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Abstract 17 

The current world economy needs to undergo a green transformation. Green total factor 18 

productivity provides the basis for judging whether a country or region can attain long-19 

term sustainable development. However, there is little research into the factors that 20 

influence green total factor productivity and this has become an obstacle in the 21 

transition to a greener economy. On filtering relevant articles and interviews data 22 

collected from 2009 to 2019, open, spindle, and selective decoding are carried out to 23 

classify research conducted into green total factor productivity. From this analysis, 24 

cutting-edge research and knowledge gaps in green total factor productivity are 25 

identified. Also, an influencing factors model of green total factor productivity is built. 26 

Findings suggest that technical, economic, and government are the three main research 27 
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streams involved in this transformation process. In particular, technology plays a 28 

decisive role, economy plays a guaranteeing role, and government plays a regulatory 29 

role. Moreover, the impact of these factors cannot be isolated, as each influence and 30 

mediate the other two. Results from this study will help further popularize green total 31 

factor productivity and provide a new starting point for reducing energy consumption 32 

and environmental pollution. 33 

Keywords Green total factor productivity; Green transformation; Grounded theory; 34 

Qualitative research 35 

Introduction 36 

While the global economy has made great strides since the Industrial Revolution, it has 37 

also created some serious challenges. The problem of energy and the ecological 38 

environment is becoming increasingly serious at the expense of resource consumption 39 

and environmental degradation. Despite the world’s average 1971-2012 annual GDP 40 

growth rate of just 3%, total primary energy consumption doubled and CO2 emissions 41 

from fuel combustion increased by almost 20 billion tons (World Bank, 2015). At the 42 

same time, according to the report of the first World Health Organization (WHO) 43 

Global Conference on Air Pollution and Health in 2018, an estimated 7 million people 44 

die every year from air pollution caused by excessive ambient fine particulate matter, 45 

PM2.5 (WHO, 2018). Around 90% of urban air has particle concentrations that exceed 46 

the WHO air quality guidelines. As a result, the world has an urgent need to adopt 47 

energy conservation and emission reduction measures, carry out a green transformation, 48 

and eventually achieve sustainable development. 49 

Many studies have shown that the implementation of sustainable development is 50 

the only way to improve the utilization of resources and the efficiency of emission 51 

reduction without damaging economic growth (Paramati et al., 2017; Apergis and 52 

Gangopadhyay, 2020). As we can see, the United Nations officially adopted "Changing 53 

Our World: The 2030 Agenda for Sustainable Development," which sets out 17 global 54 
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sustainable development goals (SDGs). For the first time, it is guided by specific, 55 

measurable indicators and completion deadlines to achieve global common sustainable 56 

development in multiple dimensions such as resources, environment, and economy 57 

(Murshed and Tanha, 2020). There is no doubt that sustainable development has 58 

become the inevitable choice of human beings. In the foreseeable future, sustainable 59 

development will lead the new pattern of global development. 60 

A path to sustainable economic development is to improve Green Total Factor 61 

Productivity (GTFP) (Chen et al., 2018). GTFP is a new definition of energy and 62 

environmental constraints based on the traditional total factor productivity accounting 63 

framework (Feng and Serletis, 2014). GTFP attaches great importance to energy 64 

consumption and environmental pollution, which is in line with the original intention 65 

of coordinating the harmony between man and nature, properly handling the 66 

relationship between economic development, resource utilization and environmental 67 

protection, and vigorously developing clean energy (Murshed, 2020). Therefore, GTFP 68 

can be used as the basis for judging whether a country or region can achieve long-term 69 

sustainable development (Song et al., 2018). However, there are many influencing 70 

factors in GTFP that mainstream research has yet to clarify. A better understanding of 71 

these factors can lead to understanding GTFP more holistically, which in turn can be 72 

helpful to achieve green economic development. 73 

However, most studies only focus on the impact on GTFP from a single 74 

perspective. They do not consider other aspects comprehensively enough to develop a 75 

productivity impact factor model that can accelerate a country’s green transformation. 76 

Cao et al. (2020), for example, studied the impact of environmental regulations on 77 

China's manufacturing sector to further promote the green development in 78 

manufacturing. Zhang et al. (2019) analyzed the impact of market misallocations on 79 

GTFP by combining data from countries along the Belt and Road. Similarly, Li and Lin 80 

(2017) explored how industrial structure and economic development patterns affect 81 

green productivity. 82 
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In response, the present study aims to systematically study the influencing factors 83 

of GTFP by a regression analysis combined with grounded theory. Based on the GTFP-84 

related literature with large impact factors and high citations, a qualitative analysis 85 

approach is adopted. First, the literature and interview materials are reviewed to extract 86 

and code the GTFP influencing factors. Then, a subordinate relationship between these 87 

factors is established for spindle decoding an initial contour. The relationship between 88 

the main axis decoding is then further explored with more representative words for 89 

selective decoding. Finally, all current encodings are checked and a new GTFP factor 90 

model is proposed. 91 

This study overcomes some limitations of previous research into GTFP by 92 

adopting a qualitative bibliometric study method, analyzing the factors affecting GTFP, 93 

and building a holistic model. This model has the potential to improve the green 94 

productivity of domestic companies and accelerate a country’s green performance. The 95 

findings will also provide a scientific basis for policy-makers to develop measures for 96 

promoting competition between organizations and improving their overall efficiency. 97 

The next section introduces the research methods used, as well as the data 98 

collection and filtering process. Section 3 elaborates on the research findings, including 99 

current GTFP research trends, statistical results from research journals, and 100 

retrospective findings. Section 4 discusses these findings before finally drawing the 101 

main conclusions in Section 5. 102 

Research methods 103 

Research framework 104 

This study comprises a qualitative analysis of the factors influencing GTFP based on 105 

grounded theory. Originally proposed by Glaser and Strauss (1967), grounded theory 106 

is based on the collection and analysis of data. In particular, it roots around the data to 107 

construct a bottom-up theory that reflects social phenomena observations. Three 108 
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processes embody grounded theory: open decoding, main axis decoding, and selective 109 

decoding. It carries these out without resorting to any preestablished assumptions, and 110 

finally draws conclusions. Grounded theory is suitable here as it allows conclusions to 111 

be drawn from qualitative data. Figure 1 illustrates the research framework adopted.  112 

 113 

Defining 
phenomenon&

Literature collection
Literature screening Establish preliminary 

theory
Discussion and 

conclusion

Additional materials

Theoretical saturation

Theoretically unsaturated

(1) Open decoding-preliminary 
extraction of influencing factors: 
Read through the filtered 
literature and interview 
materials, and extract sentence 
codes related to influencing 
factors in the text.

