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Abstract: Based on the panel data of 114 Chinese resource-based cities from 2013 to 2022, this paper uses 

principal component analysis, Super-SBM and Malmquist index to measure the development level of digital 

economy and green total factor productivity of resource-based cities, and empirically studies the impact of 

digital economy on The impact effect and mechanism of green total factor productivity in resource-based cities. 

The research found that: (1) From 2013 to 2022, the overall green total factor productivity of resource-based 

cities in my country showed a trend of first decline and then an upward trend; (2) Digital economy can promote 

the improvement of green total factor productivity of resource-based cities, and digital economy has more long-

term effects than short-term effects. (3) Mechanism analysis shows that energy efficiency and industrial 

structure optimization are important paths for the digital economy to promote green total factor productivity 

in resource-based cities. (4) Heterogeneity research shows that digital economy has the largest effect on green 

total factor productivity in mature cities and the least effect on growth cities; From a regional perspective, the 

digital economy has the greatest effect on promoting resource-based cities in the eastern region, followed by 

the central region, and the western region is weaker. 
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1. Introduction 

The report of the Party's 20th National Congress clearly stated that “adhere to high-quality 

development and promote green economic transformation.” Green total factor productivity, which 

takes economy, energy and environment into consideration, has become one of the important 

indicators to measure the high-quality development of regional economy [1]. Resource-based cities, 

as the key components of China's high-quality economic development, and relying on their rich 

natural resources and unique industrial system, have made great contributions to ensuring the 

stability of energy resources in China and promoting the development of national economy. However, 

due to the low-end industrial structure and excessive dependence on resources, the development of 

resource-based cities is also accompanied by high energy consumption, high pollution and high 

emission [2]. Especially in the context of national economic transformation and upgrading and 

optimization of production capacity structure, resource-based cities are faced with problems such as 

unbalanced production capacity structure, excessive resource consumption and deterioration of 

ecological environment [3], and have gradually become problem-oriented cities. To this end, The 

State Council issued the National Plan for the Sustainable Development of Resource-Based Cities 

(2013-2020) in November 2013 (hereinafter referred to as the Plan), aiming to promote the sustainable 

development of resource-based cities and guide the transformation of green economic development. 

Nowadays, with the continuous development of China's digital economy, it has gradually 

become a major driving force to promote China's economic development [4]. According to the White 

Paper on China's Digital Economy Development released by the China Academy of Information and 

Communications Technology (CAICT), the digital economy's share of GDP will rise from 20.9 percent 
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to 39.8 percent from 2013 to 2022. At the same time, the Implementation Plan for Promoting High-

quality Development in Resource-Based Areas approved by The State Council in 2021 clearly states 

that it is necessary to accelerate the construction of new infrastructure such as 5G, cloud computing, 

and big data centers in resource-based areas, encourage the development of a new generation of 

information technology and the Internet of Things, and promote the intelligent transformation of 

traditional industries. It can be seen that promoting the deep integration of digital economy and real 

economy is of great practical significance for resource-based cities to achieve high-quality economic 

development. 

At present, the research results on the impact of digital economy on green total factor 

productivity are constantly abundant, which are mainly discussed from three levels: micro enterprise, 

medium industry and macro economy. At the micro enterprise level, the development of urban 

digital economy can alleviate the financing constraints of enterprises, improve the innovation level 

of enterprises and the speed of digital transformation, and achieve high-quality development of 

enterprises [5]. At the same time, through digital transformation, manufacturing enterprises can 

promote green technology innovation and strengthen human resource allocation, which will have a 

positive impact on the green total factor productivity of enterprises [6]. At the mesoindustrial level, 

the digital economy can promote the transformation of industrial organization, reshape market 

concepts, and promote the green transformation and development of different industries [7]. Huining 

(2022) takes human capital and entrepreneurial activities as research perspectives and finds that 

digital economy can improve the green total factor productivity of manufacturing [8]. At the 

macroeconomic level, digital economy can improve urban green total factor productivity by 

influencing factors such as factor allocation efficiency [9], green innovation capability [10] and 

industrial structure upgrading [11]. Furthermore, some researchers have found that digital economy 

has a spatial spillover effect on urban green total factor productivity, and believe that urban digital 

economy has an important contribution to the improvement of green total factor productivity in other 

cities [12,13]. 

In addition, the nonlinear characteristics of digital economy on green total factor productivity 

are also the focus of attention. Cheng Wenxian (2021) found that the impact of digital economy on 

China's industrial green total factor productivity is non-linear with industry scale and regional 

institutional environment as thresholds [14]. Zhang Yinghao (2022) found that the impact of digital 

economy on urban green total factor productivity has phased characteristics, and the two show a U-

shaped relationship [15]. However, Wang Qiaoran (2023) found that the impact of digital economy 

on green total factor productivity is significantly positive and the marginal effect increases [16]. In 

addition, urban environmental regulation intensity [17], geographical location [18], industrial 

structure [19] and other heterogeneous factors also affect the effect of digital economy on urban green 

total factor productivity to varying degrees. 

