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The service industry has become the driving force of Chinese economic

development. Promoting the green and high-quality development of the

service industry is of great significance to the realization of the “dual carbon”

goal. The current studies use the DEA-Malmquist index method to measure the

green total factor productivity of the service industry in 31 provinces and cities in

China from 2009 to 2019. The spatial correlation characteristics and

contributing factors to the green development of the service industry are

analyzed through the social network analysis method. Our results show that

the added value of the service industry accounts for a high proportion of GDP.

However, the service industries are not green enough due to their large low

added value and high energy consumption sections. The green development of

the service industry shows complex spatial correlation characteristics, and the

service industry in the eastern province is the core of the spatial network. The

bridge mediating effect of green development of the service industry in the

southern region is significant. The green development of the service sector has

a significant spatial spillover effect, and no region can be good alone in green

development. Provinces should cooperate to promote green development in

the service industry.
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1 Introduction

The 14th Five-Year Plan points out the construction of a green development policy system,

and strengthens the legal and policy guarantee of green development; China will strengthen

energy conservation and environmental protection, clean production, clean energy, the

ecological environment, and infrastructure upgrading. The added value of the Chinese

service industry was 6.097 billion Yuan, accounting for 53.31% of the GDP in 2021. It can

be seen that the service economy has become the driving force of Chinese economic

development. Green development is a new development mode that takes the ecological

environment and resource-carrying capacity as constraints to achieve sustainable economic
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development. Green development is a way of economic growth with

the goal of harmony, efficiency, and sustainability. Green

development is also a way of social development in which people

and nature live in harmony. Green development can coordinate the

relationship between economic development and ecological

environment protection. Green development has become an

important global development trend. The green development of

the service industry refers to the clean development of the service

industry by optimizing the internal structure of the service industry

while considering environmental protection. Many countries regard

the development of green industries as an important measure to

promote economic restructuring. The rapid growth of the Chinese

service industry has brought serious problems such as resource waste

and environmental degradation. Under the guidance of current

policies, green development of the service industry can promote

the low-carbon transformation of the economy. Research on green

development of the service industry is of great significance to realize

the goal of “carbon neutralization and carbon peak” in China.

The 13th Five-Year Plan proposes to focus on promoting supply-

side reform. China should actively cultivate green service enterprises

and promote the transformation and upgrading of green development

of the service industry. Under the guidance of the policy, scholars have

carried out abundant research on service productivity. The

development of service differs in different areas and industries.

The early research mainly focused on service industry productivity,

green economy development, and the role of service industry

productivity in promoting the transformation and upgrading of

the manufacturing industry (Wang et al., 2016). Scholars used data

envelopment analysis (DEA) (Yang and Wu, 2017) and stochastic

Frontier analysis (SFA) (Cui and Zhao, 2018; Yang and Yuan, 2019)

to measure total factor productivity (TFP) in the service industry. It is

concluded that collaborative industrial agglomeration will affect the

industrial scale, technological progress, and economic structure (Yang,

2015). Synergistic industrial agglomeration will also produce the

interaction of positive and negative externalities (Nanere et al.,

2007; Lin and Tan, 2019). Industrial agglomeration has a positive

correlation with green production efficiency (Li and Zhang, 2013).

The traditional manufacturing industry belongs to the extensive

development industry with high energy consumption and high

emission. While the service industry was regarded as a green

industry with low energy consumption and low pollution. So local

governments at all levels developed the service industry as a keyway to

promote the development of the green economy. However, early

studies only considered the “good” output of the service industry,

ignoring the “bad” output such as environmental pollution generated

in the development of the service industry. Early research showed that

the efficiency of the service industry was in the rising range. The

productivity of the service industry significantly promoted the

development of the manufacturing industry (Wang and Hu,

2012). When considering unexpected outputs such as energy

consumption and environmental pollution to measure the

efficiency of the service industry, the development of the service

industry is not green (Pang andWang, 2016), and the service industry

is no more green than the manufacturing industry (Bai and Meng,

2017). After taking environmental factors into account, the

technological progress growth rate of the service industry is low

and the technical efficiency declines rapidly. The total factor

productivity growth rate of Chinese service industry segments has

declined to various degrees. The environmental pollution caused by

the development of the service industry has become increasingly

serious, which cannot be ignored (Pang, 2014). The service sector is an

important contributor to energy consumption and carbon emissions

in China. Ignoring environmental factors will seriously affect the

efficiency evaluation of the service sector, which will not only

overestimate the growth rate of total factor productivity in the

service sector but also lead to wrong guidance in the formulation

of policy recommendations (Hailu and Veeman, 2000). Only the

service productivity measured with accurate consideration of

environmental factors can be reliable. Otherwise, there will be a

deviation between the measured productivity and the actual

productivity (Nanere et al., 2007).

Existing studies on the development of the service industry

mainly focus on the productivity of the service industry and the

promotion relationship between the service industry and the

manufacturing industry (Yang et al., 2015). The existing research

has not considered the regional difference and spatial correlation of

green development in the service industry. When the added value of

the service sector accounts for more than 50% of GDP, it will

significantly increase the total energy consumption and pollution

emission of the service sector. However, existing studies have not

included the development scale of the service sector in the

contributing factors of the green development of the service

industry. Based on the existing research, this paper analyzes the

following aspects: 1) Taking the development scale of the service

industry into account, this paper investigates whether the

development of the service industry is green when the

proportion of the service industry is increasing. 2) Based on the

green development of the service industry in provinces, the regional

differences and heterogeneity are studied, to provide a basis for the

development of the green service industry in different regions. 3)

From the perspective of spatial correlation, the current study put

forward policy suggestions for the coordinated linkage of provinces

and regions to jointly promote the green development of the service

industry.

2 Theoretical analysis and research
hypotheses

2.1 The scale of the service industry and
green development level

The rising proportion of high-value-added and efficient service

industries will improve the level of green development of the service

industry, otherwise, the rising proportion of high-energy

consumption service industries will reduce it. In recent years, the
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top five industries in the development of the service industry are

wholesale and retail, finance, real estate, transportation, warehousing,

postal services, and education. Although the financial industry and

real estate industries are low energy consumption and low pollution

industries. Chinese financial volume is large and the operation

efficiency is low. Also, there is a foam in the development of the

real estate market, resulting in low green total factor productivity

(Pang and Wang, 2016). Domestic consumption, transportation,

warehousing and postal industry, wholesale and retail industry are

high energy-consuming service industries. The energy consumption

of domestic consumption is only second to the manufacturing

industry, black financial smelting, and rolling processing industry.

The rapid development of the transportation, warehousing, and

postal industry, wholesale and retail industry has led to the rapid

growth of its energy consumption and pollution emissions, and the

energy consumption problem of the service industry has become

increasingly prominent. Therefore, when considering environmental

factors, the green total factor productivity of the Chinese service

industry will tend to decline as the proportion of the high energy

consumption service industry increases.

