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ABSTRACT 

The rapid development of China's economy has caused environmental pollution in China. This paper will explore 

whether the external economies of scale caused by China's urban economic and financial agglomeration will affect the 

energy efficiency of cities and enterprises in the same industry in the city, and help China reduce pollutant emissions. 

In addition, the paper will analyze the spatial attributes of the impact of economic and financial agglomeration on urban 

energy efficiency through spatial autocorrelation and spatial heterogeneity. Through the article comparing the pollutants 

of China's five economic and financial agglomeration areas (Beijing, Shanghai, Guangzhou, Haikou, and Shenyang) in 

2014 and 2020, and the pollutant data of neighboring cities in the financial agglomeration area, this paper mainly argues 

that economic and financial agglomeration areas The external economies of scale caused by agglomeration can increase 

the efficiency of urban energy utilization, and urban energy efficiency exhibits spatial autocorrelation. The research in 

this paper can help to understand the impact of economic agglomeration on China's energy use. This paper can help to 

better balance the problem of economic development and energy emissions. 
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1. INTRODUCTION

With the development of economy and industry since 

Chinese economic reform, China has rapidly developed 

the process of urbanization. But at the same time, with it 

comes the underutilization of resources, environmental 

damage, and air pollution. Coal combustion is a 

significant source of air pollution problems in China [1], 

with more than 400,000 premature deaths associated 

with residential coal combustion (RCC) [2]. During the 

winter heating period (November 2014-March 2015), the 

RCC sector in urban and rural areas emitted 26% and 

32% of atmospheric fine particulate matter (PM2.5), 

respectively [3]. Entering the 21st Century, how to 

balance economic development and energy issues 

(reducing emissions, making full use of energy, and 

energy access) has become the primary issue that China 

needs to consider. 

With the reform of China's financial industry and the 

relaxation of financial supervision, China's financial 

market has become more and more free, and the spatial 

agglomeration characteristics of the financial industry 

have become more and more with the rapid development 

of urbanization in China, urban agglomeration has 

become an inevitable event. Urban agglomeration is a 

spatial concentration or spatial clustering. Urban 

agglomeration will generate financial agglomeration and 

economic agglomeration, which will have an impact on 

energy utilization efficiency. It is worth noting that 

financial agglomeration and economic agglomeration 

may have both positive and negative effects on energy 

issues. Positive effects: Since the gathering produces a 

geographically concentrated, companies or individuals 

can exchange ideas and information; share products, 

industrial chains, and technologies, and more easily 

match their own energy needs. This can help companies 

or individuals maximize energy efficiency, reduce 

energy use, and reduce environmental damage and air 

pollution while controlling costs. At the same time, 

financial and economic agglomeration may also have a 

negative impact on energy use and efficiency issues. 

When the city is clustered to the apex, it represents the 

maximum energy utilization rate. If more companies and 

individuals join, it will lead to a decrease in energy 

efficiency and an increase in costs. In addition, as 

financial and economic markets become more freer, 

barriers are getting lower and lower, leading to an 

increase in companies and individuals, expanding 

unnecessary production quantities and scales leading to 
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unnecessary increases in energy use and increased 

pollutant emissions. emission. 

In recent years, researchers have gradually moved 

away from the inherent thinking of analyzing energy 

efficiency and pollution from a single dimension. More 

researchers have begun to pay attention to the impact of 

economic and financial agglomeration on energy 

efficiency and pollution problems. Ibrahim, Muzafar and 

Mohd (2017) stated that the authors used the 

cointegration method to study how carbon dioxide 

emissions in different sectors are affected by financial 

development [4]. The authors found that the long-term 

and short-term results were consistent with the 

conclusion that "financial development increases carbon 

dioxide emissions and causes environmental 

degradation". Hongli and Boqiang (2019) explained that 

there is a non-linear relationship between industrial 

agglomeration and energy efficiency the relationship 

between industrial agglomeration and energy efficiency 

is not invariably proportional or inversely proportional 

[5]. The authors show that in the case of low industrial 

agglomeration, adding new companies or individuals 

will improve energy efficiency. When the industrial 

agglomeration reaches a certain value, the agglomeration 

of new companies or individuals will reduce the 

efficiency of energy use. Marian, Weslynne and Juan 

(2008) argue that industrial symbiosis in economic 

agglomeration can not only increase productivity but also 

reduce negative environmental externalities [6]. Rui, 

Wei, Siling and Qi (2021) used the method of location 

entropy and directional SBM-DEA to study the impact 

of financial agglomeration on urban green energy [7]. 

