during the period t, [image: image] refers to the total employment number of province i in the period t, [image: image] refers to the number of productive services employed in the country during t period, [image: image] represents the total number of employed people in the country during the period t. Productive services include transportation, warehousing, postal services, information transmission, computer services, and software, finance, real estate, leasing, and commercial services, scientific research, technical services, geological exploration, wholesale and retail, water conservancy, environment, and public facilities management.

Calculate [image: image] the number of employees in an industry at the end of the year is taken as the number of employees in that industry, and the number of employees in productive services is the sum of the number of employees in each industry at the end of the year (Yang, 2013; Liang, 2018). The number of employees in a certain industry in the country in period t is equal to the total number of employees in that industry in each province.



3.2.3. Control variables

Transportation infrastructure can accelerate the green development of the service industry, reduce transaction costs, and help deepen the division of labor. Convenient transportation conditions have a significant role in promoting the green development of the regional service industry. Transportation infrastructure includes railways and highways. This paper uses the sum of the mileage of highways and railways above the grade per square kilometer in each province and city to measure the infrastructure construction in each region. The higher the population density, the greater the demand for living services. The green development level of the living service industry is low, so the higher population density will inhibit the green development of the service industry. Population density has a significant impact on the green development of the service industry. This paper selects the ratio of the population at the end of the year to the area of i province to measure the population concentration of i province. The greater the openness of provinces, the higher the green development level of their service industries (Gao et al., 2021). This paper uses the proportion of foreign direct investment in the province’s GDP to measure the province’s openness. The development of the secondary industry is conducive to the development of the service industry. When the development level of the secondary industry is low, economies of scale have not been formed and the promotion of the service industry is weak. When the scale of the regional secondary industry is relatively high, economies of scale will be formed to promote the green development of the service industry. The level of regional industrialization will significantly affect the green development of the regional service industry. In this paper, the industrial-added value of the province accounted for the GDP of the province to measure the level of regional industrialization development. The level of government expenditure will crowd out private investment, thus affecting the green development level of the service industry. This paper uses the proportion of provincial government general expenditure in the provincial GDP to measure the provincial government expenditure level.

In terms of data sources, the data of each indicator is mainly taken from the China Statistical Yearbook and the statistical yearbooks of provinces and cities over the years. See Table 1 for the explanation and statistical description of all variables (Yang et al., 2021).



TABLE 1 Variable definition description and statistical description.
[image: Table1]

Table 1 shows the overall data distribution in China, while Table 2 shows the statistics of the north and south regions.



TABLE 2 Variable definition description and statistical description in south and north region.
[image: Table2]

N represents the north region. S represents the south region. The population density, the proportion of government expenditure, and the level of openness in the northern region are lower than those in the south, while the proportion of the secondary industry, transportation convenience, and the concentration level of producer services in the south are higher than those in the south region.





4. Measurement of the green development level of the service industry


4.1. Analysis of green total factor productivity of service industry

This paper uses the DEA Malmquist index method to measure the green total factor productivity, efficiency change, and technological progress of the service industry in 31 provinces and cities of China from 2003 to 2017. Using DEAP2.1 software, the output parameter is the added value of the tertiary industry and sulfur dioxide in each province, and the input parameter is capital and labor (Gao et al., 2022b). The green total factor productivity index and its decomposition of China’s service industry as a whole and the north and south regions are calculated, and the changing trend of total factor productivity in the whole and the north and south regions is further analyzed.

Table 3 lists the green total factor productivity index of China’s service industry and its breakdown. From 2003 to 2017, the green total factor growth rate of China’s overall service industry increased by 4.6% annually, mainly due to the improvement of technological progress. From the time dimension, the total factor productivity of China’s service industry and its decomposition are mainly reflected in the following characteristics:



TABLE 3 The green total factor productivity of China’s service industry and its decomposition.
[image: Table3]

From the perspective of GTFP growth, the growth between 2003 and 2017 was positive and negative. With the rapid economic growth in 2003–2007, domestic confidence in the reform, opening up and development of the service industry gradually improved, and the green total factor productivity of the service industry also continued to increase. The highest value appeared in 2007. However, the outbreak of the pension crisis in 2008 led to the decline of GTFP in the service industry. To stimulate rapid economic growth, the country implemented a 4 trillion fiscal stimulus plan in November 2008, The stimulus effect gradually appeared, making the green total factor productivity of the service industry reach a high value again in 2014.

