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Abstract: The digital economy promotes economic development, industrial upgrading, and 

environmental protection. This article calculates the green total factor productivity (GTFP) based on 

the SBM-DDF model and uses the entropy method and principal component analysis to calculate 

the digital economy index. We use panel data from 282 Chinese cities to test the driving effect of the 

digital economy on green total factor productivity. The study results show that the digital economy 

significantly increases GTFP, and the heterogeneity of this impact is further explored. We also 

explored the mechanism of the digital economy in promoting green. The digital economy can 

indirectly increase industrial production efficiency by promoting innovation in green technologies. 

Keywords: digital economy; innovation; green technologies; green total factor productivity 

 

1. Introduction 

Digital economy, based on digital technologies, the internet, and the data used, encompasses the 

goods and services facilitated by digital platforms and networks, which can be traced back to the 

1990s, and governments can economy access to prosperity for the 21st Century [1]. In China, the 

digital economy began in the early 2000s. It rapidly grew in the following years, including some 

significant milestones: the first 3G network in 2006, the "Internet Plus" strategy in 2013, the "Made in 

China 2025" plan, and the Digital Currency Electronic Payment (DCEP) in 2020. China's digital 

economy has been on an upward trend from 2000 to 2020. During Xi Jinping's Era, China had a new 

approach to global economic governance by digital transformation [2]. As an emerging economy, the 

digital economy plays a vital role in national economic development and GDP, employment rates, 

and changes in industrial structure [3]. The incorporation of digital technology and data elements has 

improved the productivity of enterprises [4,5]; the digital economy accelerates information 

dissemination, increases the speed of innovation, broadens the scope of innovation [6,7], and shocks 

the labour market, significantly changes skill structure [8–10]. China has recognized the importance 

of the digital economy and experienced a new phase characterized by medium-to-high growth and 

a focus on innovation and global competitiveness. Digitalization is an essential economic model that 

affects the country's sustainable development in the future [11–13]. 

Total factor productivity (TFP) is a reference standard used in economics to measure economic efficiency. 

It is primarily used to denote that part of an economic activity that cannot be explained by the amount of input 

(e.g., capital, labour). Green total factor productivity (GTFP) is based on traditional total factor productivity and 

adds environmental factors. GTFP is defined as a productivity measurement framework incorporating input 

variables such as capital, energy, and labour, economic benefits representing desired output, and environmental 

pollution representing undesired output [14], comprehensively considering resource and environmental 

constraints and the input constraints of traditional TFP. Therefore, GTFP can effectively reflect the sustainability 

of economic development [15–17]. Besides, World Bank public data reveals that China's primary energy intensity 

in 2015 was 81 % higher than Japan's, while it was 24 % higher than the United States', indicating a relatively 
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serious energy waste in China. Accordingly, severe environmental pollution and energy waste have restricted 

the development of China's green economy [18,19]. GTFP is a comprehensive efficiency considering economic 

growth, energy consumption and environmental pollution [20]. The digital economy effectively improves 

resource utilization, upgrades industrial structure and optimizes economic structure through digital information 

and knowledge. It is considered a vital development engine of GTFP [21,22]. Therefore, thorough research on 

the relationship between the digital economy and GTFP can contribute to a greener development path for China, 

where economic growth can be maintained while balancing environmental performance and energy saving and 

enlightening other countries to achieve green development. 

Existing literature on this topic covers various aspects. Canh and Thanh [23] have argued that 

the digital economy is multidisciplinary in the qualitative research literature. Qualitative research 

emphasizes that the digital economy is multidisciplinary and arises from the practical application of 

information and communications technology (ICT). The evolution of the digital economy is closely 

linked to technological production models and organizational governance structures, which have 

been shaped by technological change and governance adjustments since the Industrial Revolution 

[24]. The digital economy also offers new areas for modern technology. 

