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Abstract

To better promote the transformation of the economic development mode and improve technolog-
ical innovation, the Chinese central government adjusted the performance assessment criteria for 
local officials. This study explores whether the government green performance assessment can 
serve to promote technological innovation. Data from 288 Chinese cities from between 2009 and 
2018 is taken as the sample and the fixed effects model is utilized as the methodology. The find-
ings show that the government green performance assessment has significant direct and long-term 
effects on technological innovation. The promotion of technological innovation is more evident 
in industry-oriented, low-pollution, and center groups, in addition to among veteran, high-edu-
cation, and senior groups. Proposed policy recommendations include establishing a performance 
system that emphasizes short and long-term effects, and developing performance standards that 
are tailored to local conditions.
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1.  Introduction

Over the past two decades, global climate change has continued to intensify. In addition to envi-
ronmental hazards such as hurricanes, fl oods, droughts, forest fi res, landslides, and ocean acidi-
fi cation (Ahmed et al., 2019; Fernandes, 2022; Ozturk et al., 2022), climate change causes sev-
eral economic glitches. These include short-term unemployment, slower long-term productivity 
growth, a decline in potential income levels (Rezai et al., 2018), and impaired human health 
(Sohail et al., 2022; Sohail et al., 2023). Therefore, in the context of global challenges such as cli-
mate change, realizing sustainable development is both urgent and essential.

To promote sustainable development worldwide, the United Nations puts forward 17 sus-
tainable development goals (SDGs), which address a variety of economic, social, and environ-
mental aspects. Among these, Science, Technology, and Innovation (STI) is defi ned as a core 
tool for implementing SDGs (Walsh et al., 2020), while innovation is the driving force behind 
the majority of SDGs (Cordova and Celone, 2019). Diff erent countries have varied priorities when 
it comes to advancing technological innovation in order to achieve the SDGs (Omri, 2020). For 
example, in high-income countries, technological innovation can contribute to the three pillars 
of economic, environmental, and social development of SDGs by increasing income levels and 
life expectancy, promoting equity in education, and fostering an environment that is positive and 
productive (Sahay and Walsham, 2017). However, in the current stage of progressive sustainable 
development, the signifi cance of technological innovation for middle- and low-income countries 
lies primarily in environmental improvement (Yu and Du, 2019).

China, the largest developing nation in the world, has made remarkable strides in technolog-
ical innovation. In 2022, China ranked fi rst in the world in terms of the number of patent appli-
cations (Godinho and Simões, 2023), active patents, and international patent applications under 
the Patent Cooperation Treaty (PCT) (Duan et al., 2023). At the same time, on a sector-specifi c 
basis, research and development (R&D) investments in China are increasing in frontier areas such 
as big data (Razzaq and Yang, 2023), artifi cial intelligence (Beraja et al., 2023), renewable energy 
(Li et al., 2023), and aerospace technology (Pollpeter, 2023). Due to the constraints of economic, 
environmental, and social bottlenecks, China has recently attached great importance to using tech-
nological innovation to achieve sustainable development. By doing so, China has fully embarked 
on a path of sustainable development in several sectors, including transportation (Godil et al., 
2021), manufacturing (Li and Huang, 2019), forestry (Ma et al., 2023), animal husbandry (Shang 
et al., 2014), and mining (Cai et al., 2021).

China has long relied heavily on the government to drive innovation and sustainable de-
velopment. China’s prior political system has been changed by a number of economic reforms 
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the country’s central government has enacted since 1978 and its incorporation into globalization 
(Hasan et al., 2009). Political system reforms have contributed to China’s achievement of SDGs and 
enhanced environmental quality (Koçak and Kızılkaya, 2020). Among them, the reform of the gov-
ernment performance system has become one of the key instruments of political system reform 
in China.

Prior to 2013, China’s regional economic growth margin has ranked at the top of the govern-
ment performance assessment. In this context, local offi  cials often pay more and more attention 
to short-term local economic growth while ignoring innovative activities with large investments, 
long cycles, and high risk. For the purpose of better promoting the economic development mode’s 
transformation and improving technological innovation, the Chinese central government adjusted 
and revised the assessment criteria for local offi  cials (Chen, 2018). A Notice on Improving the Per-
formance Assessment of Local Government Offi  cials (henceforth referred to as the “Notice”) was 
distributed by the central government in December 2013. The “Notice” clearly stated that gross 
domestic product (GDP) is no longer used as the performance assessment standard for local offi  -
cials. The promulgation of the “Notice” means establishing a new orientation of government green 
performance assessment (GGPA), where economic development and environmental protection are 
placed in a more harmonious and equal position (He et al., 2022). Therefore, can the implementation 
of GGPA promote technological innovation in Chinese cities? This study aims to provide an answer 
to this question. Answering this question is crucial to realizing global sustainable development. 

From a practical perspective, as the largest developing country in the world, the achievements 
China has made in technological innovation will have a far-reaching impact on the world. This will 
provide a brand-new development model and experience of building an innovative and powerful 
country to the rest of the world. From a theoretical perspective, China has a democratic centralized 
system, a political system that is characterized by a top-down governance model. This means that 
the higher level of government enacts various orders that must be implemented strictly and uncon-
ditionally by the lower level of government. Despite the fact that this political system is considered 
to have solid social mobilization (Jaros and Tan, 2020; Li et al., 2023) and enforcement (Gao and 
Yu, 2020), it may not be conducive to the creativity of each economic agent. So far, the academic 
debate on the question of “which political system (authoritarian or democratic) is more conducive 
to innovation” continues (Kogut and Zander, 2000; Kan Yap et al., 2023; Popper, 2020; Salahod-
jaev, 2015). As a result, examining the impact of government performance system reforms on in-
novation using Chinese cities as a sample can strengthen the academic understanding of the insti-
tutional factors behind innovation.