(1) Three mainstream 
research categories of 
green total factor 
productivity were 
identified based on the 
core categories: 
technology stream, 
economic stream, and 
government stream.
(2) Discuss the effect of 
the influencing factors 
contained in each 
research mainstream on 
green total factor 
productivity.
(3) Find the influence 
path according to the role 
relationship, and 
determine the influential 
factor model of green 
total factor productivity.

(4) Saturation test: verify the 
integrity of the code.

(2) Spindle decoding-
establishment of classification of 
main categories: Analyze the 
logical relationships and 
hierarchical relationships in the 
codes, and further classify them 
to obtain a more theoretical and 
instructive main axis decoding, 
that is, the main category.

(3) Selective decoding-
determination of core 
categories: On the basis of the 
spindle decoding, the core 
decoding is further summarized 
to obtain a more subject-
oriented and more systematic 
category. Summarize the research 

conclusions, and give the 
research contributions 
and limitations.

A total of 1878 results were 
obtained after keyword search

845 documents were retained after 
eliminating duplicate documents 
and documents that were clearly 
inconsistent with the research field

271 articles obtained after 
excluding research that does not 
match the research topic

36 literature were retained after 
choosing to keep the relevant 
topics and the journals with higher 
impact factors and more citations, 
including:
(1) Literature that directly studies 
green total factor productivity;
(2) Literature that studies total 
factor productivity with 
environmental and energy 
considerations;
(3) Literature on green transition, 
green economy (productivity) 
development, and sustainable 
development

The green total factor 
productivity index can reflect 

the actual green growth 
performance of the economic 

system in a certain period. 
Studying green total factor 

productivity from the 
perspective of influencing 

factors is an effective way to 
achieve green economic 

transformation.

Database： 
Web of Science, 
ScienceDirect,

SpringerLink Journals, 
Scopus, Directory of Open 
Access Journals(DOAJ).

keywords (multiple 
combinations) ：

Green, Low-carbon, Total 
Factor Productivity ,  

Environment ,
Energy, Performance , 

Economic Growth, 
Sustainable Development 

Year Limit：
2009-2019

 114 

Fig. 1 Research framework 115 

Data collection 116 

The research involves information collected from a wide literature search and 117 

interviews. Grounded theory needs to describe the original data in depth. In order to 118 

uncover the hidden laws in the data better and present them systematically, it is 119 

necessary to make this information more representative. Hence, data relevant to GTFP 120 
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is collected from researchers, corporate executives, and government personnel first. 121 

The following subsections describe this process. 122 

Data from the literature   123 

The published research results were gathered by a literature search. To help ensure 124 

comprehensiveness, the keywords (multiple combinations) of "Green", "Low-carbon", 125 

"Carbon Emission Total Factor Productivity", "Environment", "Energy", 126 

"Performance", "Economic Growth", and "Sustainable Development" were used as 127 

search expressions in several databases (Web of Science, ScienceDirect, SpringerLink 128 

Journals, Scopus, and the Directory of Open Access Journals). The time-span window 129 

is the 2009-2019 period, as it was from 2009 when GTFP caught the researchers’ 130 

attention. When screening manuscripts, it was necessary to eliminate documents 131 

unrelated to this study while retaining those most relevant (particularly those with a 132 

large number of citations and published in journals with high impact factors). In the 133 

process of contribution screening, it was also necessary to eliminate repeated pieces of 134 

research. In this way, a total of 1878 articles were initially retrieved, and reduced to 36 135 

after the screening process. Figure 1 summarizes this process.  136 

Interview data 137 

The interviewees were proactively selected, as this helps in reducing the sample size of 138 

a study, as well as gathering information that is more likely to be insightful. The 139 

selected interviewees were mostly company managers and government personnel. As 140 

they all had wide experience in the industry and/or the government, they all had a deep 141 

understanding of GTFP − their views and opinions also being more representative and 142 

practical. The interviews were semi-structured, with question sets partially adapted to 143 

each of the two interview groups. Table 1 shows the interview protocols used. 144 

 145 

Table 1 Interview protocols 146 
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Interview 
group 

Basic 
information 

Interview protocol 

Government 
officials 

Gender, age, 
position 

1. What do you know about green total factor productivity? 
2. What policies and regulations have the government currently 
adopted to encourage the development of green total factor 
productivity? 
3. What measures do you think the government can take to 
improve green total factor productivity and how could society 
cooperate? 

Business 
executives 

Gender, age, 
management 
level 

1. What do you know about green total factor productivity? 
2. What methods do you know of to improve total factor 
productivity within your company. What role do you think these 
methods currently play? 
3. As a manager, what methods do you think companies can use 
to improve green total factor productivity, and how do you hope 
the government or society can help? 

 147 

Two interview methods were established – one for offline interviews and one for 148 

online interviews. Each interviewee was contacted before the interview to agree on the 149 

interview time and location, and for briefing on the interview background and topic 150 

involved. A total of 17 people was interviewed, with each interview lasting 151 

approximately 15 minutes. After ruling out incomplete and non-reference interviews, 152 

15 effective interviews were considered valid. Of these, 73% interviewees were male, 153 

66% were 40-50 years old, 6 were government officials (4 from environmental 154 

protection departments), and 9 were corporate management staff (3 from senior 155 

management and 4 from middle management). 156 

Results 157 

General trends in GTFP research 158 

Several previous studies of GTFP focused on the relationship between GTFP and its 159 

influencing factors. Li and Liao (2020), for example, studied the heterogeneity of the 160 

impact of financial development on GTFP in 40 countries from the perspective of 161 
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banking and insurance. Zhang et al. (2019) conducted a study of GTFP in 33 countries 162 

along the “Belt and Road” and concluded that inappropriate market distribution has had 163 

a severe negative impact on the GTFP of various economies. Martinez-Zarzoso et al. 164 

(2019) used data from 14 Organization for Economic Co-operation and Development 165 

countries to explore the impact of strict environmental policies on national total factor 166 

productivity (TFP), finding that stricter environmental regulations can promote cleaner 167 

production and benefit TFP. 168 

Other studies focus on the analysis of factors affecting GTFP in an industry or 169 

region. Balezentis et al. (2020), for example, proposed a quantitative mixed method to 170 

analyze the evolution of total environmental factor productivity in the agricultural 171 

sector of European countries, finding that the changes in environmental total factor 172 

productivity were convergent in various countries and attributable to technological 173 

progress. Ghosal et al. (2019) explored the impact of environmental regulations and 174 

implementation policies on factory-level GTFP based on data from the Swedish paper 175 

industry − their results showing that environmental policies have a beneficial impact 176 

on GTFP growth and sustainable production practices in manufacturing plants. Chen et 177 

al. (2018) proposed a two-level analysis framework to assess the GTFP of the Chinese 178 

construction industry and analyze its changing trends, finding that differences in the 179 

total factor productivity of the regional construction industry increases over time, and 180 

that economic, industrial, and technological levels also have a significant effect. 181 