The overall growth rate of technical efficiency shows a downward trend, while the overall technological progress shows an upward trend. From the average value, it can be seen that the growth rate of technical efficiency from 2003 to 2017 was - 1.5%, while the average annual growth rate of technological progress was 6.1%. Technical efficiency represents the ratio of actual output to output on the production front under a given input level, and technological progress represents that under a given input level. The geometric average of the movement of the production front in the output direction. It can be seen that from 2003 to 2017, the total factor productivity of the tertiary industry in all provinces was mainly improved by technological progress, while technical efficiency showed a downward trend. This shows that with the increase of capital investment, the technological progress of each province has been significantly improved, but the existing resources and technological potential have not been fully exploited, leading to the decline of technical efficiency, deterioration of technical efficiency, and technological progress.

Among the decomposition indicators of technical efficiency, from 2003 to 2017, the average annual growth rates of pure technical efficiency and scale efficiency were - 0.3% and - 1.2% respectively, indicating that China’s service industry has not yet formed the characteristics of scale economy. Because the service industry cannot be quantified, the statistical results of service industry input and output levels are biased.



4.2. Heterogeneity of service industry GTFP in north and south China

Table 4 lists the service industry green total factor productivity index and its decomposition of provinces and cities in China from 2003 to 2017. At the same time, the growth rate of the North and South regions is also calculated. The variation range of each index in the North and South regions shows that there is a large regional heterogeneity in service industry green total factor productivity, technological progress, and technological efficiency. From 2003 to 2017, the average annual growth rate of the green total factor growth rate was 4.6%, while the average annual growth rate of the southern region was 5, 0.4% higher than the national average. The average annual growth rate of the northern region was 3.6, 1% lower than the national average. Guangxi, Guangdong, Zhejiang, Hainan, and Jiangsu have the highest annual growth rate of the service industry in 31 provinces and cities in China, while Guizhou has the lowest growth rate. It can be seen from this that the growth of the service industry in the south is different, while the growth rate of the service industry in the north is relatively concentrated. From the analysis of the average growth rate of GTFP and its decomposition in the North and South, it can be seen that the average annual growth rate of GTFP in the service industry in the North is 1.4% lower than that in the South, mainly because the technological progress in the North is 2.9% lower than that in the South.



TABLE 4 GTFP of province and its decomposition.
[image: Table4]

From the GTFP decomposition index, it can be seen that the technical efficiency of the service industry in the North is higher than that in the South, and the pure technical efficiency and scale efficiency are both higher than those in the South, indicating that from 2003 to 2017.

Figure 1 shows the north–south gap in technological progress in the green development of China’s service industry. The technological progress in the southern region is higher than in the northern region. The service industry in the north has begun to take shape, and the use efficiency of input factors is high, but the level of technological progress is low. However, the use efficiency of service industry input factors in the south is low and does not have a scale effect. Due to the impact of reform and opening up and the introduction of technology, the service industry’s total factor productivity in the south mainly depends on technological progress. The contribution of technological progress in the south is large, resulting in the service industry green total factor productivity in the south being higher than that in the north.

[image: Figure 1]

FIGURE 1
 North–south gap of technological progress in green development of China’s service industry.





5. An empirical analysis of green development of the service industry


5.1. Spatial autocorrelation analysis

The spatial autocorrelation Moran index describes the spatial distribution and aggregation of observations from a spatial perspective. Figure 2 shows the trend chart of the Moran index of spatial autocorrelation of service industry GTFP nationwide and by regions. With the economic matrix as the weight matrix, it can be seen from the results that the spatial correlation in China is significantly positive. The spatial agglomeration characteristics of the Chinese service industry are obvious, regions with high service industry development levels are surrounded by more regions with high service industry development levels. At the same time, regions with low service industry development levels are surrounded by regions with the same low service industry development level. It can be seen that the Moran index of the green development level of the national service industry has been increasing, indicating that the spatial autocorrelation of the service industry has increased significantly.