Based on the above literature, it can be found that existing studies have conducted in-depth 

analysis of the relationship between the two, but there are still the following shortcomings: First, most 

studies focus on the level of enterprises, industries, provincial and national prefecture-level cities, 

and few studies on resource-based cities alone; Second, from the perspective of urban energy 

efficiency and industrial structure optimization, there is no research on the impact of digital economy 

on green total factor productivity. Compared with general cities, resource-based cities have their 

particularities. Their economic development mostly depends on the richness of natural resources, 

and the leading industry is often the traditional manufacturing industry, which mainly focuses on 

resource exploitation and processing. The development of the primary and secondary industries is 

seriously lagging behind, and the environmental pollution problem is more serious than that of other 

cities [20]. Therefore, there may be differences in the effect and action path of digital economy on 

green total factor productivity. Therefore, it is necessary to consider the special sample of resource-

based cities, and further explore the impact mechanism of digital economy on green total factor 

productivity of resource-based cities from the perspective of industrial structure optimization and 

urban energy efficiency. 
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The possible marginal contributions of this paper are as follows: First, using the panel data of 

resource-based cities to empirically test the impact of digital economy on green TFP of resource-based 

cities, and enrich and expand the research literature on green TFP; Secondly, from the perspective of 

urban energy efficiency and industrial structure optimization, the influence path of digital economy 

and green total factor productivity is found, which greatly enriched the research literature on how to 

combine digital economy and real economy, and also has good practical guidance significance. 

Thirdly, from the perspective of city type and regional heterogeneity, this paper explores the 

heterogeneous impact of digital economy on green total factor productivity of resource-based cities, 

which has certain reference value for formulating more accurate development policies of resource-

based cities. 

2. Theoretical Analysis and Research Hypothesis 

2.1. Direct Impact of Digital Economy on Green Total Factor Productivity of Resource-Based Cities 

Digital economy plays an important role in promoting the economic green exhibition of 

resource-based cities, which is mainly reflected in three aspects: promoting green production mode, 

developing green industry and improving green ecological environment. First, in promoting green 

production methods. Through the application of technologies such as big data, cloud computing and 

the Internet of Things, the digital economy can digitize and automate the existing traditional 

industries [21], realize the transformation of traditional resource-based industrial enterprises to 

intelligent manufacturing, and reduce the consumption intensity of resources and energy. At the 

same time, with the development of industries related to the digital economy and the improvement 

of digital infrastructure, the diffusion barriers of information technology have been reduced, which 

can bring low-carbon green technology and production mode [12], promote resource-based industrial 

enterprises to reduce the production mode of high energy consumption and high pollution, and thus 

promote green production. Second, the development of green industries. The digital economy is an 

environmentally friendly industry, and its development premise is the construction of information 

infrastructure, which will not directly affect the environment. At present, more and more resource-

based regions such as Guizhou and Inner Mongolia are actively building information infrastructure 

such as 5G, big data and cloud computing, and vigorously developing strategic emerging industries 

such as information industry and software, which has promoted the development of green industries. 

Third, to improve the green ecological environment. Based on digital technologies such as biosensors 

and infrared sensors, government departments can achieve comprehensive supervision and efficient 

protection of the ecological environment [22], and the public can also become the main force of 

environmental supervision through digital technology, strengthening the environmental awareness 

of enterprises and improving the green ecological environment. Based on this, this paper proposes: 

Hypothesis 1: Digital economy can promote the improvement of green total factor productivity 

in resource-based cities. 

2.2. Indirect Impact of Digital Economy on Green Total Factor Productivity of Resource-Based Cities 

Previous studies have shown that improving energy efficiency is an effective way to promote 

green total factor productivity [23]. Compared with the traditional economy, the digital economy 

relies on massive data and digital technology, which can break through the restrictions of knowledge 

and technology exchange and promote new technologies related to energy production and 

consumption [24]. On a macro level, digital technology has gradually penetrated into the production 

process, organizational form and business promotion of traditional industries [25], enabling scientific 

and efficient integration and utilization of various production factors such as energy and data, 

reducing unnecessary factor and energy consumption, and alleviating the dilemma of the continuous 

flow of traditional production factors to resource-based sectors in resource-based cities [26]. To 

optimize the energy allocation structure, reduce the energy intensity of various industries, improve 

energy efficiency; At the micro level, the digital economy can promote the digital development of 

enterprises and governments, and improve the efficiency of transactions, production and distribution. 
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For example, the application of digital technology to the mining and beneficiation of natural 

resources can greatly improve production efficiency; In the smelting process of natural resources, the 

digital green production process can reduce pollutant emissions and reduce energy consumption in 

the production process. At the same time, big data technology can analyze the price trend and market 

demand of natural resources, which is convenient to predict the uncertainty of the market and 

conducive to the operation and production decision-making of enterprises. Based on this, this paper 

proposes: 

Hypothesis 2: Digital economy promotes the improvement of green total factor productivity of 

resource-based cities by improving energy efficiency. 