The following three aspects primarily represent the novelty of this article: (1) Research 
fi ndings broaden the theory of sustainable innovation from the perspective of promotion 
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incentives of local offi  cials, off ering new empirical evidence at the regional level. (2) This article 
takes the promulgation of the “Notice” in December 2013 in China, namely the establishment 
of GGPA, as an explanatory variable for analyzing its direct and long-term impact on technolog-
ical innovation in Chinese cities. (3) This study provides a more accurate and valuable reference 
for cities and offi  cials with diff erent characteristics for the development of diff erentiated perfor-
mance assessment systems, which is missing in available literature.

This paper uses a fi xed eff ect model to explore the impacts of GGPA on technological in-
novation in Chinese cities. The fi ndings show that the GGPA has signifi cant direct and long-term 
promoting eff ects on technological innovation. Furthermore, this promotion eff ect is more pro-
nounced in the industry-oriented, low-pollution, and center groups, along with veteran, high-ed-
ucation, and senior groups.

The remaining paper is organized as follows: An overview of the literature and comments 
are made in Section 2. Section 3 discusses data and methodology. The direct and long-term eff ects 
of GGPA on technological innovation are discussed in Section 4. Section 5-7 further conducts 
the heterogeneity analysis on the basis of the urban and offi  cial characteristics. Finally, Section 8 
presents a summary and outlook for the article.

2.  Literature Review

Multitudinous scholars focus on the eff ect of local governments’ behaviors and policies on tech-
nological innovation. The literature mainly focuses on tax incentives, fi scal subsidies, environ-
mental regulation (ER), and corruption.

In terms of tax incentives, they can be implemented in the form of statutory tax incentives 
and fi scal subsidies. Studies on statutory tax incentives have found that fi rms with higher short-
term tax incentives have an advantage in technological innovation. However, the high value of in-
centives invested in the short term may lead to crowding out eff ects, which can crowd out space 
for R&D funding and undermine technological innovation (Dai and Chapman, 2022). Multi-year 
tax incentives can avoid this dilemma, provided that tax incentive programs are not deregulated 
(Appelt et al., 2020). In addition, tax incentives have been found to promote technological innova-
tion in noxious manufacturing (Brown et al., 2022), heavy pollution industries (Zhao et al., 2022), 
renewable energy (Su et al., 2022), and electric vehicles (Yang et al., 2022). Nevertheless, there is 
regional and industrial heterogeneity in promoting technological innovation by tax incentives. For 
example, in the integrated circuit industry, promoting technological innovation through tax incen-
tives is less signifi cant in the Pearl River Delta region than the other areas (Song and Wen, 2023). 
For mining fi rms, tax rebates for energy conservation and environmental protection can promote 
technological innovation and enhance environmental performance (Zhang and Song, 2022). 
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Fiscal subsidies are often regarded as an incentive to promote innovation. It can fi ll the fund-
ing gap for the investment shortage in technological innovation of enterprises and reduce inno-
vation costs and risks (Huang et al., 2019; Lin and Luan, 2020). However, the extrusion eff ect 
of fi scal subsidies on corporate R&D funds would cause enterprises to innovate less (Clausen, 
2009), which would have a negative impact on innovation performance (Wu et al., 2018). Some 
researchers believe that the infl uence fi scal subsidies have on technological innovation presents 
an inverted U-shaped relationship. This means that fi scal subsidies can elevate technological in-
novation and industrial expansion in the early stage of exploration. In the mid-term and mature 
stages, fi scal subsidies should be withdrawn from the market as a means of preventing overca-
pacity due to excessive fi scal subsidies, which will inhibit technological innovation (Xiong and 
Yang, 2016).

In terms of ER, the Porter hypothesis holds that ER could hoist the quality of corporate 
products and enhance corporate competitiveness. The increased income can completely off set 
the compliance costs derived from ER (Porter, 1991; Porter and Linde, 1995). Studies that sup-
ported Porter hypothesis include Hu et al. (2020) and Mbanyele and Wang (2022). However, some 
studies have questioned Porter’s hypothesis, arguing that ERs can impose high compliance costs 
on fi rms, leading fi rms to reduce their investment in R&D funding (Gollop and Roberts, 1983; 
Gray and Shadbegian, 2003; Wagner, 2007; Liu et al., 2020; Aldieri et al., 2021; Trevlopoulos 
et al., 2021). Recent studies have revealed that ER’s impact on technological innovation presents 
a U-shaped relationship. In the short term, ER will bring an “off setting eff ect” on technological 
innovation. Still, with the increased ER, enterprises will be compelled to reduce pollution con-
trol costs by encouraging technological innovation, forming a “compensation eff ect” (Ouyang 
et al., 2020). In addition, some researchers believe that the nexus between ER and technological 
innovation may be an inverted U-shaped relationship (Wang and Shen, 2016) or an N-shaped re-
lationship (Wang and Liu, 2014). These studies show uncertainties in the eff ect of ER on technical 
innovation. The latest researches have found regional heterogeneity (Lu et al., 2023) and industry 
heterogeneity (Zhong et al., 2023) in the Porter hypothesis.