The authors say the findings suggest that financial 

agglomeration increases green total factor productivity in 

each city (an important measure of urban green economic 

development and transformation), while at the same time 

significantly reduces green total factor productivity in 

urban peripheries. Huaxi, Tianshu, Yidai, Yaobin and 

Xinyue (2019) discussed how financial agglomeration 

affects green development based on agglomeration 

economics theory [8]. And the author studies the impact 

of financial agglomeration on green energy from the 

perspective of regional and urban heterogeneity. 

Although this paper will use the above studies as the 

foundation and basic structural support of the research 

theory, there are still some limitations of these studies 

that deserve further study and discussion. The first point 

is the uncertainty of the measurement standard. There are 

still differences between researchers on the utilization 

index of coal resources, the pollution index, and the 

measurement standards of green energy. Second point: 

the financial structure of cities has been neglected in 

many studies. Different financial structures lead to 

different energy efficiency research results. For example, 

textile city, financial city, and industrial city. The 

differences of this kind of economic and financial 

agglomeration institutions are worthy of our attention 

and discussion.  

This paper will first use the theory of economic 

agglomeration, external economies of scale and 

Diseconomies of scale, to study and discuss whether and 

how economic agglomeration and financial 

agglomeration affect energy utilization and 

development. Next, this paper will observe and study the 

impact of economic and financial agglomeration in 

different cities and regions on energy efficiency from the 

perspective of spatial autocorrelation and spatial 

heterogeneity. The research questions of this paper are 1. 

Does and how does economic and financial 

agglomeration affect energy efficiency? 2. How do 

financial and economic aggregation have different 

effects on energy efficiency from the perspective of 

spatial economy? (The main direction of spatial 

economics research lies in what, where and why. For 

example spatial economics would involve regional 

analysis involving groupings of interrelated economic 

activities within proximity, specific regions or types of 

regions and interregional trade theory referring to the 

economic relationships between these regions.) [9] 

2. METHODOLOGY

2.1. Data collection 

This paper will focus on five major economic and 

financial clusters in China, Shanghai; Beijing; Shenyang; 

Haikou; and Guangzhou. In this article, the data comes 

from the 2004–2019 China Urban Construction 

Statistical Yearbook [10]; data population details 

released by the National Bureau of Statistics [11]; urban 

GDP data released by the National Bureau of Statistics 

[12]. 

2.2. Methods 

2.2.1. External economies of scale 

This paper will analyze the development of five 

urban agglomerations through external economies of 

scale. Troy Segal (2020) says that external economies of 

scale represent business-enhancing factors that occur 

outside the company but within the same industry [13]. 

In addition to lowering production and operating costs, 

external economies of scale can also reduce a company's 

unit variable costs due to operational efficiencies and 

synergies. In this article, the external economies of scale 

caused by economic agglomeration can help us 

determine the impact of economic and financial 

agglomeration on energy efficiency, because efficient 

economic agglomeration can lead to mutual influence 

and synergy between firms in the same industry leading 

to Increased energy efficiency and reduced costs.  
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2.2.2. Spatial autocorrelation and spatial 

heterogeneity 

Spatial autocorrelation means that there is a mutual 

influence relationship between adjacent things. Spatial 

autocorrelation is based on Tobler's first law "Everything 

is related to everything else, but near things are more 

related than distant things —Tobler 1970 (in model 

urban population growth), like the second-order effect 

"Influence of process outcomes at one location on 

possible process outcomes at nearly locations”. Spatial 

heterogeneity means that things are completely 

independent and do not affect each other. This paper will 

use spatial autocorrelation and spatial heterogeneity to 

identify the relationship between energy utilization in 

China's major economic and financial agglomeration 

areas and the surrounding environment, which can help 

us determine the impact of economic agglomeration on 

energy utilization issues. When comparing ongoing 

economic clusters with surrounding cities, in order to 

ensure the accuracy and reliability of the research results, 

the article controls the omitted variables between 

economic zones and surrounding cities. For example, the 

economic system, weather, population, and city-

dominant industries are the same or similar between the 

economic agglomeration and surrounding cities. 