Previous studies have suggested that the optimization of industrial structure will have a direct 

impact on the green total factor productivity of resource-based cities [27,28], while the optimization 

of industrial structure of resource-based cities is mainly manifested by the transformation of 

resource-based industries into tertiary industries, high-tech industries and emerging industries [29]. 

The digital economy provides the necessary conditions for the optimization of the industrial structure 

of resource-based cities. First of all, the digital economy can directly drive the development of the 

tertiary industry. In the process of digital transformation of industry and agriculture using digital 

technology, many service industries will be created, such as e-commerce and smart logistics, which 

will drive the development of upstream and downstream service industries and increase the 

proportion of added value of service industries in GDP. Secondly, digital economy can promote the 

development of primary and secondary industries. For the primary industry, the digital economy has 

greatly improved agricultural production efficiency and production quality through intelligent and 

refined management and cultivation, and greatly expanded sales channels through rural e-commerce; 

For the secondary industry, based on the resource advantages of resource-based areas, the use of 

digital technology can promote the production of high-end products, thereby increasing the added 

value of products and extending the industrial chain. In addition, the digital economy can promote 

the transformation of traditional industries into digital industries and promote industrial integration, 

such as smart mines and digital oil fields. Based on this, this paper proposes: 

Hypothesis 3: The digital economy promotes the improvement of green total factor productivity 

of resource-based cities through the optimization of industrial structure. 

3. Research Design 

3.1. Model Setting 

According to the theoretical mechanism mentioned above, this paper builds the basic model as 

follows: 

itGtfp
= 0 + itDig1 + itControl  + i + t + it

                      （1） 

In formula (1), i represents each resource-based city, and t represents the year. Gtfp  is the 

explained variable, representing green total factor productivity; Dig  is the core explanatory 

variable of this paper, representing digital economy; Control  represents a set of control variables; 

i represents the unobservable regional individual effect, t  represents the time effect, and it
 is 

the random disturbance term. 

Secondly, in order to test whether the digital economy affects green total factor productivity 

through energy efficiency (Ee) and industrial structure optimization (Ins), this paper draws on Wen 

Zhonglin's (2004) intermediary effect model [30] and constructs the following regression model: 

The first step is to construct regression models of digital economy and energy efficiency and 

industrial structure optimization. 

itEe
= 0 + itDig1 + itjControl

+ i + t + it                      （2） 

itIns
= 0 + itDig2 + itjControl

+ i + t + it                       （3） 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 June 2024                   doi:10.20944/preprints202406.1031.v1

https://doi.org/10.20944/preprints202406.1031.v1


 5 

 

The second step is to test whether the digital economy promotes green total factor productivity 

through energy efficiency and industrial structure optimization, as shown in formula (4) and (5). 

itGtfp
= 0 + itDig1 + itEe2 + itControl 0 + i + t + it             （4） 

itGtfp
= 0 + itDig3 + itIns4 + itControl 0 + i + t + it           （5） 

3.2. Description of Variables 

3.2.1. Explained Variable: Green Total Factor Productivity (Gtfp) 

The methods of measuring green total factor productivity can be divided into stochastic frontier 

method (SFA) and data envelopment analysis (DEA). After comparing the two types of methods, this 

paper selects the non-expected output Super-SBM (Slack-based Measure) model [31] based on 

variable returns to scale (VRS), and combines the Global Malmquist-Luenberger (GML) index for 

measurement. On the one hand, the Super-SBM model allows the proportional improvement of all 

elements and the efficiency value of effective DMU >1 [32]. On the other hand, the GML index can 

make up for the possible problems of non-solution and non-transitivity in linear programming when 

ML index is used to measure the inter-temporal directional distance function, and realize the inter-

temporal comparison between different years. Since the GML index is the sequential rate between 

years, this paper draws on the practice of Qi Shaozhou (2018) [33], and sets 2013 as the base period 

and Gtfp as 1, and multiplicates with the GML value of each year in turn, and finally gets the Gtfp of 

each city in each year. Specific measurement indicators are as follows: 

(1) Input indicators: including labor, capital and energy input. Among them, labor input is 

measured by the number of urban employment at the end of the year in prefecture-level cities. 