Regarding corruption, the mainstream view is that this distorts institutional design and ra-
tional resource allocation, reducing government administrative effi  ciency and ultimately aff ecting 
both economic growth and technological innovation. (Hao et al., 2020; Fang et al., 2023). In ad-
dition, government corruption would lead to frequent rent-seeking activities and increase transac-
tion costs, thereby squeezing the R&D funds of enterprises and inhibiting technological innova-
tion activities of enterprises (Murphy et al., 1993; Anokhin and Schulze, 2009; Mungiu-Pippidi, 
2015). It also hinders import liberalization (Lu et al., 2021), decreases the initial public off erings 
(IPO) pricing of companies (Wang and Song, 2021), interferes with innovation decisions (Ha-
nousek et al., 2018), and undermines corporate social responsibility (Hossain and Kryzanowski, 
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2021). All of these behaviors hinder knowledge absorption and learning by companies and they 
are detrimental to technological innovation. Corruption has also been shown to interfere negative-
ly with technological innovation in specifi c industries. For example, corruption can exacerbate 
market segmentation and reduce fi rms’ incentives to innovate in renewable energy technologies 
(Ren et al., 2021). Corruption can weaken environmental regulation and hinder the transitioning 
from traditional to green electricity markets (Xu et al., 2024). However, some scholars believe 
that although corruption increases transaction costs, it also helps companies refrain from several 
cumbersome regulations in the bureaucratic system while promoting technological innovation 
(Xia et al., 2018). Besides, due to the high risk of technological innovation, enterprises often face 
fi nance diffi  culties in their innovative behavior. Establishing “political connections” with gov-
ernment offi  cers beyond laws and regulations can help enterprises gain more government fi scal 
subsidies and stimulate their enthusiasm for technological innovation (Chen et al., 2013).

The existing literature attempts to investigate the infl uence of political factors on techno-
logical innovation from the perspectives of local government behaviors. It enriches the theory 
of technological innovation. However, the performance assessment system, which often largely 
determines local governments’ behavior under centralized political system, is an essential political 
factor in aff ecting technological innovation. Theoretically, the impacts of GGPA on technological 
innovation are mainly refl ected in two aspects: On one hand, a scientifi c and multi-dimensional 
performance appraisal system can correct the behavior preferences of local offi  cials and improve 
the “short-sighted behavior” of local offi  cials in promoting economic development (Deng et al., 
2010; Heberer and Trapple, 2013; Tian and Feng, 2021; Zhou, 2007). Specifi cally, it can encour-
age local offi  cials to revise their preferences for physical investment and improve the structure 
and mismatch of resource allocation.

On the other hand, in the government governance system, there are agency confl icts between 
local offi  cials as agents and principals. The novel performance evaluation system has obviously 
increased the weight of important content such as environmental protection, culture and educa-
tion, and social security. The offi  cial governance system that emphasizes “hidden performance” 
serves to alleviate the agency problem of local offi  cials to a certain extent and also off ers sound 
legal protection and functional policies for enterprises. However, relatively few studies have ex-
plored the ways in which reforming the performance assessment system aff ects technological 
innovation degree and focused on exploring it at the enterprise level. There is still a lack of studies 
at the regional level.
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3.  Data and Methodology

3.1 Data sources

This paper selects all 288 Chinese cities as the samples. As the implementation date of the “No-
tice” is December 2013, the sample period 2009–2018 is set so that there are fi ve years of obser-
vations before and after the implementation of the policy. In this way, on one hand, it can ensure 
the adequacy of samples and avoid the confounding eff ect caused by the excessively wide time 
window mixed with other policy shocks (He et al., 2022). We obtained 2880 samples after exclud-
ing cities with missing or abnormal data. 

Both macro and micro data are used in the empirical analysis. The macro data is related 
to economic and social development, and the micro data is linked to local offi  cials. The macro 
data comes from the “China Urban Statistical Yearbook (2010–2019)”, “Provincial (City) Statisti-
cal Yearbook” (2010–2019), and DRCnet (Information Network of Development Research Center 
of the State Council) Database. At the micro level, the offi  cial characteristics data come from 
the party and government leading cadres of the People’s Daily Online database and the database 
of Chinese political leaders of “Fenghuang.com”. They are supplemented and proofread by Baidu 
Encyclopedia and XINHUANET (www.news.cn).

3.2 Model settings

In order to examine whether the implementation of GGPA will promote technological innovation, 
the following regression model is established:

0 1 2it it it i t itY Post X           (1)

The subscripts i and t represent the city and year, respectively. Y is the dependent vari-
able, namely the level of technological innovation of a city. Post is the policy variable, which is 
the proxy for GGPA. X is a matrix of characteristic variables at the city level, including the urban 
human capital, government intervention, foreign investment, industrial structure, population den-
sity, population size, per capita road area, urbanization, and technical expenditure. μi and γt rep-
resent the individual-fi xed and time-fi xed eff ects, respectively, which control the inherent charac-
teristics of cities that do not change with time and the time-varying macroeconomic environment 
that does not vary with cities. εit is the error term.

To estimate the model, joint signifi cance tests for individual and random eff ects are fi rst 
needed to discern whether a panel data model is required. The results of the F-test and Breusch–
Pagan test both show that the model is signifi cant at the 5% level. Therefore, it is necessary to consider 
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individual and random eff ects, i.e., it should be estimated using a panel data model. Next, the se-
lection of fi xed eff ect or random eff ect model is carried out by the Hausman test. The test results 
show that the model is signifi cant at 5%. Thus, the null hypothesis is rejected, and the fi xed eff ects 
model is used for estimation. Meanwhile, we use cluster standard error identifi ed by individuals 
(provinces) because these estimates are robust to disturbances that are heteroscedastic and auto-
correlated.

Previous studies have shown that over time, the long-term eff ect of a policy shows diff er-
ent characteristics (Wu et al., 2015). Technological innovation is a long-term systematic project. 
The sustainability of innovation depends on the long-term input of human, material, and fi nancial 
resources. Therefore, the eff ect of GGPA has a change trendover time. On the one hand, the strong 
incentive eff ect of GGPA on local offi  cials will gradually decline over time.

