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Based on the theory of “Non-Economic Promotion Championship,” this paper

takes Appraisal-And-Commendation (AAC) policy of National Civilised City

(NCC) program in China as the research object, and analyses the influence

and mechanism of the NCC on carbon emissions from the perspective of

energy demand. We find that NCC reduces carbon emissions significantly, and

this reduction effect continues to expand over time. Furthermore, the NCC

reduces carbon emissions through two mechanisms: First, the NCC reduces

carbon emissions by slowing urbanisation. This mechanism mainly functions in

big cities, megacities, and super cities, and does not function in small and

medium cities. Second, the NCC reduces carbon emissions by promoting

industrial restructuring from secondary industry to tertiary industry. This

carbon reduction effect is a pure structural adjustment effect, regardless of

any effects on technological level and productivity. Moreover, there are regional

differences in the reduction of carbon emissions by NCC through industrial

restructuring in two dimensions: In the first dimension, compared with the

western region and the northeast region, the eastern and central regions are

more able and willing to reduce carbon emissions through industrial

restructuring. In the second dimension, compared with the northern region,

the southern region ismore likely to reduce carbon emissions through industrial

restructuring.
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1 Introduction

In recent years, with the increasing impacts of global heating, such as rising sea levels

and increasing frequency of extreme weather, on economic and social life, emissions of

greenhouse gases including carbon dioxide and methane, have received unprecedented

attention. In response to the negative impact of global heating caused by excessive

emissions of these gases, countries have issued emission reduction plans, in particular

since the Paris Agreement. To date, more than 70 countries have set net-zero emissions
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targets, covering about 76% of global emissions.1 As one of the

world’s largest carbon emitters, China similarly announced in

2020 the “dual carbon” goals of striving to ensure its carbon

dioxide emissions peak by 2030 and to achieve carbon neutrality

by 2060.

Achieving carbon emission reduction targets requires

relevant policy tools. To sum up, the existing literature

focuses on traditional command-and-control (CAC) policies

such as air and water environmental quality standards,

pollutant discharge standards, and sustainable development

goals (Greenstone and Hanna, 2014; Harrison et al., 2015;

Singhal, 2018; Liu et al., 2021; Yu et al., 2021), as well as price

incentive (PI) policies2 such as carbon taxes, resource taxes,

emission trading schemes, and marginal abatement costs

(Pearce, 1991; Wang and Qi, 2016; Jia and Lin, 2020; An

et al., 2021; Xian et al., 2022). However, a new type of policy

tool, which is different from CAC policy and PI policy but

popularly used in China, so-called “appraisal and

commendation” (AAC) policy, have not yet received effective

attention.

Appraisal and commendation refers to the system design of

an appraisal conducted by the higher-level government of the

behaviour and effectiveness of lower-level government according

to certain standards (Liu, 2019). This policy adheres to the

principle of voluntary participation. Local governments that

do not participate will not be punished, and local

governments that participate will not receive any direct

economic benefits, but the winning cities can receive

corresponding commendation and honour. This is the most

important difference between the AAC policy and the

traditional CAC and PI policies. As it is quite different from

the other two traditional policies, we may wonder, can the AAC

policy better reduce carbon emissions? If yes, what is the

influencing mechanism of AAC policy on carbon emissions?

This paper focus on the National Civilised City (NCC) program,

the most typical of AAC policy in China, and tries to give

theoretical answers to these questions at the city level. The

reason why the NCC program was selected is that the NCC

program is the most influential AAC policy in China and is

regarded as the “golden signboard” of the winning cities (Liu,

2019; Lin, 2022). On the one hand, this paper can help China

improve relevant policy design, achieve its “double carbon”

targets as soon as possible, and make due contributions to the

world’s response to global heating; on the other hand, the AAC

policy such as NCC program can provide a reference for the

carbon reduction policies of other countries in the world. In

summary, the issues discussed in this paper are not only of

theoretical importance but also of great practical significance.

Based on the theory of the “Non-Economic Promotion

Championship,” this study analyses and tests the influence

and mechanism of the NCC on carbon emissions from the

perspective of energy demand. The analysis results indicate that:

• First, the NCC can reduce carbon emissions effectively.

Moreover, the reduction effect of the NCC on carbon

emissions has been expanding over time, indicating that

the NCC is a far-reaching policy. Once awarded, the NCC

can generate a steady stream of endogenous power and

reduce carbon emissions continuously.

• Second, the NCC reduces carbon emissions by slowing

urbanisation. Since China’s urbanisation is mainly

composed of population flow from small and medium to

big cities, especially super cities, the mechanism of reducing

carbon emissions by slowing urbanisation mainly functions

in big cities, megacities, and super cities, and not in small

and medium cities.3

• Third, the NCC also reduces carbon emissions by

promoting industrial restructuring from secondary to

tertiary industry. This reduction effect is a pure

structural adjustment effect, regardless of any effects on

technological level and productivity. Moreover, there are

regional differences in the reduction of carbon emissions by

the NCC through industrial restructuring in two

dimensions: In the first dimension, compared with the

western region and the northeast region of China, the

eastern and central regions, with a higher level of

economic development, especially the eastern region, are

more capable and willing to commend this opportunity to

reduce carbon emissions through industrial restructuring.

In the second dimension, compared with the northern

region, the southern region, which has a more market-

oriented economic system, is more likely to reduce carbon

emissions through industrial restructuring.

The main contributions of this paper are threefold. First, the

NCC program is selected for the evaluation of the carbon

emission reduction effect of AAC policy, which is a important

supplement to the research on traditional CAC policy and PI

policy. Second, based on the theory of the “Non-Economic

1 UN Climate Action website: https://www.un.org/zh/climatechange/
net-zero-coalition.

2 This is also known as economic incentive policy or market-based
instrument (Singhal, 2018).

3 According to the definition by State Council of the People’s Republic of
China in 2014, cities with a permanent population of less than
500,000 in urban areas are defined small cities; cities with a
permanent population of more than 500,000 but less than one
million in urban areas are medium cities; cities with a permanent
population of more than one million but less than five million in
urban areas are big cities; cities with a permanent population of
more than five million but less than 10 million in urban areas are
megacities; cities with a permanent population of more than 10million
in urban areas are super cities.
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Promotion Championship,” the influence of the NCC on carbon

emissions is analysed and tested, in an extension of the existing

NCC program evaluation literature (Lu et al., 2020; Xu, 2020; Li

et al., 2021; Shen et al., 2021; Zhang et al., 2021). Finally, the

influence mechanism of the NCC on carbon emissions through

urbanisation and industrial restructuring is examined from the

perspective of energy demand, which provides a new perspective

for the evaluation of the NCC policies.

The rest of this article is arranged as follows: the second part

is the literature review, the third part is theoretical analysis, the

fourth part introduces the econometric model and data, the fifth

part is the empirical test results, and the sixth part is the

conclusions and policy recommendations.

2 Literature review

To sum up, the existing literature focuses on the policy effects

of traditional CAC policies and PI policies; in contrast, new

policy tools popularly used in China so-called “appraisal and

commendation” (AAC) policies have not yet received effective

attention. The three policy tools mentioned here are introduced

below.

