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Abstract

In response to global warming, China has voluntarily proposed two goals of "carbon
neutrality” and "carbon peaking". While ensuring financial development and leading
globalization, realizing carbon reduction transformation is an opportunity and a
challenge for China. This paper selects panel data from 2000 to 2019 in specific years
from 30 provinces in China. First, this paper examines the temporal evolution and
geographic characteristics of carbon emissions, financial development levels, and
economic globalization in China's provinces by drawing heat maps. Then, this paper
uses the spatial Durbin model to measure and analyze the spatial spillover effect
between China's carbon emissions and financial development.

The conclusion concluded but not limited to : 1. China's overall carbon emissions are
still growing, but the growth rate has slowed down significantly. The financial
development of various provinces and cities continued to grow, but mainly in key
cities. Trade openness increased overall but was stronger in the South. Carbon
emissions, financial development and trade openness show a clear and ambiguous
north-south polarization. 2. Financial development and population directly promote
the intensity of local carbon emissions, but reduce carbon emissions in neignbours
areas, so there is an overall inhibitory effect. 3. The direct, indirect and overall effect
of scientific and technological development is to alleviate carbon emissions, which

will become the key to China's realization of the "dual carbon" goal.
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1. Introduction

The greenhouse effect has become the most serious and urgent environmental
problem faced by mankind, which is also the reason why the "Paris Agreement™ was
signed by all countries in the world. However, several studies have shown that even if
all countries implement the nationally determined emission reduction contributions
submitted by the parties in the environmental agreement, the average world
temperature rise may be higher and cannot meet the requirements of the original
temperature control target. Therefore, to further strengthen the response to the climate
crisis and make more excellent contributions to the global carbon reduction process,
China first proposed a long-term plan for China to achieve a "carbon peak" by 2030 at
the meeting of "2014 China-US Joint Declaration on Climate Change." In the face of
increasingly serious environmental problems and growing emissions, on September
22, 2020, China once again proposed the "dual carbon™ goal ,which represented that
striving to achieve a "carbon peak™ by 2030, ans achieve carbon neutrality by 2060.
These goals are ambitious. On the one hand, it shows China's ardent concern for
environmental protection. On the other hand, the pressure of international public
opinion on the external environment and the green trade fortress has brought severe
tests to China's development.

The advantages of globalization are undoubtedly obvious. It promotes market
opening, cooperation, and investment between different countries and stimulates
China's economic development from multiple perspectives, providing developing

countries with space for technological, political, and cultural development. However,



straightforward financial growth has primarily undermined the sustainable use of
China's natural resources. Restricted by the energy consumption structure, China's
leading economic development is mainly based on coal, supplemented by oil and
natural gas. Coupled with a large population, it will inevitably consume and generate
a more considerable amount of carbon dioxide emissions. The high proportion of
carbon emissions from coal consumption needs to be offset by a higher proportion of
clean energy, which (further development of clean energy) is currently highly lacking
in China. Constrained by its unique population, industrial structure, and resource
constraints, China is a great challenge to complete the two carbon reduction goals.
China, as a developing country, lags far behind in science and technology, innovation,
and new energy, making it more difficult to promote emission reduction plans. How
to achieve stable and sustained economic growth while accomplishing carbon
reduction goals is an urgent consideration for China.'

There are many papers studying on the connection between globalization, trade
openness, economic growth, financial development, carbon emissions, and several
disputes have continued. So far, no unified conclusion has been achieved.

There are two main viewpoints: First, globalization and financial development can
help decrease the release of carbon emissions; that is, economic growth brought about
by globalization can improve resource utilization efficiency by promoting

technological progress, thereby making imports and exports cleaner. The second is to

U OBk, I AR R T HE O R 12 ) A

Mo, S., & Wang, T. (2022). A study on the spatial effect of financial development on carbon emission intensity.



CEU eTD Collection

oppose globalization, that is, to believe that foreign trade and financial development
negatively affect the country's environment that surpasses its economic development.

I will discuss these two viewpoints in detail in the second part.

To summarize, the extant research on the relationship involving globalization and
carbon dioxide emissions illustrates there are still considerable discrepancies.
Additionally, only a few scholars have made a corresponding empirical analysis based
on the actual situation in China, and those data sourced from previous years are not
fashionable enough. This paper explores the relationship between globalization
(mainly referring to trade openness), financial development, and carbon emissions in
the context of empirical research in China. In addition to the negative and positive
linear relationship, is there a separate mathematical link between financial
development and carbon emissions that varies depending on the combined impact of
various variables and circumstances? Do carbon emissions have a spatial spillover
effect, and how is it manifested? Can these findings in this paper help predict the
success of China's carbon reduction goals? Is it possible to reasonably predict the
evolution of carbon emissions and financial development in the next half century?
Can China achieve a win-win outcome of financial development and carbon
reduction? This article will attempt to address these issues. This paper will first
examine the spatiotemporal characteristics of carbon emissions and financial
development in different regions by constructing a heat map using data from 2000 to
2019 in China's 30 provinces and cities. Then, using the Spatial Durbin Model (SDM)

in the geographical spillover model, examine the spatial influence of financial
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development on carbon emissions from one year before the financial crisis to 12 years
after the financial crisis. The significance and value of studying this topic is that this
paper can fill in the gaps in the existing research and further reveal the relationship
between these factors; it can also provide the Chinese government with constructive

policy suggestions.