To some extent, the digital economy allows SMEs to shift from traditional operating activities to 

digitalization through its impact on innovation performance [25–27]. The regulatory system, 

empowerment management and industrial restructuring of the digital economy have also received 

researchers' attention [28] as the impact of the labour market, especially changes in the skill structure 

[9,10,29]. The digital economy drives innovation in economic research data and methods [30,31]. The 

strategic management literature mainly focuses on the impact of the digital economy on management 

operations. By reducing the cost of transmitting and copying information, the digital economy has 

brought pressure and new challenges to traditional companies [32,33].  

However, there are several areas for improvement in the existing literature. Firstly, there needs 

to be a scientific index system in quantitative research to accurately measure the current state of 

digital economy development. Secondly, more attention needs to be given to the relationship 

between GTFP and the digital economy, which could be a crucial driver of innovation for GTFP. 

Thirdly, many scholars analyze GTFP within Solow's framework using the perpetual inventory 

method to simulate capital stock, but these methods have inherent limitations.  

This article aims to make the following contributions. First, conduct a multidisciplinary 

comprehensive study of the digital economy, including infrastructure, industrial scale, and local 

finance, rather than just focusing on the Internet industry. Second, this article uses principal 

component analysis as an objective weighting method to construct scientific indicators to measure 

the development of the digital economy. Third, this paper uses the dual method production function 

to accurately calculate GTFP [34], avoiding the limitations of capital stock estimation. 

In this article, we use a linear model to explore the impact of the digital economy on green total 

factor productivity, and the heterogeneity of this impact is further explored. Measuring the green 

total factor productivity of 282 cities over 2011-2019 makes up for relevant research at the city level. 

It provides a factual basis for the country's current situation of high-quality economic development 

from the urban level. 

2. Mechanism Analysis 

2.1. Digital Economic Index 

The digital economy has provided new impetus for enhancing GTFP and promoting economic 

development. First, the digital economy enhances social participation in innovation, innovation 

power and the pool of innovative talent by increasing the openness of the economy, optimizing the 

industrial structure and expanding market potential, which in turn increases R&D investment and 

R&D activities bring about green innovations that create economic value while reducing resource 

consumption and the environmental cost of economic development, thereby enhancing GTFP [35–
37]. Second, the digital economy has increased the use and development of intelligent technologies 

such as artificial intelligence, cloud computing and the Internet of Things, optimizing the use of 
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resources, lowering the cost of growth, and increasing the efficiency of energy use and city 

operations, thereby increasing GTFP [38,39]. In addition, the digital economy itself is constantly 

innovating to promote green technologies, for example, by promoting renewable energy innovations 

to reduce carbon emissions, production technology innovations to reduce the demand for finite 

resources, and green finance innovations to increase investment in sustainability and finance green 

total factor productivity [40]. Therefore, this paper proposes that the digital economy promotes GTFO 

through green innovation. 

Based on the definition of the connotation of the digital economy and the availability of data, 

drawing on relevant research and referring to the digital economy development report, the first-level 

indicators of the digital economic index are divided into three aspects: digital economic carrier, 

industry digitization and digital industrialization (see Table 1). At present, the subjective weighting 

method and the objective weighting method are mainly used. Considering that the subjective 

weighting method is too subjective, this article uses the entropy weight method to measure the digital 

economic index (DEI). 

Table 1. Digital Economic Index System. 

Primary Indicators Secondary Indicators Definitions 

Digital economic carrier 

Traditional infrastructure 
Internet users per 100 people 

Mobile phone users per 100 people 

Digital infrastructure 

Mobile phone base stations 

Big data centres 

Cloud platforms 

Industry digitization 

Industrial digitalization 

Computers per 100 people in industrial 

enterprises 

Proportion of Industrial Applications 

Internet 

Service industrial digitalization 

Digital financial inclusion level 

E-commerce transaction volume 

E-government platforms 

Digital industrialization 

Industry type 

Top 100 Internet companies 

Listed companies in the intelligent 

manufacturing industry 

Industry scale 

Telecommunications and postal services 

revenue 

Software and information services 

revenue 

Computer and other electronic equipment 

manufacturing revenue 

2.2. Green Total Factor Productivity 

Economic growth theory based on Solow residuals usually only considers traditional capital and 

labour factors in input variables while ignoring resource and environmental constraints [41,42]. 