The combination and allocation of production factors and

resources determine the mode of economic growth. Extensive

growth depends on the input of various production factors and

resources, pursues quantity and speed unilaterally, and ignores

quality and efficiency. Intensive growth promotes economic

growth by improving technology and resource allocation

efficiency. In recent years, the added value of the Chinese

service industry has accounted for more than 50% of the

country’s GDP. However, due to government intervention,

urban industrialization, and other policies, Chinese service

enterprises have developed a pattern of low-quality repeated

development. The homogeneous structure of service industry

development has led to the smaller scale of service industry

segments, repeated construction at low-level, resource mismatch,

and other serious problems. Therefore, the development of the

Chinese service industry is still in the extensive growth stage. The

phenomenon of high energy consumption and high pollution

emissions in the service industry is prominent. When

considering environmental factors, the low-quality and

repeated development of the service industry will reduce the

green total factor productivity of the service industry.

Hypothesis 1: With the expansion of the service industry, the

proportion of high-energy consumption industries increases, leading

to the fact that the development of the service industry is not green.

2.2 The cluster of productive service
industry and green development of the
service industry

The productive service industry is characterized by

knowledge-intensive, low pollution, low energy consumption,

high output, and high employment. Productive services provide

intermediate products for the manufacturing industry.

Productive services include transportation, warehousing, and

postal services, information transmission and computer

services, software, finance, leasing, and commercial services,

scientific research, technical services, and geological survey.

Among them, transportation, warehousing, and postal services

belong to low-end productive services with high total energy

consumption (Xuan and Yu, 2017), while other industries

belong to low energy consumption sections. When the

proportion of producer services increases, it will reduce

energy consumption, improving the green total factor

productivity of the service industry (Gu, 2010). Producer

service industry cluster refers to the concentration of a large

number of producer service enterprises in a region. The

agglomeration of producer services is conducive to attracting

high-level talents and forming a good collective learning

atmosphere in the region (Keeble and Nachum, 2002). The

flow of human capital plays a positive role in the optimization of

the industrial structure by promoting scientific and

technological innovation (Squicciarini and Voigtlander,

2015). Producer service industry clusters can produce

economies of scale, reduce transaction costs (Glaeser et al.,

1992), promote social exchanges, and promote industrial

optimization and upgrading (Lanaspa et al., 2016). Giving

play to the agglomeration role of producer services is of

great significance to improving the efficiency of resource

allocation and promoting economic growth. The refined and

specialized division of labor in the high-end manufacturing

industry promotes the agglomeration of producer services. The

deep integration of producer services and the high-end

manufacturing industry forms a large-scale and intensive

industrial system (de Berardino and Onesti, 2021), thus

promoting the development of the service industry. The

agglomeration of producer services can be divided into

professional agglomeration and diversified agglomeration.

Diversified agglomeration focuses on the coordinated

operation of multiple service industries, forming a diversified

development pattern; Specialized agglomeration can promote

technology spillover, and realize fine division of labor.

Diversified agglomeration can accelerate technology

integration, promote knowledge spillover sharing, and

promote industrial structure optimization. Form a network

pattern with reasonable cooperation and good order through

diversified agglomeration of producer services. In a smaller

area, the demand for producer services is single, and the service

industry is suitable for the development of specialized

agglomeration. The industrial system in the large-scale area

is perfect, and the total demand for producer services is large

(Han et al., 2015). The demand for producer services is

diversified, promoting the diversified agglomeration of

producer services (Xi et al., 2015). The effective matching

between the cluster mode of producer services and the
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regional scale will help reduce carbon emissions, thus

improving the green total factor productivity of the service

industry.

Hypothesis 2: The increase in the agglomeration level of

producer services can improve the green total factor

productivity of the service industry.

2.3 Spatial network characteristics of
green total factor productivity in the
service industry

The agglomeration of producer services produces spatial spillover

effects through related industries (Ke et al., 2014). Spillover effects will

not only affect local areas, but also other regions (Krugman, 1991).

Environmental pollution will spread among different regions and

spread in the spatial scope along with factor flowing, enterprise

investment, and industrial transfer, so environmental pollution will

show strong spatial relevance (Han and Xie, 2017). Pollution

emissions have a significant spatial spillover effect (Su et al., 2009).

The green production mode within the region can form a good

demonstration effect on the surrounding areas and guide the

collaborative improvement of the production efficiency of the

surrounding areas (Xuan and Yu, 2017). The environmental

effects brought by economic agglomeration are not limited to the

agglomeration areas, but also have significant spillover effects on the

environment of surrounding areas (Drucker andFeser, 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 (Wang et al., 2015). The green development of the service

industry in the surrounding areas is affected, so the green

development of the service industry is spatially related.

The development of the manufacturing industry in eastern

China has formed a relatively stable industrial pattern. The

integration of the manufacturing industry and the service

industry is high. The industrial chain and value chain are

constantly improving. The high value-added and low energy

consumption service industries account for a high proportion of

the overall service industry. The sub-industries achieve

coordinated promotion through resource sharing, forming

economies of scale, and promoting the green development of

the service industry. However, the industrial structure in the

central and western regions is simple. The development of the

high-end productive service industry in central and western

China is weak, the proportion of the high energy

consumption service industry is high, and the green

development level of the service industry is low. Existing

studies focus more on the East-West differences in economic

development. 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. 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 has led to the rise of the

agglomeration level of producer services, so the green

development level of the service industry in the north is

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. There are regional differences in the green

development of the service industry between the North-South

regions, but the gap will continue to narrow with the economic

development of the South.

Hypothesis 3: The green development of the service industry

has regional differences and spatial spillover effects.

3 Description of research methods
and variables

3.1 Research methods

The green development of the service industry has the

characteristics of spatial correlation and spillover. The existing

researches mostly use spatial weight matrix, Gini coefficient,

Moran index, gravity matrix, and social network analysis

methods to calculate spatial correlation indicators. Social

network analysis methods are widely used to measure the

spatial network correlation characteristics of regional

innovation systems (Hoekman et al., 2009), regional economic

growth (Lin and Ting, 2017), housing prices (Ding and Ni, 2015),

productive services (Chen, 2022), etc.

The spatial econometric model can be used to study the

spillover effect of producer services agglomeration on regional

economic growth (Huang and Guo, 2020), environmental quality

(Han et al., 2021b), and industrial optimization (Chen, 2022);

Spatial econometric model can be used to study the spillover

effect of industrial collaborative agglomeration on regional

innovation efficiency (Yuan and Gao, 2020); Spatial

econometric model can also be used to study the impact of

land resource mismatch on haze pollution. (Han et al., 2021a).

Spatial econometric models are widely used in the study of

spillover effects.