Chapter 2 examines the current literature on the argument over the link between
globalization, trade openness, financial development, and carbon emissions after the
introduction. In addition, I will outline China's existing carbon policy and explore the
drivers of China's carbon emissions. Chapter 3 provides a brief explanation of the
variables and data sources used in this article. This chapter also clarifies how some
crucial variables are measured to avoid misunderstandings. In addition, | constructed
the spatial Doberman model used in this article. In Chapter 4, | will describe the key
findings, which include a spatialtemporal study of financial development and carbon
emissions, as well as model-measured spillovers. In order to make better predictions,
this paper uses the research results of similar topics to conduct a horizontal
comparison and analysis. Finally, it is the conclusion and policy recommendations of

this paper.



2.Literature Review

2.1 Globalization and Carbon Emissions

With the deepening of globalization, foreign scholars began to reflect on
globalization, financial trade, and economic growth on environmental change in
promoting their financial development and came to different conclusions.

The first view is that the trade openness brought about by economic globalization will
increase carbon emissions. Stretesky and Lynch (2009) used data on per capita carbon
emissions and exports for 169 countries from 1989 to 2003 and found that global
exports and per capita carbon dioxide emissions were positively correlated. Using
data from 63 developed and developing countries, Managi (2004) showed that further
trade liberalization would increase carbon dioxide emissions. Over time, China joined
the push for globalization, and the reform and opening-up policy also led to more and
more foreign investment flowing into China. The strong development of enterprises
and production has caused the level of carbon emissions to increase sharply at this
moment. Consequently, several Chinese academics have begun to investigate the
correlation between financial globalization and carbon emissions. A study by Ang
(2009) using time series data from 1953 to 2006 found that higher trade openness and
higher income both increase CO2 emissions. Niu and Hu (2011)? studied data over

the period from 1995 to 2007 and observed a positive correlation between foreign

RS, WIEERT.FDI S IRIE AU RO S5 SE R 5 [9). [EERSE 5 L, 2011(5) 1100 - 109
Niu, H., & Hu, J. (2011). An empirical study on the correlation between FDI and my country’s carbon dioxide

emissions. International Trade Issues, 5, 100-109.



direct investment and my country's carbon emissions. Consequently, carbon dioxide
emissions per capita would rise by about 0.09 percent for each 1 percent increase in
foreign direct investment. (Niu & Hu, 2011)

Similarly, Fu et al. (2012) 3obtained same conclusions. Their research shows that the
entry of FDI increases China's CO2 emissions, and they conclude that foreign trade is
not conducive to China's CO2 reduction goals. The second view is that globalization
and trade openness will reduce CO2 emissions. In Cole's (2004) study, which
examined the relationship between trade and pollution, no positive relationship was
found between 'dirty’ trade and pollution. Instead, Cole supports that trade openness
can contribute to environmental improvements through increased competitiveness and
efficient use of resources. Zhang et al. (2020) also think so. Their research found that
globalization of production could make China's exports cleaner. Specifically, not only
China but also all developing countries. As long as China and other developing
countries focus on producing and developing their own clean energy, the process of
globalization will not only bring about higher carbon emissions but will also reduce
the carbon intensity of all countries' exports through the global production network to

obtain green exports cycle.

ook, AT, TP ERA RO MR R SRS R SSEA BT WM&, 2012(5) ;
75 - 81 Fu, J., & Pei, Q. (2012). Empirical analysis of the impact of China’s foreign trade on carbon emissions and

its driving factors. Finance and Trade Economics, 5, 75-81.
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2.2 Financial Development and Carbon Emissions

Recently, foreign scholars have used different methods to analyze carbon emission
intensity and its motives. Most studies have proved that financial development is an
important cause of carbon emission growth. Shahbaz et al. (2016) explored the causal
association among carbon dioxide emissions and economic development in eleven
countries during 1972 and 2013. According to the findings, Bangladesh's and Egypt's
fast economic expansion in recent years is the primary cause of the rise in carbon
emissions.

Using panel data from 1993 to 2016, Zhou (2018) “investigated the two-way dynamic
link between financial development and carbon emissions in 23 nations and regions
(developed and developing countries). The results show that for developed countries
and regions, carbon emission intensity has a stronger effect on financial development.
Munir et al. (2020) explored the relation among both carbon dioxide emissions and
economic level (GDP) in various key Southeast Asian nations from 1980 to the
present, and they found that energy conservation leads to slower growth, especially
for economies that are particularly energy-dependent (Philippines and Singapore). In
addition to this, Malaysia, the Philippines, and Thailand — which have not yet reached
the income inflection point suggested by the EKC (Environmental Kuznets Curve) —

are supported by the conclusions of the analysis of the EKC. For these countries,

bR (2018). Sl EXTTRHER IO —LL 23 MEF 5K . REE), 9.
Zhou, Y. (2018). The Impact of Financial Development on Carbon Emissions: Taking 23 Countries and Regions as
Examples. Seek, 5(9).