[image: Figure 2]

FIGURE 2
 Line chart of Moran index from 2004 to 2017.


From the perspective of the changing trend of the north and south regions, the Moran index of the service industry is decreasing. The Moran index of the north region was significantly higher than that of the south region from 2003 to 2013, indicating that the spatial positive correlation of the north region was significantly higher than that of the south region. After 2013, the Moran index of the south region was higher than that of the north region, but still in a downward trend. Due to the rapid development of information technology, transportation, and logistics, the service industry development level of each province and city has a significant cross-impact effect. The service industry green development level of a southern province will be affected not only by other regions in the south but also by northern regions.

It can be seen from Figure 2 that the national Moran index keeps rising, while the Moran index in the south and north regions shows a downward trend. With the flow of production factors, the association of the provincial service industry is not limited to the adjacent regions, and the association with nonadjacent regions is also gradually strengthened.

Figure 3 shows the Moran Scatter Map of 31 provinces and cities in China in 2019. It can be seen from the national Moran Scatter Map that Beijing, Shanghai, Tianjin, Zhejiang, and Shandong are located in HH District, while Shanxi, Shaanxi, Hubei, and Henan are located in LL District. This shows that these provinces are surrounded by regions with the same level of service industry development. There is obvious regional heterogeneity in the development of China’s service industry.

[image: Figure 3]

FIGURE 3
 Distribution of Moran index in 31 provinces and cities.


Figure 4 is the Moran Scatter of the GTFP of the service industry in the northern region in 2019. It can be seen from the figure that Beijing, and Tianjin in the northern region were in the HH region with a high level of service industry development in 2017. These provinces have a high level of service industry development and are surrounded by regions with a high level of service industry development; However, Shaanxi, Gansu, Xinjiang, Qinghai, and other regions are located in the LL area, which means that the development level of their service industry is low, and the development level of the surrounding regions is also low. It can be seen from the 2019 Moran Scatter Map that many provinces in the northern region are located in LL District.

[image: Figure 4]

FIGURE 4
 Distribution of the Moran index in northern China.


While Figure 5 is the Moran Scatter of the GTFP of the service industry in the southern region in 2019. It can be seen that Anhui, Chongqing, Jiangxi, Hainan, and Hubei are located in HH District in the southern region. These provinces in the southern region are located in areas with high service industry development levels and were surrounded by high levels. Zhejiang, Shanghai, Fujian, and Guangdong are located in the LL district. The green development in these provinces is at a low level, and these provinces are surrounded by low green development areas.

[image: Figure 5]

FIGURE 5
 Distribution of Moran index in southern China.


It can be seen from the above results that there is a significant spatial correlation between service industry green development levels in different regions of China. The geographic spatial effect of service industry development plays an important role in regional service industry development, and how big is the spatial impact? Further empirical testing through econometric analysis is required.



5.2. Spatial econometric regression analysis of the green development of the service industry

According to the spatial autocorrelation test, the Moran value of the green total factor productivity of the tertiary industry in each province is significantly positive at the level of 10%, indicating that there is a significant spatial autocorrelation in the green development level of the service industry, and the spatial econometric model should be used. In the economic matrix, the model passes the likelihood ratio test and Wald test. The results show that the LM error values are 44.32 and 59.65, respectively, and the wald test values are 40.92 and 38.15, which are significant at the 1% level. Therefore, it is more appropriate to use the spatial Durbin model (SDM) to reject the spatial autoregressive model SAR and the spatial error model sem. In the distance matrix and adjacency matrix tests, the original hypothesis is also significantly rejected, indicating that the spatial Durbin model (SDM) should be selected for analysis. Therefore, this paper will analyze the influencing factors of the service industry’s green development level based on the spatial Durbin model. In all models, this paper controls the space effect and time effect to control the influence of two types of unobservable factors that change with time but not with provinces and that change with provinces but not with time. In Table 5, columns (2)–(3) show the estimation results of the spatial Durbin model with the adjacency matrix as the spatial matrix, and columns (4)–(5) show the regression results of the spatial Durbin model with the distance matrix as the spatial matrix. (6)–(7) List the estimation results of the spatial Durbin model with the economic matrix as the spatial matrix.