3. RESULTS

3.1. The economy focuses on energy utilization 

This paper will use the five economic and financial 

agglomeration areas in 2013 (Shanghai; Beijing; 

Shenyang; Haikou; Guangzhou) and the five economic 

and financial areas in 2020. The main pollutant emissions 

in the exhaust gas are compared, and the impact of the 

external economies of scale generated by economic 

aggregation on energy efficiency is found. Figure 1 

comes from the data population details released by the 

National Bureau of Statistics. Figure 1 has three line 

graphs, the first line graph represents the change (x-axis) 

of the urban population (people) per year (y-axis). The 

second line graph represents the urban population as a 

percentage of the total population (x-axis) per year (y-

axis). The third line graph represents the percent change 

in urban population as a percentage of total population 

(x-axis) for each year (y-axis). The picture shows that the 

proportion of China's urban population is gradually 

increasing. In 2013, China's urban population accounted 

for 54.5%, and in 2020, China's urban population 

accounted for 63.9%. The proportion of urban population 

is an important criterion for measuring urban 

agglomeration. Therefore, compared with 2014, Chinese 

cities show a trend of agglomeration in 2020.  

Figure 1 : data population details 

Next, specific regions are analyzed. This paper will 

measure the external economies of scale generated by 

economic agglomeration in the five economic 

agglomeration regions by comparing the GDP of the five 

economic and financial agglomeration regions in 

2014and 2020. The GDP of the five economic and 

financial clusters in 2014 is: Shanghai: 23560.94, 

Beijing: 21330.8, Shenyang: 7098.7, Haikou: 1091.7, 

Guangzhou: 16700. The GDP of the five economic and 

financial clusters in 2020 is: Shanghai: 38,701, Beijing: 

36,103, Shenyang: 6571.6, Haikou: 5532.39, 

Guangzhou: 25,019. GDP represents the economic 

development of the city, the growth of the city GDP 

represents the progress of the city's economic 

agglomeration, and the city is enjoying the advantages 

brought by the external economies of scale, such as 

Beijing, Shanghai, Guangzhou, and Haikou. According 

to the previous prediction of the article, economic 

aggregation and financial aggregation will trigger 

external economies of scale in cities, helping counterpart 

companies in the same industry to reduce production and 

operating costs.  

In addition, due to operational efficiency and 

synergies, external economies of scale can also reduce 

the company's unit variable costs, improve resource use 
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efficiency, and reduce pollutant emissions. Table 1 and 2 

are from the data released in the China Statistical 

Yearbook. By comparing the emission of major 

pollutants in the exhaust gas of the five economic and 

financial agglomeration areas in 2014 and 2020, it is 

found that the emission of major pollutants in the other 

economic agglomeration areas has decreased 

significantly. This phenomenon can preliminarily verify 

the previous conjecture in the article that economic 

aggregation and financial aggregation will lead to 

external economies of scale in cities, which can improve 

the efficiency of resource use and reduce pollutant 

emissions. Because the emission of pollutants is 

proportional to the urban economic and financial 

agglomeration (urban population ratio, urban GDP 

development). 