3.1.1 Social network analysis
This paper uses the social network analysis method to take

31 provinces and cities as the main body of the network
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relationship. Based on the linear correlation coefficient of the

green total factor productivity of the service industry, the paper

uses mathematical statistics and other methods to describe the

correlation between the green total factor productivity of the

service industry. The spatial correlation network structure is

divided into the analysis of overall characteristics and

individual characteristics (Burt, 1976). The current study uses

the network density, network correlation degree, network grade

degree, and network efficiency of green total factor productivity

to describe the overall characteristics (Li and Niu, 2017).

Proximity centrality, degree centrality, and intermediate

centrality are used to measure individual characteristics.

Network density is an important indicator to measure the

spatial correlation of green development of the service

industry in each province. The greater the density, the closer

the spatial relationship of green development of the service

industry in each province and city (Liu, 2004). The network

correlation degree measures the robustness of the spatial

correlation of the green development of the service industry

in each province and city. When the correlation degree is 1, it

means that all provinces and cities are in the spatial correlation

network, and the spatial network robustness of the green

development of the service industry is strong (Huang, 2018).

3.1.2 Spatial econometric model setting
Environmental pollution will spread in space with

production factors and economic activities, so the green

development of the service industry will show strong spatial

relevance. Factors such as the concentration level of producer

services not only affect the green development of local services

but also affect the green development of services in surrounding

provinces. To analyze the impact of spatial factors on the green

development of the service industry, a spatial econometric model

is built (Elhorst, 2012):

TFPit � γ0 + γ1PSit + γ2Xit

+ γ3∑N
j�1
WijPSjt + γ4∑N

j�1
WijXit + γ5WTFPjt + λWηit + αi

+ vt + ξ it

(1)
TFPit refers to the green productivity of the service industry.

PSit refers to the concentration level of productive services. Xit

represents the control variables that affect the productivity of the

service industry, including urbanization rate, service industry

development scale, trade dependence, marketization degree, and

birth rate. The subscripts i and t represent the province and year

respectively. αi、vt are the fixed effect of the province and the

fixed effect of the year. ξit is the spatial error vector. γ0 − γ5 are

the parameters matrix to be estimated. Among them, γ3、 γ4

measure the impact of the productive service industry

agglomeration and control variables of other provinces on the

green total factor production rate of the provincial service

industry. γ5 is the spatial lag regression coefficient, to measure

the impact of the green total factor productivity of the service

industry in other provinces on the green total factor productivity

of the service industry in the province. γ5 reflects the inherent

spatial dependence in the observations. wij represents the spatial

weight matrix, which is standardized so that the sum of elements

in each line is 1. The existing research uses a variety of spatial

weight matrices to measure the spatial correlation and spillover

effect of provinces, among which the adjacency matrix and

distance matrix measure the spatial correlation of green

development of the service industry in each province from the

geographical location. The economic matrix measures the

correlation between provinces from the perspective of their

economic development. 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, 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 2009 to 2019. The

data is from the National Geographic Basic Information Center.

3.2 Variable description

This paper selects the annual data of 31 provinces and cities

from 2008 to 2019 as the research sample. The data mainly comes

from the Chinese statistical yearbook, provincial statistical

yearbooks, and the Guotai’an database.

3.2.1 Interpreted variable
This paper takes the green development of the Chinese

service industry as the research object. Single-factor

productivity and total-factor productivity can be used to

measure the development of the service industry. Single-factor

productivity often includes labor productivity and capital

productivity. Single-factor productivity can only reflect the

output corresponding to a single factor. Total factor

productivity can comprehensively measure the corresponding

output of labor, capital, technology, etc. total-factor productivity

can more accurately measure the development status of the

service industry than single-factor productivity (Hulten, 2000;

Coelli et al., 2005; Syverson, 2011). Green total factor

productivity covers labor, capital, and other input factors,

taking into account expected value-added output and

unexpected environmental output (Chen, 2018). Green total

factor productivity can accurately measure environmental
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pollution in the process of service industry development. This

paper uses the green total factor productivity of the service

industry to represent the green development level of the

service industry.

This paper uses data envelopment analysis (DEA Malmquist

index) to measure the green total factor productivity of the

service industry (Farrell, 1957; Charnes et al., 1978; Shen,

2013) as the explained variable of the study (Last and Wetzel,

2011; Evangelinos, 2012; Pang, 2014; Wang and Teng, 2015;

Yang, 2015). DEA Malmquist index method does not need to set

the production function, to avoid the error of setting the function

form and affecting the accuracy of the results. The input

parameters include labor and capital, and the output

parameters include service industry output value and

environmental pollution (Fare et al., 2007). The output value

of the service industry is measured by the added value of the

tertiary industry of each province and city from 2008 to 2019

(unit: 100 million yuan), and the data is adjusted to the constant

price in 2008. Both carbon dioxide and sulfur dioxide can

represent environmental pollution. Based on existing research,

this paper takes sulfur dioxide as the environmental output

variable. Considering the availability of data, the

environmental output data is measured by the sulfur dioxide

emissions of each province (unit: 10,000 tons) (Pang and Wang,

2016). The labor input is measured by the number of urban unit

employees (unit: 10,000 people) in each province, district, and

city in the same period by industry.

According to the total investment in fixed assets of the

whole society (unit: 100 million yuan) minus the

corresponding data of agriculture, forestry, animal

husbandry, fishery, mining, manufacturing, electricity, gas,

and water production, the data of fixed asset investment in the

service industry is obtained. The capital depreciation rate is

set as 4% (Lee and Hong, 2012; Barro and Lee, 2013). The

capital stock in the base year is calculated based on the steady-

state analysis method, and the capital stock of each province

and city is estimated using the perpetual inventory method.

According to the input-output variables, the green total factor

productivity data of the service industry in 31 provinces and

urban areas under variable returns to scale are calculated

using the DEA method.

3.2.2 Explanatory variables
The existing literature studies the development level of the

service industry around the urbanization level (moroto Sanchez

and Cuadrado Roura, 2009), system construction (Zhuang et al.,

2009), transportation infrastructure (Liu, B et al., 2010), fiscal

expenditure, and other factors (Kendrick, 1961; Denision, 1962).

This paper introduces the corresponding explanatory variables to

measure the factors that contribute to the green development of

the service industry. The results of the study provide the basis for

local governments at all levels to comprehensively develop the

green service industry.