Almost all studies of the factors conditioning GTFP use quantitative techniques, 182 

including parametric and non-parametric methods. However, as parametric methods 183 

require specific information concerning inputs and outputs, non-parametric methods 184 

are much more frequent. For example, Männasoo et al. (2018) used the Solow residual 185 

method, control function method, stochastic frontier analysis (SFA), and non-186 

parametric data envelope analysis (DEA) to study the influencing factors of TFP. Feng 187 

et al. (2017) also used DEA and a green development performance index to analyze 188 

panel data from 165 countries to estimate green development performance from a 189 
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global perspective. Amani et al. (2018) used a slack-based measure (SBM) model to 190 

measure the Malmquist productivity index in a variable income model and as an 191 

indicator of changes in total factor productivity over time. 192 

The results of this preliminary literature review outline some emerging directions 193 

of GTFP research and highlight a lack of qualitative and holistic analyses. The 194 

theoretical approach used here provides an unexplored and alternative approach to 195 

study GTFP. 196 

Journals publishing GTFP-related studies 197 

A total of 128 journals published GTFP-related studies from 2009 to 2019. Table 2 198 

presents those cited more frequently, together with their h- and g-index. Applied Energy 199 

ranks the highest. Its h-index is 17, which means that at least 17 of the 56 articles 200 

published in the journal were cited at least 17 times. The g-index is 36, which indicates 201 

that, when all the articles in the journal are sorted into descending order of number of 202 

citations, the number of citations is at least 36 squared, that is, 1296 times (the total 203 

number of citations of that journal was 1317). Applied Energy, Energy Policy, Energy, 204 

and Energy Economics all focus on energy and fuels, while the main research area of 205 

the Journal of Cleaner Production is green sustainable science and technology. 206 

Renewable & Sustainable Energy Reviews focuses on both of these areas, too. 207 

Ecological Indicators focuses on environmental protection and biodiversity 208 

conservation. Having accounted for around half the total number of citations, these 209 

seven journals can be considered as the decade’s mainstream journals for GTFP. 210 

Other areas of research not included in Table 2 encompass operations research and 211 

management (e.g., Omega-International Journal of Management Science and 212 

European Journal of Operational Research), agriculture (e.g., Journal of Agricultural 213 

Economics), and electronic telecommunications (e.g., IEEE Communications 214 

Magazine). 215 

Table 2 Representative journals related to GTFP 216 
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Name h-Index g-Index 
Total 

citations 
Total 
papers 

Applied Energy 17 36 1317 56 
Journal of Cleaner Production 16 33 1113 37 

Energy Policy 15 26 789 26 
Renewable & Sustainable Energy Reviews 13 22 521 22 

Energy 11 20 429 20 
Ecological Indicators 10 19 369 21 

Energy Economics 9 17 317 17 
Top 10% journals (n = 7)   4855 199 
Others (121 journals)   4647 646 
Total (128 journals)   9502 845 

Category determination 217 

Extraction of initial categories  218 

The first stage in the grounded theory approach is open decoding. This mainly involves 219 

breaking up the 20 collected documents, finding the sentences relating to the change in 220 

GTFP, and extracting the corresponding influencing factors for encoding (Table 3). A 221 

total of 376 original sentences were extracted. By analyzing and combining these with 222 

coded intersecting nodes, we completed a preliminary classification, containing the 223 

following 13 initial categories: Intellectual property protection, Market potential, 224 

Financial development, Environmental regulatory tools, Physical capital, Transport 225 

infrastructure, Technological innovation, Technological efficiency, Intra-industry 226 

competition, Human capital, Degree of pollution control, Degree of marketization, and 227 

Environmental regulatory policies. The results are shown in Table 4 (only part of the 228 

coding system is shown due to space limitations). 229 

 230 

Table 3 Example of the open decoding results of the preliminary GTFP influencing factors 231 

Representative sentences 
Open decoding 
 (Child node) 

Interviews: 
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 “If the technological breakthrough is not difficult and 
profitable, we are willing to carry out some scientific and 
technological research and development projects to 
enhance the company’s strength as much as possible.” 

Technological 
innovation 

 “Talent matters. Professional teams in all aspects are the 
basis for enterprises to produce excellent products and earn 
customer satisfaction.” 

Human capital 

 “Our company’s products are novel, the audience is wide, 
and the demand is large in the user and intermediate 
markets, which gives us a lot of room for development.” 

Market potential 

 “The environmental protection policy announced by the 
government makes enterprises pay more attention to 
ecology and environmental protection.” 

Environmental 
regulation policy 

 “Increasing the number of transportation facilities can 
speed up the flow of production factors, but it cannot be 
increased blindly.” 

Infrastructure level 

Literature: 
 The market process will speed up the flow of factors, which 

is conducive to industrial upgrading and green 
transformation, and the level of green economic 
development will gradually increase. 

Degree of marketization 

 Technical efficiency is basically in a negative growth state, 
which means that improving the utilization efficiency of 
green technologies is the main breakthrough point to 
improve the green total factor productivity. 

Technological efficiency 

 Because green technology’s R&D costs are much higher 
than non-green technologies, strict intellectual property 
protection can easily make non-green technology R&D 
occupy green technology R&D, which is not conducive to 
green technology progress. 

Intellectual property 
protection 

 In terms of FDI, foreign direct investment has a significant 
negative effect on the growth of GTFP. 

Foreign direct 
investment 

 232 

Table 4 Initial GTFP categories 233 

Serial 
number 

Initial category Open decoding 

1 
Intellectual property 

protection 
Intellectual property protection 

2 Market potential Market potential 

3 Financial development 
Outward foreign direct investment, 

Foreign direct investment 
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4 
Environmental regulatory 

tools 

Command-controlled environmental regulation, 
Market-inspired environmental regulation, 

Voluntary agreement environmental regulation 
5 Physical capital Energy factor 
6 Transport infrastructure Transport infrastructure 
7 Technological innovation Innovation quality, R&D level 
8 Technological efficiency Technological efficiency 
9 Intra-industry competition Intra-industry competition 

10 Human capital Urbanization level 

11 
Degree of pollution 

control 
Degree of pollution control 

12 Degree of marketization Degree of marketization 

13 
Environmental regulation 

policy 
Two-control area policy, 

Government emission reduction policy 

Classification of main categories  234 

The second stage is named spindle decoding or main axis decoding. This step involves 235 

conducting a deeper level of cluster analysis from the initial categories obtained in the 236 

first stage. This is done to reveal the logical relationships that the initial categories may 237 

have and obtain a more theoretically informed and explanatory main categories 238 

description (in this case GTFP). In the present study, the 13 initial categories obtained 239 

by open decoding were analyzed in detail and combined into a tree-like diagram. Table 240 