2.1 CAC policy and its effects

CAC policy generally refers to a policy of setting

environmental goals or standards for target subjects such as

enterprises, residents, and local governments, under which those

who violate environmental goals or standards will be punished

accordingly, in a relatively straightforward regulatory approach

(Singhal, 2018). Compared with PI policy and AAC policy, CAC

policy is older, traceable back to the “Alkali Works Regulation

Act” introduced in 1906 by the United Kingdom, which directly

limits pollutant discharge from highly polluting industries such

as the heavy chemical industry (Longhurst et al., 2009). The

“Clean Air Act” introduced in the United States in 1970 are a

typical CAC policy, which control the emission of air pollutants

and improve air quality by clarifying the responsibilities of state

governments. Relevant studies have shown that the “Clean Air

Act” effectively control and reduce the emission of related

pollutants and greatly improve air quality (Henderson, 1996;

Becker and Henderson, 2000; Chay and Greenstone, 2003;

Greenstone, 2004). CAC policies implemented by developing

countries such as India and China have gradually attracted the

attention of scholars; these include the “Supreme Court Action

Plans” and the “Mandated Catalytic Converters” in India

(Greenstone and Hanna, 2014; Harrison et al., 2015), and the

“Two Control Zone” (Tanaka et al., 2014; Sun et al., 2019), the

“Atmosphere Ten Articles” (Li, 2021) and the “Sustainable

Development Goals” (Liu et al., 2021) in China. Although PI

policies are increasingly favoured by economists due to their low

economic costs, governments still make extensive use of

traditional CAC policy tools, which have the advantages of

short policy effect cycles and clear policy goals (Singhal, 2018).

2.2 PI policy and its effects

Price incentive policy refers to the provision of economic

incentives for target entities such as enterprises and residents

through policy design, thereby achieving the purpose of reducing

pollution emissions and improving environmental quality, which

is a relatively indirect regulatory method (Singhal, 2018). From

the perspective of economic theory, PI policy can not only

achieve emission reduction targets at a lower economic cost

but also incentivise target subjects to adopt more advanced

technologies (Porter and Linde, 1995), and improve overall

economic efficiency, in the so-called “double dividend”

(Pearce, 1991). Overall, existing research generally indicates

that PI policy tools such as carbon taxes, resource taxes,

emissions trading schemes, and marginal abatement costs can

effectively reduce emissions (Andersson, 2019; Lin and Jia., 2019;

Dorsey-Palmateer and Niu, 2020; Liu et al., 2020; An et al., 2021;

Xian et al., 2022). The focus of the debate is on which price

incentive tool has the lowest cost and/or best emission reduction

effect (Strand, 2013; Wang and Qi, 2016; Barragán-Beaud et al.,

2018; Hu et al., 2021). Due to the vast differences in political

systems, cultural systems, levels of economic development,

industrial and market structures, and policy objectives among

various countries, it is impossible to have a single optimal policy

tool (Goulder and parry, 2008). Thus, the combined use of

multiple policy tools such as the PI tool and the CAC tool

will be a major direction for future policy design (Singhal, 2018).

2.3 The NCC program and its effects

Appraisal and commendation policy refers to the system design

of an appraisal of the behaviour and effectiveness of lower levels of

government conducted by higher-level government according to

certain standards (Liu, 2019). AAC policy adheres to the principle of

voluntary participation, with neither direct economic incentives nor

relevant penalties; instead the winning cities can receive

corresponding recognition and honour. The National Civilised

City program is the most typical of AAC policy in China.

Scholars have studied the environmental effects of this policy

from the macro (city) and micro (enterprise) levels. At the

macro (city) level, Lu et al. (2020) were the first to discover that

the NCC can effectively promote technological innovation and

industrial structure upgrading, thereby significantly reducing

PM2.5 concentration, industrial sulphur dioxide emissions,

industrial soot emissions, and industrial wastewater emissions.

Xu (2020) believes that the NCC has significantly reduced

industrial sewage and industrial carbon dioxide emission
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intensity in given cities and their neighbouring cities by increasing

investment in environmental pollution control and environmental

infrastructure as well as by attracting public participation, which is

also found by Li et al. (2021). At the micro (enterprise) level, Zhang

et al. (2021) find that the NCC promotes the environmental

performance of listed companies. Shen et al. (2021) also find that

the NCC has reduced the chemical oxygen demand (COD)

emissions of industrial enterprises by strengthening source

control, improving clean production technology, and attracting

high-quality green enterprises. It can be seen that whether it is at

the macro (city) or micro (enterprise) level, the NCC can effectively

reduce pollution emissions and improve the ecological environment.

The existing literature focuses on traditional CAC policies

such as air and water environmental quality standards and

pollutant emission standards, as well as PI policies such as

carbon tax, resource tax, and emissions trading. As a third

type of policy tool that is different from the CAC policy and

PI policy, new policy tools popularly used in China so-called

AAC policy are currently receiving less attention. A small

amount of literature (Lu et al., 2020; Xu, 2020; Li et al., 2021;

Shen et al., 2021; Zhang et al., 2021) has studied the

environmental effects of the NCC program, a typical policy of

AAC policy. However, only the impacts of the NCC on air

pollution and water pollution, such as PM2.5, industrial sulphur

dioxide emissions, industrial soot emissions, and industrial

wastewater emissions, were investigated; no literature

specifically examines the carbon emission reduction effect of

the NCC, especially the mechanism of its influence on carbon

emissions, which leaves the decision on what role the AAC policy

should play in the process of carbon emission reduction lacking a

theoretical basis. This study attempts to remedy this deficiency.

3 Theoretical analysis

3.1 Background

The NCC program originated from the “Five lectures, four

beauties, and three loves”4 of the 1980s (Li et al., 2021). In 2003,

the Central Commission for Guiding Cultural and Ethical

Progress (referred to as the “Central Civilisation

Commission,”5 CCC), directly under the Central Committee

of the Communist Party of China (CCCPC), issued the

“Interim Measures for Appraising and Commending National

Civilised Cities, Civilized Villages or Towns, and Civilized Units”

officially opening this influential and comprehensive appraisal

program of cities. At the first appraisal in 2005, a total of nine

civilised cities and three civilised urban areas within

municipalities have been selected. Since 2005, six appraisals

have been held so far, to a total of 146 national civilised cities

(including 25 provincial capital cities and sub-provincial cities,

and 121 prefecture-level cities), 163 national civilised urban areas

and counties (including 29 municipal urban areas, 134 county-

level cities and counties) have been selected, with an increase in

the number of commendations year over year (Figure 1).