TABLE 5 Spatial econometric regression results.
[image: Table5]

The results in Table 5 show the contribution of various factors to the green total factor productivity of the tertiary industry. As mentioned above, the variables lnps, lnpden, lnpgov, lnroadp, lnpform, and lnpgdp2 represent the relative density of producer services, population density, the proportion of financial expenditure, infrastructure, openness, and the proportion of the added value of the secondary industry; W stands for spatial weight matrix. The estimation results of the spatial Durbin model show that when the adjacency matrix, economic matrix, and distance matrix are used as the weight matrix, the elasticity coefficient of the location entropy of producer services is significantly positive, which indicates that the impact of the concentration level of producer services on the green total factor productivity of the tertiary industry is significantly positive. Therefore, it is of great significance to improve the proportion of producer services and promote the upgrading of the internal structure of the service industry to promote the high-quality development of China’s service industry. From the perspective of the southern region, the elastic regression coefficient of population density is significantly negative, indicating that the impact of population density on the development of the service industry in the south is significantly negative. This is due to the relatively low demand for human capital in the service industry in the south, which is mainly driven by technological progress. This corresponds to the decomposition of the green total factor productivity of the service industry.

The technological progress of the service industry in the south is far higher than that in the north, so the demand for human capital is low. The population density has a significant role in promoting the green development of the service industry in the northern region, indicating that the service industry in the northern region is mainly labor-intensive, with a high demand for human capital and a low level of technology, which is consistent with the decomposition of total factor productivity. The higher the proportion of fiscal expenditure, the more restrained the development of the service industry. This shows that the increase in fiscal expenditure will crowd out the level of private investment, thereby reducing the green development level of the service industry. Transportation infrastructure plays a positive role in promoting the green development of the service industry in the north and south regions, indicating that the more convenient transportation is, the more conducive to the flow of personnel and technical elements, and thus can improve the development level of the service industry. The regression coefficient of the proportion of the added value of the secondary industry in the southern region is negative, while in the northern region it is positive. Only the economic matrix is used as the weight matrix and is significant at the 10% confidence level, indicating that the development of the secondary industry has a restraining effect on the development of the service industry in the south, but a promoting effect on the development of the service industry in the north. This corresponds to reality. The proportion of secondary industry in the north is relatively high, and the green service development level is relatively low. The proportion of the secondary industry in the south is low, and the service industry development level is high. From the perspective of the spatial spillover effect, when the adjacency matrix and economic matrix are used as weights, the intensity of producer services in neighboring provinces in the south has a significant role in promoting the green development of the tertiary industry. The higher the proportion of the secondary industry in the GDP of neighboring provinces, the more positive role in promoting the service industry of the province. This shows that the higher the density of producer services in neighboring provinces, the higher the proportion of the development of the secondary industry, The closer the connection between the province and the surrounding provinces is, the more technology spillovers, knowledge exchanges and human capital flows between the provinces are generated, thus driving the green development of the service industry of the province. For the northern region, when the secondary industry development level of neighboring provinces is high, it will significantly inhibit the service industry development level of the province, because the service industry in the northern region is significantly affected by the population density. When the secondary industry in the surrounding provinces develops well, it will cause the outflow of human capital itself, thereby reducing the population density of the province, and inhibiting the service industry development of the province.