Therefore, this article considers resource and environmental factors in the construction of the green 

total factor productivity index system and treats resources and environment as endogenous variables 

that affect economic development. The selected indicator data comes from China Statistical Yearbook, 

China Industrial Statistical Yearbook, China Energy Statistical Yearbook and China Environmental 

Statistical Yearbook. 

The input indicators selected in this article are (1) Labor input, which reflects the number of 

employees. This article uses the number of employees in urban units at the end of the year to express 

it: (2) Capital investment, which reflects the level of capital investment in the production process. 

This article uses fixed asset investment to express it; (3) Energy Input is one of the characteristic 

variables that reflects green production [43]. This article uses total energy consumption to express it. 
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The selected output indicators in this article are as follows: (1) Expected Output, represented by 

the Real GDP (Gross Domestic Product) from 2011 to 2019, using 2011 as the base year; (2) Non-

Expected Output, which is another characteristic variable highlighting green production [20]. This 

study represents it by three indicators: industrial wastewater discharge, industrial sulfur dioxide 

emissions [44], and industrial smoke (dust) emissions. 

2.3. Measurement and Analysis Methods 

Assuming 𝑛 input factors for 𝑘 decision units: 𝑥 = (𝑥1, … , 𝑥𝑛) ∈ 𝑅𝑛+, the expected output for 𝑚 period: 𝑦 = (𝑦1 , … , 𝑦𝑛) ∈ 𝑅𝑚+ , and  𝑖 no-expected output: 𝑑 = (𝑑1, … , 𝑑𝑛) ∈ 𝑅𝑖+, the input-output 

expression for stages(𝑡 = 1,2, … 𝑇): (𝑥𝑘𝑡 , 𝑦𝑘𝑡 , 𝑑𝑘𝑡 ), the definition of current production possibility set: 𝑃𝑡(𝑥𝑡) = {(𝑦𝑡, 𝑑𝑡): 𝑥 can produce (yt, dt)} 
Due to the utilization of current data to determine the production frontier, denoted as 𝑃𝑡(𝑥𝑡), there is a potential for technological regression. Consequently, we employ the aggregate of 

inputs and outputs across different periods as the reference set. This approach mitigates 

computational errors arising from the incommensurability of distinct production boundaries across 

different periods, thereby enhancing the comparability of efficiencies. This is expressed as: 

𝑃𝐺(𝑥) = {(𝑦𝑡, 𝑑𝑡):∑  𝑇
𝑡=1  ∑  𝐾

𝑘=1  𝑍𝑘𝑡𝑦𝑘𝑚𝑡 ≥ 𝑦𝑘𝑚𝑡 , ∀𝑚;∑  𝑇
𝑡=1  ∑  𝐾

𝑘=1  𝑍𝑘𝑡𝑑𝑘𝑖𝑡 =
𝑑𝑘𝑖𝑡 , ∀𝑖;∑  𝑇

𝑡=1  ∑  𝐾
𝑘=1  𝑍𝑘𝑡𝑥𝑘𝑛𝑡 ≤ 𝑥𝑘𝑛𝑡 , ∀𝑛;∑  𝑇

𝑡=1  ∑  𝐾
𝑘=1  𝑍𝑘𝑡 = 1, 𝑍𝑘𝑡 ≥ 0, ∀𝑘}

 

In this context, 𝑍𝑘𝑡  represents the weight in period 𝑡 . The conditions ∑𝑡=1𝑇  ∑𝑘=1𝐾  𝑍𝑘𝑡 = 1, 𝑍𝑘𝑡 ≥ 0 

indicate variable returns to scale. 