The NCC is carried out every 3 years following the procedure

of “voluntary declaration, level-by-level recommendation,

advance publicity, and merit-based selection.”6 The specific

selection process is as follows. First, the Central Civilisation

Commission assigns the quotas of national civilised cities to

the provinces. Second, according to the voluntary principle, city

apply to the provincial civilisation committee to become a

National Civilised City. Ordinary city apply to become the

Advanced Civilised City earlier on, after become the

Advanced Civilised City, the Advanced Civilised City apply to

become the National Civilised City. In other words, only the

Advanced Civilised City is eligible to apply for National Civilised

City. A “one-vote veto” mechanism is set up in this regard. If

there is a serious violation of discipline or crime by the top party

committee or government leaders in the 12 months before the

application for the evaluation, or occurrence of major or

catastrophic environmental events, eligibility to participate in

FIGURE 1
The number of national civilized cities commended over the
years.

4 Five emphases: “emphases on civilization, courtesy, hygiene, order,
and morality;” four beauties: “spiritualbeauty, language beauty,
behavior beauty, and environment beauty;” three loves: “love the
motherland, lovesocialism, and love the Communist Party of China”.

5 The Central Civilisation Commission is a consultative body set up by
the CCCPC to guide the country’s cultural and ethical progress. The
director of the CCC is usually a member of the Standing Committee of
the Political Bureau of the CCCPC, which is the highest-ranking official
in China. 6 For the detailed selection process, see Liu (2019) and Li et al. (2021).
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the evaluation will be directly revoked. Third, the provincial

civilisation committee reviews and evaluates each city according

to the “National Civilised City Appraisal System” (referred to as

the “Appraisal System,” AS), and selects the best cities to

recommend to the Central Civilisation Commission. Finally,

after confirming the list of participants, the Central

Civilisation Commission commissions a professional

consultancy and assigns staff of the Central Civilisation

Commission to evaluate the participating cities, and selected

the best ones in strict accordance with their scores. Once selected,

the title of the National Civilised City would be awarded. For

cities that entered the evaluation but had not been awarded the

title of the National Civilised City, the title of the Advanced

Civilised City will be awarded, and qualification for the next

evaluation will be automatic. Cities that have been awarded the

title of the National Civilised City need to be reviewed in each

subsequent evaluation. If they fail to pass the re-examination, the

title will be cancelled. The basic process of selection can be seen in

Figure 2.

As has been stated above, the key to get the title of the

National Civilised City is the score in the Appraisal System,

which covers economic construction, political construction,

cultural construction, social construction, ecological

civilisation construction, party construction, and other aspects

of urban governance. However, there is not much evaluation

content related to the economic field, and much of it is related to

the ecological environment. Take the 2015 edition of the

“National Civilised City (Above the Prefecture Level)

Appraisal System” as an example: it contains 3 modules,

12 indicators, 90 subindicators, and 188 criteria. Among them,

in the 9th indicators “comfortable and convenient living

environment,” the subindicator of “energy consumption per

unit of GDP” is set, and three criteria are set up to be “lower

than the provincial (regional) annual control target,” “equal to

the provincial (regional) annual control target,” and “higher than

the provincial (regional) annual control target.” The greater the

degree to which the energy consumption per unit of GDP is lower

than the annual control target of the province (region), the higher

the score, and the closer the city is to being rated a National

Civilised City. The 11th indicator of the 2015 edition of the

“Appraisal System” is “ecological environment for sustainable

development,” which sets nine green and low-carbon

subindicators such as “urban air quality,” “urban water

environment quality,” and “public participation,” accounting

for 10% of the 90 subindicators. In addition, the Appraisal

System conducts a “one-vote veto” for the occurrence of

major and extraordinary environmental events. Once major

and extraordinary environmental events occurred, the city will

be disqualified from participating if those events occurred within

12 months before the application for the appraisal.

3.2 Hypotheses

As an appraisal and commendation policy, the NCC has

neither direct economic incentives nor corresponding

punishment measures. Why then are local governments

always enthusiastic about participating in the NCC, and

why do they wish to mobilise all possible resources to

obtain the title of “national civilised city”? Liu (2019) finds

that from half to all of mayors or municipal party committee

secretaries have been promoted at their next transfer to new

position after receiving the title of the National Civilised City.

In other words, the NCC is a “Non-Economic Promotion

Championship” (Huang and Zhou, 2020). Different from the

traditional “Economic Promotion Championship” (Zhou,

2007), which emphasizes the promotions based on

economic performance, whoever can gain the NCC

certification will have a higher probability of promotion.

Empirical studies by Zhang and Wang (2020), Li et al.

(2021), and Zhang et al. (2021) have confirmed this theory.

It can be seen that although there is no public incentive in the

NCC program, the personal incentive for mayors and municipal

party secretaries is enough to attract local governments to

compete fiercely and even set off a campaign so-called

“creating NCC in the whole city” (Liu, 2019).

FIGURE 2
The basic process of the national civilized city selection.
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As the ecological environment occupies the key position in

the NCC program, if local governments want to win the title of

NCC, they must strive to build a good ecological environment

and achieve the ecological environment goals required by the

Appraisal System. Existing literature has also confirmed that

whether at the macro (city) level or the micro (enterprise) level,

the NCC can effectively reduce pollution emissions and improve

the ecological environment (Lu et al., 2020; Xu, 2020; Shen et al.,

2021; Zhang et al., 2021). Whether it is the goal of “energy

consumption per unit of GDP” or the other green and low-

carbon goals of “urban air quality,” “urban water environment

quality,” and “public participation,” they are all closely related to

carbon emission reduction. To achieve the various ecological

environment goals in the Appraisal System, local governments

will inevitably need to directly or indirectly carry out substantial

carbon emission reductions. From this, the first research

hypothesis of this paper is obtained:

HYPOTHESIS 1. The NCC can induce local governments’

incentives for carbon emissions reductions, then reduce carbon

emissions.

If the NCC can induce local governments’ incentives for

carbon emissions reductions, how can local governments achieve

their carbon emission reduction goals? This paper analyses this

issue from the perspective of energy demand. At present, the

analysis of low-carbon transition policies such as the CAC

policies and PI policies mainly focuses on supply and less on

demand. The ultimate purpose of production is consumption,

and the fundamental source of carbon emissions is also

consumption. Therefore, changes in demand can largely

determine the future carbon peak value (Lin, 2022). Electricity

demand is mainly composed of residential electricity,

commercial electricity, and industrial electricity. In 2019,

China’s residential and commercial electricity consumption

accounted for about 30% of the total, while industrial

electricity consumption accounted for about 70% (Lin, 2022).

Hence, the most intuitive approach for local governments is to

limit demand across these sectors, in most cases with a focus on

industry.

In China, themain source of current demand for residential and

commercial electricity is urbanisation. Due to the huge difference in

lifestyles between rural and urban areas, urban residents consume

much more energy and generate much more carbon emissions than

rural residents. Urban lighting, heating and cooling, and large

shopping malls for urban residents will generate a lot of energy

consumption. In other words, urbanisation will lead to a significant

increase in electricity demand and energy consumption of residents

and businesses. Therefore, to limit the substantial increase in carbon

emissions brought about by residential and commercial electricity

demand, a feasible method for local governments is to limit the

transfer of rural population to urban areas, that is, to achieve carbon

emission reduction by slowing down the urbanisation of the

population.