Table 1. 2014 main pollutant emissions 

CITY Industrial SO2 

Emissions 

Industrial 

NOx 

Emissions 

Industrial 

Particle 

Emissions 

Domestic and 

other sulfur 

dioxide 

emissions 

Living and 

other 

nitrogen 

oxide 

emissions 

Domestic and 

other 

particulate 

matter 

emissions 

Beijing 40347 64400 22710 38475 14109 31556 

Shanghai 155360 228621 131433 32765 18734 4017 

Shenyang 131344 80459 83226 7251 2564 13115 

Haikou 1773 172 998 15 19 229 

Guangzhou 60159 51607 22136 2363 720 214 

Table 2. 2020 main pollutant emissions 

CITY Industrial 

SO2 

Emissions 

Industrial 

NOx 

Emissions 

Industrial 

Particle 

Emissions 

Domestic and 

other sulfur 

dioxide emissions 

Living and 

other nitrogen 

oxide 

emissions 

Domestic and 

other 

particulate 

matter 

emissions 

Beijing 988 9571 4376 761 8613 4538 

Shanghai 5200 23396 7899 232 4211 1298 

Shenyang 9671 15885 4178 2680 1541 6774 

Haikou 475 130 66 0 178 16 

Guangzhou 2005 10605 6077 1437 2421 4285 

3.2. The impact of economic and financial 

agglomeration in different regions on energy 

efficiency 

In this step, the paper will still select three study areas 

(Shanghai, Beijing, and Guangzhou) from five economic 

and financial agglomeration regions (Shanghai; Beijing; 

Shenyang; Haikou; Guangzhou) to explore the impact of 

three economic and financial agglomeration areas on the 

resource utilization of surrounding cities and find out 

whether the impact of economic and financial 

agglomeration on energy efficiency is spatially 

autocorrelated or spatially heterogeneous.  

In this research step, this paper selects the economic 

agglomeration area Beijing and the surrounding city 

Tianjin; the economic agglomeration area Shanghai and 

the surrounding city Nanjing; the economic 

agglomeration area Shenyang and the surrounding city 

Changchun. Table 3 and Table 4 show the emission of 

major pollutants in the exhaust gas of the three economic 

and financial clusters and surrounding cities in 2020 and 

2014. The picture data comes from the data released in 

the China Statistical Yearbook. The picture shows that 

when the emission of major pollutants in the economic 

and financial agglomeration area decreases, the emission 

of pollutants in surrounding cities will also decrease 

(such as Beijing-Tianjin and Shanghai-Nanjing), but 

when the emission of major pollutants in the economic 

and financial agglomeration area When rising, the 

amount of pollutant emissions from surrounding cities 

will also rise (e.g. Shenyang-Changchun). Through the 

comparison and analysis of the data, it can be determined 

that the economic and financial agglomeration of the city 

and the external economies of scale caused by the 

economic agglomeration will have an impact on the 
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neighboring cities. In addition, the impact of the 

economic agglomeration area on resource utilization will 

also change the energy efficiency of the cities 

surrounding the economic agglomeration area (showing 

a positive correlation). 