With the expansion of the service industry, the proportion of

the high-energy consuming service industry is rising, which will

hinder the green development of the service industry. To study

the relationship between the scale and the green total factor

productivity of the service industry, the proportion of the added

value of the service industry in the GDP of each province is used

to measure the service industry development scale (service)

(Francois, 1990); Productive service industry will affect the

green development level of the service industry through

specialized and diversified agglomeration. This paper uses

location entropy to measure the level of productive service

industry agglomeration. Location entropy can eliminate the

factors of regional spatial scale differences, and can truly

reflect the spatial distribution of geographical elements (Liang,

2018). The existing researches mostly use location entropy and

the Gini coefficient to measure the level of industrial spatial

agglomeration. However, many scholars use location entropy to

measure the concentration level of producer services. Based on

the existing research, this paper introduces location entropy to

measure the agglomeration level of producer services. In this

paper, the number of employees in five major industries

including transportation, warehousing, postal services,

information transmission and computer services, software

industry, finance, leasing and commercial services, scientific

research, technical services, and geological exploration is taken

as the basic indicator. The provincial productive service industry

agglomeration level (PS) is characterized by measuring the

location entropy (Liu, J et al., 2010; Yang, 2015):

PSit � (eit
Eit

)/(et
Et
) (2)

The location entropy (PSit) represents the relative

concentration level of producer services in province i during

the period t. eit represents the number of employees in producer

services in province i during the period t. The number of

employees in a certain industry at the end of the year is taken

as the number of employees in that industry. The number of

employees in producer services is the sum of the number of

employees in each industry at the end of the year. Eit refers to the

total number of employees in province i in period t, which is the

total number of employees in all industries in period t. et refers to

the number of productive service industry employees in the

country during the period t. Et refers to the total number of

employees in China during the period t. PS measures the location

entropy of producer services. The value of PS is greater than zero.

The larger PS is, the higher the concentration level of producer

services is.

The level of urbanization will increase the demand for

services. The change in the degree of marketization will affect

the efficiency of industrial development. The trade dependence

measure of regional trade development can study the green

development of the service industry from the perspective of

regional economic development. Based on the existing
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research, this paper introduces the corresponding control

variables for empirical analysis. The urbanization rate (city) is

an important influencing factor to measure the development

level of the service industry. The proportion of the urban

population in the total population (Xuan and Yu, 2014; Liu

et al., 2017) is used to measure the impact of the urbanization

level on the green development of the service industry. Degree of

marketization (Market) measures the contribution of property

right system reform and marketization reform to green total

factor productivity of the service industry. The degree of

marketization is measured by subtracting the ratio of the total

wages of state-owned urban unit employees from the total wages

of urban employees by 1 (Zhang et al., 2018). Trade dependence

is measured by the proportion of total imports and exports in

GDP. Since the import and export data is in US dollars, it is

converted into RMB according to the average exchange rate from

2009 to 2019. Trade dependence can measure the impact of

export-oriented economic development on the green total factor

productivity of the service industry (Shen and Geng, 2001; Lu

et al., 2015). The birth rate of the population is measured by the

birth rate of each province at the end of the year. The descriptive

statistics of each variable are shown in Table 1.

It can be seen from Table 1 that when environmental factors

are considered, the average total factor productivity of the service

industry decreases from 1.001 to 0.673. The maximum and

minimum total factor productivity of the service industry also

decreases significantly, which indicates that the total factor

productivity of the service industry will be overestimated if

environmental factors are not considered. The standard

deviation of green total factor productivity in the service

industry is high, indicating that there is a large gap in the

green development level of the service industry in

31 provinces and cities. The average development scale of the

service industry is 0.456. The scale of the service industry in

Beijing is higher than 0.7, far higher than the average level. The

Service industry accounts for a small proportion of Henan,

Qinghai, and Anhui. The service industry has become the

main force to boost economic development, but the

development of the service industry in different provinces is

quite different. The standard deviation of producer services

agglomeration level is high, which indicates that the

agglomeration level of producer services in 31 provinces and

cities is different, and the geographical distribution of producer

services is unbalanced.

4 Measurement of green total factor
productivity in the service industry
and analysis of spatial network
characteristics

4.1Measurement of green development of
the service industry

This paper uses the DEA Malmquist index method to

measure the growth of the green total factor productivity,

efficiency change, and technological progress of the service

industry in 31 provinces and regions of China. Table 2 shows

the change in green total factor productivity of the service

industry in 31 provinces and regions from 2009 to 2019. It

can be seen that the green total factor productivity of the service

industry in all provinces and regions is generally declining. The

average green total factor productivity of the service industry in

Liaoning, Inner Mongolia, Tibet, Jilin, Hebei, Beijing, and other

regions is high. The service industry with high added value and

low energy consumption in these regions accounts for a high

proportion of the total service industry. A productive service

industry with a fine division of labor drives the green

development of the service industry. The green total factor

productivity of the service industry in Guizhou, Guangxi,

Henan, Gansu, and other regions is low. The service industry

in these areas is mainly a low-end service industry with high

energy consumption and high pollution. Significant

environmental pollution has led to low green total factor

productivity in the service industry.

Figure 1 shows the total factor productivity of the service

industry without considering environmental factors. When

environmental factors were not taken into account, the total

TABLE 1 Descriptive statistics of variables.

Variable type Definition Variable Observations Average Std Min Max

Interpreted variable Total factor productivity TFP0 341 1.001 0.092 0.594 1.453

The green total factor productivity TFP 341 0.673 0.279 0.035 1.128

Explanatory variable The scale of service service 341 0.456 0.097 0.286 0.835

Agglomeration of producer services PS 341 1.011 0.367 0.600 2.742

urbanization city 341 0.555 0.138 0.222 0.942

Trade dependency trade 341 0.270 0.313 0.013 1.539

marketization market 341 0.503 0.160 0.030 0.867

Birth rate birth 341 0.011 0.0023 0.005 0.018
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factor productivity of the service industry showed a temporary

downward trend due to the slowdown of economic growth from

2010 to 2013. However, with the stimulus of national supply-side

reform, real estate de-stocking, and other policies, the total factor

productivity of the service industry experienced a callback in

2014. The total factor productivity of the service industry did not

fluctuate significantly from 2015 to 2019. It can be seen from

Figure 1 that changes in the total productivity of the service

industry are mainly caused by changes in technological progress.

It can be seen from Figure 1 that the change in total factor

productivity in China’s service industry is mainly affected by

technological progress. In 2013, with the slowdown of China’s

economic growth, the total factor productivity of the service

TABLE 2 Changes in green total factor productivity of the service industry.