Furthermore, in order to limit the carbon emissions of

commercial and industrial electricity, local governments will

inevitably increase the intensity of regulation, which will

undoubtedly in turn increase the production cost of electricity

companies, reducing their profits (Zheng and Zhang, 2016),

inhibit economic growth (Huang and Zhou, 2020; Li et al.,

2021), and reduce jobs. All of these will further slow

urbanisation, which in turn will slow the growth of carbon

emissions. Since cities and towns will lack jobs that can

provide higher incomes, there will be less need for the rural

population to move to cities and towns.

Besides, in the process of urbanisation in China, the

population mainly flows from small cities to big cities,

especially super cities, for big and super cities can provide

more job opportunities and higher income. Hence, if the

mechanism that local governments achieve the goal of

reducing carbon emissions by suppressing the urbanisation

during the NCC program is true, then this reduction effect

would be grater in big and super cities than in small cities.

Therefore, the second research hypothesis of this paper is as

follows:

HYPOTHESIS 2. The NCC promotes the reduction of carbon

emissions by slowing urbanisation, furthermore, the reduction

effect that the NCC upon carbon emissions would be greater in

big and super cities than in small cities.

The most important source of carbon emission demand is

electricity consumption in secondary industry, especially in

heavy chemical industries such as chemical raw material

manufacturing and steel smelting. To achieve the goal of

emission reduction, local governments will inevitably increase

the intensity of regulation of high-carbon emission enterprises in

secondary industry, such as by restricting new investment and

expansion of high-carbon emission enterprises, setting carbon

emission limits, etc., and at the same time increase investment in

environmental pollution control and environmental

infrastructure (Xu, 2020). In this way, it will push up the

production costs of high-carbon-emitting enterprises, reduce

the profits of these enterprises (Zheng and Zhang, 2016), and

slow down the growth of secondary industry. To cope with this

drag on overall economic growth, a feasible way is to vigorously

develop tertiary industry, such as tourism, etc., which has

relatively low carbon emissions, and to guide resources

released by secondary industry to tertiary industry.

Correspondingly, studies have found that the NCC has

contributed to the growth of tourism (Chen and Mao, 2021).

In other words, under the NCC, carbon emission reduction

targets are achieved by promoting industrial restructuring

from secondary to tertiary industry.

However, local governments’ development goals are

sometimes in conflict, such as developing the economy and

protecting the environment. Theoretically, in local governance

in China, the non-economic promotion race may have a higher
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threshold compared to the economic promotion race, and only

those cities that are relatively economically developed will be

more environment-oriented in carbon emission reduction.

Compared with the western and north-eastern regions,

cities in the eastern and central regions7 have higher levels of

economic development in China. Cities in the eastern and

central regions have achieved industrialisation after more

than 40 years of rapid economic development since the

“Reform and Opening-Up” in 1980s. In particular, the

eastern region, which has entered the post-industrial era, is

vigorously developing tertiary industry such as producer

services. Cities in the western and northeast regions, in

contrast, has a relatively low level of economic

development. Their industries are dominated by primary

and secondary industries, and industrialisation has not yet

been completed. Most cities in the western and northern

regions have a high proportion of heavy industry and

energy industry such as petroleum, natural gas, and

especially coal. It would be difficult for the cities in the

western and northern regions to promote industrial

restructuring to meet the target of carbon emissions

reduction set up by the NCC. To sum up, compared with

cities in the western and north-eastern regions, cities in the

eastern and central regions, especially the eastern region, are

more capable and willing to take the NCC program as an

opportunity to reduce carbon emissions through industrial

restructuring.

Hence, the third research hypothesis of this paper is as

follows:

HYPOTHESIS 3. The NCC promotes the reduction of carbon

emissions by industrial restructuring, moreover, the reduction

effect that the NCC upon carbon emissions would be greater in

the cities of eastern and central regions than in the cities of

western and north-eastern regions.

4 Research design

4.1 Model settings

To test the impact of the NCC on carbon emissions

(Hypothesis 1), the asymptotic double-difference method, that

is, time-varying difference-in-differences (DID), is used, and the

following benchmark model is set for causal identification:

Carbonit � β0 + β1NCCit + β2Xit + μi + τt + εit (1)

Here, the explanatory variable Carbonit represents carbon

emissions for the ith city in the year t. The explanatory

variable NCCit is a dummy variable, representing whether

the city has become a national civilised city, and the award

year and subsequent years are assigned as 1 (treatment group);

otherwise, years are assigned 0 (control group). Next, Xit is a

control variable, including the economic development level

(GDPit), foreign direct investment (FDIit), science and

technology level (Techit), total population (Popit), and per

capita consumption level (Consumit). Then, μi is the city fixed

effect, τt is the year fixed effect, and εit is the random error

term. The parameter to be estimated, β1, represents the impact

of the NCC on carbon emissions. When β1 is significantly

positive, it means that the NCC promotes carbon emissions;

when β1 is significantly negative, it means that the NCC

restrains carbon emissions.

To ensure the correctness of the model (1) settings, Beck et al.

(2010) are referred to in setting the following model for the

parallel trend test:

Carbonit � β0 + ∑
10

n�−10
βn1D

n
it + β2Xit + μi + τt + εit (2)

where Dn
it is the dummy variable for the nth year obtaining the

national civilised city designation; when it is the nth year, it is

assigned a value of 1; otherwise, 0. In order to prevent the time

span from being too long, samples that were more than 10 years

before or after the acquisition of the national civilised city

designation were merged into the 10th year. If −10≤ n< 0, βn1
is not significantly different from 0, it means that the assumption

of a parallel trend is satisfied, and the setting of the model (1) is

correct; otherwise, the setting is wrong.

In order to test the influence mechanism of the NCC on

carbon emissions through urbanisation and industrial

restructuring respectively (Hypotheses 2 and Hypotheses 3),

based on model (1) and referring to Wen et al. (2004), the

following mediation effect model is set:

Mediatorit � α0 + α1NCCit + α2Zit + μi + τt + εit (3)
Carbonit � γ0 + γ1NCCit + γ2Mediatorit + γ3Xit + μi + τt + εit

(4)
where Mediatorit is the intermediary variable, including

urbanisation (Urbanit) and industrial restructuring (Indusit),

and Zit is the control variable. If the coefficients α1 and γ2 are

significant, and the value of the coefficient γ1 in the model (4) is

smaller than the coefficient β1 in model (1), then there is a

mediating effect of the NCC affecting carbon emissions through

an intermediary variable.

4.2 Data description

The sample used is the 19-years unbalanced panel data of

287 cities in China, from 1999 to 2017. The data indicators used

for the respective variables are as follows:7 See the detail division in “5.4.2 Heterogeneity of Geography”.
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4.2.1 Explained variable
The explained variable Carbonit is measured by the carbon

emission per unit of GDP, that is, the carbon emission intensity.

The consumption of energy, such as coal, oil, natural gas, and

hydroelectricity, is multiplied by their respective carbon emission

coefficients, and then the carbon emission values are obtained by

adding up the results.