On the other hand, the local governments will look for long-term solutions to achieve the as-
sessment objectives. So, the eff ect of GGPA may increase gradually over time. Hence, to further 
analyze the long-term impact of GGPA, referring to the existing literature, a dummy variable is set 
for the i-year implementation of GGPA (Jiang and Chai, 2017). The specifi c model is as follows:

0 1 2 3 4 5 61 2 3 4 5it it ti tit it it it it iY Post Post Post Post Post X                 (2)

In equation (2), Post1–Post51 represent dummy variables for the fi rst to fi fth years of imple-
menting GGPA, respectively. The selection of other variables is the same as equation (1). The re-
sults of the joint signifi cance test for all year dummy variables strongly reject the null hypothesis 
of “no long-run eff ect”. The results suggest that the long-run eff ect of time should be considered 
in the model. In addition, the Hausman test show that equation (2) should be estimated using 
a fi xed eff ects model.

3.3  The variables 

This paper uses the total number of patent applications per 10,000 people (TNPAP) in a city to  
measure the technological innovation level (Yu et al., 2020). 

In 2013, the promulgation of the “Notice” changed the performance appraisal standards for 
local offi  cials in China fundamentally by determining the importance of environmental perfor-
mance indicators (Zhang et al., 2020). In this paper, the promulgation of the “Notice,” namely 
the implementation of GGPA, is set as a dummy variable. The years (2014–2018) after the imple-
mentation of the GGPA are taken as 1, and the other years (2009–2013) are taken as 0. 

1 There are 5 years in the sample period after the implementation of GGPA. To study the impact of GGPA 
on technological innovation over time, five dummy variables are set here. We set all the years before 
GGPA to 0, so there will be no multicollinearity.
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The long-term eff ect of GGPA. The i-th dummy variable takes the value i when the assess-
ment is in the i-th year; otherwise, it is 0. As GGPA started to be implemented in December 2013, 
the fi rst year of implementing GGPA was 2014. Therefore, Post1 = 1 if the year is 2014; other-
wise, 0. And so on for the rest of the dummy variables.

China has a vast territory, and diff erent regions’ economic and social characteristics vary 
signifi cantly. A series of control variables are measured as follows: urban human capital (Edu) 
is measured by the ratio of the number of students in secondary and higher education schools 
to the number of urban permanent residents. Government intervention (Gov) is proxied by the ra-
tio of the general budget expenditure of the local government to GDP. Foreign direct investment 
(Fdi) is assessed by the amount of foreign capital used per capita (unit: yuan). Industrial struc-
ture (Ind) is measured by the ratio of the output value of the tertiary industry to the output val-
ue of the secondary industry. Population density (Pden) is measured by the ratio of the number 
of employees in the secondary and tertiary industries to the construction land area in the urban 
districts. Population size (Psize) is measured by the number of employees in the secondary and 
tertiary industries in the municipal districts. The per capita road area (Road) is measured by the ra-
tio of the actual urban road area at the end of the year in the municipal district to the population 
size of the municipal district. Urbanization rate (Urban) is measured by the ratio of the non-ag-
ricultural population to the city’s total population. Technical expenditure (Texp) is measured by 
the ratio of expenditures for scientifi c undertakings to the general budget expenditure of the local 
government.

4.  Empirical Results

4.1 Direct effect of GGPA on technological innovation

Table 1 shows the direct eff ect of GGPA on technological innovation in cities. Specifi cally, the re-
sults show that the “Notice” signifi cantly and positively aff ects TNPAP. In China’s centralized 
political operating system, local offi  cials’ fulfi llment of performance appraisals set by higher lev-
els of government is the primary basis for their promotions. As a consequence, the implementa-
tion of GGPA changed the behavior of local governments. These behavioral changes, including 
strengthening government fi scal subsidies and ER, ultimately aff ected local technological innova-
tion (Domazlicky and Weber, 2004; Huang et al., 2019). In terms of control variables, population 
density signifi cantly and negatively infl uences TNPAP. Population size, urbanization rate, and 
technical expenditure signifi cantly and positively aff ect TNPAP.
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Table 1: The direct effect of GGPA on the level of technological innovation

Variables TNPAP

Post 9.2726***(0.7995)

Edu 0.0738 (0.1932)

Gov −0.0061 (0.0300)

Fdi 0.0004 (0.0005)

Ind 0.1751 (0.1738)

Pden −0.0008**(0.0003)

Psize 0.1315***(0.0428)

Road −0.0001 (0.0064)

Urban 0.6588**(0.3008)

Texp 5.1759***(0.8435)

Time Fixed Effects Control

Individual Fixed Effects Control

Adjust R2 0.5555

Sample Size 2826

Hausman test 260.64

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and the numbers in brac-
kets are robust standard errors.

Source: Authors’ own elaboration

4.2 Long-term effect of GGPA on technological innovation

Table 2 shows the results of the intertemporal analysis of the implementation eff ect of GGPA. 
The results in Table 2 reveal that the positive eff ect of the implementation of GGPA on TNPAP has 
continued to be signifi cant since the fi rst year (2014) of the assessment. The coeffi  cient reaches 
the maximum in the assessment’s fourth year (2017). Therefore, it can be shown that the imple-
mentation of GGPA has a signifi cant long-term eff ect on improving the level of technological in-
novation. The positive impact of GGPA on TNPAP has continued to rise in the fi rst to fourth year 
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(2014–2017) of the assessment and then decreased. These results suggest that GGPA has provided 
Chinese cities with lasting motivation for technological innovation. It is no longer simply about 
meeting government performance assessments and now involves maintaining the green image 
and environmental sustainability of the city in the long term. This has led to steady long-term 
progress toward sustainable development.

Table 2: The long-term effect of GGPA on the level of technological innovation

TNPAP

Post1 0.7634** (0.3549)

Post2 1.7154***(0.1877)

Post3 1.7965***(0.1520)

Post4 1.9324***(0.1510)

Post5 1.6476***(0.1269)

Other variables Control

Adjust R2 0.5529                    

Sample size 2826

Hausman test 244.73

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and the numbers in brac-
kets are robust standard errors.