11



economic growth is expected to affect the environment adversely. In addition, there is
another view that financial development can help scientific and technological
progress, promote the use of green energy in various countries, and improve the
utilization rate of original resources, improve production efficiency, to meet the
energy saving and emission reduction objectives. Consequently, financial growth is a
significant role in lowering carbon emissions. Tamazian et al. (2008) utilized data
from 1992 to 2004 to confirm that the liberalization and openness of financial
development are essential factors in reducing carbon emissions. In addition, for
developing nations, an increase in economic growth has a greater, more profound, and
longer-lasting influence on carbon emissions. (Zhou, 2018) Acheampong (2019)
found that from 1980 to 2015, financial developments represented by broad money
have suppressed the growth of carbon emissions in countries such as Australia and
Brazil. Chinese scholar Gu et al. (2012)° constructed a P-VAR model and concluded
that the deepening and concentration of financial development could help reduce
emissions. Zhang, Li, et al. (2020) developed static and dynamic geographic panel
models and discovered that both models demonstrated that an increase in the degree
of financial advancement would lower carbon dioxide emissions per capita

consumption. ©

TS, TR . TRE A AR R ST [ EA . Y 5FR,2012,22(8):22-27. Gu, H., &
He, B. (2012). Research on my country’s Provincial Financial Development and Carbon Emissions. China

Population, Resources and Environment, 22(8), 22-27.

O, I, R SRR B ASREEE R, Gi 5 R, 2020(8):5.
Zhang, Z., Li, Z., & Li, H. (2020). The impact of financial development and urbanization on carbon emissions per

capita
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2.3 Drivers of China's carbon emissions

Han et al. (2017) “compared the carbon emission intensity and its drivers in ten major
countries worldwide from 1960 to 2014. The findings indicate that per capita GDP is
a key factor influencing carbon dioxide emissions in various countries, which
represents the country's degree of economic growth and the material prosperity of its
citizens. (Han et al., 2017) The regression coefficients of GDP are all positive,
indicating that the increase in GDP significantly contributed to the increase in carbon
emissions. Which indicated that as the economy develops and GDP increases, carbon
emissions will increase. Especially for China and India, the huge population
technology and the characteristics of developing countries make the increase of GDP
per capita have a greater result on changes in carbon emissions. China's per capita
production capacity has been increasing in recent years. The ongoing growth of
China's economy, coupled with the acceleration of industrialization and urbanization,
would ultimately result in a substantial increase in energy consumption and, therefore,
carbon dioxide emissions. Shum and Ma et al. (2021) introduced the Lasso model to
their study to compare carbon emissions data for 284 cities in China over a 12-year

period after the millennium. Like the results of Han et al., they found that GDP

energy consumption. Statistics and Decision-Making, 8(5).

TOBEATE, XU, RN 15 R SR O R 2 A —— T R AR, HE R,
2017, 39(12):10.

Han, M., Liu, W., Tang, Z., & Zhou, G. (2017). Analysis of the influencing factors of carbon emissions in major
countries in the world—based on a variable coefficient panel model. Resources Science, 39(12), 10.
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growth, per capita spending power and total energy demand were responsible for the
sharp spike in China's carbon dioxide emissions. This shows that the driving force of
China's carbon emissions is mainly derived from economic growth. Huo et al. (2022)
calculated the carbon emissions and GDP of the "low carbon policy" pilot cities in
2013. Through empirical research by scholars, the results indicated that the pilot cities
will reduce carbon emissions by 2.72% per year, while the related GDP loss is about
1.19 trillion yuan. (Huo et al., 2022) In addition, household and living consumption
are also the main driving factors for increasing carbon emissions. Liu and Qu et al.
(2016) Bstudied the per capita living carbon emissions of 30 provinces on the Chinese
mainland. The statistics indicate that China's per capita carbon emissions are
increasing annually, which illustrates those higher incomes and more room for
disposable income increase the carbon footprint. In Yuan et al. (2019), they found that
the drivers of higher carbon emissions in coastal cities mainly come from income and
population size. Therefore, the increase in China's carbon emissions is a consequence
of economic expansion.

The industrial structure is another critical factor affecting carbon emissions. However,
for countries at different development stages, the proportion of industrial added value
varies. China's economy has expanded enormously since the introduction of the

reform and opening-up program. Meanwhile, China’s industrial structure is

SR, MERTE, BRI b R R A R TR X 2 5 B R TR A T[] AR VIR AR,
Liu, L., Qu, J., & Huang, Y. (2016). Analysis of regional differences and influencing factors of Chinese residents’
living carbon emissions. Journal of Natural Resources, 8(14).

14



CEU eTD Collection

constantly adjusting to adapt to the ever-changing economic environment. The second
industry grew gradually, the third industry developed swiftly, and the first industry
progressed slowly after the reform and opening. In 1952, the composition of China's
three industries was 51%, 21% and 28% respectively; before the reform and opening
in 1978, the composition of China's three industries was 28%, 48% and 24%
respectively; in 2013, after 30 years China's three industrial components are 9%, 44%
and 47% respectively. (China Industry Report, 2018) From 1952 to 2013, the
secondary and tertiary industries developed rapidly. This change is not only an
objective reflection of the continuous upgrading of the consumption structure, but also
the result of the continuous advancement of the industrial structure adjustment policy.
After 1978, the share of the secondary industry in GDP has remained stable between
40% and 50%, with little change. The first industry fell from 28% in 1978 to 10% in
2013, while the third industry doubled in more than two decades. China's industrial
dependence is still on heavy industry and high energy-consuming industries, resulting
in a high proportion, even exceeding the proportion of the entire light industry
recently. The fast expansion of energy-intensive businesses will inevitably result in a
constant rise in energy consumption and, therefore, a substantial increase in long-term
carbon emissions. Lu and Qiu (2013) dissected China's carbon emissions from 1994
to 2008, assessed the influence of China's six largest sectors on the country's carbon
emission trends, and investigated the link between industrial structure and carbon

emissions. After a temporary drop, the data indicate that China's total CO2 emissions
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have resumed an increase trend since 1995. This is mostly due to the restructuring of

China's industrial structure.