4.2.2 Explanatory variable
The data for the explanatory variable NCCit comes from the

lists of five national civilised cities (districts) released by the Central

Civilisation Commission from 2005 to 2017. As of 2017, a total of

104 provincial capitals, sub-provincial cities, and prefecture-level

cities and 4 municipalities8 directly under the Central Government,

including Beijing, Shanghai, Tianjin, and Chongqing, have been

rated as national civilised cities. A total of 108 cities are in the

treatment group, and the rest are in the control group.

4.2.3 Mediating variable
Urbanisation is measured by the proportion of the non-

agricultural population in the total population at the end of the

year, and the industrial structure is measured by the ratio of the

output value of tertiary industry to that of secondary industry.

4.2.4 Control variable
Economic development level is represented by per capita GDP,

foreign direct investment is measured by the proportion of actual

foreign investment in GDP (converted using exchange rates), science

and technology level is represented by per capita financial expenditure

in science and technology, total population is measured by the total

population at the end of the year, and the per capita consumption

level is the per capita retail sales of social consumer goods.

All nominal data are deflated by the provincial consumer

price index (CPI) based on 1999, and the non-proportional data

are in logarithmic form. Exchange rate data and provincial CPI

data are from the “China Statistical Yearbook” (2000–2018), and

the rest of the data are from the “China Urban Statistical

Yearbook” (2000–2018). Descriptive statistics of variables are

shown in Table 1.

5 Empirical results

5.1 The benchmark model

To test the influence of the NCC on carbon emissions, the

benchmark model (1) is estimated; the estimated results are

shown in Table 2. Among them, columns (1) and (2) do not

add the control variable, while columns (3) and (4) do; columns

(1) and (3) are the results without clustering robust standard

errors, while columns (2) and column (4) are the results further

adopting clustering for the city-level robust standard errors.9 As

seen in the table, no matter whether the control variable is added

or not or whether the clustering robust standard error is used, the

estimated coefficients of the variable NCC are highly significantly

negative, indicating that the NCC can significantly reduce carbon

emission intensity. Hypothesis 1 is verified.

5.2 Robustness tests

5.2.1 Parallel trend test
This article refers to Beck et al. (2010) and uses model (2) to test

for parallel trends. The estimated results of model (2) are shown in

TABLE 1 Descriptive statistics of variables.

Variable Obs Mean Std.Dev. Min Max

Dependent variable Carbonit 5,287 1.057 0.590 −1.513 4.510

Independent variable NCCit 5,424 0.099 0.298 0 1

Mediator variables Urbanit 4,967 0.635 0.360 0.074 3.594

Indusit 5,278 0.981 0.570 0.0791 5.340

TFPit 4,416 0.0119 0.105 −1.463 1.192

Control variables GDPit 5,286 9.658 0.841 4.357 12.81

FDIit 5,069 0.030 0.096 0 2.645

Techit 5,017 6.538 2.652 −3.164 10.350

Popit 5,293 5.846 0.703 2.678 9.315

Consumeit 5,030 8.841 1.009 −0.940 11.890

8 Once an urban area of a municipality is rated as a civilised urban area,
the municipality will be classified into the treatment group.

9 The estimated results clustered to the provincial level are also
consistent with the above and will not be listed due to space
limitations.

Frontiers in Energy Research frontiersin.org08

Huang et al. 10.3389/fenrg.2022.955910

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.955910


Figure 3, and the confidence interval is set to 90%. Figure 3A is the

estimated result without the control variable, while Figure 3B is the

result with the control variable. It can be seen that nomatter whether

with or without the control variable, the 90% confidence interval of

the estimated coefficients of the dummy variableDn
it(−10≤ n< 0) in

the nth year before obtaining the national civilised city contains 0,

that is, there is no significant difference in carbon emission intensity

between the control group and the treatment group before being

rated as a national civilised city. This suggests that model (1) satisfies

the parallel trend assumption, the setting of model (1) is correct, and

the estimated results in Table 1 are robust.

Figure 3 also provides the dynamic influence of the NCC on

carbon emissions. In Figure 3A, the current period and the first

period where the city is rated as a national civilised city do not

show a significant impact on carbon emissions; the policy effect

begins to appear from the second period. These show that there

may be a time lag in the impact of the NCC on carbon emissions,

that is, it will take some time for the implementation of the policy

to achieve real results. In Figures 3A,B the influence of NCC on

carbon emissions is constantly expanding, and even in the 10th

year after certification as a national civilised city, the policy effect

still shows no sign of weakening. This shows that the NCC is a

far-reaching policy, and that once awarded, the designation can

generate a steady stream of endogenous power and continuously

reduce carbon emissions.

5.2.2 PSM-DID
To avoid systematic variation trend differences between the

treatment group and the control group due to selection bias, and

thus prevent failure to meet the parallel trend assumption, this

paper further uses the PSM-DID method for robustness testing

(Lu et al., 2020). Specifically, the control variable is used to

represent the covariate variable, and the dummy variable NCCit

of national civilised cities is used to perform logit estimation on

the control variable to obtain a propensity score; the cities with

the closest propensity scores are matched. When doing

TABLE 2 The estimated results of the benchmark model.

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

NCC −0.108*** −0.108*** −0.101*** −0.101***

(−8.398) (−3.552) (−11.753) (−4.420)

Constant 1.068*** 1.068*** 8.447*** 8.447***

(350.181) (349.097) (49.616) (21.142)

Controls No No Yes Yes

City cluster No Yes No Yes

City fixed Yes Yes Yes Yes

Year fixed Yes Yes Yes Yes

R2 0.891 0.891 0.954 0.954

F 70.524*** 12.619*** 957.384*** 159.144***

Obs 5,287 5,287 4,796 4,796

Note: t statistics in parentheses,*p < 0.1, **p < 0.05, ***p < 0.01.

FIGURE 3
Parallel trend test. (A) Without control variables, (B) With control variables.
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propensity score matching, there are different matching

methods. This study adopts the k-nearest neighbour matching

and selects “one-to-four matching” (k = 4) to minimize the mean

square error (Abadie et al., 2004). Since the data in this study are

panel data, the method of year-by-year matching is adopted.

Table 3 shows the results of the balance test for the matched

data in 2017. It can be seen that before matching, except for the

variable of scientific and technical level (Tech), the covariates are

significantly different between the treatment group and the

control group. The t-statistics of all covariates after matching

are not significant, that is, there is no systematically significant

difference between the treatment group and the control group

after matching. In the meantime, the absolute value of the

standard deviation of most covariates after matching is less

than 10%, indicating that the matching process is valid.

The above matching data exclude the systematic variation

trend differences between the treatment group and the control

group due to selectivity bias. In other words, these data satisfy the

parallel trend assumption. Based on the above matching data,

model (1) is estimated again; the estimated results are shown in

Table 4. As seen, the estimated coefficients of the NCC are highly

significantly negative in all results, which is consistent with the

results in Table 1, although the estimated coefficients are smaller

than those in Table 1. This again illustrates the robustness of the

estimated results in Table 1.