Source: Authors’ own elaboration

4.3 Robustness check

To check the reliability of baseline regression results, this paper conducts robustness tests from 
multiple dimensions.

There may be other policy shocks aff ecting technological innovation from 2009 to 2018. 
In November 2013, the State Council of China issued the “National Sustainable Development 
Plan for Resource-Oriented Cities (2013–2020)” (hereafter “Political Document”). According 
to this political document, specifi c arrangements have been made in four aspects: economic de-
velopment, improvement of people’s livelihood, resource security, and ecological protection. 
The promulgation of this political document is likely to aff ect technological innovation in re-
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source-oriented cities. To exclude this possible policy infl uence, we remove the observed values 
of all resource-oriented cities in China from the sample and then perform the regression. As shown 
in column (1) of Table 3, the regression results are consistent with the baseline regression.

To test the infl uence of the dependent variable selection on the regression results, this paper 
uses the total number of patents (TNP) (unit:100 pieces) in the city to replace the TNPAP. The re-
sults in column (2) of Table 3 reveal that the estimated results are still consistent with the baseline 
regression results.

In order to test the sensitivity of the regression results, this study considers that the research 
sample in 2013 was only aff ected by the “Notice” that was issued in December, and there may be 
noise in the sample in the policy implementation year. So, the sample observations in that year 
are deleted. In Table 3, the results in column (3) demonstrate that the estimated results following 
the deletion of the observation samples in 2013 are still consistent with the baseline regression 
results. Hence, we conclude that the GGPA has a signifi cant positive impact on technological in-
novation, which is robust and credible.

Table 3: Robustness results

Exclude “Political 

Document” Influence

Replace dependent 

variable

Delete the 2013 

Observation Sample

Variables

TNPAP TNP TNPAP

(1) (2) (3)

Post
     11.1496*** 

(1.2082)
      36.0420***

(5.2488)
      8.9723***

(0.8374)

Control Variable Control Control Control

Time Fixed Effects Control Control Control

Individual Fixed Effects Control Control Control

Adjust R2 0.5962                  0.5026 0.5836

Sample Size 1696 2761 2542

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and the numbers in brac-
kets are robust standard errors.

Source: Authors’ own elaboration
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5.  Further Discussion Based on Heterogeneity Analyses

The previous analysis focuses on the overall level. Although understanding the impact GGPA 
has on technological innovation from a national perspective is important, the eff ect may vary 
according to the diff erent characteristics of cities and local offi  cials. First, cities with diff erent 
characteristics often have diff erent development paths (Yang et al., 2020). Diff erent devel-
opment paths have diff erent demands on technological innovation and reach diff erent stages 
of technological innovation in diff erent ways (Nickels, 2008). Therefore, after implementing 
GGPA, technological innovation with diff erent characteristics will be aff ected diff erently.

Second, China’s political system is unique. The “one-party” and “people’s democratic 
dictatorship” systems diff er widely from the Western democratic election system. But, it shows 
high effi  ciency in implementing laws and administrative orders. This institutional advantage is 
often used as the “hand of macro-control” to intervene and supplement the market. In recent 
years, the Chinese government poured huge attention to environmental protection, and this 
“emphasis” is often refl ected in many command-and-control ERs. The Chinese government 
copied the “whole-nation system” and “concentrated eff orts doing big things” that are used 
in economic development to environmental protection. The central government issues some 
administrative orders to guide and restrict the local governments. The leaders of the local gov-
ernments often actively implement these orders to obtain more opportunities for their promo-
tion. This behavior enables the central government’s order to be implemented step by step from 
the province to the city, from the city to the county, and from the county to the township. In this 
bureaucratic system, offi  cials at all levels play a very critical role.

China’s “one-party system” determines that China is a “party-government integration” 
country. The “party committee responsibility” system is the governance standard for govern-
ments in all hierarchies in China. Under this system, most of the administrative agencies’ lead-
ership teams are members of the CPC. Take a city as an example, and the mayor is not the most 
powerful offi  cial. His position in the CPC is often deputy secretary of the CPC Municipal Party 
Committee (CPCMPC). The person with the biggest infl uence in collective decision-making 
is the secretary of the CPCMPC. He is the top leader and usually also holds the administra-
tive position of the deputy mayor. Therefore, in China’s offi  cialdom, there is no strictly equal 
“dual-head” system, i.e., the secretary of the CPCMPC and the mayor are the two leaders 
running side by side. However, in reality, the most infl uential person is the secretary of the CP-
CMPC. The position ranking in the party instead of the government determines the power 
size. The ranking within the party also determines the leader’s infl uence on the government’s 
governance. Therefore, when studying the impact of GGPA on innovation, we should consider 
the secretary of the CPCMPC rather than the mayor.



416Politická ekonomie, 2024, 72 (2), Special Issue, 403–430, https://doi.org/10.18267/j.polek.1440

Comparative Analysis of Technological Innovation in Chinese Cities: Pre and Post-Government Green Performance 
Assessment

On the other hand, due to thousands of years of traditional cultural inheritance, the infl uence 
of “personal rule” is still huge in modern political occasions. A well-recognized excellent leader 
often has the characteristics of “dignity and decisiveness,” i.e., the ability to “Have the fi nal say” 
in daily leadership and governance. The unspoken rules of Chinese offi  cialdom culture also advo-
cate that “subordinates obey their superiors”. The subordinates cannot resist the decisions of their 
superiors, and obedience to their superiors is a virtue recognized by offi  cials. This phenome-
non is inseparable from the edifi cation of Confucian culture, and there is a common expectation 
of the phenomenon of “top leader has the fi nal say” in Chinese offi  cialdom.