Referring to the practice of Zhang Jun (2004), capital input adopts the method of perpetual inventory 

[34] to calculate the actual capital stock of cities and uses the provincial fixed asset investment price 

index to deflate. Energy input is measured by the annual electricity consumption of prefecture-level 

cities. 

(2) Expected output index: measured by regional gross domestic product (GDP) of prefecture-

level cities and adjusted to constant price data. 

(3) Non-expected output index: Industrial wastewater, sulfur dioxide and smoke (powder) dust 

emissions are selected as non-expected output. 

3.2.2. Explanatory Variables: Digital Economy (Dig) 

With reference to the approach of Zhao Tao (2020), the development level index of urban digital 

economy is measured from the level of Internet development [35]. Specifically, four indicators were 

used to measure the number of Internet broadband access users per 100 people, the number of mobile 

phone users at the end of the year, the total number of telecommunications services per capita, and 

the proportion of computer software industry employees in urban units, and the principal component 

analysis was used to reduce dimension as an indicator, and standardized processing to the range of 

0 to 1. 

3.2.3. Intermediate Variables: Energy Efficiency (Ee) and Industrial Structure Optimization (Ins) 

Energy efficiency: Referring to existing literature [36,37], this paper uses the reciprocal power 

consumption per unit GDP to measure the energy efficiency of each region. In order to eliminate the 

impact of dimension on calculation results, the standardized processing is carried out to the range of 

0~1. 

Industrial structure optimization: Referring to the practice of Xu Min (2015) [38], the industrial 

structure upgrading coefficient is constructed to measure the optimization level of the industrial 

structure of resource-based cities. The calculation formula is as follows: 

Ins =
++= =

221

3

1
IIiI

i i 33 I
                          （6） 
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In Formula (6), Ii represents the proportion of output value of industry i in GDP of the sample 

city. In order to eliminate the impact of dimension on the calculation results, the standardized 

processing is in the range of 0~1. 

3.2.4. Control Variables 

Referring to previous studies [39–42], four characteristic indicators that may affect urban green 

total factor productivity were controlled: environmental regulation intensity (Er). The emission of 

three industrial wastes (wastewater, SO2 and smoke (powder) dust) in resource-based cities was 

synthesized into an environmental regulation intensity index using entropy method. The level of 

opening to the outside world (Open) is expressed by the proportion of the total volume of imports 

and exports in the GDP of prefecture-level cities; Human capital level (Hum), expressed as number 

of undergraduate students per 10000; Resource endowment (Re), expressed by the proportion of 

people employed in extractive industries to total employment. 

3.3. Data Sources 

In this paper, 262 resource-based cities were selected and 114 resource-based cities were selected. 

The data are mainly from China City Statistical Yearbook, provincial and municipal Statistical 

Yearbook, municipal government official websites and local statistics bureau websites. 

3.4. Descriptive Statistics of Variables 

Descriptive statistics of the main variables are shown in Table 1. As can be seen from Table 1, 

the minimum value of green total factor productivity (Gtfp) in resource-based cities is 0.340, the 

maximum is 5.521, and the median is 1.000, which is lower than the mean value of 1.144, indicating 

that there are great differences in Gtfp in resource-based cities and the polarization is serious. Digital 

Economy (Dig) is similar to Gtfp, but varies widely between cities. The median of energy efficiency 

(Ee) is 0.260, and the average is 0.285, which indicates that there is a large gap in energy efficiency 

among resource-based cities. The median of industrial structure optimization (Ins) is 0.561, and the 

average is 0.555, which is lower than the median, indicating that the difference of industrial structure 

among resource-based cities is small. 

Table 1. Descriptive statistics of variables. 

variable Sample  Mean  median Standard  Minimum  Maximum  

Gtfp 1140 1.144 1.000 0.625 0.340 5.521 

Dig 1140 0.322 0.321 0.039 0.000 1.000 

Ee 1140 0.285 0.260 0.153 0.000 1.000 

Ins 1140 0.555 0.561 0.114 0.000 1.000 

Er 1140 0.878 0.910 0.106 0.217 0.997 

Open 1140 0.075 0.044 0.095 0.000 0.928 

Hum 1140 0.011 0.009 0.009 0.000 0.065 

Re 1140 0.105 0.057 0.114 0.000 0.633 

3.5. Analysis of the Calculation Results of Green Total Factor Productivity 

According to the “Planning”, the research samples were classified according to city types, and 

14 growth cities, 64 mature cities, 13 regenerative cities and 23 declining cities were finally 

determined. maxDEA software was used to calculate the GML index of different resource-based cities 

from 2013 to 2022, and accumulated year by year to obtain the cumulative GML index change value 

of different resource-based cities, as shown in Figure 1. It can be seen that the cumulative value of 

GML index of the four resource-based cities showed a fluctuating downward trend from 2012 to 2015, 

and an upward trend after 2015, which is consistent with the research conclusion of Xiao Ying (2019) 
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[26]. In addition, the GML index values of regenerative, growing and declining cities are larger, 

indicating that the average annual growth of green total factor productivity is faster, while that of 

mature cities is relatively slow. 
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Figure 1. Cumulative GML index change trend chart of four resource-based cities. 