5.3 Mechanism analysis

The estimated results of the benchmark model in Section 5.1

and the robustness test in Section 5.2 above verify the reduction

effect of the NCC on carbon emissions. Given these results, what

is the mechanism behind the carbon emissions reduction?

Hypothesis 2 and Hypothesis 3 in the theoretical mechanism

analysis in Section 3.2 above show that in the process of the NCC

program, local governments are very likely to reduce carbon

emissions by inhibiting urbanisation and promoting industrial

restructuring. This section will empirically test and Hypothesis 2

and Hypothesis 3 through a mediating effect model.

5.3.1 Mechanism analysis based on urbanisation
When using urbanisation as the mediating variable, the

estimated results of model (3) and model (4) are shown in

Table 5. As seen in columns (2) and (5), the estimated

TABLE 3 The results of the PSM balance test (2017).

Variable Unmatched t Unmatched p Matched t Matched p Matched bias
(%)

GDPit 8.31 0.000*** −0.52 0.605 −8.2

FDIit 2.80 0.005*** 0.31 0.754 4.6

Techit 0.03 0.975 0.76 0.449 14.2

Popit 3.72 0.000*** 0.53 0.599 9.4

Consumeit 9.65 0.000*** −0.40 0.693 −5.7

Obs 286 286 214 214 214

TABLE 4 The results of PSM-DID.

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

NCC −0.055*** −0.055* −0.046*** −0.046**

(−3.517) (−1.700) (−4.384) (−2.087)

Constant 1.036*** 1.036*** 9.350*** 9.350***

(251.535) (268.985) (33.589) (14.390)

Controls No No Yes Yes

City cluster No Yes No Yes

City fixed Yes Yes Yes Yes

Year fixed Yes Yes Yes Yes

R2 0.896 0.896 0.957 0.957

F 12.368 2.891 597.142 123.321

Obs 3,062 3,062 2,771 2,771

Note: t statistics in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01.
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coefficients of the NCC variable are significantly negative,

indicating that the NCC has indeed slowed down

urbanisation. In columns (3) and (6), the estimated

coefficients of urbanisation are significantly positive,

indicating that urbanisation will increase carbon emissions.

Meanwhile, the estimated coefficients of the NCC variable are

still significantly negative, and the values are lower than those in

columns (1) and (4). The above-estimated results show that

urbanisation plays a partial mediating effect in the NCC’s

effect on carbon emissions and that the NCC does effectively

reduce carbon emissions by slowing urbanisation. Hypothesis 2 is

thus partial verified.

5.3.2 Mechanism analysis based on industrial
restructuring

When using industrial structure as the mediating variable,

the estimated results of model (3) and model (4) are shown in

Table 6. As seen in columns (2) and (5), the estimated

coefficients of the NCC variable are significantly positive,

indicating that the NCC has indeed promoted industrial

restructuring from secondary to tertiary industry. In

columns (3) and (6), the estimated coefficients of industrial

structure are significantly negative, suggesting that the

industrial restructuring from the secondary industry to the

tertiary industry can reduce carbon emissions. Meantime, the

TABLE 5 Mechanism analysis based on urbanisation.

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

NCC −0.098*** −0.076*** −0.076*** −0.098*** −0.076*** −0.076***

(−10.868) (−10.577) (−8.613) (−4.079) (−4.987) (−3.005)

Urban 0.291*** 0.291***

(15.593) (4.539)

Constant 6.890*** −0.271*** 7.011*** 6.890*** −0.271 7.011***

(40.428) (−3.055) (42.269) (13.697) (−1.247) (13.444)

Controls Yes Yes Yes Yes Yes Yes

City cluster No No No Yes Yes Yes

City fixed Yes Yes Yes Yes Yes Yes

Year fixed Yes Yes Yes Yes Yes Yes

R2 0.956 0.934 0.958 0.956 0.934 0.958

F 358.700*** 118.602*** 360.002*** 46.141*** 22.670*** 41.015***

Obs 4,487 4,487 4,487 4,487 4,487 4,487

Note: t statistics in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01.

TABLE 6 Mechanism analysis based on industrial restructuring.

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

NCC −0.101*** 0.105*** −0.098*** −0.101*** 0.105*** −0.098***

(−11.749) (5.481) (−11.374) (−4.422) (2.673) (−4.400)

Indus −0.036*** −0.036*

(−5.454) (−1.959)

Constant 8.445*** 2.845*** 8.505*** 8.445*** 2.845*** 8.505***

(49.549) (10.712) (49.955) (21.136) (5.899) (21.013)

Controls Yes Yes Yes Yes Yes Yes

City cluster No No No Yes Yes Yes

City fixed Yes Yes Yes Yes Yes Yes

Year fixed Yes Yes Yes Yes Yes Yes

R2 0.954 0.746 0.954 0.954 0.746 0.954

F 955.139*** 40.910*** 828.190*** 158.944*** 11.495*** 137.325***

Obs 4,789 4,789 4,789 4,789 4,789 4,789

Note: t statistics in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01.
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estimated coefficients of the NCC variable are still

significantly negative, and their values are lower than those

in columns (1) and (4). The above-estimated results thus show

that the industrial restructuring plays a partial mediating

effect in the NCC’s effect on carbon emissions. The NCC

has indeed effectively reduced carbon emissions by promoting

industrial restructuring from the secondary industry to the

tertiary industry, and Hypothesis 3 is verified.

Liu and Liu (2021) discover that the NCC mainly promotes

the upgrading of industrial structure by promoting urban

technological innovation and green total factor productivity

(TFP). Combined with the conclusion above that “the NCC

has effectively reduced carbon emissions through industrial

restructuring,” a question worthy of further exploration is:

during the NCC’s reduction of carbon emissions through

industrial restructuring, have the city’s technological level and

productivity improved? Or is this carbon reduction effect of the

NCC just a pure industrial restructuring effect, regardless of any

effects on technological level and productivity? To answer these

questions, models (3) and (4) are re-estimated with total factor

productivity (TFP) as the mediating variable, and the estimated

results are shown in Table 7.

Clearly, in columns (2) and (5), the estimated coefficients of

the NCC variable are significantly positive, indicating that the

NCC does promote the productivity of urban. However, in

columns (3) and (6), the estimated coefficients of the TFP

variable are positive and that in column (6) is not significant,

indicating that although the NCC has effectively improved urban

productivity, it has not produced further carbon reduction effect.

This also means that the carbon emission reduction effect of the

NCC through industrial restructuring is only a pure industrial

restructuring effect, regardless of any effects on technological

level and productivity.

5.4 Heterogeneity analysis

The baseline model results in Section 5.1 show that, on

average, the NCC can effectively curb carbon emissions. The

parallel trend test in Section 5.2.1 manifests that the

inhibitory effect of the NCC on carbon emissions expands

over time, which suggests that there is heterogeneity in the

effect of the NCC on carbon emissions in different periods. As

the country with the largest population and the third-largest

land area in the world, China shows enormous variation in

terms of its cities’ population size and geographical location

(Liu and Liu, 2021). So, does the NCC’s impact on carbon

emissions also show heterogeneity with these differences

across cities? In response to this question, the section

combines the two influencing mechanisms of urbanisation

and industrial restructuring to examine the heterogeneous

impact of the NCC on carbon emissions from the perspectives

of urban population size and geographical location

(respectively).