Subsequently, the optimal solution is computed using Data Development Analysis (DDF). 

Recognizing the significance of slack variables, this paper, based on the global production possibility 

set, adopts the approach of Fukuyamah and Weber [45] [52]. SBM-DDF is defined as:  

𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡,𝑘, 𝑦𝑡,𝑘, 𝑑𝑡,𝑘; 𝑔𝑥, 𝑔𝑦, 𝑔𝑑) = max 1𝑁∑𝑛=1𝑁   𝑠𝑛𝑥𝑔𝑛𝑥 + 1𝑀 + 1 [∑𝑚=1𝑀   𝑠𝑚𝑦𝑔𝑚𝑦 + ∑𝑖=1𝐼   𝑠𝑖𝑑𝑔𝑖𝑑]2
 s.t. 

{  
  ∑𝑡=1𝑇  ∑𝑘=1𝐾  𝑍𝑘𝑡𝑦𝑘𝑚𝑡 − 𝑆𝑚𝑦 = 𝑦𝑘𝑚𝑡 , ∀𝑚∑𝑡=1𝑇  ∑𝑘=1𝐾  𝑍𝑘𝑡𝑑𝑘𝑖𝑡 + 𝑆𝑖𝑑 = 𝑑𝑘𝑖𝑡 , ∀𝑖∑𝑡=1𝑇  ∑𝑘=1𝐾  𝑍𝑘𝑡𝑥𝑘𝑛𝑡 + 𝑆𝑛𝑥 = 𝑥𝑘𝑛𝑡 , ∀𝑛∑𝑡=1𝑇  ∑𝑘=1𝐾  𝑍𝑘𝑡 = 1; 𝑍𝑘𝑡 ≥ 0, ∀𝑘𝑆𝑚𝑦 ≥ 0, ∀𝑚; 𝑆𝑖𝑑 ≥ 0, ∀𝑖; 𝑆𝑛𝑥 ≥ 0, ∀𝑛

 

In this context, 𝑔𝑥  represents the directional vector for input reduction; 𝑔𝑦  represents the 

directional vector for expected output increase; 𝑔𝑑 represents the directional vector for non-expected 

output reduction; 𝑆𝑛𝑥 denotes the slack variable for input; 𝑆𝑚𝑦  denotes the slack variable for expected 

output; 𝑆𝑖𝑑 denotes the slack variable for non-expected output. As shown in Formula (3.15), SBM-

DDF measures the weighted sum of slack variables, with a higher value of 𝐷𝑣𝐺  indicating lower 

efficiency. 

Although the GML productivity index can compensate for the infeasibility issue in linear 

programming of ML productivity index, a single GML indicator cannot address the radial angle 

problem. Therefore, this paper employs the GML productivity index method based on SBM-DDF. 
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𝐺𝑀𝐿𝑡𝑡+1 = 1 + 𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡 , 𝑦𝑡, 𝑑𝑡; 𝑔𝑥, 𝑔𝑦, 𝑔𝑑)1 + 𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡+1, 𝑦𝑡+1, 𝑑𝑡+1, 𝑔𝑥, 𝑔𝑦, 𝑔𝑑) = 𝐺𝐸𝐶𝑡𝑡+1 × 𝐺𝑇𝐶𝑡𝑡+1𝐺𝐸𝐶𝑡𝑡+1 = 1 + 𝐷⃗⃗ 𝑣𝑡(𝑥𝑡 , 𝑦𝑡, 𝑑𝑡; 𝑔𝑥, 𝑔𝑦, 𝑔𝑑)1 + 𝐷𝑣𝑡+1⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(𝑥𝑡+1, 𝑦𝑡+1, 𝑑𝑡+1; 𝑔𝑥, 𝑔𝑦, 𝑔𝑑)𝐺𝑇𝐶𝑡𝑡+1 = [1 + 𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡, 𝑦𝑡, 𝑑𝑡; 𝑔𝑥, 𝑔𝑦, 𝑔𝑑)] / [1 + 𝐷𝑣𝑡⃗⃗ ⃗⃗  (𝑥𝑡, 𝑦𝑡, 𝑑𝑡; 𝑔𝑥, 𝑔𝑦, 𝑔𝑑)][1 + 𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡+1, 𝑦𝑡+1, 𝑑𝑡+1; 𝑔𝑥, 𝑔𝑦, 𝑔𝑑)] / [1 + 𝐷𝑣𝑡+1⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗(𝑥𝑡+1, 𝑦𝑡+1, 𝑑𝑡+1, 𝑔𝑥, 𝑔𝑦, 𝑔𝑑)]
 