5.3. Robustness test

The per capita GDP of the tertiary industry of the province is taken as a measure of the development level of the province’s service industry for spatial econometric analysis. The regression results are shown in Table 6. From the regression results, it can be seen that under the three spatial matrices, the elasticity coefficient of the relative density of producer services is significantly positive, indicating that the development level of producer services can significantly improve the per capita GDP of the tertiary industry and promote the development of regional services. The elasticity coefficient of population density is significantly negative, indicating that the higher the population density, the lower the per capita GDP of the tertiary industry. The elasticity coefficient of fiscal expenditure is negative, which indicates that fiscal expenditure plays a role in crowding out private investment, leading to the reduction of per capita GDP in the tertiary industry. The level of infrastructure development and opening up has a positive role in promoting per capita GDP. The proportion of secondary industry in the southern region has a restraining effect and a promoting effect on the northern region. From the perspective of the spatial spillover effect, the regression results are consistent with the above. The proportion of secondary industry in surrounding provinces has a significant role in promoting the development of the service industry in the south, while it still has a significant role in inhibiting the development of the service industry in the north. The intensity of producer services in neighboring provinces still plays a significant role in promoting the development of the tertiary industry in southern China.



TABLE 6 Spatial regression results of per capita GDP of the tertiary industry in north and south China.
[image: Table6]




6. Conclusion and enlightenment

In recent years, the difference in economic development between the North and the South has become the focus of scholars’ research, and the proportion of the service industry in the economy has been rising, so it is particularly important to study the green development of service industry in the North and the South. Taking the Huaihe River Line of the Qinling Mountains as the dividing line, this paper divides 31 provinces and cities in China into two parts: the north and the south. With the increase of the opening up of each province, the free mobility of products and factors in different regions has increased. The development of the service industry in each province depends not only on the growth of capital, labor, and technology input in the province but also on the economic development of its neighboring regions to a large extent. Therefore, the north–south differences in service industry development and their influencing factors must be analyzed from the perspective of space to be more comprehensive and in-depth.

First of all, this paper uses the DEA Malmquist index method to measure the green total factor productivity of the service industry in 31 provinces and cities of China and the north and south regions from 2003 to 2019. The results show that the green total factor productivity in the south is higher than that in the north, the technical efficiency of the service industry in the north is higher than that in the south, and the pure technical efficiency and scale efficiency are both higher than those in the south. This shows that the service industry in the north has begun to take shape, but the level of technological progress is low, which leads to lower productivity of the service industry in the north than that in the south. Therefore, the northern region should improve the technical level, while the southern region should focus on forming the scale effect and output effect of the service industry. Secondly, this paper uses the Moran index method to measure the spatial distribution pattern and characteristics of the GTFP of the service industry in 31 provinces and cities of China and the northern and southern regions from 2003 to 2019. The results show that there is a significant positive correlation between the tertiary industry in the northern and southern regions, indicating that regions with high service industry development levels are surrounded by high-level regions. Low areas were surrounded by low areas. Finally, this paper uses the spatial Durbin model to measure the green total factor productivity of the tertiary industry and GDP per capita in 31 provinces, to reveal the influencing factors of the service industry in the north and south regions. The results show that the concentration level of producer services will significantly promote the green development of service industries in the North and South regions; Population density will significantly promote the development of the service industry in the north, while it will inhibit the green development of the service industry in the south. Infrastructure construction and opening up can significantly improve the development level of the service industry.

The green development of the service industry in Southern China is higher than that in Northern China. The main reason for the low level of green development of the service industry in the northern region is the low technical level of the service industry, so the north should improve the technical level of the service industry and constantly catch up with the service industry in the south. The impact of the producer service industry concentration level on the green development of the service industry not only has a “local” effect but also has a significant spatial spillover effect. It will significantly promote the green development of the service industry in and around the region. The gathering of producer services brings economies of scale, promotes the exchange of production resources and talents, drives service enterprises to obtain resources, and reduces transaction costs. The higher the concentration level of producer services, the higher the proportion of high value-added and low energy consumption sub-sectors. Increasing the agglomeration level of producer services will reduce the energy consumption of the service industry and promote the green development of the service industry.