5.4.1 Heterogeneity of urban population size
The “notice on adjusting the criteria for dividing urban size”

issued by the State Council of the People’s Republic of China in

2014 divides cities into five categories based on the permanent

population of urban areas. Cities with a permanent population of

less than 500,000 in urban areas are defined small cities; cities

with a permanent population of more than 500,000 but less than

1 million in urban areas are medium cities; cities with a

permanent population of more than one million but less than

five million in urban areas are big cities; cities with a permanent

population of more than five million but less than 10 million in

urban areas are megacities; cities with a permanent population of

more than 10 million in urban areas are super cities. Since the

TABLE 7 Mechanism analysis based on TFP.

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

NCC −0.083*** 0.035*** −0.084*** 0.035*** −0.083*** −0.084***

(−9.968) (4.604) (−10.066) (3.866) (−3.899) (−3.946)

TFP 0.035** 0.035

(1.995) (1.281)

Constant 6.481*** −0.168 6.493*** −0.168 6.481*** 6.493***

(39.320) (−1.636) (39.383) (−1.008) (13.471) (13.452)

Controls Yes Yes Yes Yes Yes Yes

City cluster No No No Yes Yes Yes

City fixed Yes Yes Yes Yes Yes Yes

Year fixed Yes Yes Yes Yes Yes Yes

R2 0.963 0.226 0.963 0.226 0.963 0.963

F 315.344*** 9.404*** 271.070*** 6.144*** 34.623*** 29.936***

Obs 4,188 4,188 4,188 4,188 4,188 4,188

Note: t statistics in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01.
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sample size for small cities and medium cities is small (75 and

163, accounting for 1.4% and 3.0% respectively), they are pooled,

resulting in four groups of city samples with different population

sizes. The four groups of samples are estimated, and the

estimated results are shown in Table 8.

It can be seen that in the small and medium city group in

column (1), the estimated coefficient of the NCC variable is

not significant, while in the large city group in column (2), the

megacity group of column (3), and the super-city group of

column (4), the estimated coefficients of the NCC variable are

significantly negative. These results show that the inhibitory

effect of the NCC on carbon emissions mainly exists in large

cities, megacities, and super cities, and is faint or absent in

small and medium cities.

The mechanism analysis based on urbanisation in the

above Section 5.3.1 shows that local governments achieve

the goal of reducing carbon emissions by suppressing the

urbanisation during the NCC program. In the process of

urbanisation in China, the population mainly flows from

small and medium cities to big cities, megacities, and

especially super cities, for big cities, megacities, and super

cities can provide more job opportunities and higher income.

Hence, the logic under which local governments achieve

carbon emission reduction targets by inhibiting

urbanisation only holds in large cities, megacities, and

super cities. The estimated results in Table 8 also show that

compared with columns (2) and (3), the estimated coefficient

of the NCC variable in column (4) is the largest, indicating

that the NCC has the greatest reduction effect on carbon

emissions in the super city group.

In order to test the different reduction effects between the

super cities and the other cities, we pooled the small and

medium city group, the large city group and the megacity

group, and conducted a SUR (Seemingly Unrelated

Regression) test between the super city group and the

pooled group. The result shows that the p value is

0.0057 [Chi2(1) = 7.63]. This result reject the null

hypothesis that the reduction effects between the super city

group and the pooled group are the same, which means the

reduction effect in the super city group is greater. Thus,

Hypotheses 2 is completely verified.

5.4.2 Heterogeneity of geography
In the newsletter “National Real Estate Development

Investment Increased by 0.7% in January–March 2022”10

released by the National Bureau of Statistics of China on

18 April 2022, China is divided into four regions: eastern,

central, western, and north-eastern.11 The eastern region

includes 10 provinces (including province-level cities): the

cities of Beijing, Tianjin, and Shanghai, and the provinces of

Hebei, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and

Hainan; the central region includes the six provinces of

Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan; the

western region includes Inner Mongolia Autonomous

Region, Guangxi Zhuang Autonomous Region, the city of

Chongqing, Sichuan, Guizhou, Yunnan, Tibet Autonomous

Region, Shaanxi, Gansu, Qinghai, Ningxia Hui Autonomous

Region, and Xinjiang Uygur Autonomous Region, a total of

twelve provinces (cities and autonomous regions); the

northeast region includes three provinces: Liaoning, Jilin,

and Heilongjiang. Based on this division standard, the four

groups of city samples in different regions are estimated, and

the estimated results are shown in columns (1)–(4) in

Table 9.

TABLE 8 Heterogeneity of urban population size.

(1) Medium-small city (2) Big city (3) Mega city (4) Super city

NCC −0.082 −0.095*** −0.064*** −0.306***

(−0.321) (−2.682) (−2.632) (−3.550)

Constant 11.676*** 10.025*** 8.899*** 7.021

(8.395) (13.061) (10.883) (1.274)

Controls Yes Yes Yes Yes

City cluster Yes Yes Yes Yes

City fixed Yes Yes Yes Yes

Year fixed Yes Yes Yes Yes

R2 0.975 0.957 0.965 0.959

F 15.639*** 132.420*** 86.232*** 69.052***

Obs 166 2,952 1,452 169

Note: t statistics in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01.

10 URL: http://www.stats.gov.cn/tjsj/zxfb/202204/t20220418_1829680.
html.

11 The analysis in this article does not cover Hong Kong, Macau, or
Taiwan, and the same below.
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The estimated coefficients of the NCC variable are

significantly negative in the eastern region city group of

column (1) and the central region city group of column (2);

the estimated coefficients of the NCC variable are not significant

in the western region city group of column (3) and the northeast

region city group of column (4). These show that the reduction

effect of the NCC on carbon emissions mainly exists in the

eastern and central cities, and not in the western and north-

eastern cities.

The mechanism analysis based on the industrial

restructuring in Section 5.3.2 above shows that local

governments achieve the goal of reducing carbon emissions

via industrial restructuring during the NCC program.

Specifically, local governments achieve the goal of reducing

carbon emissions by increasing the proportion of tertiary

industry, with lower carbon emission intensity, and

decreasing the proportion of secondary industry, with

higher carbon emission intensity. The eastern and central

regions are regions with higher levels of economic

development in China. After more than 40 years of rapid

development under the “Reform and Opening-Up” policy,

they have achieved industrialisation and are moving towards a

higher stage of development. In particular, the eastern region,

which has entered the post-industrial era, is vigorously

developing producer services. The western region, in

contrast, has a relatively low level of economic

development. Its industries are dominated by primary and

secondary industries, and industrialisation has not yet been

completed. The northeast region is China’s traditional heavy

industry base, and secondary industry accounts for an

especially high proportion here. In recent years, the

northeast region has faced the problems of stagnant

economic growth and massive population outflow caused

by the difficulty of industrial transformation and

upgrading. To sum up, compared with the western and

north-eastern regions, the eastern and central regions,

especially the eastern region, are more capable and willing

to take the NCC program as an opportunity to reduce carbon

emissions through industrial restructuring. The estimated

results in Table 9 also show that the estimated coefficient

of the NCC variable in column (1) is the largest, indicating

that the NCC has the greatest reduction effect on carbon

emissions in the eastern region.