In this context, 𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡 , 𝑦𝑡 , 𝑑𝑡; 𝑔𝑥 , 𝑔𝑦 ,  𝑔𝑑)  represents the SBM-DDF dependent on the global 

production possibility set 𝑃𝐺(𝑥); 𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡 , 𝑦𝑡 , 𝑑𝑡; 𝑔𝑥, 𝑔𝑦 ,  𝑔𝑑) and 𝐷𝑣𝐺⃗⃗ ⃗⃗  ⃗(𝑥𝑡+1, 𝑦𝑡+1, 𝑑𝑡+1; 𝑔𝑥, 𝑔𝑦 ,  𝑔𝑑) take 

all inputs and outputs during the sample period as reference, ensuring the transitivity of GML. GML 

greater than 1 indicates an increase in green total factor productivity, GML less than 1 indicates a 

decrease in green total factor productivity, and GML equal to 1 indicates stability in green total factor 

productivity; GEC measures the degree to which DMU approaches the production possibility 

frontier, GTC measures changes in the production possibility frontier. When both GEC and GTC are 

more significant than one or less than 1, they indicate an increase in technical efficiency and a decrease 

in technological progress.  

2.4. Empirical Model 

First, we employ the Fixed effects model to analyze the impact of the digital economy on green 

total factor productivity. 𝐺𝑇𝐹𝑃𝑖𝑡 represents Green Total Factor Productivity, 𝐷𝐸𝐺𝑖𝑡 represents the 

level of Digital Economic Growth, and 𝑍𝑖𝑡 stands for control variables. 𝜇𝑖 denotes city-specific fixed 

effects, 𝜃𝑡 represents year-specific fixed effects, and 𝜀𝑖𝑡 represents the random error term.The model 

is formulated as follows: 𝐺𝑇𝐹𝑃𝑖𝑡 = 𝛽0 + 𝛽1𝐷𝐸𝐺𝑖𝑡 + 𝛽2𝑍𝑖𝑡 + 𝜇𝑖 + 𝜃𝑡 + 𝜀𝑖𝑡     (1) 

Then, we develop a transmission mechanism model to investigate the transmission mechanism 

of the digital economy on GTFP. We use regression analysis to estimate the effect of the independent 

variable on green innovation and the effect of green innovation on the dependent variable. Suppose 

both the effect of the independent variable on green innovation and the effect of green innovation on 

the dependent variable are significant. In that case, green innovation is conducive to promoting GTFP 

in the digital economy. TI stands for green innovation, measured by the number of green patent 

applications. The model is formulated as follows:         TI 𝑖𝑡 = 𝛾0 + 𝛾1𝐷𝐸𝐺𝑖𝑡 + 𝛾2𝑍𝑖𝑡 + 𝜇𝑖 + 𝜃𝑡 + 𝜀𝑖𝑡              (2) 

𝐺𝑇𝐹𝑃𝑖𝑡 = 𝛼𝛽0 + 𝛼1TI𝑖𝑡 + 𝛼2𝑍𝑖𝑡 + 𝜇𝑖 + 𝜃𝑡 + 𝜀𝑖𝑡          (3) 