Province 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Shanghai 0.830 0.927 0.68 0.868 0.901 0.855 0.873 0.662 0.590 0.168 0.047

Yunnan 0.826 0.878 1.128 0.788 0.791 0.783 0.752 0.743 0.418 0.184 0.118

Inner Mongolia 0.962 0.968 0.960 0.952 0.875 0.973 0.948 0.517 0.664 0.346 0.082

Beijing 0.858 0.91 0.845 0.857 0.879 0.864 0.884 0.773 0.735 0.161 0.048

Jilin 0.890 0.956 1.043 0.917 0.800 0.890 0.890 0.572 0.798 0.265 0.075

Siuchuan 0.950 0.967 0.699 0.81 0.765 0.811 0.760 0.579 0.465 0.199 0.077

Tianjin 0.859 0.963 0.767 0.789 0.833 0.875 0.842 0.640 0.713 0.264 0.061

Ningxia 0.815 0.931 1.088 0.825 0.830 0.862 0.870 0.688 0.689 0.270 0.088

Anhui 0.916 0.940 0.875 0.901 0.793 0.885 0.898 0.573 0.701 0.231 0.094

Shandong 0.912 0.916 1.030 0.853 0.794 0.845 0.841 0.654 0.365 0.263 0.073

Shanxi 0.837 0.872 0.980 0.762 0.777 0.789 0.768 0.525 0.583 0.262 0.035

Guangdong 0.891 0.919 0.712 0.821 0.816 0.817 0.794 0.455 0.502 0.134 0.046

Guangxi 0.902 0.950 0.502 0.776 0.749 0.802 0.738 0.472 0.566 0.231 0.106

Xinjiang 0.850 0.892 1.014 0.827 0.828 0.819 0.739 0.527 0.615 0.226 0.057

Jiangsu 0.925 0.915 0.942 0.919 0.629 0.804 0.783 0.589 0.587 0.211 0.077

Jiangxi 0.956 0.947 0.875 0.822 0.807 0.79 0.822 0.465 0.988 0.237 0.083

Hebei 0.919 0.934 1.034 0.837 0.868 0.856 0.878 0.661 0.566 0.298 0.089

Henan 0.893 0.948 0.878 0.779 0.797 0.785 0.79 0.303 0.363 0.202 0.09

Zhejiang 0.860 0.887 0.845 0.806 0.806 0.819 0.799 0.456 0.464 0.186 0.074

Hainan 0.702 0.869 0.763 0.723 0.758 0.791 0.805 0.806 0.817 0.219 0.086

Hubei 0.854 0.892 0.854 0.758 0.761 0.782 0.768 0.450 0.563 0.215 0.092

Hunan 0.869 0.913 0.731 0.767 0.799 0.784 0.79 0.500 0.562 0.251 0.100

Gansu 0.740 0.879 0.909 0.716 0.759 0.806 0.804 0.416 0.540 0.243 0.061

Fujian 0.789 0.809 0.767 0.749 0.777 0.795 0.783 0.555 0.622 0.168 0.114

Tibet 0.857 0.913 0.926 0.844 0.815 0.853 0.881 0.934 0.906 0.188 0.093

Guizhou 0.811 0.845 0.805 0.736 0.733 0.733 0.726 0.605 0.509 0.196 0.068

Liaoning 0.923 0.940 0.977 0.906 0.843 0.944 0.986 0.549 0.784 0.408 0.046

Chongqing 0.920 0.888 0.649 0.804 0.798 0.797 0.782 0.515 0.452 0.196 0.102

Shaanxi 0.852 0.920 1.017 0.747 0.752 0.782 0.779 0.372 0.551 0.212 0.086

Qinghai 0.694 0.913 0.795 0.715 0.803 0.883 0.912 0.821 0.709 0.257 0.105

Heilongjiang 0.713 0.810 0.846 0.764 0.762 0.834 0.849 0.662 0.603 0.216 0.051

FIGURE 1
Change trend of total productivityin service industry.
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industry showed a temporary downward trend. However, with

the impact of supply-side reform, replacing business tax with

value-added tax, real estate de-stocking, and other measures, the

total factor productivity of China’s service industry tends to be

normal. China’s provinces should increase technology

investment and introduce a digital economy to improve the

green development of the service industry.

Figure 2 shows the green total factor productivity of the

service industry after taking the environment as an unexpected

output in 31 provinces and regions. From 2009 to 2015, the green

total factor productivity and technological progress level of the

Chinese service industry remained unchanged, while

technological efficiency continued to rise; The proportion of

the added value of the service industry has been rising, and

the rapid development of transportation, warehousing, and

postal services, wholesale and retail industries has led to the

rapid growth of its energy consumption and pollution emissions.

The energy consumption problem of the service industry was

gradually highlighted from 2016 to 2019. With the significant

expansion of the service industry, the green total factor

productivity of the service industry showed a downward

trend. The efficiency of green technology remains unchanged,

while the progress of green technology continues to decline. The

repeated and homogeneous construction of the service industry

leads to resource mismatch and environmental waste, which

leads to the fact that the development of the Chinese service

industry is not green.

Since 2015, the added value of the service industry has

accounted for more than 50% of the national GDP, which is

in a rising trend; The service economy has become the driving

force of Chinese economic development, but the increase in the

proportion of the added value of the service industry has reduced

the green total factor productivity of the service industry. High-

end services with high added value and low energy consumption

account for a low proportion of the service industry. Low-end

services with high energy consumption and high pollution

account for a high proportion of the service industry, such as

consumer services, transportation, warehousing, postal services,

wholesale and retail industries. The proportion of the low-end

service industry has been rising, which has brought about

increasingly prominent environmental pollution problems. As

a result, the green total factor productivity of the service industry

has declined with the increase of the proportion of the service

industry. Inadequate progress in green technology in the service

industry has led to repeated and homogeneous construction of

the service industry, a mismatch of resources in the service

industry, and low-quality development. The internal structure

of the service industry needs to be further optimized. At the same

time, the technical level of the service industry should be

improved to improve the efficiency of resource utilization and

reduce environmental pollution.

In this paper, 31 provinces and cities are divided into north

and south regions by the Qinling Huaihe Line. 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). Figure 3 shows

the contrast between north and south differences in green

development of the service industry. The declining trend of

green total factor productivity of the service industry in

different regions remains unchanged, but the green

development of the service industry in different regions is

different. The green total factor productivity of the service

industry in the north was higher than that in the south from

2008 to 2017. But the green total factor productivity of the service

industry in the south exceeded that in the north from 2018 to

2019. From 2008 to 2017, the northern region benefited from the

FIGURE 2
Green total factor productivity in service industry.

FIGURE 3
North south difference in the development of service
industry.

Frontiers in Environmental Science frontiersin.org09

Chen et al. 10.3389/fenvs.2022.1049827

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1049827


development of an extensive manufacturing industry with high

energy consumption and high emissions, promoting the

coordinated development of producer services. The northern

region realized the diversified agglomeration of producer

services. The green development of the service industry in the

northern region, although in a downward trend, had a leading

advantage over the southern region. Due to the differences in

resource endowments, the disappearance of the “demographic

dividend” and other reasons, the transformation and upgrading

of the manufacturing industry in the northern region lags. The

southern region took the lead in promoting the optimization of

industrial structure and used economic technology as an input

factor to achieve rapid economic transformation. The high-end

service industry in the south developed rapidly. The green

development of the service industry in the north has gradually

lost its leading edge, and the green development of the service

industry in the north has been lower than that in the south since

2018. 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.