Besides, we pooled the eastern and central regions, then

pooled the western and north-eastern regions. The result of

SUR test shows that the p value is 0.0271 [Chi2(1) = 4.88]. This

result means the reduction effect in the eastern and central

regions is greater than in the western and north-eastern

regions.

In addition to the traditional regional division of the eastern,

central, western, and north-eastern regions, the gap between the

northern and southern regions of China has increasingly become

a new concern in recent years (Xu et al., 2021). On one hand, the

difficult of economic transition in the northern region,

insufficient innovation ability, and the obvious downward

trend of human capital have led to a widening gap in the

economic between the northern and the southern regions year

over year. On the other hand, the wide gap between air, water,

and soil quality in the northern and southern regions has led to a

high disparity in the ecological environment. To address this

difference, this paper further explores the heterogeneity of the

northern and southern regions. According to Xu et al. (2021), the

southern region includes Shanghai, Jiangsu, Zhejiang, Anhui,

Fujian, Jiangxi, Hubei, Hunan, Guangdong, Guangxi, Hainan,

Chongqing, Sichuan, Guizhou, Yunnan, and Tibet, while the

northern region includes Beijing, Tianjin, Hebei, Shanxi, Inner

Mongolia, Liaoning, Jilin, Heilongjiang, Shandong, Henan,

Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang Uygur.

Following this division, this paper divides all city samples into

two groups, the southern and northern groups, and estimates

TABLE 9 Heterogeneity of city location.

(1) East (2) Central (3) West (4) North-East (5) North (6) South

NCC −0.124*** −0.074* −0.031 0.005 −0.011 −0.152***

(−3.949) (−1.874) (−0.557) (0.338) (−0.328) (−5.619)

Constant 6.602*** 12.267*** 11.761*** 15.350*** 8.129*** 7.887***

(9.186) (11.118) (13.937) (21.217) (12.981) (12.281)

Controls Yes Yes Yes Yes Yes Yes

City cluster Yes Yes Yes Yes Yes Yes

City fixed Yes Yes Yes Yes Yes Yes

Year fixed Yes Yes Yes Yes Yes Yes

R2 0.925 0.966 0.963 0.990 0.961 0.934

F 72.370*** 167.190*** 62.661*** 333.886*** 191.214*** 77.318***

Obs 1,553 1,413 1,229 601 2,100 2,696

Note: t statistics in parentheses, *p < 0.1, **p < 0.05, ***p < 0.01.
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them respectively. The estimated results are shown in columns

(5) and (6) of Table 9.

The estimated coefficient of the NCC variable is significantly

negative in the southern region city group in column (6), while that

in the northern region city group in column (5) is not significant,

which suggests that the reduction effect of the NCC on carbon

emissions mainly exists in southern cities, not in northern cities.

Most cities in the northern region have a high proportion

of heavy industry and energy industry such as petroleum,

natural gas, and especially coal (Xu et al., 2021), resulting in

relatively high carbon emissions. Therefore, it is difficult for

northern cities to reduce carbon emissions through industrial

restructuring. Most cities in the southern region have

successfully achieved industrialisation, meaning it is less

difficult to further reduce carbon emissions through

industrial restructuring. In addition, compared with

physical-capital-intensive secondary industry, human-

capital-intensive tertiary industry is more prominent, which

requires construction of a more market-oriented system. The

market-oriented transformation in the southern region thus

occurred earlier, and its economic system is more market-

oriented, which is conducive to the development of tertiary

industry. The more market-oriented system in the southern

region is helpful in promoting industrial restructuring,

thereby reducing carbon emissions. The result of SUR test

also shows that the reduction effect in the southern region is

different from that in the northern region [p = 0.0009,

Chi2(1) = 11.06].

6 Conclusion

The “Appraisal-and-Commendation” policy is a new type

of policy with Chinese characteristics, which is different from

traditional CAC policy and PI policy. How the AAC policy

affects carbon emissions is an important question to be

investigated. This paper takes the National Civilised City

program, a typical AAC policy, as the research object, and

adopts the unbalanced panel data and asymptotic double-

difference method of 287 cities in China from 1999 to 2017.

Based on the theoretical basis of the “Non-Economic

Promotion Championship,” the influence and mechanism

of the NCC on carbon emissions are deeply analysed from

the perspective of energy demand. The following conclusions

are drawn:

First, the NCC can reduce carbon emissions effectively.

Moreover, the reduction effect of the NCC on carbon

emissions has been expanding over time, indicating that the

NCC is a far-reaching policy. Once awarded, the NCC can

generate a steady stream of endogenous power and reduce

carbon emissions continuously.

Second, the NCC reduces carbon emissions by slowing

urbanisation. Since China’s urbanisation is mainly composed

of population flow from small and medium to big cities,

especially super cities, the mechanism of reducing carbon

emissions by slowing urbanisation mainly functions in big

cities, megacities, and super cities, and not in small and

medium cities.

Third, the NCC also reduces carbon emissions by

promoting industrial restructuring from secondary to

tertiary industry. This reduction effect is a pure structural

adjustment effect, regardless of any effects on technological

level and productivity. Moreover, there are regional

differences in the reduction of carbon emissions by the

NCC through industrial restructuring in two dimensions:

In the first dimension, compared with the western region

and the northeast region of China, the eastern and central

regions, with a higher level of economic development,

especially the eastern region, are more capable and willing

to commend this opportunity to reduce carbon emissions

through industrial restructuring. In the second dimension,

compared with the northern region, the southern region,

which has a more market-oriented economic system, is

more likely to reduce carbon emissions through industrial

restructuring.

Based on the above conclusions, this paper puts forward the

following policy recommendations:

First, actively use AAC policies such as the NCC to help

achieve the “dual carbon” goals of carbon peaking and carbon

neutrality. The conclusions of this paper indicate that the NCC

policy can effectively reduce carbon emissions and that this

reduction effect continues to expand over time. Therefore,

when achieving the “double carbon” targets of carbon peaking

and carbon neutrality, countries can make full use of AAC

policies such as the NCC to build the endogenous driving

force for continuous carbon reduction.

Second, in designing and refining policies such as the

NCC, the opportunity cost of policy effects should be

considered. The conclusions of the paper show that

although the NCC policy can effectively reduce carbon

emissions, it will also slow down urbanisation; although the

NCC can reduce carbon emissions by promoting industrial

restructuring from the secondary industry to the tertiary

industry, the carbon emission reduction effect is a pure

structural adjustment effect, which is not related to the

improvement of technological level and productivity.

Therefore, in addition to paying attention to policy effects,

the opportunity cost caused by policies should be minimised

in the process of designing and improving policies.
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