2.5. Data Sources and Variables Descriptive Statistics 

This article uses the entropy weight method to measure the digital economic index (DEI)， a 

productivity index method based on SBM-DDF. Science expense (Sciexp) can promote the 

innovation-driven development of cities, attract high-level talents to join and enhance cities' 

competitiveness, innovation, and attractiveness [46,47]. Foreign direct investment (Fdi) stimulates 

the upgrading of the digital economy in local industries by bringing in new capital and advanced 

technologies [48]. Economic development (Lngdp) was expressed as the growth speed of regional 

GDP. The relation between public finance budget expenditure (Govfin) and GDP (Fingdp) was 

measured by Govfin*100/ Fingdp. The Proportion of tertiary industry (Tzgdp), cities’ public finance 
budget expenditure (Govfin), number of urban green patent applications (Apply), and number of 
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urban green patents granted (Author) all promote changes to the digital economy [49]. The indicator 

(Yangziriver) determines whether the city is in the Yangtze River Delta region. 

All data for these indicators were from China Cities Statistical Yearbook. Due to the partially 

missing city data, some cities are deleted in this article, and 2,538-panel data for 282 cities from 2011 

to 2019 are finally obtained. The descriptive statistics of each variable are presented in Table 2. 

Table 2. Descriptive statistics for variables. 

 N MAX MIN MEAN p50 

GTFP 2,538 1.243 0.806 0.997 0.996 

Sciexp 2,538 4.334e+06 753 100,930 26,566 

Tzgdp 2,538 83.50 10.20 40.97 40.20 

Govfin 2,538 835,154 1,678 40,287 26,809 

Fdi 2,538 2.050e+07 0 598,789 154,231 

Fingdp 2,538 13.64 7.426 10.26 10.20 

Lngdp 2,538 19.76 14.11 16.57 16.46 

Szjj3 2,538 0.552 0.0102 0.0938 0.0853 

Szjj4 2,538 6.374 -1.234 -0.0110 -0.121 

DEI 2,538 1.243 0.806 0.997 0.996 

Yangziriver 2,538 1 0 0.383 0 

Apply 2,538 24,472 0 536.0 106.5 

Author 2,538 11,615 0 292.9 65 

3. Empirical Analysis and Results 

3.1. Results of Baseline Regression 

Before conducting a panel data regression analysis, we need to determine whether to use a fixed 

or random effects model. Based on the Hausman test, AIC criterion and R2 measure, the fixed effect 

model with a better fitting effect can be selected for analysis. As shown in column (2) in Table 3, the 

regression coefficient of the digital economy on GTFP is 0.059, indicating that the negative impact of 

the digital economy on green total factor productivity is significant. The result of this study confirms 

that the development of the digital economy has a green value and helps to promote the green and 

high-quality development of the regional economy, which is in line with the concept of "promoting 

green development and harmonious coexistence between human beings and nature" put forward by 

the Twentieth National Congress. 

Table 3. Baseline Regression analysis (BRA). 

DEI 

 (1) (2) (3) 

Szjj 0.066*** 0.059** 0.004* 

 (0.023) (0.026) (0.002) 

sciexp  -0.000 0.000 

  (0.000) (0.000) 

Govfin  0.000 0.000 

  (0.000) (0.000) 

Fdi  -0.000*** -0.000*** 

  (0.000) (0.000) 

Fingdp  -0.009** -0.009** 

  (0.004) (0.004) 

Tzgdp  -0.0001 -0.0001 

  (0.0001) (0.0001) 

Lngdp  0.014*** 0.014*** 
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  (0.004) (0.004) 

Constant 0.990*** 0.849*** 0.856*** 

 (0.002) (0.052) (0.054) 

Yearfix YES YES YES 

Idfix YES YES YES 

R-squared 0.117 0.132 0.131 

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1. 