Under the collective leadership of the “party committee responsibility” system, a CPCMPC 
often holds meetings, which are generally limited to members of the CPCMPC, to decide on ma-
jor administrative matters. However, due to the factors mentioned above, the secretary of the CP-
CMPC can achieve 

“I have the fi nal say” on most occasions. The speeches and instructions of the CPCMPC sec-
retary are the core content. At the same time, other leaders who rank lower in the CPC often make 
supplements based on the opinions of the CPCMPC secretary. These supplementary contents will 
not violate the instructions of the CPCMPC secretary. As a result, the so-called “collective leader-
ship” generally becomes the “single speech” of the CPCMPC secretary, and the personal opinion 
of the highest-ranking leader in the party almost replaces the collective opinion of the leadership 
team under this system. 

Although the CPC has issued numerous orders opposing “single speech” and curbed this 
trend to a certain degree through anti-corruption campaigns and party discipline inspections, 
the phenomenon is still widespread. The instructions of the CPCMPC secretary and his personal 
policy tendencies will considerably aff ect the daily operation of the administrative agencies un-
der his jurisdiction. According to Maslow’s hierarchy of needs theory, these “top leaders” have 
already satisfi ed the physiological, safety, belonging, and respect needs. Under the profound in-
fl uence of the bureaucracy-oriented consciousness of the strong Confucian culture, offi  cials often 
pursue self-realization. This involves supporting and implementing the instructions of the central 
government to gain the favor of superior leaders and obtain a higher chance of promotion. They 
generally believe promotion can enable them to gain more power and achieve greater ideals and 
ambitions in Chinese offi  cialdom. The strong desire for promotion results in the CPCMPC secre-
tary actively catering to the requirements of the GGPA, which prompts it to exert more infl uence 
on the congregate policy decision under the “party committee responsibility” system. Therefore, 
through the CPCMPC secretary, GGPA is bound to impact the innovation of the city (the juris-
diction of the CPCMPC secretary). Moreover, this infl uence will vary according to the diff erent 
personal characteristics of the secretary of the CPCMPC (Besley et al., 2011). 



417Politická ekonomie, 2024, 72 (2), Special Issue, 403–430, https://doi.org/10.18267/j.polek.1440

Comparative Analysis of Technological Innovation in Chinese Cities: Pre and Post-Government Green Performance 
Assessment

For this reason, we further conduct the heterogeneity analysis from the city and offi  cial char-
acteristics perspectives to enrich the fi ndings.

6 Heterogeneity Analysis of City Characteristics

6.1 Administrative level

The entire sample is segregated into two groups: central cities and non-central cities. Among 
them, the central city group includes municipalities directly under the central government, provin-
cial capital cities, and sub-provincial cities. The non-central city groups include the rest of the or-
dinary prefecture-level cities. 

The regression results in columns (1)–(2) of Table 4 reveal that the estimated coeffi  cients 
of policy variables are signifi cantly positive in both central and non-central cities. Still, the es-
timated coeffi  cients in central cities are 2.38 times that of non-central cities. This result demon-
strates that following GGPA implementation, the TNPAP in central and non-central cities is sig-
nifi cantly improved, but more so in the central cities. Central cities have a higher administrative 
level, and these cities tend to have a higher technical level than non-central cities. Due to their 
dependence on the development paths, it has often been easier for these cities to take advantage 
of their original advantages and continue exerting them in technological innovation after GGPA 
implementation (Glaeser, 1999). 

6.2  Industrial structure

Based on the ratio of the tertiary industry’s output value to the secondary industry’s output value, 
this paper divides the entire sample into two groups: service-oriented cities and industry-oriented 
cities2. The regression results in columns (3)–(4) of Table 4 reveal that the estimated coeffi  cients 
of policy variables are signifi cantly positive in both service- and industry-oriented cities. Still, 
the estimated coeffi  cients in industry-oriented cities are 2.3 times that of service-oriented cities. 
This result shows that after the implementation of GGPA, the TNPAP in both service-oriented 
and industry-oriented cities will be signifi cantly improved. Still, it will be improved more in in-
dustry-oriented cities. GGPA implementation has led to an increased demand for technological 

2 As the proportion of the service industry tends to increase with economic growth, the original industry-
oriented cities may become service-oriented cities. To exclude this influence, our research only 
considers the urban industrial structure before the “Notice” was promulgated. The specific calculation 
method is as follows: First, calculate the ratio of the tertiary industry to the secondary industry 
in the city every year (from 2009 to 2012). Next, calculate the average value of the ratio within four 
-years. If the average value is greater than 1, the city is service-oriented. Otherwise, it is an industry-
oriented city.
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transformation and upgrading in industry-oriented cities, thereby strengthening their technologi-
cal innovation (Yu et al., 2015). 

6.3 Pollution levels

This paper constructs the environmental pollution index using four indicators: solid comprehen-
sive waste utilization rate, centralized sewage treatment rate, domestic garbage harmless treat-
ment rate, and sulfur dioxide emission reduction. Based on the environmental pollution index, we 
divide the entire sample into two groups: high-pollution and low-pollution cities3. The regression 
results in columns (5)–(6) of Table 4 show that the estimated coeffi  cients of policy variables are 
signifi cantly positive in both high-pollution and low-pollution cities. Furthermore, the estimated 
coeffi  cient in low-pollution cities is 1.96 times that of high-pollution cities. This result shows that 
after the implementation of GGPA, the TNPAP in both high-pollution and low-pollution cities will 
be signifi cantly improved. Still, they will be improved more in the low-pollution cities. Low-pol-
lution cities are mainly those that pay more attention to ecological protection or have relatively 
clean industries. The implementation of GGPA has served to strengthen the existing advantages 
of these cities due to path dependence (Hein and Schubert, 2021), enabling them to invest more 
resources in innovative activities with longer cycles and higher risks. These results suggest that 
the central government of China cannot improve the technological innovation level in high-pollu-
tion cities simply by changing the promotion incentives for local offi  cials.