Meanwhile, Cheng et al. (2013) °observed much higher carbon emissions than the
south for the highly energy-dependent northwest, northeast, and mid-west provinces.
Over time, carbon emission agglomeration tends to increase significantly because
northern China mainly adopts a high-consumption and high-polluting energy
consumption structure dominated by coal. There is a significant zonal high carbon
emission accumulation feature compared with the eastern coastal areas, which have
gradually begun the industrial transformation. China's energy characteristics of
"sufficient coal, less oil, and lack of gas™ determine the coal-based energy
consumption structure. In China's main energy consumption structure, coal accounts
for around three-quarters of the country's total energy output. In 2030, it is anticipated
that the share of non-fossil energy will be further optimized, while coal use would
decline to about 50 percent. However, the coal-dominated energy consumption system
remains difficult to alter. We can see solid or weak decoupling in China's coastal
provinces and cities. However, central industrial provinces and cities, such as
Heilongjiang, Hebei, and other places, may show relatively large negative decoupling

because these regions are more dependent on coal consumption. (Yuan, 2019) In

RN, TR, SRS o E ARTRY TR HE R X H A R 2 (0 25 A B[], Journal of
Geographical Sciences, 2014, 68(10):1418-1431.
Cheng, Y., Wang, Z., & Zhang, S. (2014). Spatial measurement of carbon emission intensity of China’s energy

consumption and its influencing factors. Journal of Geographical Sciences, 68(10), 1418-1431.
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conclusion, the industrial structure and energy consumption structure are the key
determinants of China's carbon emissions. The industrial sector contributes the most
to the increase in carbon emissions, followed by the transportation sector. In the study
report by Luo and Zeng (2021)*°, a combination of the LMDI model and Granger
causality test was used to examine possible markers influencing Shanghai's CO2
emissions from 1995 to 2017. It was found that the number of motor vehicles is also

an absolute driver of urban carbon dioxide emissions.

2.4 China's current carbon reduction targets

China's urbanization and industrialization have rapidly doubled energy demand,
driven by only half a century. In 2006 alone, to supply power to China, which is
increasingly in demand, the increase in new power generation capacity exceeded 100
gigawatts, which is enough for the entire UK power system. (Wang & Chen, 2015)
According to statistics, China's energy consumption and carbon emissions rank
second in the world, behind only the United States. By 2025, China's carbon dioxide
emissions are projected to be the highest in the world. (Chen, 2021) Consequently, the
Chinese government's voluntary commitment to combating climate change is a key

contributor to reducing carbon emissions in China and around the globe.

O mT, U, A E R RIS R B R B L] A5, 2013(4):13.
Lu, W., Qiu, T., & Du, L. (2013). A Study on Influencing Factors of Carbon Emissions in Different Stages of

China’s Economic Growth. Economic Research, 4(13).
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In 2001, during China's tenth five-year plan announced, China first proposed the goal
of reducing pollutant emissions, mainly targeting the production of SO2 and COD
emissions. In 2005, the Chinese government proposed a 15-year carbon reduction
plan in phases in the twelfth and thirteenth FYPs. Key elements of the policy include
reducing carbon intensity levels by 40 percent; raising the proportion of non-fossil
fuel energy sources, expanding the forest area by 40 million hectares, etc (Liu et al.,
2022). The Chinese government's plan to use an "iron fist" shows its firmness and
inevitability in achieving carbon reduction goals. When the provincial government
announced stricter energy-saving plans in a town in Hebei province, some agencies
even went so far as to cut power to meet their goals. The city of Wenzhou in Zhejiang
province also withdrew from a mandatory policy requiring manufacturers to operate
on a "ten days closed, five days open" for the remainder of 2010. (Wang & Chen,
2015) The effect of this is noticeable. By 2020, the carbon intensity has dropped by
48.4%, and the carbon emission reduction target has been exceeded. (Liu et al., 2022)
At the UN climate summit in 2020, China formally proposed the "30 60" dual carbon
goal, aims to reach the peak of CO2 emissions by 2030 and reach carbon neutrality by
2060.1

"Double Carbon™ is the Chinese acronym for the two goals of “carbon peak" and

"carbon neutrality”. "Carbon peaking" is when carbon emissions reach a certain peak,

11

EEH. ik B A HARSE LR 5 BORIERBT T[], R 53R, 2021,
Wang, Z. (2021). Research on the path and policy framework to achieve carbon peak and carbon neutrality.

Electric Power Technology and Environmental Protection.
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and then from there, emissions will no longer rise, but will gradually decline. (Wang,
2021) "Carbon neutrality™ means that humans use various measures such as
afforestation, energy conservation, and emission reduction to offset the greenhouse
gasses emitted by humans to maintain their own lives and production and ultimately
achieve "zero emissions"” of carbon dioxide. (Chen, 2021) The Central Economic
Work Conference held in December 2020 clearly stated that "carbon peaking" should
be regarded as one of the essential work contents from 2021 to 2025 (the fourteenth

FYP).