Figure 4 shows the contrast between the east, west, and

middle regions in the green development of the service

industry. The green total factor productivity of the service

industry in the eastern region was the highest from 2008 to

2017, followed by the central region and the western region. In

2017, the green total factor productivity in the central region

exceeded that in the western and eastern regions. The eastern

region has a high degree of integration of the manufacturing

industry and service industry. The service industry with high

added value and low energy consumption accounts for a high

proportion of the overall service industry in the eastern area,

forming economies of scale and promoting the green

development of the service industry. Due to the preferential

government policies and the improvement of transportation

infrastructure, the proportion of high value-added and low

energy consumption service industries in the central region

has been rising. The gap between the eastern and central

regions of green development in the service industry has

narrowed, and the downward trend of green total factor

productivity in the service industry has eased. With the

improvement of transportation infrastructure, the

development of digital technology, and the support of

government policies, the green development level of the

service industry in the central and western regions continues

to improve. However, due to the regional advantages, the eastern

region has formed industrial economies of scale, so the eastern

region will still be in the leading position in the green

development of the service industry.

Figure 5 shows the distribution of national green total factor

productivity in 2015. It can be seen that the green total factor

productivity in most provinces is greater than 0.6. The green total

factor productivity in the north is higher than that in the south as

a whole. The green total factor productivity of Jiangxi and Anhui

is better in the south, while other regions in the south are under

0.8. The manufacturing industry in the northern region drives

the development of the service industry, especially the

production service industry with low energy consumption.

The green total factor productivity in most northern provinces

is higher than that in the south in 2015.

Figure 6 shows the distribution of national green total factor

productivity in 2019. Compared with 2015, the green total factor

productivity level of the national service industry in

2019 decreased significantly. In recent years, the proportion of

the high energy-consuming service industry has been rising.

With the rising proportion of the service industry, the green

development level of the service industry has shown a downward

trend. Due to the lagging industrial transformation, the

disappearance of the demographic dividend, and the slowing

economic growth, the green total factor productivity in the north

has declined more than that in the south. The gap between the

green development of the service industry in North and South

China is gradually emerging. It is of great practical and

theoretical significance to study the North-South gap in the

green development of the service industry.

4.2 Spatial network characteristics of
green total factor productivity in the
service industry

Figure 7 shows the spatial correlation network of green total

factor productivity in the Chinese service industry. This paper

depicts the spatial network characteristics based on the

correlation coefficients of green total factor productivity in

31 provinces and regions. The spatial correlation of green total

factor productivity in the service industry in China is characterized

by networking. The local green total factor productivity in the service

FIGURE 4
The level difference of green industry development.
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industry is not only affected by local factors, but also by the green

development of the service industry in other regions. There is also a

spatial correlation between provinces that are not adjacent in space.

The spatial network density of green total factor productivity

of the service industry is 0.566, which shows that green total

factor productivity has a significant spatial spillover effect. The

network correlation degree is 1. The green total factor

productivity of the service industry in all provinces and

regions has a spatial linkage effect, and there is no isolated

province. No province can be independent in environmental

governance. Nongreen development of any province will have an

impact on other provinces.

Figure 8 shows the results of the spatial network of green total

factor productivity of the Chinese service industry relating to the

FIGURE 5
National green total factor productivity of service industry in 2015.

FIGURE 6
National green total factor productivity of service industry in 2019.
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characteristics of each province. The average degree centrality of

provinces as nodes is 69.247. The degree of centrality of eastern

provinces is high. The output is higher than the input in

Shanghai, Shandong, Jiangsu, and other regions. The impact

of green total factor productivity of the service industry in these

provinces on other regions is higher than that of other provinces

on themselves. The provinces with a high degree of centrality are

Fujian, Guizhou, Anhui, Hubei, and Zhejiang, which shows that

these provinces are at the core of the spatial network in the green

development of the service industry.

The average closeness to the centrality of each node is 77.653,

indicating that the green service industry in each province has a

high spatial correlation degree. Fujian, Anhui, Guizhou, Hubei,

and Inner Mongolia have a high closeness to centrality. These

provinces have a close network connection with other provinces,

which can drive the improvement of green total factor

productivity in other provinces. Qinghai, Hainan, Guangxi,

Chongqing, and Tibet have a low degree of proximity to the

center. These provinces are at the edge of these node networks,

and the green service industry in these provinces has little impact

on other regions.

The average intermediary centrality is 1.06. The intermediary

centrality of Fujian, Guizhou, Anhui, Hebei, Tianjin, Hubei,

Hunan, Heilongjiang, Ningxia, Zhejiang, Inner Mongolia,

Guangdong, and other regions is greater than 1. These

provinces play an intermediary role in the spatial network and

FIGURE 7
Spatial correlation network characteristic of green total factor productivity in service industry.

FIGURE 8
Module analysis of spatial assosiation network of green total factor productivity in service industry.
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have an important bridge intermediary impact on the spatial key

network. These provinces are network hubs for the green

development of the service industry. The intermediary

centrality of Qinghai, Shanxi, and Hainan is low, indicating

that these provinces have a low impact on the green service

industry in other regions.

Each province should fully tap its advantageous industries

and promote the green development of the service industry

through the complementary comparative advantages of

different provinces. The green development of Shanghai,

Shandong, Jiangsu, and other provinces has had a great

impact on other provinces. These provinces can drive the

green development of surrounding provinces through

spillover effects. Qinghai, Hainan, Guangxi, Chongqing,

Tibet, and other places are at the edge of the network.

These provinces need to actively establish cooperation and

contact with other provinces to drive the green development

of the local service industry. Fujian, Anhui, Guizhou, Hubei,

and Inner Mongolia are closely related to other provinces.

These provinces can increase the linkage effect and strengthen

inter-provincial cooperation to improve the green

development level of their service industries.

The eastern provinces are at the core of the social network

and play an important leading role in the path of green

development of the service industry, belonging to the net

spillover sector. The green development of the service

industry in the central and western provinces is weak. Taking

the Qinling Huaihe River as the boundary, the southern

provinces play a strong role in the spatial network connection.

Southern provinces have a strong impact on the spatial network

connection of the green development of the entire service

industry.

5 Contributing factors and spatial
spillover effect of green development
of the service industry

5.1 Factors contributing to the green
development of the service industry

When the adjacency matrix, economic matrix, and distance

matrix are used as the weight matrix, the results of the likelihood

ratio and Wald test show that the spatial autoregressive model

(SAR) should be used. This paper will analyze the spatial spillover

effect and contributing factors on the green development level of

the service industry based on the spatial autoregressive model.

The study controls the space effect and time effect. Table 3 shows

the spatial econometric regression results of the impact of each

element on the green total factor productivity of the service

industry when the adjacency matrix is a weight matrix. Columns

(1–3) show the direct, indirect, and total effects of the spatial

autoregressive results.

When the adjacency matrix is used as the spatial weight

matrix, the estimated coefficients of producer service industry

concentration level and urbanization rate on the green total

factor productivity of the service industry are significantly

positive. The impact of producer service industry

concentration level and urbanization rate on the green

development of the service industry not only has a “local”

effect but also has a significant spatial spillover effect. They

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. Service industry production has the

characteristics of non-storage. Service production and

consumption are consistent in time and space. The regions

with high urbanization rates have a large demand for service

products, driving the green development of local and

surrounding service industries.