Table 3. 2020 main pollutant emissions 

CITY Industrial SO2 

Emissions 

Industrial 

NOx 

Emissions 

Industrial 

Particle 

Emissions 

Domestic and 

other sulfur 

dioxide 

emissions 

Living and 

other 

nitrogen 

oxide 

emissions 

Domestic and 

other 

particulate 

matter 

emissions 

Beijing 988 9751 4376 761 8613 4538 

Tianjin 9756 29167 10053 417 3458 4428 

Shenyang 9671 15885 4178 2680 1541 6774 

Changchun 16566 26811 15464 6318 3907 25371 

Shanghai 5200 23396 7899 232 4211 1298 

Nanjing 9685 23684 21820 1 1644 151 

Table 4. 2014 main pollutant emissions 

CITY Industrial SO2 

Emissions 

Industrial NOx 

Emissions 

Industrial 

Particle 

Emissions 

Domestic and 

other sulfur 

dioxide 

emissions 

Living and 

other nitrogen 

oxide 

emissions 

Domestic and 

other 

particulate 

matter 

emissions 

Beijing 40347 64400 22710 38475 14109 31556 

Tianjin 196395 216947 112187 13767 9517 21072 

Shenyang 131344 80459 83226 7251 2564 13115 

Changchun 56210 96025 70944 7344 1600 17800 

Shanghai 5200 23396 7899 232 4211 1298 

Nanjing 103949 103633 96177 1750 400 1000 

4. CONCLUSION

In the last part, after analysis and research, this paper

conclude that economic and financial agglomeration can 

affect energy utilization efficiency, and financial and 

economic agglomeration will lead to external economies 

of scale. External economies of scale will bring rapid 

development to the city, such as an increase in GDP and 

an inflow of population. More companies in the same 

industry will gather in this city, they can influence each 

other, exchange advanced ideas and methods to improve 

energy use, help all companies in the same industry to 

improve energy efficiency, reduce energy use, reduce 

emission of harmful gases. Just like the relationship 

found in the results of this paper 'pollutant emissions and 

urban economic and financial aggregation'.  

Through the relationship between target cities and 

targets the analysis of pollutant emission data of 

surrounding cities, this paper can answer that the impact 

of financial and economic agglomeration on urban 

pollutant emissions presents spatial autocorrelation in 

space the energy efficiency and pollutant emissions of 

neighboring cities with the same characteristics will be 

affected by the target city. In this paper, when the 

pollutant emission of the target city is affected by the 

financial and economic aggregation and decreases, the 

pollutant emission of the neighboring city with the same 

characteristics will also decrease. However, when the 

target city does not exhibit financial and economic 

agglomeration, which leads to an increase in pollutant 

emissions, the pollutant emissions of neighboring cities 

will also increase, which means that the target city and 

neighboring cities are spatially interdependent and 

exhibit spatial autocorrelation. 

At the same time, it should be noted that this paper 

still has some limitations. First, this paper only focuses 

on the data comparison between 2014 and 2020, although 

the years selected in the paper are representative (China 

has launched the Belt and Road economic strategy in 

2013, and the economic agglomeration of Chinese cities 

has begun to enter a new stage), more years of pollutant 

Advances in Economics, Business and Management Research, volume 217

336



emission data support is still needed to prove the 

reliability of the paper's point of view. In addition, the 

paper analyzes all cities as single-center cities in the 

analysis, and the paper needs more refined data and 

analysis to improve the integrity of the conclusions. For 

example, in Table 2 and 3, the data comparison of Beijing 

shows that the emission data of industrial pollution in the 

city has increased. The potential cause of this 

phenomenon may be the increase in the number of 

companies and production caused by economic 

agglomeration, resulting in the increasing amount of 

energy used. While improving energy efficiency, it will 

also lead to an increase in pollutant emissions. To answer 

these questions, this paper needs further data support as 

well as future research and discussions. 

AUTHORS’ CONTRIBUTIONS 

This paper is independently completed by Yuheng 

Du. 

ACKNOWLEDGMENTS 

Thanks to Prof. Honigsberg and the paper teacher for 

theoretical, content and format help with this article. 

They worked hard to help me improve my theoretical 

knowledge as well as the content and structure of this 

paper.                          

REFERENCES  

[1] J. Liu, D. L. Mauzerall, Q. Chen,  et al. Air Pollutant

Emissions from Chinese households: A major and

underappreciated ambient pollution source. PNAS. 

Retrieved February 25, 2022, from 

https://www.pnas.org/content/113/28/7756.short.  

[2] X. W.,  J. Liu,  X. Wang, B. Li, et al. College of Urban

and Environmental Sciences, L. for E. S. P.

Residential solid fuel emissions contribute 

significantly to air pollution and associated health 

impacts in China. Science Advances. Retrieved 

February 25, 2022, from 

https://www.science.org/doi/abs/10.1126/sciadv.ab

a7621.  

[3] Q. Dai, X. Bi, W. Song, T. Li, et al. Residential coal

combustion as a source of primary sulfate in Xi'an,

China. Atmospheric Environment. Retrieved 

February 25, 2022, from 

https://www.sciencedirect.com/science/article/pii/S

1352231018306927?casa_token=n_bwCb8RpkoA

AAAA%3A-EzMVu7bS-

qPDp6cbAOgvh1kuO_2Dvcz7yruhIaYRQOR1p24

KPlqAgME32Gw57XTdEVj4PuVLg.  