4. Analysis of Empirical Results 

4.1. Baseline Regression Results 

In this paper, fixed effects, random effects and mixed OLS models were selected for regression. 

After Hausmann test, fixed effects models with better fitting effect and more robust results were 

selected. The benchmark regression results are shown in Table 2. Referring to the test idea of 

Weschway (2022) [43], this paper adopts a progressive regression processing method. As shown in 

Table 2, the digital economy of the core explanatory variable is significant at the 1% level, and when 

the digital economy level of resource-based cities increases by 1%, the green total factor productivity 

will increase by 2.588. Hypothesis 1 is proved. 

Table 2. Baseline regression results of the impact of digital economy on green total factor productivity 

of resource-based cities. 

variable （1） （2） （3） （4） 

Dig 2.642*** 3.025*** 2.492*** 2.588*** 

 (0.409) (0.357) (0.252) (0.329) 

Er  2.584*** 0.661*** 1.637*** 

  (0.374) (0.236) (0.556) 

Open  1.182* 0.585 0.826 

  (0.696) (0.423) (0.504) 

Hum  19.304* 4.633 1.670* 

  (10.040) (3.560) (6.464) 

Re  -2.131*** -0.074 -1.461** 

  (0.807) (0.209) (0.631) 

cons 0.140 -0.705** -0.428* -1.053** 

 (0.132) (0.342) (0.248) (0.517) 

N 1140.000 1140.000 1140.000 1140.000 

r2 0.332 0.2650 0.3513 0.365 

City Yes Yes No Yes 

Year Yes No Yes Yes 
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Note: The t statistic is in parentheses, where ***, ** and * are significant at the 1%, 5% and 10% levels, respectively. 

4.2. Robustness Test 

4.2.1. Sample Tailing Processing 

Considering that the research conclusion may be affected by extreme values and outliers, the 

main explanatory variables are further shrinked at the 1% level in this paper, and the regression 

results are shown in Table 3. So the conclusion is still sound. 

4.2.2. Explanatory Variable Lag 

Considering that the impact of digital economy may have a certain time lag effect, the core 

explanatory variables are further tested after a delay of 1 to 3 periods, respectively, and the results 

are shown in Table 3. The regression coefficients in the lag model all increase successively, indicating 

that the digital economy has a greater long-term impact on urban green development than the short-

term impact, and the conclusion is still robust. 

4.2.3. Change the Measurement Method of Explained Variables 

The explained variable in this paper is resource-based city Gtfp. By referring to the measurement 

method of Qi Shaozhou (2018) [33], the original Super-SBM model is changed to SBM model, and the 

resource-based city Gtfp is calculated by combining the GML index, with the input and output 

indexes unchanged. Regression results are shown in Table 3. So the conclusion is still sound. 

Table 3. Regression results of robustness test. 

variable 

Truncated 

and 

truncated 

One-phase 

lag 

Second-

phase lag 

Third-phase 

lag 

Change the measure 

of the explained 

variable 

Gtfp Gtfp Gtfp Gtfp Gtfp 

Dig 2.046***    2.013*** 

 (0.399)    (0.341) 

L.Dig  2.773***    

  (0.514)    

L2.Dig   3.567**   

   (1.632)   

L3.Dig    3.961*  

    (2.036)  

Control Yes Yes Yes Yes Yes 

cons -1.126** -1.294** -1.659** -2.114** -1.107** 

 (0.435) (0.580) (0.780) (0.886) (0.402) 

N 1140.000 1026.000 912.000 798.000 1140.000 

r2 0.409 0.366 0.354 0.352 0.367 

City Yes Yes Yes Yes Yes 

Year Yes Yes Yes Yes Yes 

Note: The t statistic is in parentheses, where ***, ** and * are significant at the 1%, 5% and 10% levels, respectively. 

4.3. Endogeneity Analysis 

4.3.1. Tool Variable Method 

Considering that Gtfp in resource-based cities may be interfered by regional institutional 

environment, technological innovation and other factors, and there may be a potential reverse 
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causality between digital economy and Gtfp, which may lead to endogeneity problems. Therefore, 

further instrumental variables are adopted to alleviate the above problems. Based on the research 

ideas of Huang Qunhui (2019) and CAI Ling (2022), the interaction term between the number of post 

offices in resource-based cities at the end of 1993 and the investment in fixed assets of information, 

software and information technology services in the previous year (which is related to time) is taken 

as the instrumental variable of the development level of digital economy in resource-based cities [44]. 