The estimated coefficients of the development scale of the

service industry are significantly negative, indicating that the

Chinese service industry is still in extensive development. The

added value of the service industry is rising, but the service

TABLE 3 Spatial econometric regression results of contributing
factors.

Variables (1) Direct (2) Indirect (3) Total

Inservice −1.904*** −5.372*** −7.276***

(0.0750) (0.538) (0.579)

lnps 0.392** 1.100** 1.492**

(0.153) (0.438) (0.588)

lncity 0.866*** 2.457*** 3.322***

(0.230) (0.748) (0.970)

lnmarket −0.214** −0.601** −0.816**

(0.0954) (0.269) (0.362)

lnbirth 0.160 0.444 0.604

(0.145) (0.403) (0.547)

lntrade 0.0219 0.0592 0.0811

(0.0434) (0.124) (0.167)

rho 0.803*** (0.0207)

lgt_theta −0.246 (0.308)

sigma2_e 0.0516*** (0.00457)

Observations 341

R-squared 0.521

Number of cids 31

Standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.
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quality needs to be improved. In recent years, the catering

takeout, logistics, and other life service industries have

developed rapidly, forming a phenomenon of small but many

service enterprises with low resource utilization efficiency.

Chinese service enterprises have failed to form a scale

advantage. Many homogeneous service enterprises have

increased transaction costs and low resource allocation

efficiency, thus reducing the green total factor productivity

of the service industry. The degree of marketization of the

service industry has a significant inhibiting effect on the green

development of the service industry. State-owned enterprises

pay more attention to environmental governance, pollution

reduction, and carbon reduction than private enterprises.

State-owned enterprises play an important role in

promoting the green development of the service industry.

Because of the strong mobility of human capital, the higher

the birth rate, the lower the demographic dividend will be with

the loss of human capital. Although the birth rate promotes

the green development of the service industry, the results are

not significant. The degree of trade dependence can promote

the green development of the service industry. Because the

service industry products cannot be stored. Chinese import

and export trade is mainly concentrated in agriculture and

manufacturing, while the degree of import and export of

service-related products is weak. The effect of trade

dependence on the green development of the service

industry is not significant.

From the regression results, we can see that the scale of service

industry development, the level of productive service industry

agglomeration, and the urbanization rate have an important

impact on the green development of the service industry. China’s

service industry has a large scale of development, but the low-quality

homogeneous structure causes a waste of resource allocation, and the

concentration level of producer services can significantly promote the

green development of the service industry. The higher the

urbanization rate is, the greater the demand for the service

industry is, which will drive the green development of the service

industry. To promote the green development of China’s service

industry, provinces can optimize the internal structure of the

service industry, improve the concentration level of producer

services and promote urbanization.

5.2 Analysis of regional heterogeneity of
green development of the service industry

The existing research mainly discusses the total factor

productivity of the service industry from the perspective of

the eastern, western, and central regions. This paper joins the

north-south differences in green development of the service

industry with the Qinling Huaihe Line as the boundary. The

spatial autoregressive results of different regions are shown in

Table 4:

From the regression results, the agglomeration level of

producer services can promote the green total factor

productivity of the service industry, but the promotion effect

of different regions is inconsistent. From the north-south

perspective, the higher the concentration level of producer

services, the more significant the promotion effect on the

green development of the service industry in the northern

region. The transformation and upgrading of the

manufacturing industry in the northern region can

significantly drive the development of producer services. The

rising concentration level of producer service will significantly

promote the green development of the service industry. The

level of urbanization plays a significant role in promoting the

green development of the service industry in the northern

region. The northern region can promote the green

development of the service industry by improving the level

of urbanization. The larger the scale of the service industry in

the north, the stronger the inhibition effect on the green

development of the service industry. The low-end industries

with high energy consumption and high pollution account for a

high proportion of the service industry in the north. The

phenomenon of small and many service enterprises is

obvious, causing increased environmental pollution, resource

mismatch, and reducing the green total factor productivity of

the service industry in the north. The level of marketization has

a significant inhibitory effect on the green total factor

productivity of the service industry in southern China. The

reform and opening up drive the joint-stock reform of

enterprises in southern China. Non-state-owned enterprises

neglect environmental protection in the process of

development, resulting in high resource consumption, high

environmental pollution, and hindering the green

development of the service industry.

From the perspective of the east, central and western

regions, the concentration level of producer service plays a

strong role in promoting the green development of the service

industry in the eastern region, but not a strong role in the

central and western regions. The development level of the

manufacturing industry in the eastern region is high, which

promotes development in coordination with producer service.

Due to the lagging development of the secondary industry in the

central and western regions, the concentration level of producer

service is low. However, with the implementation of the

national western development strategy and the improvement

of transportation conditions such as European trains, the

concentration level of producer service in the central and

western regions will gradually increase. It will further

promote the green development of the service industry. The

inhibition effect of the service industry development scale on

the eastern region is significantly higher than that in the central

and western regions. The service industry development level in

the eastern region is high, and the internal structure of the

service industry is unreasonable, resulting in resource
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mismatch and low resource utilization efficiency. The

promotion effect of urbanization rate on green total factor

productivity of the service industry in the eastern region is

significantly greater than that in the central and western

regions. Due to the slow urbanization process, employment-

population in the central and western regions is low, so the

demand for the service industry is low. The birth rate can

promote the green development of the service industry. The

import and export trade has a great impact on the eastern and

southern regions, which is due to the strong reform and active

import and export trade, thus driving the green development of

the service industry.

5.3 Robustness test

To test the robustness of the research results in this paper,

different types of weight matrices are used as spatial matrices for

TABLE 4 Spatial econometric regression results in different regions.

Variables (1)South (2)North (3)East (4)Central (5)West

lnps 1.752** 2.381*** 3.020*** 0.770 2.035

(0.814) (0.797) (0.771) (1.997) (1.636)

lncity 1.747* 5.363*** 1.715 1.554 −0.611

(1.017) (1.538) (1.427) (2.132) (1.329)

lnservice −7.574*** −8.914*** −7.389*** −3.581** −2.796**

(0.807) (0.973) (1.393) (1.404) (1.253)

lnmarket −0.799* 0.398 0.651 −1.392 −0.416

(0.458) (0.629) (0.956) (0.863) (0.517)

lnbirth 0.920 0.952 1.860** 0.709 1.213

(1.183) (0.640) (0.771) (0.776) (1.174)

lntrade 0.356 −0.204 0.274 −0.454 −0.169

(0.223) (0.274) (0.265) (0.654) (0.236)

rho 0.792*** 0.793*** 0.720*** 0.774*** 0.864***

(0.027) (0.029) (0.041) (0.046) (0.026)

lgt_theta −0.320 0.185 0.718 3.739 0.731

(0.494) (0.535) (0.856) (18.24) (0.841)

sigma2_e 0.0441*** 0.0574*** 0.0977*** 0.0549*** 0.0331***

(0.005) (0.007) (0.014) (0.011) (0.005)

Constant 5.698 6.974 7.557*** 2.425* 0.777

(0) (0) (1.877) (1.445) (0.622)

Observations 176 165 121 88 132

R-squared 0.584 0.549 0.576 0.559 0.678

Number of cids 16 15 11 8 12

Standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 5 Spatial econometric regression results of different weight matrices.