5 gives the results. 241 

 242 

Table 5 Main GTFP categories 243 

Serial 
number 

Main category Initial category 

1 Industrial structure Intra-industry competition 
2 Production factors Physical capital, Human capital 
3 Market factors Degree of marketization, Market potential 
4 Technical efficiency Technical efficiency 

5 Environmental regulation 
Environmental regulatory tools, 
Environmental regulation policy 

6 Technological progress Technological innovation 
7 Infrastructure level Transport infrastructure 
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8 
Intellectual property 

protection 
Intellectual property protection 

9 Economic development level Financial development 
10 Fiscal decentralization Degree of pollution control 

 244 

Identification of core categories  245 

The third stage of grounded theory is selective decoding. This is based on the main axis 246 

decoding from the previous step and further summarizes into a core category. These 247 

correspond more clearly with the theme and usually exert some systematic influence on 248 

it. From this analysis we established that both technological progress and technological 249 

efficiency were related to GTFP and, of course, technology. For this reason, they were 250 

unified under the concept of technical streams (TS). 251 

Analogously, the economic streams (ES) gathered: the industrial structure, which 252 

is an important part of the social and economic system; the level of economic 253 

development, which reflects the scale and speed of a country’s economic development; 254 

production factors, which are the basic factors of production and operation; and market 255 

factors, which are related to the current economic system and reflect the economic 256 

variable of demand.  257 

Finally, the following factors constituted government streams (GS): fiscal 258 

decentralization; environmental regulation and intellectual property protection; and 259 

infrastructure. Fiscal decentralization involves the fiscal power given to the local 260 

government by the central government so that local governments can enjoy 261 

corresponding autonomy; the environmental regulation and intellectual property 262 

protection are related to policy decisions issued by the government; while  263 

infrastructure, as a public item, has a non-competitive and non-exclusive nature that 264 

determines the main role of the government in the construction process. These 265 

technical, economic, and government streams denoted the three core categories of 266 

GTFP’s most influencing factors (Table 6). 267 
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 268 

Table 6 Core GTFP categories 269 

Serial 
number 

Core category Main category 

1 Economic streams 

Industrial structure 
Economic development level 

Production factors 
Market factors 

2 Technical streams 
Technological progress 

Technological efficiency 

3 Government streams 

Environmental regulation 
Intellectual property protection 

Infrastructure level 
Fiscal decentralization 

 270 

Saturation test 271 

The saturation test involved keeping 10 papers apart during the literature analysis to 272 

test the factor-coding comprehensiveness − using these papers to check the coding 273 

consistency with the Nvivo 11 software, where the extracted influencing factors 274 

coincided with the proposed coding concept categories. As no new GTFP influencing 275 

factors occurred, it was concluded that the current influencing factor coding had 276 

reached saturation. Consequently, the proposed coding in the previous step was taken 277 

to be sufficiently rich and representative. 278 

Discussion: classification of the major research streams 279 

The study clearly identified three core categories of GTFP influencing factors: 280 

technical, economic, and government streams. These can also be considered to 281 

represent current mainstream GTFP research. 282 
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Impact of technology streams (TS) 283 

TS mainly comprises technological progress and technological efficiency as shown in 284 

Figure 2. GTFP can be composed of the technological progress index and the 285 

technological efficiency index (Song and Li, 2019). Technological progress is the main 286 

force driving the improvement in GTFP (Wang, 2017; Zhang, 2015). Technological 287 

progress on behalf of innovation capacity shifts the frontier of green production 288 

outwards. This improves output efficiency or allows more advanced technologies of 289 

energy conservation and emission reduction. These promote the coordinated 290 

development of the economy and environment (Cheng et al., 2018). However, technical 291 

efficiency is generally low and has a negative impact on GTFP. This is caused by the 292 

decline in the efficiency of technology utilization and the inefficiency of environmental 293 

management (Shao et al., 2016). The optimization of technical efficiency can achieve 294 

a better combination of production factors, promote industrial upgrading, and improve 295 

economic input-output efficiency. These three outcomes will have a more long-term 296 

and profound impact on GTFP. 297 

Technological progress depends on the continuous accumulation of technological 298 

innovation, and technological progress also represents the ability for technological 299 

innovation. Therefore, technological innovation is regarded a branch of technological 300 

progress, with technological innovation and GTFP being positively correlated (Du and 301 

Li, 2019). In particular, green technological innovation is likely to prompt companies 302 

to actively respond to green development. By developing green technologies, products, 303 

and improving organization and management methods, companies can increase their 304 

income levels and even obtain net profits that offset the high-cost investments of 305 

environmental governance (Wang et al. 2020). 306 

Technological innovation also includes such other factors as innovation quality 307 

and R&D level. The quality of innovation is conducive to the promotion of the green 308 

factor, although its impact is being restricted by the threshold of environmental 309 

regulation. This is because high-intensity environmental regulations strictly control 310 
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environmental pollution emissions and energy consumption, stimulate innovation 311 

activities, help innovation quality maintain a higher level, and have a positive impact 312 

on GTFP (Yang et al., 2019). The intensity of the R&D level positively affects GTFP. 313 

Clearly, a large amount of R&D investment by a firm can attract a large amount of 314 

outstanding talent, improve R&D facilities, stimulate innovation, and ultimately 315 

enhance GTFP (Shen et al., 2019). 316 

Technological 
progress

Technological 
efficiency

：Government streams related Factors 
    (Technical development cannot be separated from 
     government  regulation)

： Economic streams related Factors 
    (Regional economic conditions affect technology    
     development and use efficiency)

 317 
Fig. 2 The technology streams system 318 

Impact of economic streams (ES) 319 

ES mainly comprises industrial structure, production factors, economic development 320 

level, and market factors, as shown in Figure 3. The current industrial structure 321 

negatively affects GTFP (Feng et al., 2019). Industry is the main source of energy 322 

consumption and pollution emissions. The overall level of green technology is 323 

relatively backward and development depends heavily on factor inputs, it cannot offset 324 

excessive energy consumption and pollution to make green development sustainable. 325 

Greening the industrial structure has become an important means of achieving the 326 

coordinated development of economic and environmental performance (Yang et al., 327 