3.2. Robustness Test 

Considering the differences in the merits and demerits of each digital economy indicator 

measurement method, this article reconstructs the digital economy indicators based on principal 

component analysis. As shown in column (3) of Table 4, the digital economy still significantly 

enhances GTFP. Therefore, the conclusion is robust. 

Table 4. Heterogeneity analysis. 

 GTFP 

 Yangziriver Non-Yangzi East West Medium 

 (1) (2) (3) (4) (5) 

DEI 0.100*** 0.036 0.059** -0.027 0.051 

 (0.032) (0.025) (0.026) (0.056) (0.046) 

Govfin 0.000 0.000 -0.000 0.000* 0.000* 

 (0.000) (0.000) (0.000) (0.000) (0.000) 

Fdi -0.000** -0.000*** -0.000*** -0.000 -0.000** 

 (0.000) (0.000) (0.000) (0.000) (0.000) 

Fingdp -0.006 -0.013** -0.026*** 0.004 -0.011 

 (0.007) (0.006) (0.008) (0.009) (0.009) 

Tzgdp 0.000 0.000 -0.000 -0.000 0.000 

 (0.000) (0.000) (0.000) (0.000) (0.000) 

Lngdp 0.019** 0.020*** 0.029*** 0.005 0.016*** 

 (0.009) (0.005) (0.008) (0.008) (0.005) 

Constant 0.734*** 0.799*** 0.771*** 0.876*** 0.833*** 

 (0.164) (0.076) (0.120) (0.130) (0.104) 

Observations 972 1,566 891 747 900 

R-squared 0.137 0.152 0.198 0.115 0.136 

Yearfix YES YES YES YES YES 

Idfix YES YES YES YES YES 

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

3.3. Heterogeneity Analysis 

Drawing on the research [44], we categorize 282 cities into the Yangtze River Economic Zone 

(YRED) and non-YRED cities for heterogeneity analysis. As can be seen from columns (1) and (2) in 

Table 4, the economic gap between YRED cities and non-YRED cities has further widened, and there 

is a "digital divide" between cities. Further, we categorize the cities into East, West, and Central. The 

results of the heterogeneity analysis show that the digital economy significantly contributes to the 

green economic growth of cities in the eastern region rather than in the western and central regions. 

It may be due to the relatively low level of digital economy development and the relatively lagging 

infrastructure development in the central and western regions and non-YRED cities, which affect the 

development and application of the digital economy and, thus, GTFP growth. Second, the relatively 

small market size in the central and western regions and non-YRED cities may limit the development 

and application of the digital economy, thus affecting economic growth. 
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3.4. Analysis of Impact Mechanisms 

This article examines the impact mechanism of the digital economy on GTFP from the 

perspective of green innovation by adopting the mediation effect model. As shown in Table 6, the 

digital economy positively affects green innovation, which is significant at the 1% level. Green 

innovation also contributes to GTFP, which is significant at the 1% level. Therefore, the digital 

economy affects GTFP through green innovation. This indicates that the digital economy promotes 

green technological innovation, makes traditional industries intelligent and digital, reduces energy 

consumption and pollutant emissions, and then enhances the level of green GTFP. Columns (3) and 

(4) of Table 5 use the number of green patents granted as a measure of green innovation to test the 

impact mechanism's robustness; the coefficients are still significant, and the robustness passes. 

Further, we measured by the Sobel test that the Proportion of green innovation in the digital economy 

affects GTFP that is mediated:26%. Goodman-1 (Aroian) has a z-value of 2.184 and a p-value of 0.230, 

which is significant at the 5% level. 

Table 5. Mechanisms for the impact of the digital economy on GTFP. 