Variables (1) Direct (2) Indirect (3) Total (4) Direct (5) Indirect (6) Total

lnps 0.348** 1.324** 1.672** 0.125 1.031 1.157

(0.142) (0.556) (0.694) (0.093) (0.806) (0.897)

lncity 0.877*** 3.382*** 4.259*** 0.138 1.158 1.296

(0.214) (0.993) (1.196) (0.146) (1.264) (1.409)

lnservice −1.673*** −6.401*** −8.074*** −0.251** −2.053** −2.304**

(0.069) (0.711) (0.742) (0.114) (0.878) (0.988)

lnmarket −0.201** −0.765** −0.966** −0.127* −1.060* −1.186*

(0.087) (0.335) (0.419) (0.067) (0.581) (0.647)

Standard errors in parentheses ***p < 0.01, **p < 0.05, *p < 0.1.
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the spatial autoregressive test. The test results are shown in

Table 5:

In Table 5, columns (1–3) are SAR regression results when the

economic matrix is used as the weight matrix, and columns (4–6)

are SAR regression results when the distance matrix is used as the

weightmatrix. The research results of this paper are robust under the

economic matrix. The agglomeration level of producer service and

urbanization rate will not only promote the green development of

local services but also promote the green development of services in

surrounding areas. The scale of service industry development and

the degree of marketization have a restraining effect on the green

development of local and surrounding service industries. When the

distance matrix is used as the spatial weight matrix, the scale and

marketization degree of the service industry have a significant

inhibitory effect on the green development of the service

industry. Because the distance matrix uses the large arc distance

between provincial capitals to replace the distance between regions,

the data in this paper is taken from provincial data. Therefore, the

concentration level and urbanization rate of producer service do not

significantly promote the service industry. From the regression

results, it can be seen that the green development of the service

industry has a significant spatial spillover effect, and the impact of

various factors on the green total factor productivity of the service

industry has certain robustness.

6 Discussion and conclusion

Based on environmental factors, this study discusses the green

development of the service industry. The DEA Malmquist index is

used to measure the green total factor productivity of the service

industry in 31 provinces and regions in China. When considering

environmental factors, the green total factor productivity of the service

industry shows a downward trend, which verifies that the

development of the service industry is not green. Ignoring

environmental factors will overestimate the development of the

service industry. When using social network analysis and spatial

econometric regressionmethods to measure the green productivity of

the service industry, it is found that the green development of the

service industry has significant spatial network characteristics and

spillover effects. The contributing factors to the green development of

the service industry in different regions have different effects. The

homogeneous structure of the service industry development has led to

a significant number of small service enterprises. Problems such as

low-level repetitive construction and resource mismatch have led to

the service industry still being in extensive development mode. The

proportion of high value-added and low energy consumption

productive services is low, and economies of scale have not been

formed. The development of the Chinese service industry is not green.

There are few existing studies on the green development of

the service industry, and the conclusions are inconsistent. The

existing research focuses on the measurement method of green

development in the service industry. The existing research does

not conduct an in-depth analysis of the development model of

the Chinese service industry, nor consider the spatial spillover

effect of green development of the service industry. The existing

research takes foreign direct investment, urbanization rate,

environmental regulation, the internal structure of the service

industry, and other factors as the factors contributing to the

green development of the service industry. The optimization of

the internal structure of the service industry can improve the

green development of the service industry, but no empirical

analysis has been conducted. This paper uses the level of

productive service industry agglomeration as a specific

measure of the optimization of the internal structure of the

service industry, and empirically obtains its positive

promoting effect on the green development of the service

industry. The study also obtains that the scale of the service

industry development is in the extensive development model,

and the green development of the service industry has a

significant spatial spillover effect. The results of this study

provide an accurate reference for governments at all levels to

formulate strategies. This study provides a theoretical basis for

the smooth realization of the dual carbon goal. To promote the

green development of the service industry, this paper puts

forward corresponding policy suggestions for governments

from the following aspects.

First, China should improve the concentration level of

producer service and optimize the internal structure of the

service industry.

The producer services are mostly high value-added and low

energy consumption industries. The producer services and

manufacturing industries develop in a coordinated way. The

local government drives the cluster of producer services by

improving the transformation and upgrading of the

manufacturing industry; Governments at all levels should,

according to the regional characteristics, guide the

professional or diversified agglomeration of local producer

services in a planned way. By improving the agglomeration

level of producer services, economies of scale can be formed,

and transaction costs and pollution emissions can be reduced.

Manufacturing and producer services can be promoted in a

coordinated manner to promote the green development of the

service industry and achieve low-carbon economic

transformation.

Second, China should promote the digitalization of the

service industry and improve the technical level of the service

industry.

The Chinese service industry is on large scale, but the

enterprises are many and small. The service industry is in an

extensive development mode with a large scale but low quality;

The repeated and homogeneous structure of local service

industries is serious, leading to resource mismatch and low

resource utilization efficiency; In this regard, local

governments should actively introduce digital and other

technical means to promote the digitalization of the service
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industry and improve the technical level of the service industry.

Digital construction can improve the resource utilization rate of

service enterprises, reduce repetitive construction and

investment, and promote high-quality green development of

the service industry.

Third, China should strengthen environmental regulation

and give play to the spatial spillover effect of green development

in the service industry.

Local governments should implement differentiated

strategies for energy conservation and emission reduction.

Governments at all levels should give full play to local

resource advantages and regional differences in the green

development of the service industry. The eastern regions

should optimize the internal structure of the service industry

according to local characteristics, and improve the concentration

level of producer services. The central nods should actively

provide knowledge and technology support for the

surrounding areas, and give play the leading role of the

central nodes. Provinces should form a pattern of division of

labor with complementary functions, reduce pollution emissions,

and give full play to their comparative advantages. Promoting the

green development of the local service industry, they should also

affect the green development of other areas through spatial

spillover effects. The central and western regions should

actively promote the development of the high-end service

industry with their comparative advantages, introduce digital

technology means, and promote the green development of the

local service industry. Local governments at all levels should

make overall plans for market efficiency and environmental

protection, and give full play to the spatial network

transmission characteristics of green development in the

service industry. China should achieve energy conservation

and emission reduction in the service industry, improve

Pareto for green development, and promote low-carbon

economic operations.
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