2018; Zhang et al., 2020). Upgrading industrial structure can accelerate the flow of 328 

production factors to clean industry and tertiary industry. This would make the 329 

industrial structure more inclined play a key role in promoting economic growth and 330 

pollution reduction (Zhang et al., 2014; Dong et al., 2020). On the other hand, a 331 
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diversified industrial structure can encourage companies to use complementary 332 

industries (such as other related upstream and downstream industries) for joint 333 

innovation and production (Feng et al., 2019). 334 

Production factors are divided into physical capital and human capital. Physical 335 

capital accumulation is beneficial to the transformation and upgrading of industrial 336 

structure (Amri, 2018). Of the material factors, researchers pay more attention to the 337 

influence of energy structure, which is negatively correlated with GTFP (Rath et al., 338 

2019). This is because the current energy consumption is dominated by traditional fossil 339 

energy, and the excessive dependence on coal hinders the improvement of GTFP (Wang 340 

et al., 2020). Some studies found that the implementation of export product 341 

diversification to promote the growth of greener and cleaner energy demand and energy 342 

innovation can achieve the purpose of upgrading the energy structure, which is 343 

conducive to reducing the negative externalities of the environment and achieving the 344 

improvement of GTFP (Shahzad et al., 2020; Murshed et al., 2021). Human capital 345 

accumulation directly affects the innovation ability of a country or region and the 346 

absorption of advanced technology, improving the positive impact of GTFP (Mannasoo 347 

et al., 2018; Ahmed et al., 2020). This may be because the higher the education level of 348 

the employees, the higher the output rate and the stronger the awareness of energy 349 

saving (Ahmad and Khan, 2019). 350 

The relationship between economic development level and GTFP is in the shape 351 

of a "U" (Feng et al., 2017), and the "Environmental Kuznets Curve" hypothesis is valid 352 

in most countries and regions (Ali et al., 2017). Most research results show that, in the 353 

early stage of economic development, rapid economic development is often 354 

accompanied by the extensive use of resources and increased environmental pollution 355 

emissions. This eventually leads to a decline in GTFP (Song et al., 2018). When the 356 

level of economic development reaches a critical point, the country will gradually 357 

improve its efficiency of resource utilization. It will also adopt innovative technologies 358 

to shift the economic model to a cleaner, more intensive and efficient development 359 
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model that promotes the growth of GTFP (Xie and Zhang, 2020). Of these, outward 360 

foreign direct investment (OFDI) has played a positive role in GTFP (Xu et al., 2019). 361 

Foreign investment has enabled companies to come into contact with internationally 362 

advanced greener and cleaner technologies. Through the reverse feeding of green 363 

technologies and processes to domestic diffusion, absorption, and innovation, it has 364 

also promoted the improvement of GTFP. Conversely, foreign direct investment (FDI) 365 

is not conducive to GTFP improvement (Herzer and Donaubauer, 2018). Local 366 

governments with limited channels to introduce foreign capital may relax their 367 

environmental regulations in order to enhance their competitiveness. In addition, they 368 

may have a strong interest in investment projects with low benefits and efficiency (Naz 369 

et al., 2019). Imported FDI is concentrated in pollution-intensive industries, which 370 

increases the pressure of national environmental pollution. Loss of efficiency and 371 

increased pollution have indeed hampered GTFP growth (Lin and Chen, 2018). 372 

From the perspective of market factors, the degree of marketization is conducive 373 

to GTFP (Li and Gao, 2016). To some extent, the degree of marketization can represent 374 

the market vitality of the economy. A high degree of marketization is conducive to the 375 

rapid flow of factor resources, which can realize the reasonable allocation of the 376 

country’s economic resources and accelerate the pace of industrial structure upgrading 377 

and green transformation to promote green economic growth (Lu et al., 2020). In 378 

addition, an improvement in the process of marketization is conducive to the promotion 379 

of foreign direct investment on GTFP (Dong et al., 2019). When the degree of 380 

marketization is relatively high, there often is an efficient product and factor market 381 

environment that can promote technical exchanges and cooperation between companies. 382 

This can accelerate the diffusion and dissemination of the technology spillover effects 383 

of foreign direct investment to improve the country’s innovation resource efficiency. 384 

Market potential is positively correlated with GTFP. This represents the regional scale 385 

of market demand. The larger the scale of demand, the more the accompanying 386 
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currency externalities can be exerted, and the region can reach a higher GTFP (Wang 387 

and Feng, 2019). 388 
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Fig. 3 The economic streams system 391 

Impact of government streams (GS) 392 

GS includes environmental regulations, fiscal decentralization, infrastructure level, and 393 

intellectual property protection. All these are shown in Figure 4. Environmental 394 

regulations in terms of regulation intensity and GTFP has an inverted "U"-shaped 395 

relationship (Lei and Wu, 2019). Low-intensity and moderate environmental 396 

regulations can give full play to the government’s leading role, prompting firms towards 397 

technological innovation and upgrading green technologies, thereby obtaining higher 398 

returns and innovation compensation. However, high-intensity environmental 399 

regulations cause the price of production factors and environmental cost to increase. 400 

Excessive governance costs crowd out R&D investment in technological innovation, 401 

which is harmful to GTFP (Song et al., 2018). Therefore, the government needs to adopt 402 

a "properly designed" environmental regulation intensity to achieve the coordinated 403 
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development of the economy and environmental protection. These regulations must 404 

actively induce the economy to make innovations in systems, technology, and 405 

management to make their operations more effective. 406 

Fiscal decentralization has an inhibitory effect on GTFP at the national level – 407 

giving local governments a certain degree of fiscal autonomy, which can allocate 408 

resources more rationally and stimulate local economic development. However, 409 

substantial expansion of local-scale reduction of expenditures of the central 410 

government’s macroeconomic regulation and control capabilities, can easily lead to the 411 

duplication and waste of resources (Wu et al., 2020). GDP-based incentives can lead 412 

local governments to blindly pursue economic growth and ignore such sustainable 413 

development goals as energy conservation and environmental protection. This results 414 

in large negative environmental externalities (You et al., 2019). It also indicates that 415 

there are unaccounted mediating effects between fiscal decentralization, environmental 416 

regulation, and GTFP (Ge et al., 2020). However, fiscal decentralization achieves the 417 

purpose of reducing the adverse impact on GTFP through the intermediary effect of 418 

environmental regulation (Song et al., 2020).  419 

The impact of infrastructure on GTFP is moderate. When the infrastructure stock 420 

is moderate, the infrastructure level is positively correlated with GTFP. As the carrier 421 

of technology and knowledge diffusion, infrastructure plays a significant role in linking 422 

the exchanges between regions (Farhadi, 2015). Infrastructure can improve the level of 423 

GTFP by increasing the marginal productivity of labor, capital, and energy. However, 424 

excessive infrastructure has adverse effects on GTFP. According to the laws of 425 

diminishing marginal investment returns, with the increase of capital stock, the 426 

marginal rate of return of capital will decline, resulting in lower production efficiency 427 