 (1) (2) (3) (4) 

 a1 a2 b1 b2 

VARIABLES Apply gmlddfgml Author gmlddfgml 

     

Szjj3 7,750.294***  3,074.472***  

 (379.469)  (189.835)  

Apply  0.001**   

  (0.000)   

Author    0.001** 

    (0.000) 

Govfin 0.031*** -0.000 0.015*** -0.000 

 (0.001) (0.000) (0.000) (0.000) 

Fdi -0.000* -0.000*** -0.000*** -0.000*** 

 (0.000) (0.000) (0.000) (0.000) 

Fingdp -890.440*** -0.007 -390.644*** -0.007 

 (87.077) (0.005) (43.561) (0.005) 

Tzgdp -14.536*** -0.000 -7.475*** -0.000 

 (2.823) (0.000) (1.412) (0.000) 

lngdp 115.226 0.014*** 39.400 0.015*** 

 (72.809) (0.004) (36.424) (0.004) 

Constant 6,375.485*** 0.830*** 3,077.951*** 0.831*** 

 (1,184.639) (0.062) (592.632) (0.062) 

     

Observations 2,538 2,538 2,538 2,538 

R-squared 0.952 0.131 0.956 0.130 

Yearfix YES YES YES YES 

Idfix YES YES YES YES 

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

4. Conclusions and Implications 

Based on the panel data of Chinese cities from 2011 to 2019, this paper empirically tests the role 

mechanism of the digital economy affecting green total factor productivity. This article shows: (1) 

The digital economy can significantly enhance green total factor productivity. (2) In terms of the 

mechanism of action, the impact of the digital economy on green total factor productivity is mainly 

realized through green innovation. (3) In terms of heterogeneity, cities in the Yangtze River Delta and 
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the eastern part of China can achieve incredible green economic growth by developing the digital 

economy, and there is a "digital divide" between Chinese cities. 

Based on the above conclusions, we have these recommendations : (1) Given that the digital 

economy is mainly manifested in the digitization of industries and digital industrialization, the 

government should increase investment in digital infrastructure, actively promote the in-depth 

integration of traditional industries with digital technology, facilitate the transformation and 

upgrading of traditional industries, reduce the overdependence on energy and the environment, and 

give rise to a new economy and new forms of business, to achieve synergistic development of the 

demand side and the supply side. (2) As a new channel of factor flow, the digital platform, the 

government should give full play to the role of factor allocation in the digital economy, break the 

barriers to the flow of capital and human factors, and improve the efficiency of factor allocation. (3) 

The government should provide police protection for the development of the digital economy and 

coordinate the overall situation. While promoting the digital economy strategy at the national level, 

it should set specific goals for the development of the local digital economy and give full play to the 

role of digital economy policy guidance. (4) The government should formulate a differentiated digital 

economy development strategy. For example, more robust digital economy policies should be 

implemented for cities with poor development to promote the proliferation and transfer of digital 

economy resources and synergistic development between regions. 

5. Research Limitations and Future Research 

Through the pooled regression analysis of GTFP (Green Total Factor Productivity) as an 

explanatory variable, green innovation as a mediator variable, and the digital economy index as the 

primary explanatory variable, this study draws the critical conclusion that the digital economy can 

significantly promote the growth of GTFP. However, the study still has some limitations: first, the 

applied data in this paper comes from 282 cities in China from 2011-2019, and although the sample 

capacity is sufficient, the failure to adopt the data of cities in recent years may lead to changes in the 

significance and stability of the results. Second, it fails to fully consider uncertain factors, such as 

policy changes, trade frictions, and economic crises, which may significantly impact GTFP. In 

addition, this study used linear pooled regression, but whether there is a more reasonable model to 

reflect the impact of the digital economy on GTFP still needs to be further explored. Therefore, future 

research can focus on increasing the sample capacity and adjusting the variables, including exploring 

other factors that significantly impact GTFP or exploring more scientific and reasonable linear 

models. 

Acknowledgments: This study is supported by Postgraduate Research & Practice Innovation Program of Jiangsu 
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