The green total factor productivity in the southern region is significantly higher than in the northern region. The proportion of the service industry in the north has surpassed that in the south since 2015, and is close to 55%, which is still far lower than the proportion of 70% in developed countries. This shows that the proportion of the service industry in China is low, and the service industry still has great room for growth. It can be seen from the green total factor productivity of the service industry and its decomposition indicators that the service industry in the north has higher technical efficiency, higher pure technical efficiency, and scale efficiency than that in the south, but lower technological progress; From the influencing factors of the service industry, we can see that the north and south regions should increase the opening up and increase infrastructure construction to promote the green development of the service industry. The northern region should carry out technological innovation in the service industry, increase the proportion of productive services, and give full play to technological advantages. The southern region should fully improve the technical efficiency of the service industry, and form the scale economy of the service industry. At the same time, it should give full play to the spatial spillover effect, improve the efficiency of resource allocation, and jointly promote the high-quality development of the service industry.
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Hubei 0973 1.034 0978 0995 1.007
Hunan 0.990 1039 0.994 0.996 1.029
Guangdong 1.004 1.091 1.000 1.003 1.095
Guangxi 1022 1076 1021 1001 1100
Hainan 1.000 1.087 1.000 1.000 1.087
Chongging 0993 1.027 0.998 0995 1.020
Sichuan 0948 1.094 1.000 0948 1.037
Guizhou 0959 1033 0981 0974 0.990
Yunnan 1.000 1.058 1.000 1.000 1.058
Tibet 0992 1.086 1.000 0992 1077
Beijing 1021 1042 1.000 1021 1.064
Tianji 1.024 1.045 1.004 1019 1.069
Hubei 0998 1.043 1.000 0.998 1.041
Shanxi 1000 1039 1000 1000 1039
Inner Mongolia 1.000 1038 1.001 1.000 1038
Liaoning 1.000 1.034 1.000 1.000 1.034
Jilin 099 1035 0998 0998 1031
Heilongjiang 0.993 1.024 0997 0.996 1016
Shandong 1.001 1.024 1.000 1.001 1.024
Henan 1001 1023 1000 1001 1024
Shaanxi 1.001 1029 1.000 1.001 1.030
Gansu 1.002 1.032 1.002 1.001 1.034
Qinghai 1.002 1032 1.001 1.001 1.034
Ningxia 0.997 1033 0998 0.999 1029

njiang 1.000 1030 1.000 1.000 1.030
South Mean 0989 1.062 0.996 0993 1.050
North Mean 1.002 1.033 1.000 1.002 1.036

National Mean 0985 1061 0997 0.988 1046
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Adjacency matrix (1) Distance matrix (2) Economic matrix (3)

AELELIES Southern Northern Southern Northern Southern Northern
Inps 0202%%% 0.165%% 0.148%% 0147 o114+ 0231445
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‘Time Effect Yes Yes Yes Yes Yes Yes
Space Effect Yes Yes Yes Yes Yes Yes
Observations 24 210 24 210 24 210
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Standard errors in parentheses **p < 001, *#p <0.05, *p < 0.1
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Period Technical Technical Pure technical Scale efficiency Total factor

efficiency progress efficiency productivity
2003-2004 0913 0.866 0929 0983 0791
2004-2005 1.003 1311 1.074 0934 1315
2005-2006 0930 1.090 0.905 1.027 1013
2006-2007 1241 1136 1236 1004 1410
2007-2008 0.770 1.365 0811 0.950 1.051
2008-2009 1.000 0813 0979 1021 0812
2009-2010 1013 1.095 1071 0945 1.109
2010-2011 0974 0871 1.246 0.782 0.848
2011-2012 1.044 0.763 0.993 1.052 0.797
2012-2013 1.086 1158 0.992 1.094 1.257
2013-2014 0940 1433 0.827 1136 1347
2014-2015 1.002 1.064 1.044 0.960 1.066
2015-2016 0.844 1.025 1.006 0839 0.864
2016-2017 L1123 1120 0952 1180 1259

Mean 0.985 1061 0997 0988 1046
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