3 The specific division is as follows: First, the value of the j-th indicator of the i-th city in year t 

is denoted as wijt (I = 1, …, 280; j = 1, …, 4; t = 2009, …, 2012), and calculate 
2012

2009

1
4ij ijtt

W w


  ,  

and 288

1

1
288j iji

W W


  . Next, the score of the j-th indicator of the i-th city is denoted as Sij, if ij jW W   

(j = 1, 2, 3), Sij = 1; if ij jW W  (j = 4), Sij = 0. Finally, the environmental pollution index of the i-th city is 

denoted as Si, 
4

1i ijj
S S


  .  If Si  > 2, i-th city belongs to the high pollution group; otherwise, it belongs 

to the low pollution group.
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 Table 4: Group test based on city characteristics

Variables

Dependent Variable: TNPAP

Urban Administrative Level Industrial Structure Pollution Levels

Center 

Cities

Non-Central 

City

Service-

Oriented 

Cities

Industry-

Oriented 

Cities

High-

pollution 

Cities

Low-pollution 

Cities

(1) (2) (3) (4) (5) (6)

Post       18.5472***
(4.0123)

       7.7831*** 
(0.8565)

      6.6873*** 
(0.7103)

     15.4010*** 
(1.9970)

      5.3413*** 
(0.9405)

      10.4594*** 
(0.9343)

Control 

Variable
Control Control Control Control Control Control

Time Fixed 

Effects
Control Control Control Control Control Control

Individual 

Fixed Effects
Control Control Control Control Control Control

Adjust R2 0.7735 0.4964 0.5772 0.6092 0.5264 0.5751

Sample Size 350 2476 1838 988 563 2263

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and the numbers in brac-
kets are robust standard errors.

Source: Authors’ own elaboration

7.  Heterogeneity Analysis of Official’s Characteristics

7.1 The appointment time of officials 

In this section, the entire sample is compartmentalized two groups: newcomer and veteran. 
The specifi c division method is based on the incumbent secretary of the Municipal CPC Commit-
tee in January 20144. If the secretary took offi  ce in January 2013 onwards, the city is a newcomer 
group member; otherwise, it is a veteran group member.

The regression results in columns (1)–(2) of Table 5 show that the estimated coeffi  cient 
of the policy variable is signifi cantly positive in both groups. Moreover, the estimated coeffi  cient 

4 Since the “Notice” was promulgated in December 2013, the local officials’ behavior was most affected 
by the change of assessment method in 2014, the year after the “Notice” was issued. Therefore, this 
paper groups the samples according to the characteristics of the incumbent officials in January 2014.
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in the veteran group is 24.33% higher than that of the newcomer group. This shows that the TN-
PAP in both the newcomer and veteran groups is signifi cantly improved after the implementation 
of GGPA, but they are more enhanced in the latter group. This result could be due to the newly 
appointed offi  cials always having to do several noteworthy things in a short time to show their 
capabilities. As an old Chinese phrase says, “A new broom sweeps clean”. The new offi  cials are 
more inclined to do some high-return work to deal with GGPA, rather than the risky and long-
term work of technology innovation. Therefore, the improvement of TNPAP in the newcomer 
group was lower than in the veteran group.

The entire sample is compartmentalized two groups according to the education qualifi ca-
tions of the secretary of the Municipal CPC Committee as of January 2014. The city is classifi ed 
as a high-education group if the secretary has a postgraduate degree or above. Otherwise, it is 
assigned to a low-education group. 

The regression results in columns (3)–(4) in Table 5 show that the estimated coeffi  cients 
of policy variables are signifi cantly positive in both the high-education and low-education groups. 
Still, the estimated coeffi  cient in the high-education group is 26.18% higher than in the low-ed-
ucation group. This result shows that after the implementation of GGPA, the TNPAP in both 
groups is signifi cantly improved, but it is improved more in the high-education group. This is 
mainly because offi  cials with higher education are more capable of adapting to the new system 
(Cheng et al., 2020).

7.3 The age of officials

The entire sample is compartmentalized into two groups according to the actual age of the incum-
bent offi  cials as of January 2014. The city where the secretary of the Municipal CPC Committee 
is above the average age is under the senior group. Otherwise, the city is put into the younger 
group.

In table 5, the regression results of columns (5)–(6) show that the estimated coeffi  cients 
of the policy variables are signifi cantly positive in both groups. However, the estimated coeffi  -
cient in the senior group is 12.27% higher than in the younger group. This result shows that 
after the implementation of GGPA, the TNPAP in both groups were signifi cantly improved, 
but it were improved more in the senior group. Younger offi  cials have stronger promotion 
incentives (Yu et al, 2020), so they prefer to accumulate promotion capital in the short term. 
Therefore, compared with senior offi  cials, the younger offi  cials pay more attention to work with 
low investment and high returns. 
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Table 5: Group test based on official characteristics

Variables

Dependent Variable: TNPAP

Time in Office (Seniority) Education Level Age

Newcomer Veteran High Low Senior Younger 

(1) (2) (3) (4) (5) (6)

Post       7.9282*** 
(1.1532)

      9.8574*** 
(1.1509)

      9.5471*** 
(0.9327)

      7.5658*** 
(1.4605)

      9.3323*** 
(1.1213)

      8.3122*** 
(1.2150)

Control 

Variable
Control Control Control Control Control Control

Time Fixed 

Effects
Control Control Control Control Control Control

Individual 

Fixed Effects
Control Control Control Control Control Control

Adjust R2 0.5192 0.6084 0.5570 0.6752 0.5406 0.5893

Sample Size 1176 1618 2337 457 1347 1447

Note: *, **, and *** represent the significance levels of 10%, 5%, and 1%, respectively, and the numbers in brac-
kets are robust standard errors.