This chapter offers a detailed assessment and analysis of the extant literature. Overall,
the literature has several empirically based debates on the link between economic
globalization (including trade openness), financial growth, and carbon emissions.
However, the results are still inconclusive; some scholars believe there is a positive
relationship, and some believe there is a negative relationship between the two.

This paper starts from this debate to fill in the literature gaps and examine again the
relationship between globalization (opening of trade and the economic growth
brought about by globalization) and carbon emissions. Since this paper mainly
focuses on China's carbon emissions, it is first necessary to have a general concept of
China's national conditions, industrial structure and consumption characteristics.
Second, it is vital to comprehend the driving force behind China's carbon emissions
with the use of published materials. According to the research conclusions of existing
domestic and foreign literature on the driving forces of carbon emissions in various

countries, China's carbon emissions are primarily driven by economic growth, long-
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term dependent industries, and domestic carbon emissions resulting from population
and consumption.

In addition, for readers who are not familiar with China's carbon emission policy, the
literature review also briefly describes the evolution process of China's carbon

reduction policy, current gains, and future goals to help readers better understand the

background of this article.
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3. Explanatory variables, data sources and measures

3.1 Calculation of Total Carbon Emissions and Carbon Emission

Intensity (CEI)

According to IPCC (2007), the following is the formula for computing carbon

emissions:

8 8
= Y CE =Y E, x NCV, X CEF, X CGFEX%
=1 i

energy i i—1

Among them, CEenergy represents the total emissions from fossil fuel i in the region.
Ei represents the burning amount of fossil fuel i . NCVi stands for mean low calorific
value. CEFi represents the energy calorific value per unit of carbon content. As
mentioned by Liu and Song (2020) in their study, we assume that the energy is fully
burned and the short-term efficiency is constant, so the carbon emission factor is
constant. COFi represents the rate of carbon oxidation. It refers to the ratio of the mass
after carbon is completely oxidized to CO2 and before it is a standard quantity, which
can be replaced by 1 by default and is constant. 44/12 represents the conversion rate. i
symbolizes the energy type, which consists of eight categories, including coal, coke,
crude oil, gasoline, kerosene, diesel oil, fuel oil, and natural gas. Table 1 contains the
names, average low calorific value, carbon content of the items, carbon oxidation rate,

and carbon emission factor of eight fossil fuels. In some studies, it is often considered

21



that there are 9 types, so i=9 is used to include the formula, but it will not affect the
comparison of the results.

Carbon emission intensity represents the overall carbon emission generated for each
unit of growth in gross national product (GDP). The intensity of a country's carbon
emissions, known as Carbon emission intensity (CEI) may be used to determine the
link between a country's economic level and its carbon emissions. China has not yet
confirmed a fixed formula for calculating CEI so it will use the more commonly used
internationally.

The CEI formula is generated as follows, while carbon intensity is computed as the

ratio between the growth in total carbon emissions and the rise in GDP.

CEIl_ = (CE ) +GDP,
it €1 it

ergy it

where t is time in years. i is a region or city. CEI_represents the intensity of a region
1’s carbon emissions in year t. (CEenergy)it is the total carbon emission of a region i in

yeart, GDP_isthe total GDP of a region i in year t.

All energy consumption will use standard units (ten thousand tons of ordinary coal),
and then be converted into carbon emissions and carbon emission intensity through

calculation formulas. 2

Table 1: The coefficients of carbon emissions for different fossil fuels.

YRR, MRk, SRR, B S SRR, S R, 2013(12):9,
Yang, X., & Chen, H. (2013). Globalization, Urbanization and Carbon Dioxide Emissions. Urban Issues, 12(9).
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Fossil Average Low Calorific =~ Carbon Content The Rate of Carbon Carbon Emissions

Fuel Value (kJ/kg) (kgC/G]) Oxidation Coefficients (tC/t)
Coal 20,908 258 0913 0.4925
Coke 28,435 29.2 0.928 0.7705
Crude oil 41816 20.0 0.979 0.8187
Fuel ol 41816 212 0.985 0.8691
Gasoline 43,070 189 0.980 0.7977
Kerosene 43,070 19.5 0.986 0.8281
Diesel 42,652 211 0.985 0.8691
I\‘:;:‘"" 38,931(kJ/m’) 153 0.990 0.5896 (tC/m?’)

Note. Source From “Financial Leverage, Economic Growth and Environmental Degradation: Evidence
from 30 Provinces in China.” By Zhao, M., Yang, R., & Li, Y. 2020, International Journal of
Environmental Research and Public Health, 17(3), 831. Copyright 2020 by Zhao, M., Yang, R., & Li, Y.

3.2 Financial Development

Financial development is a wide notion, making it difficult to quantify. However, the
evaluation of financial development is very useful for evaluating the effectiveness of a
country's financial system, fostering economic growth, and eliminating poverty.
(Financial Development, 2016) Therefore, to date, standard quantitative indicators are
often used in empirical work to calculate financial development, include the ratios of
assets to GDP, current liabilities to GDP, and deposits to GDP. Ito and Kawa, 2018)
Moreover, in the incomparable Chinese financial markets, loans are closely related to
corporate activities, so the level of loans is a good proxy for China's financial
development. (Zhang, 2011) In addition, these data (loans, deposits, and assets) are
relatively easy to obtain for any country. Although there is still debate on whether it
can represent a country's level of financial development, this is not the core content of
what this article wants to figure out. Given the commonality and generality of this
formula, this paper will use the ratio of bank loan and financial institutions' loans to
GDP to represent financial development.