The reasons are as follows: the regions with a large number of post offices in history have more 

demand for “online” communication, and the infrastructure of post and telecommunications will also 

have an impact on the information infrastructure construction of the current resource-based cities, 

meeting the relevant conditions; At the same time, with the development of information technology, 

the related business and main functions of the post office will be replaced by new information tools, 

so it is unlikely to have a certain impact on the current resource-based city Gtfp. 

In this paper, 2SLS model is used for testing, and the results are shown in Table 4. From the first 

stage of 2SLS, the selected instrumental variables are correlated with the level of digital economy of 

resource-based cities, and pass the 1% correlation test, and the F statistic is 12.61, greater than the 

critical value 10, so there is no need to worry about the problem of weak instrumental variables. From 

the results of the second stage, the unrecognizable LM test is passed, which shows the rationality of 

the choice of instrumental variables. Therefore, after considering the possible endogeneity problem, 

the conclusion of this study is still robust. 

4.3.2. Dynamic GMM Panel Analysis 

Considering that the green total factor productivity of the current period will be affected by the 

previous period (that is, sequence correlation), the research conclusion will be affected. Therefore, 

the dynamic panel estimation benchmark model is adopted, and the possible endogeneity problem 

between variables is solved by the system GMM estimation method. The results are shown in Table 

4. The Dig coefficient is significantly positive at the 5% level, and it passes the over recognition test 

and the differential autocorrelation test of the disturbance term, indicating that the results in this 

paper are still robust. 

Table 4. Endogeneity test. 

variable 
Instrumental variable method System GMM 

Gtfp Gtfp 

Dig 19.493*** 0.549** 

 (7.386) (0.270) 

Gtfp_lag  1.034*** 

  (0.054) 

Control Yes Yes 

cons  -1.384*** 

  (0.251) 

N 980.000 1026.000 

r2 -0.850  

City Yes Yes 

Year Yes Yes 

AR(1)  0.001 

AR(2)  0.152 

Note: The t statistic is in parentheses, where ***, ** and * are significant at the 1%, 5% and 10% levels, respectively. 
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5. Mechanism Analysis 

5.1. Mediation Effect Test 

In order to test hypothesis 2 and 3, regression was performed using the intermediary effect 

model, and the results were shown in Table 5. Among them, the estimation results in Table 5 (2) and 

(3) are based on energy efficiency as the intermediary variable. The results show that the coefficients 

of digital economy and energy efficiency are both significantly positive, and the influence coefficient 

of digital economy on green total factor productivity becomes smaller, indicating that digital 

economy can promote the improvement of green total factor productivity of resource-based cities by 

improving energy efficiency. Hypothesis 2 is proved. 

In Table 5, columns (4) and (5) are the estimated results of industrial structure optimization as 

the intermediary variable. The results show that the coefficients of digital economy and industrial 

structure optimization are significantly positive, and the influence coefficient of digital economy on 

green total factor productivity becomes smaller, indicating that digital economy can promote the 

improvement of green total factor productivity of resource-based cities through industrial structure 

optimization. Hypothesis 3 proves. 

The Sobel test was further performed for the two effects, and the Z-statistic value in the 

regression of energy efficiency was 2.24 (significant at 5% confidence level), and the proportion of 

intermediary effect in the total effect was 9.07%. The Z-statistic value in the regression of industrial 

structure optimization is 4.91 (significant at 1% confidence level), and the proportion of intermediary 

effect in the total effect is 12.73%. 

Table 5. Regression results of mechanism test. 

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

Gtfp Ee Gtfp Ins Gtfp 

Dig 2.588*** 0.636*** 1.331*** 0.178*** 1.577*** 

 (0.329) (0.044) (0.460) (0.039) (0.432) 

Ee   1.975***   

   (0.302)   

Ins     1.323** 

     (0.347) 

Control Yes Yes Yes Yes Yes 

cons -1.053** -0.032 -0.989** 0.468*** -1.077*** 

 (0.517) (0.029) (0.283) (0.026) (0.331) 

N 1140.000 1140.000 1140.000 1140.000 1140.000 

r2 0.365 0.254 0.391 0.450 0.365 

City Yes Yes Yes Yes Yes 

Year Yes Yes Yes Yes Yes 

Note: The t statistic is in parentheses, where ***, ** and * are significant at the 1%, 5% and 10% levels, respectively. 

6. Heterogeneity Analysis 

6.1. Different Types of Resource-Based Cities 

Considering the large differences in digital economy among different types of resource-based 

cities and the differences in green total factor productivity among different types of resource-based 

cities, it is necessary to conduct sub-sample regression according to resource-based city types, and 

the results are shown in columns (1) ~ (4) of Table 6. 
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Table 6. Regression results of different types of resource-based cities. 