(Jiang et al., 2020). An excessive amount of infrastructure is also accompanied by the 428 

large consumption of steel, coal, and other raw materials that will cause huge energy 429 

consumption and pollution. 430 
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Intellectual property protection inhibits GTFP growth at the national level and its 431 

"tragic anti-commons" effect hinders the use of green technology. At the same time, the 432 

complexity of green certification hinders the green transformation of companies and 433 

limits the role of green consumption orientation (Deng et al., 2019). In addition, the 434 

intellectual property rights protection system in the process of green technology 435 

innovation fails to play a proper role. Companies competing for the industry monopoly 436 

advantage of a green technology or avoiding the use of certain green technologies 437 

reduces companies’ interests. In this scenario, both green technology and its patent 438 

inventors often become the victims (Saito, 2018). 439 
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Fig. 4 The government streams system 442 

Model of GTFP influencing factors 443 

When considering the impact of GTFP, we found the government has issued various 444 

policies and subsidies to guide technological innovation in several industries. It has also 445 

actively made foreign direct investments to introduce advanced foreign technologies. 446 

This technology can accelerate, and make more efficient, the necessary technological 447 

progress that promotes GTFP. As we discussed, TS links ES and GS. An excellent 448 
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technology level economy enables firms to obtain higher profits. The government can 449 

better maintain economic development and stability by adjusting an upgraded market 450 

and industrial structure. Similarly, ES links TS with GS. The green development of the 451 

economy needs reasonable regulation by the government through policy means, and the 452 

regulation of environmental and energy policies should be realized through green 453 

technology. GS then links TS with ES. Therefore, it can be concluded that the technical, 454 

economic, and government streams are not separate sources affecting GTFP; any 455 

mainstream will jointly affect other mainstreams and the GTFP. 456 

The impacts of TS on GTFP play a particularly decisive role. The influence of the 457 

other two mainstreams is achieved by promoting technological progress or improving 458 

technological efficiency. ES is the protection factor in GTFP. Similarly, the role of the 459 

government is inseparable from economic stability and financial support. GS is the 460 

dominant factor in GTFP research, but development of the economy and technology is 461 

inseparable from the control of the government. The dominant position of the 462 

government is as an "invisible" hand. Therefore, as shown in Figure 5, the following 463 

GTFP influencing factor model is constructed according to the actual impact of these 464 

factors. Table 7 provides the list of influencing factors in the model.  465 
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Fig. 5 Model of GTFP influencing factors  468 
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Table 7 List of GTFP influencing factors  470 
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Research mainstream Main category Initial category 

Economic streams 

Industrial structure Intra-industry competition 
Economic development level Financial development 

Production factors 
Physical capital 
Human capital 

Market factors 
Degree of marketization 

Market potential 

Technical streams 
Technological progress Technological innovation 

Technological efficiency Technological efficiency 

Government streams 

Environmental regulation 
Environmental regulatory tools 

Environmental regulation policy 
Intellectual property protection Intellectual property protection 

Infrastructure level Transportation infrastructure 
Fiscal decentralization Degree of pollution control 

Conclusion 471 

Green total factor productivity (GTFP) provides the basis for judging whether a country 472 

or region can attain long-term sustainable development. However, there are many 473 

influencing factors in GTFP that mainstream research has yet to clarify. Our analysis 474 

of 2009-2019 literature on GTFP has indeed shown that major works and journals have 475 

focused on explaining GTFP from the perspective of its influencing factors. High-476 

impact journals, for example, have focused on energy, green technology and 477 

biodiversity conservation. These analyses have also included areas such as 478 

manufacturing, metals, and construction. Additionally, they have considered macro, 479 

micro, and meso-level factors that have made a great contribution to the GTFP practice 480 

and laid a solid foundation for further research.  481 

However, there is a strong need for industry and policy makers to be provided with 482 

clear practical principles and policies to adopt GTFP. That is, they need feasible designs 483 

to accelerate the marketization process and industrial upgrading. This, while preventing 484 

the adverse circumstances of economic development (i.e. ecological and energy issues). 485 

The question of how to do this has not been thoroughly addressed in the academic 486 

literature.  487 
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Analyses of this article have shown the main categories of GTFP research to date. 488 

Within each category we have highlighted potential research areas that can help the 489 

academic community develop sector-based tools and use them as country-level 490 

solutions. Namely, this study has used grounded theory to conduct a qualitative analysis 491 

of the 2009-2019 GTFP literature. Upon analyzing the literature and interview results, 492 

the factors influencing the GTFP were extracted, coded, and 13 initial categories 493 

identified. These initial categories were further classified according to their affiliation 494 

and we identified further GTFP core categories. Then, these core categories were 495 

abstracted into new concepts to form three main categories. Finally, after testing their 496 

code saturation, a model representing the influencing factors of GTFP was proposed 497 

and a list of the corresponding influencing factors was obtained.  498 

These influencing factors are divided into three main research categories of GTFP 499 

research: technical streams (TS), economic streams (ES), and government streams 500 

(GS). TS consists of technological progress and technological efficiency. ES consists 501 

of industrial structure, production factors, economic development level, and market 502 

factors. GS consists of fiscal decentralization, environmental regulation, government 503 

intervention, and intellectual property protection. There are some mediating effects 504 

between technical streams, economic streams, government streams, and GTFP. In 505 

addition to directly affecting GTFP, these research mainstreams also indirectly affect 506 

GTFP through the other two research streams. TS plays a decisive role in GTFP, ES 507 

guarantees GTFP, and GS plays a leading regulating role.  508 

Hence, the paper develops an overview of the broader literature in the field of 509 

GTFP, analyzing the development path of GTFP from three streams of influencing 510 

factors to promote sustainable development. Results can help academia understand the 511 

missing points in the field and develop new research directions that may be useful in 512 

exploring various areas of sustainable development. This is also useful to avoid 513 

duplication and to develop sector-based applied research for environmental protection. 514 
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A limitation of the study is that the conclusions drawn exclude an analysis at 515 

region- or industry-level and therefore some influencing factors specific to an industry 516 

are not considered in the model. For example, agriculture is inherently susceptible to 517 

changes in climate and the natural environment, with farmland disasters, soil erosion, 518 

etc. In addition, although the study divides the GTFP research stream into three 519 

mainstream categories, the decisive factors for each stream cannot be fully considered. 520 

Further research is needed to address these limitations. 521 

 522 

Acknowledgements 523 

This research is supported by the National Natural Science Foundation of China 524 

(No. 71301013) and National Social Science Fund Post-financing projects 525 

(No.19FJYB017), and this support is gratefully acknowledged. The fourth author 526 

acknowledges the Spanish Ministry of Science, Innovation and Universities for his 527 