23
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3.3 Economic Globalization

This paper selects two economic indices: trade openness and foreign capital
dependence, to measure the level of China's participation in globalization. The
measure of trade openness adopts the most common calculation method: the total
import and export of each province and city divided by the total end of year GDP of
the province and city. The degree of foreign capital dependence is measured by
dividing the foreign direct investment in each province and city by the provincial and
city GDP. Each province's total imports and exports are derived from the "regional
total import and export value” (100 million yuan) in the "China Financial Data"
released by the EPS data platform. And then, according to the GDP (100 million
yuan) of each province and city, trade openness is obtained. (Unit: %). The FDI of
each province and city is the actual use of foreign direct investment (100 million
yuan). Then according to the GDP data of each province and city (100 million yuan),
the foreign capital dependence degree (unit: %) is obtained. The data comes from
"China's Macroeconomic Data" and "China's Financial Data" released by the EPS

data platform.

3.4 Control variables

This paper's primary explanatory variable is carbon emission intensity (CEI), and the
explanatory variable is financial development (FIN). The specific measurement
methods of the two have been explained above. The ratio of a region's total carbon

emissions to its gross regional product is used to calculate its carbon emissions
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intensity (CEl). There are many ways to measure financial development. It is very
meaningful to measure financial development, which is helpful to the growth of the
world economy, poverty reduction and common prosperity for all human beings in all
regions. Because the concept of financial development is too broad, it is difficult to
measure in practice. So far, countries have different long-standing criteria to quantify
"financial development", such as the ratio of bank to financial institution credit to
GDP, current liabilities to GDP, or existing deposits to GDP. Of course, these are
relatively rough estimation methods, which are only used for measurement reference
and cannot fully represent the level of financial performance of a country. In the paper
by Ito and Kawai (2018), they argue that the use of loans and GDP to measure the
level of financial development is too broad to capture subtle gaps in financial market
development, nor to reflect other types of financial tools such as stocks, bonds and
The role of insurance in financial development cannot reflect the diversity of the
entire financial market. However, since the index model constructed by Ito and Kawai
covers too many elements and data of the financial market, the calculation is too
complicated, so I will not introduce it. In this article, to create following models and
draw conclusive findings, | will continue to rely on the most conventional method for
measuring financial development: the ratio of bank loans and financial institution

credit to GDP.

Other control variables for this paper are as follows.
1.represented as the regional GDP to total population ratio at the end of the year. It

can quantify regional economic development more precisely. 2. Population ( PO ):
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The province's total population was collected at the end of the year. Using it can help
studies better see whether the population would siginificantly affect carbon emissions
or o not. Population will attract skilled individuals, which may be beneficial to the
region's efforts to generate new energy, cut carbon emissions, safeguard the sector,
and alter the mode of production. 3. Industrial Structure (IS): As indicated in the
literature study, the industrial structure is the primary driver of China's carbon
emissions. Most of the carbon increments originate from China's chemical energy
industry. Therefore, we will study the secondary industry and use the percentage
between the secondary industry and regional GDP to measure the industrial structure.
4. Foreign Direct Investment (FDI): Expressed in terms of regional FDI and regional
GDP. Foreign direct investment is an essential factor in measuring regional economic
development and financial development. FDI can promote regional economic
development, employment, technological development, and the entry of new talents.
If FDI brings projects, resources, and technologies to reduce carbon emissions, it will
directly affect the carbon intensity of the place. 5. Technological level (TE): Like the
meaning of FDI, technological development can optimize the existing industrial
structure and production model and bring new energy technology, thereby limiting
and reducing the level of CO2 in certain region. In the existing literature, the number
of patents is often used to represent technological development. 6. Trade Openness
(TO) : The total import and export value of each province or city, divided by the

provincial and municipal GDP, which represents the unit of percentage.
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Table 2 summarizes all the variables appearing in this paper with their symbols,

interpretations, and units.

Table 2 : Lists of Variables, Symbols, Description and Units of measurement

Variables Symbol Description Units
Carbon Emission Intensity  CEl Carbon Emission/GDP (in a province) Ton/10 thousand Yuan
Financial Development FIN Loans/GDP (in a province) 10 thousand  Yuan/10
thousand Yuan
Trade Openess TO Total import & export %
/ GDP (in a province)
Economic Growth PGDP GDP per capita, per province CNY(Yuan)
Population PO Total population in a province 10 thousand
Industrial Structure IS GDP of the secondary industry/ GDP %
(in a province)
Foreign Direct Investment  FDI foreign direct investment/GDP %
(in a province)
Technology Development TE Patent Applications in the province Pieces

3.5 Data sources

This section selects official data from 30 out of China's 34 provinces and cities, and

explores the time progress of carbon emissions and financial development levels in

the twelve years after 2007, in province of China. Due to the poor availability and

difficulty of collecting some data, China Tibet, China Taiwan, China Hong Kong, and

China Macau are not included here. The China EPS data platform and the China

Statistical Yearbook published by the National Bureau of Statistics of China are the

key data sources. These yearbooks and reports are publicly released by the
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government and can be found on Chinese websites as electronic files. Figure 1 is from
Liu and Song (2020). The map shows 34 provinces and cities in China, of which the
shaded areas are the 30 provinces that will be studied in this paper. The non-shaded
regions represent the four regions that cannot be included in the computation owing to

insufficient data.