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

Regenerative city Mature city Growing cities Declining city 

Dig 4.064 5.448*** 1.434** 2.307*** 

 (3.986) (1.944) (1.187) (0.383) 

Control Yes Yes Yes Yes 

cons -2.757** -1.373* 0.629 -0.984** 

 (1.258) (0.781) (2.629) (0.461) 

N 140.000 640.000 130.000 230.000 

r2 0.682 0.340 0.249 0.580 

City Yes Yes Yes Yes 

Year Yes Yes Yes Yes 

Note: The t statistic is in parentheses, where ***, ** and * are significant at the 1%, 5% and 10% levels, respectively. 

It can be seen that the estimated coefficients of the digital economy of mature cities, growing 

cities and declining cities on green total factor productivity are 5.448, 1.434 and 2.307, respectively, 

and all are significant, while the regression coefficient of the digital economy of regenerative cities 

on green total factor productivity is 4.064, but not significant. At the same time, it shows that digital 

economy has the greatest effect on promoting green total factor productivity in mature cities. The 

possible reasons for the above results are as follows: first, in the core areas of China's natural resources 

supply in mature cities, traditional resource-based industries account for a high proportion, and 

industrial equipment is slowly updated. Digital economy promotes the upgrading and 

transformation of resource-based industries' technical level and industrial equipment, improves the 

mining efficiency of natural resources, and is conducive to the green transformation of the overall 

industry; Second, growth cities have strong capacity to secure follow-up resources, and resource-

based enterprises are gradually developing and expanding. Digital economy has improved urban 

industrial level, facilitated the combination of industrial production and information technology, 

improved the level of deep processing of resources, and accelerated the construction of new 

industrialization. Thirdly, resources in declining cities are exhausted, and there are many 

unemployed people in cities, resulting in serious population loss. Digital economy promotes the 

promotion of other industries, which is conducive to the development of alternative industries. 

Fourth, regenerative cities have basically got rid of the dependence on resources, leading industries 

in cities no longer depend on natural resources, non-resource industries are booming, digital 

economy not only increases the proportion of service industries, but also benefits the development 

of urban emerging industries. 

6.2. Geographical Location of the City 

Considering that different resource-based cities are located in different geographical locations, 

and there are great differences in the level of digital economy and green total factor productivity in 

different regions. Although the digital economy has a significant promotion effect on the green total 

factor productivity of resource-based cities, it is necessary to conduct heterogeneity analysis based 

on the perspective of geographical location considering that geographical location factors will have 

an impact on the basic conclusion of this paper. In order to explore the differential impact that 

geographical location factors may bring to the development of digital economy, this paper divides 

all resource-based cities into central, western and eastern regions according to geographical location. 

The results are shown in columns (1) ~ (3) of Table 7. 

The results of Table 7 show that the digital economy coefficient of eastern cities is 3.355 and 

significant at 5% level, that of central cities is 3.001 and significant at 5% level, and that of western 

cities is positive but not significant, indicating that in eastern and central regions, digital economy 
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has a significant promoting effect on green total factor productivity of resource-based cities. In the 

western region, digital economy has no significant effect on green total factor productivity of 

resource-based cities. 

The possible reasons for the above results are as follows: First, due to the better digital 

infrastructure in the eastern region, the first-mover advantage in talent, technology and location, and 

the higher level of digital economy development. The resource-based cities in the eastern region are 

mostly dominated by steel, chemicals and building materials, etc. Digital economy plays a great role 

in promoting urban green technology innovation, energy conservation and emission reduction, and 

industrial structure upgrading, which can bring opportunities for the development of resource-based 

cities in the eastern region, and then have a significant positive impact on the green total factor 

productivity of resource-based cities. Secondly, most of the resource-based cities in the central region 

are dominated by smelting industry, petrochemical industry and agriculture, and are the places to 

undertake the transfer of low-end production capacity in the eastern region, and some resource-based 

cities have huge energy consumption. At the same time, this also provides a rich development carrier 

and market space for digital technology application and innovation. Although the digital 

infrastructure in the central region is not yet perfect, the level of digital technology application and 

innovation is constantly developing, and has become an important driving force for industrial 

transformation and upgrading, combining the digital economy with the real economy. Therefore, the 

digital economy can promote the green all-factor industry of resource-based cities. Finally, the digital 

economy industry in the western region is relatively weak, and the level of digital technology 

application and innovation is relatively lagging behind. Although the resource-based cities in the 

western region are relatively rich in energy resources and the national policy support is strong, the 

integration level of informatization and industrialization lags behind that of the eastern and central 

regions. Therefore, the positive impact of digital economy on green total factor productivity of 

resource-based cities needs to be further improved. 