Ramon y Cajal contract (RYC-2017-22222) co-funded by the European Social Fund. 528 

 529 

References 530 

Ahmad M, Khan REA (2019) Does demographic transition with human capital 531 
dynamics matter for economic growth? A dynamic panel data approach to 532 
GMM. Social Indicators Research 142(2):753-772  533 

Ahmed Z, Asghar MM, Malik MN, Nawaz K (2020) Moving towards a sustainable 534 
environment: The dynamic linkage between natural resources, human capital, 535 
urbanization, economic growth, and ecological footprint in China. Resources 536 
Policy 67: 101677 537 

Ali G, Ashraf, Ashraf A, Bashir MK, Cui S (2017) Exploring environmental Kuznets 538 
curve (EKC) in relation to green revolution: A case study of Pakistan. 539 
Environmental Science & Policy 77:166–171 540 

Amani N, Valami HB, Ebrahimnejad A (2018) Application of Malmquist productivity 541 
index with carry-overs in power industry. Alexandria Engineering Journal 57 542 
(4):3151-3165 543 



Environmental Science and Pollution Research 

26 
 

Amri F (2018) Carbon dioxide emissions, total factor productivity, ICT, trade, financial 544 
development, and energy consumption: testing environmental Kuznets curve 545 
hypothesis for Tunisia. Environmental Science and Pollution Research 546 
25(33):33691-33701 547 

Apergis N, Gangopadhyay P (2020) The asymmetric relationships between pollution, 548 
energy use and oil prices in vietnam: some behavioural implications for energy 549 
policy-making. Energy Policy 140:111430 550 

Balezentis T, Blancard S, Shen ZY, Streimikiene D (2019) Analysis of environmental 551 
total factor productivity evolution in European agricultural sector. Decision 552 
Sciences 553 

Cao Y, Liu J, Yu Y, Wei G (2020) Impact of environmental regulation on green growth 554 
in China's manufacturing industry-based on the Malmquist-Luenberger index 555 
and the system GMM model. Environmental Science and Pollution Research 556 
27(33):41928-41945 557 

Chen CF, Lan QX, Gao M, Sun YW (2018) Green total factor productivity growth and 558 
its determinants in China's industrial economy. Sustainability 10(4):152 559 

Cheng ZH, Li LS, Liu J, Zhang HM (2018) Total-factor carbon emission efficiency of 560 
China's provincial industrial sector and its dynamic evolution. Renewable & 561 
Sustainable Energy Reviews 94:330-339 562 

Deng P, Lu H, Hong J, Chen Q, Yang Y (2019) Government R&D subsidies, 563 
intellectual property rights protection and innovation. Chinese Management 564 
Studies 13(2):363-378 565 

Dong YX, Shao S, Zhang Y (2019). Does FDI have energy-saving spillover effect in 566 
China? A perspective of energy-biased technical change. Journal of Cleaner 567 
Production 234:436-450 568 

Dong BY, Xu YZ, Fan XM (2020) How to achieve a win-win situation between 569 
economic growth and carbon emission reduction: empirical evidence from the 570 
perspective of industrial structure upgrading. Environmental Science and 571 
Pollution Research 27(35):43829-43844 572 

Du KR, Li JL (2019) Towards a green world: How do green technology innovations 573 
affect total-factor carbon productivity. Energy Policy 131:240-250 574 

Farhadi M (2015) Transport infrastructure and long-run economic growth in OECD 575 
countries. Transportation Research Part a-Policy and Practice 74:73-90  576 

Feng C, Wang M, Liu GC, Huang JB (2017) Green development performance and its 577 
influencing factors: A global perspective. Journal of Cleaner Production 578 
144:323-333 579 

Feng G, Serletis A (2014). Undesirable outputs and a primal Divisia productivity index 580 
based on the directional output distance function. Journal of Econometrics 581 
183(1):135-146 582 

Feng YJ, Zhong SY, Li QY, Zhao XM, Dong X (2019) Ecological well-being 583 
performance growth in China (1994-2014): From perspectives of industrial 584 



Environmental Science and Pollution Research 

27 
 

structure green adjustment and green total factor productivity. Journal of 585 
Cleaner Production 236: 117556 586 

Ge T, Qiu W, Li JY, Hao XL (2020) The impact of environmental regulation efficiency 587 
loss on inclusive growth: Evidence from China. Journal of Environmental 588 
Management 268:110700 589 

Glaser BG, Strauss AL (1967) The Discovery of Grounded Theory: Strategies for 590 
Qualitative Research. Chicago: Aldine 591 

Ghosal V, Stephan A, Weiss JF (2019) Decentralized environmental regulations and 592 
plant-level productivity. Business Strategy and the Environment 28(6):998-593 
1011 594 

Herzer D, Donaubauer J (2018) The long-run effect of foreign direct investment on total 595 
factor productivity in developing countries: a panel cointegration analysis. 596 
Empirical Economics 54(2):309-342 597 

Jiang YQ, Jiang YL, Zheng JH (2020) Investment in infrastructure and regional growth 598 
in China. Emerging Markets Finance and Trade 56(9):1942-1956 599 

Jung SH, Feng T (2020) Government subsidies for green technology development 600 
under uncertainty. European Journal of Operational Research 286(2):726-739 601 

Lei XB, Wu SS (2019) Nonlinear effects of governmental and civil environmental 602 
regulation on green total factor productivity in China. Advances in Meteorology 603 
2019: 8351512 604 

Li K, Lin BQ (2017) Economic growth model, structural transformation, and green 605 
productivity in China. Applied Energy 187:489-500 606 

Li Q, Gao N (2016) Influence of government and market on the relationship between 607 
institutional change and Chinese total factor productivity. In 2016 International 608 
Conference on Industrial Economics System and Industrial Security 609 
Engineering (IEIS) 1-6 610 

Li TH, Liao GK (2020) The heterogeneous impact of financial development on green 611 
total factor productivity. Frontiers in Energy Research 8:29  612 

Lin BQ, Chen ZY (2018) Does factor market distortion inhibit the green total factor 613 
productivity in China? Journal of Cleaner Production 197:25-33 614 

Lin BQ, Xu MM (2019) Exploring the green total factor productivity of China's 615 
metallurgical industry under carbon tax: A perspective on factor substitution. 616 
Journal of Cleaner Production 233:1322-1333 617 

Liu Z, Xin L (2019) Has China's Belt and Road Initiative promoted its green total factor 618 
productivity？– Evidence from primary provinces along the route. Energy 619 
Policy 129:360-369 620 

Lu XH, Jiang X, Gong MQ (2020) How land transfer marketization influence on green 621 
total factor productivity from the approach of industrial structure? Evidence 622 
from China. Land Use Policy 95:104610 623 