Figure 1. 34 provinces in China (30 out of 34, of which are shaded and covered in this study).
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Note. Source From : “Financial development and carbon emissions in China since the recent world
financial crisis: Evidence from a spatial-temporal analysis and a spatial Durbin model. ” By Liu, H., &
Song, Y. (2020). Science of the Total Environment, 715, 136771. Copyright 2020 by Liu, H., & Song, Y.
(2020).
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3.6 Building a Spatial Econometric Model

Inspired by the studies of Fan and Liu et al. (2006), Wang and Wu et al. (2013), Li
and Liu (2015), Zhang and Zhao (2019), Liu and Song (2020), | discovered that in the
current literature, the STIRPAT model is used by the majority of the approaches
employed to examine the influencing elements of carbon emissions in this study (full
name: Stochastic Impacts by Regression on Population, Affluence, and Technology).
York et al. (2003) presented the STIRPAT model, which was improved and further
developed from their previous model IPAT. The classic IPAT model proves that
environmental impact (El) is closely linked to population (PO), affluence (A) and
technology level (TE). (Yang & Chen, 2013) To avoid the limitations brought by the
old model, York et al. (2003) designed a new STIRPAT model. This is an extensible
and random environmental impact assessment model. It evaluates the relationship
between the three independent variables of population, property, and technology and
the dependent variable. It mainly describes population growth, technology, and
changes in wealth. how it affects the environment. (York et al., 2003)

In addition, geographical analysis is essential since this research focuses on the link
and effects of financial development on carbon emissions (Wang, et al., 2021).
Numerous researchers have paid attention to and identified the geographical spillover
impact of carbon emissions in previous studies. Then, there are several types of
spatial panel analysis based on various geographical dependencies, such as spatial
error model (SEM), spatial lag model (SLM), and spatial Durbin model (SDM).

(Wang et al., 2021) These three models are based on a formula, the main difference is
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that they each use different items as independent variables to calculate the results, so
the formulas can be transformed into each other. ((Liu & Song, 2020) Inspired by the
exploration of factors such as environment and consumption by Marbuch (2017), Yan
and Lei et al. (2017), Wang (2021) , this research choose to use the spatial Durbin
model in order to quantify the geographical spillover effect between carbon emissions

and economic growth.

According to the variables introduced in Section 3.3, according to the existing
STIRPAT model, a basic model formula can be obtained as follows:

InCl =B + B InFIN + B,InPGDP + B_InPO + B, InIS + B.InFDI + B InTE + €
From this, the spatial Durbin model is constructed as follows.

InCl, =B, + B,InFIN  + B,InPGDP, + B.InPO_+ B, InlS, + B_InFDI + B InTE,

+p WJ’TICIH + 6 Wn'nFJ'N“ + S)WITIPGDPI + BSW.’?‘!PO‘ + 94W{n15[ + BFWJ'HFD;'f + BbWJ’nTEI + €,
1 4 i L 1 2 L 1 L

where is the independent variable coefficient and it is the random error, i represents
the region, respectively from i = 1,2, 3,....30, t represents the time, from 2007,
2008...2019. The specific explanation of the variables such as CI, FIN, PGDP, PO, IS,

FDI and TE can be found in Table 2.
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4. Results and Discussion

4.1 Time evolution of China's provincial carbon emissions

Through the data provided by the EPS database, | have obtained carbon emission data
reports for 30 out of 34 provinces in China from 2000 to 2019. The figure below is a
map-like image drawn by EXCEL - provincial carbon emissions heat map. Carbon
emissions are divided into five levels, represented by different colors. Darker
locations represent higher carbon emissions. The abbreviations of Chinese provinces
are marked in different locations (you can check the distribution of 34 provinces in
China and the research area of this paper in Section 3.4/figure.1), such as Beijing
(BJ), Shanghai (SH), Guangzhou (GZ), Shenzhen (SZ) and so on. For a more concise

comparison, | have selected four of the years, 2000, 2006, 2012, and 2019.

Figure 2 . Geographically distribution of China's provincial carbon emissions in selected years
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Based on the regional distribution of carbon intensity in the chosen years, it is
possible to make certain conclusions.

First, in 2000, the carbon emissions in the most extensive range were mainly in
northern and central China, such as Xinjiang, Inner Mongolia, Shaanxi, and Hubei.
Meanwhile, the lowest carbon emissions are in Tianjin and Hebei. By 2006,
significant carbon emission reductions had been achieved in large parts of the
country, especially in western China. This may be attributed to the successive
announcements of environmental protection and energy policies in 2004-2006.1n
2004, China issued its first medium- and long-term energy development plan, which
was also China's strategic focus on energy reduction and economic development at
that time. (Liu & Song, 2020) In 2005, China launched a new industrial policy system
starting from energy conservation and consumption reduction, mainly to eliminate
outdated enterprises and production capacity projects. We saw a shift in areas with
high carbon emissions in the same year, gradually from the west to the northeastern
coastal provinces. From 2006 to 2012, high-level carbon emissions increased rapidly,
and the whole of China entered a large-scale increase in carbon emissions. Since only
five intervals are set, areas over 30,000 (CO2, 10,000 tons) appear dark. Judging from
the actual data, the cities with significant carbon emissions are Inner Mongolia,
Shandong, and Hebei. The city with the most significant carbon emissions is
Shandong, which has reached 120,000 (carbon dioxide, 10,000 tons). This may have a