Source: Authors’ own elaboration

8. Conclusions and Outlook

8.1 Research findings and policy implications

This study explores the eff ects of GGPA on technological innovation in Chinese cities. The panel 
regression model is used to examine the direct and long-term eff ects of GGPA on technological 
innovation. Finally, the regional variation of the impacts of GGPA on technological innovation is 
analyzed based on the characteristics of cities and offi  cials, respectively. 

This study has provided a novel perspective to understanding technological innovation de-
velopment under the centralized political system of China and provided a reference for the opti-
mization of the performance assessment system. Our research fi nds that implementing GGPA has 
a signifi cant positive impact on technological innovation. The eff ect has proven to be valid un-
der diff erent robustness tests, including the exclusion of other policy infl uences, the replacement 
of dependent variables, and the deletion of partial observation samples. In addition to the direct 
short-term impact, implementing GGPA has a signifi cant long-term eff ect on technological inno-
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vation. The positive impact of GGPA on technological innovation has continued to be signifi cant 
since the fi rst year of the assessment. Specifi cally, the positive eff ect of GGPA on technological 
innovation continues to rise from the fi rst year to the fourth year of the assessment, and then it de-
creases.

Furthermore, this research also conducts group examinations in addition to the national level. 
First, we group all samples according to the city characteristics, including administrative level, indus-
trial structure, and pollution levels. Following GGPA implementation, technological innovation in cen-
tral and non-central cities has improved signifi cantly, but more so in the central cities. Technological 
innovation in both service-oriented and industry-oriented cities has been signifi cantly improved, but 
it is greater in industry-oriented cities. Technological innovation in high-pollution and low-pollution 
cities has also improved signifi cantly, the low-pollution cities showing the greatest amount of im-
provement. Second, all samples are grouped according to the offi  cial characteristics, including ap-
pointment time, education level, and age. After GGPA was implemented, technological innovation 
in both newcomer and veteran groups has improved signifi cantly, the greatest improvement being 
evident in the veteran group. Technological innovation in high-education and low-education groups 
has also improved signifi cantly, but it has improved more in the former group. Technological inno-
vation in the senior and younger groups has improved signifi cantly, but there is more improvement 
in the senior group.

Based on the empirical results, the following policy recommendations are proposed to further 
optimize the performance appraisal management system and ensure that it aligns with the broader 
SDGs. 

Firstly, this study fi nds the GGPA can eff ectively promote urban technological innovation. 
In the future, the central government should fully utilize the GGPA as a means of ensuring that 
cities achieve sustainable development in a more holistic way. For example, to provide motivation 
for the promotion of more comprehensive sustainable development, the central government could 
further adjust the indicators in the GGPA by integrating them more closely with the SDGs. More 
specifi cally, clean energy and carbon emission reduction could be included as the key indicators 
in the assessment of the performance of local offi  cials. The central government could also consider 
the eff orts of local governments to address climate change and disaster risk reduction. In addition, 
the government could include related indicators in the GGPA system, including urban planning 
and land use, as a means of encouraging the adoption of sustainable urban planning measures.

Secondly, this study fi nds that in addition to the short-term eff ect, GGPA still has a long-term 
promoting eff ect on technological innovation. The central government should fully utilize this for 
technological innovation. GGPA could be used to incentivize investment in technological innova-
tion projects with long-term sustainable development potential by local governments and enter-
prises. This includes investing in basic research, talent training, and infrastructure development.



423Politická ekonomie, 2024, 72 (2), Special Issue, 403–430, https://doi.org/10.18267/j.polek.1440

Comparative Analysis of Technological Innovation in Chinese Cities: Pre and Post-Government Green Performance 
Assessment

Thirdly, the results show that issuing the “Notice” has had a heterogeneous impact on the tech-
nological innovation of diff erent types of Chinese cities. Therefore, the central government could 
formulate diff erentiated assessment standards for local offi  cials in diff erent types of cities. For 
example, the development and application of emission reduction technologies could be an es-
sential indicator in high-pollution cities. At the same time, innovation in digital technologies and 
information services could be included as part of the assessment in service-oriented cities. By 
using diff erent assessment indicators, these cities would be incentivized to promote technological 
innovation and sustainable development through adaptation to local development directions.

8.2 Research limitation and future research direction

Although the fi ndings of this paper expand the existing research to some extent, there are some 
limitations. 

First, this paper excludes the eff ects of other policy (The “Political Document” issued by 
the State Council of China in November 2013 mentioned in Section 4.3). While this ensures some 
degree of confi dence in the results, it is diffi  cult for any study to rule out all potential externalities. 
The future research can consider the interactive eff ect of diff erent policies. For example, analyze 
whether the eff ects of diff erent policy implementations on technological innovation cancel each 
other out or strengthen each other. Alternatively, one could also analyze whether policy mixes 
have nonlinear eff ect on technological innovation.

Second, the heterogeneity tests of this paper are only based on the characteristics of city and 
offi  cial. However, it may be refl ected from other aspects such as regional culture, social network, 
local political environment etc. Future research should consider expanding the heterogeneity anal-
ysis from these perspectives as a means of capturing the comprehensive impact GGPA has had 
on innovation under diff erent conditions.

Finally, while this study has explored the immediate and long-term impacts of GGPA on tech-
nological innovation, it has not fully covered all SDGs, including poverty reduction, health, ed-
ucation, and environmental issues. Future research could consider the impact of GGPA on these 
areas to better understand the panorama of sustainable urban development.
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