Table 7. Results of regional heterogeneity analysis. 

variable 
(1) (2) (3) 

Eastern region Central region Western region 

Dig 3.355** 3.001** 1.088 

 (1.974) （0.314） (0.319) 

Control Yes Yes Yes 

cons -3.432 -2.100 0.448 

 (0.703) (0.519) (0.743) 

N 260.000 50.000 38.000 

r2 0.522 0.384 0.132 

City Yes Yes Yes 

Year Yes Yes Yes 

Note: The t statistic is in parentheses, where ***, ** and * are significant at the 1%, 5% and 10% levels, respectively. 

7. Conclusions and Policy Recommendations 

Based on the panel data of 114 resource-based cities in China during 2013-2022, this paper 

calculates the digital economy development level and green total factor productivity of resource-

based cities by using principal component analysis and Super-SBM and Malmquist index 

respectively. This paper empirically studies the effect and mechanism of digital economy on green 

total factor productivity of resource-based cities. The main research conclusions are as follows: First, 

the green total factor productivity of resource-based cities in China shows an overall upward trend 

from 2013 to 2022, and the cumulative growth rate index in the ten years is in the order of regenerative 

cities > growing cities > declining cities > mature cities. Second, digital economy has significantly 

promoted the improvement of green total factor productivity in resource-based cities, and this 
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conclusion is still valid through various robustness tests. And the digital economy is more capable of 

long-term effects than short-term ones. Third, the results of intermediate effect model test show that 

digital economy can promote the improvement of green total factor productivity through energy 

efficiency and industrial structure optimization; Fourth, the heterogeneity study shows that digital 

economy has the largest effect on green total factor productivity in mature cities and the least effect 

on growth cities. In addition, digital economy has the strongest effect on green total factor 

productivity of cities in eastern region, followed by cities in central region, and the weakest effect on 

cities in western region. 

Based on the above research conclusions, this paper puts forward the following five suggestions: 

First, define the green development direction of different types of resource-based cities. The 

green total factor productivity of regenerative cities is higher, so the research and development of 

key technologies should be strengthened to improve the level of scientific and technological 

innovation. The green total factor productivity of growing cities is in a wave rising stage, so resource 

exploitation intensity should be rationally planned to gradually get rid of dependence on natural 

resources and further reduce environmental impact. The green total factor productivity of mature 

cities rises slowly, so we should focus on solving the problem of environmental pollution and 

breaking the dominant situation of resource-based industries, standardize the order of resource 

development, and promote the development of other industries. The green total factor productivity 

(TFP) of declining cities is on the rise gradually, so we should pay attention to the green 

transformation of traditional industries and the development of alternative industries to enhance the 

ability of sustainable development. 

Second, Scientifically deploy digital economy and green development path of different resource-

based cities. For regenerative cities, we should actively explore the development of digital economy, 

use digital technology to cultivate new business forms, transform and upgrade advantageous 

industries, and develop future digital industries. For growth cities, we should promote the 

development of digital economy, open up the upstream and downstream data channels of enterprises, 

and extend the industrial chain. Mature cities should tap the development potential of digital 

economy, use digital technology to guide the production of traditional industries, accelerate the 

transformation of original technologies and research and development of new technologies, and 

improve the scientific and technological content and added value of resource products. For recession-

type cities, they should actively seize the opportunities of digital economy, integrate existing 

resources with the help of digital economy platforms, carry out intensive production and operation, 

and actively develop replacement industries. At the same time, it is necessary to recognize the time-

lag effect of the digital economy and formulate a coherent and stable long-term digital economy plan. 

Third, promote the coordinated development of digital economy in different resource-based 

regions. Strengthen the development of digital economy in the resource-based regions of central and 

western China, gradually narrow the digital gap with the eastern region, and better serve the 

upgrading of traditional industries, industrial undertaking and the cultivation of emerging industries 

in the resource-based regions of central and western China. At the same time, according to the current 

situation of digital economy development in various resource-based regions, combined with the 

national strategic layout of digital economy, formulate differentiated digital economy development 

policies, release the contribution capacity of digital economy to resource-based regions, and 

gradually promote the process of digital industrialization in resource-based regions. 

Fourth, we need to improve energy efficiency in resource-based areas. Enterprises should be 

encouraged to apply digital technologies to the manufacturing process, guide enterprises and 

scientific research institutions to conduct research and development of digital technologies, energy 

saving and emission reduction technologies, and strengthen the awareness of the deep integration of 

the digital economy and the resource industry. Governments should use the digital economy to 

improve regional resource allocation and maximize energy efficiency, while taking advantage of the 

convenience provided by digital technologies to monitor energy consumption. 

Fifth, promote the optimization of industrial structure in resource-based areas. Through the 

digital economy to empower the traditional industries in resource-based areas, and combined with 
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their own positioning, explore new industrial exhibition models, create distinctive industrial clusters, 

resource advantages into industrial advantages. 
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