[4] Maji, Ibrahim Kabiru, Muzafar Shah Habibullah, and

Mohd Yusof Saari. Financial Development and

Sectoral CO2 Emissions in Malaysia - 

Environmental Science and Pollution Research. 

SpringerLink. Springer Berlin Heidelberg, January 

17, 2017. 

https://link.springer.com/article/10.1007%2Fs1135

6-016-8326-1.

[5] Zhao, Hongli, and Boqiang Lin. Will Agglomeration

Improve the Energy Efficiency in China's Textile

Industry: Evidence and Policy Implications. 

Applied Energy. Elsevier, January 23, 2019. 

https://www.sciencedirect.com/science/article/pii/S

0306261918318865?casa_token=9wZBcPsooMU

AAAAA%3AMjxHvszlm7ZvVJhnrgKXPX_KFo

m9p6DtMyegcmD-

0mmXJN9gozTiMyroyx6NkHRhXzUCF5pz.  

[6] R. Marian, M. R. Chertow, W. S. Ashton and J. C.

Espinosa, Chertow Taylor & Francis.  Industrial

Symbiosis in Puerto Rico: Environmentally Related

Agglomeration Economies. Taylor & Francis.

Accessed February 13, 2022.

https://www.tandfonline.com/doi/full/10.1080/003

43400701874123?casa_token=dSgbuy50Y34AAA

AA%3AFS5jjOKZSqZrVg4GTQTNieeQylb8e4Ze

u-mVZAEPdat2G2Ah-

4M83FQIsaZpgXJXTx6DU7YxeOk.

[7] Xie, Rui, Wei Fu, Siling Yao, and Qi Zhang. Effects

of Financial Agglomeration on Green Total Factor

Productivity in Chinese Cities: Insights from an 

Empirical Spatial Durbin Model. Energy 

Economics. North-Holland, July 13, 2021. 

https://www.sciencedirect.com/science/article/pii/S

0140988321003376?casa_token=BIyZQU2MtHw

AAAAA%3Aq-

fYkLsPEJ0_WRsBeZou2av4bgslPZ81J2-

PpenbLFYK-

ZpqnxFHilW4aJPsGCcXvPwUbmYF.  

[8] Yuan, H., Zhang, T., Feng, Y., Liu, Y., & Ye, X.

(2019, January 1). Does financial agglomeration

promote the Green Development in China? A

spatial spillover perspective. Does financial

agglomeration promote the green development in

China? A spatial spillover perspective. Retrieved

February 25, 2022, from

https://pubag.nal.usda.gov/catalog/6553818

[9] Encyclopedia.com. (2022, March 22). ."

International encyclopedia of the social sciences. .

encyclopedia.com. 28 Feb. 2022

. Encyclopedia.com. Retrieved March 22, 2022,

from https://www.encyclopedia.com/social-

sciences/applied-and-social-sciences-

magazines/spatial-economics

[10] National Bureau of Statistics, China statistical

yearbook 2019. Accessed February 13, 2022. 

Advances in Economics, Business and Management Research, volume 217

337



http://www.stats.gov.cn/tjsj/ndsj/2019/indexeh.htm

.  

[11] Data Details-Total Population_Data_China

Government Network. Accessed February 13,

2022.

http://www.gov.cn/shuju/hgjjyxqk/xiangqing/np.ht

m

[12] City data query platform. GDP data_GDP ranking

of cities in each province_Aggregate data. Accessed

February 13, 2022. https://gdp.gotohui.com/.

[13] Segal, Troy. What Are External Economies of

Scale? Investopedia. Investopedia, May 19, 2021.

https://www.investopedia.com/terms/e/externaleco

nomiesofscale.asp.

Advances in Economics, Business and Management Research, volume 217

338

http://www.gov.cn/shuju/hgjjyxqk/xiangqing/np.htm
http://www.gov.cn/shuju/hgjjyxqk/xiangqing/np.htm