Männasoo K, Hein H, Ruubel R (2018) The contributions of human capital, R&D 624 
spending and convergence to total factor productivity growth. Regional Studies 625 
52(12):1598-1611 626 



Environmental Science and Pollution Research 

28 
 

Martinez-Zarzoso I, Bengochea-Morancho A, Morales-Loge R (2019) Does 627 
environmental policy stringency foster innovation and productivity in OECD 628 
countries? Energy Policy 134:110982 629 

Murshed M , Tanha MM (2020) Oil price shocks and renewable energy transition: 630 
Empirical evidence from net oil-importing South Asian economies. Energy, 631 
Ecology and Environment  632 

Murshed M (2020) An empirical analysis of the non-linear impacts of ICT-trade 633 
openness on renewable energy transition, energy efficiency, clean cooking fuel 634 
access and environmental sustainability in South Asia. Environmental Science 635 
and Pollution Research 27:36254–36281 636 

Murshed U , Dogan B, Sinha A, Fareed Z (2021) Does Export product diversification 637 
help to reduce energy demand: Exploring the contextual evidences from the 638 
newly industrialized countries. Energy 214:118881 639 

Naz S, Sultan R, Zaman K, Aldakhil AM, Nassani AA, Abro MMQ (2019) Moderating 640 
and mediating role of renewable energy consumption, FDI inflows, and 641 
economic growth on carbon dioxide emissions: evidence from robust least 642 
square estimator. Environmental Science and Pollution Research 26(3):2806-643 
2819 644 

Paramati SR, Apergis N, Ummalla M (2017) Dynamics of renewable energy 645 
consumption and economic activities across the agriculture, industry, and 646 
service sectors: evidence in the perspective of sustainable development. 647 
Environmental Science and Pollution Research 25(2), 1375-1387 648 

Rath BN, Akram V, Bal DP, Mahalik MK (2019) Do fossil fuel and renewable energy 649 
consumption affect total factor productivity growth? Evidence from cross-650 
country data with policy insights. Energy Policy 127:186-199  651 

Saito Y (2018) On the trade, growth, and welfare effects of intellectual property rights 652 
protection. Southern Economic Journal 85(1):235-254 653 

Shao SA, Luan RR, Yang ZB, Li CY (2016) Does directed technological change get 654 
greener: Empirical evidence from Shanghai's industrial green development 655 
transformation. Ecological Indicators 69:758-770 656 

Shahzad U, Lv Y, Doğan B (2020) Unveiling the heterogeneous impacts of export 657 
product diversification on renewable energy consumption: New evidence from 658 
G-7 and E-7 countries. Renewable Energy 164:1457-1470 659 

Shen XB, Lin BQ, Wu W (2019) R&D Efforts, Total factor productivity, and the energy 660 
intensity in China. Emerging Markets Finance and Trade 55(11):2566-2588 661 

Song ML, Wang SH, Sun J (2018) Environmental regulations, staff quality, green 662 
technology, R&D efficiency, and profit in manufacturing. Technological 663 
Forecasting and Social Change 133:1-14  664 

Song Y, Yang TT, Li ZR, Zhang X, Zhang M (2020) Research on the direct and indirect 665 
effects of environmental regulation on environmental pollution: Empirical 666 
evidence from 253 prefecture-level cities in China. Journal of Cleaner 667 
Production 269:122425 668 



Environmental Science and Pollution Research 

29 
 

Wang SJ (2017) Impact of FDI on energy efficiency: an analysis of the regional 669 
discrepancies in China. Natural Hazards 85(2):1209-1222  670 

Wang M, Feng C (2019) Technological gap, scale economy, and China's industrial 671 
energy demand. Journal of Cleaner Production 236:117618 672 

Wang KL, Pang SQ, Ding LL, Miao Z (2020) Combining the biennial Malmquist-673 
Luenberger index and panel quantile regression to analyze the green total factor 674 
productivity of the industrial sector in China. Science of the Total Environment 675 
739:140280 676 

World Bank (2015) World Development Indicators. World Bank Publications 677 
Wu HT, Li YW, Hao Y, Ren SY, Zhang PF (2020) Environmental decentralization, 678 

local government competition, and regional green development: Evidence from 679 
China. Science of the Total Environment 708:135085 680 

Xie F, Zhang B (2020) Impact of China's outward foreign direct investment on green 681 
total factor productivity in "Belt and Road" participating countries: a 682 
perspective of institutional distance. Environmental Science and Pollution 683 
Research 28(4):  4715-4704  684 

Xu QQ, Wang L, Zhu Y (2019) The effect of OFDI intensity on TFP: the moderating 685 
role of R&D. Transformations in Business & Economics 18(3C):381-393 686 

Yang ZB, Shao S, Yang LL, Miao Z (2018) Improvement pathway of energy 687 
consumption structure in China's industrial sector: From the perspective of 688 
directed technical change. Energy Economics, 72:166-176 689 

Yang XZ, Zhang ZF, Luo W, Tang Z, Gao X, Wan ZC, Zhang X (2019) The impact of 690 
government role on high-quality innovation development in mainland China. 691 
Sustainability 11(20):5780 692 

You DM, Zhang Y, Yuan BL (2019) Environmental regulation and firm eco-693 
innovation: Evidence of moderating effects of fiscal decentralization and 694 
political competition from listed Chinese industrial companies. Journal of 695 
Cleaner Production 207:1072-1083  696 

Yuan BL, Xiang QL (2018) Environmental regulation, industrial innovation and green 697 
development of Chinese manufacturing: Based on an extended CDM model. 698 
Journal of Cleaner Production 176:895-908.  699 

Zhang YJ, Liu Z, Zhang H, Tan TD (2014) The impact of economic growth, industrial 700 
structure and urbanization on carbon emission intensity in China. Natural 701 
Hazards 73(2):579-595 702 

Zhang SP (2015) Evaluating the method of total factor productivity growth and analysis 703 
of its influencing factors during the economic transitional period in China. 704 
Journal of Cleaner Production 107:438-444  705 

Zhang Q, Yan FH, Li K, Ai HS (2019) Impact of market misallocations on green TFP: 706 
evidence from countries along the Belt and Road. Environmental Science and 707 
Pollution Research 26(34):35034-35048 708 

Zhang ZY, Ma XJ, Lian XY, Guo YS, Song YQ, Chang BS, Luo LQ (2020) Research 709 
on the relationship between China's greenhouse gas emissions and industrial 710 



Environmental Science and Pollution Research 

30 
 

structure and economic growth from the perspective of energy consumption. 711 
Environmental Science and Pollution Research 27(33): 41839-41855 712 