strong connection to the industrial structure.
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The cities mentioned earlier with highly high carbon emissions are located in China's
northern and northwestern regions, and these provinces mainly develop energy-
intensive industries. By 2019, it can be seen that one or two cities have entered the
ranks of high carbon emission cities (30000+ CO2). Since only five intervals were set,
areas with more than 30,000 (carbon dioxide, 10,000 tons) were all dark, and new
results were found after viewing the specific data. From 2012 to 2019, many cities
achieved carbon emission reductions to varying degrees, such as Jilin, Heilongjiang,
Shanghai, Henan, Hunan, Hubei, Yunnan, Guizhou, Sichuan, and Chongqging. This
demonstrates that the Chinese government's low-carbon transition policies
implemented in the three major areas (Beijing-Tianjin-Hebei, the Yangtze River
Delta, and the Greater Bay Area) are the most effective at reaching the Yangtze River
Delta's low-carbon objective. In addition, from the specific data, although the carbon
emissions of other cities are still gradually increasing, the growth rate has slowed
down significantly. Northern China, including Shanxi, Shandong, and Inner
Mongolia, is home to the regions with the largest carbon emissions. Restricted by the
industrial structure, these regions mainly develop energy-intensive industries.

On the whole, from 2000 to 2019, carbon emissions first decreased and then increased
globally. Meanwhile, northern area of China exhibits significantly higher carbon
emissions than southern China. We have observed that more than one-third of the
provinces in China have significantly reduced carbon emissions to some extent.
Furthermore, while carbon emissions in the rest of China's provinces are still rising,

the rate of growth has slowed.
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4.2 Results of China's Provincial Financial Development Indicators

From the China EPS database, | obtained the GDP of each province in China and the
loan volume of banks and financial institutions and calculated the financial
development indicators through Excel. The method used in this paper to measure
financial development has been described above. Figure 3 shows a line graph plotted
indicators of China's provincial financial development for certain years (2000, 2006,
2012, 2019).

Figure 3 . China's provincial financial development indicators in selected years
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Since 2000, the overall level of financial development in most of China's provinces

has been unsatisfactory. This may be because, after the Asian financial crisis in 1997,

the growth of China's economy, investment, and consumption slowed down, exports

fell sharply, the influential market demand was insufficient, and deflation occurred. In
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addition, after the millennium, China has carried out a series of financial reforms and
joined several international financial organizations, which may also bring more
significant capital market risks. Only southern China's coastal cities, including
Shanghai (SH) and Zhejiang (ZJ), have attained early financial growth.

Since 2006, financial development in most of China's provinces has stagnated,
possibly due to the premonition of the 2008 financial crisis. In addition to the
Shanghai (SH) mentioned above and Zhejiang (ZJ), cities that can still achieve more
excellent financial development include Qinghai (QH), Gansu (GS), and Liaoning
(LN). This is because in addition to a series of economic stimulus plans promulgated
in response to the financial crisis, China also implemented the western development
policy for the western region of China. After 2012, rapid financial development began
across the country. Thanks to the western development policy, cities such as Liaoning
(LN), Gansu (GS), and Qinghai (QH) are among the top 30 provinces in terms of
financial development growth rates.Moreover, the economic differences between
regions are gradually narrowing. Coastal cities in East and South China have also
experienced significant financial development. It is worth noting that the financial
development of Beijing (BJ) and Shanghai (SH) has been slow or even decreased

since 2012.

Figure 4 shows that from 2000 to 2019, most regions in China achieved relatively
significant financial growth. Especially in the northwest region, they are mainly
represented by Qinghai (QH) and Gansu (GS). At the same time, the coastal cities in

East and South China have also experienced a great degree of financial development,
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mainly represented by Liaoning (LN), Jilin (JL) and Heilongjiang. The other central
provinces in China have not seen much change in financial development but are still
growing steadily.

In 2006, financial development fell into a low ebb; except for Beijing (BJ), the
financial indexes of all other regions declined. Soon, however, such a financial crisis
was immediately broken. In 2012, most parts of China returned to financial levels
similar to those in 2000, and the eastern coastal areas also achieved substantial
growth. By 2019, all country regions have entered the ranks of vigorous financial
growth. In contrast, the northwest, eastern regions, and key provinces (Beijing,

Shanghai, and Guangdong) have higher financial development than other provinces.

Figure 4 . Geographically distribution of China's provincial financial development in selected years
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Figure 3 shows that from 2000 to 2019, the level of financial development in all
Chinese provinces has grown significantly. Thanks to policies, some northwestern
cities such as Liaoning (LN) and Qinghai (QH) have even achieved doubled financial
development. The financial development of critical provinces, such as Beijing (BJ),
Shanghai (SH), and Tianjin (TJ), typically exceeds those of other locations. The
financial development levels of all provinces are spatially interrelated and have their
characteristics. Figure 4 shows that from 2000 to 2019, most of China experienced
very large financial growth. While financial levels were lower in 2006, such situations
were quickly filled and surpassed. At the same time, it can be seen that the northwest
(Qinghai and Gansu), eastern coastal areas (Heilongjiang, Jilin, Liaoning, Zhejiang)
and important provinces (Beijing, Shanghai, Guangdong) have higher financial
development than other provinces. The financial development levels of all provinces

are spatially interrelated and have different characteristics

4.3 Results of economic globalization at the provincial level in China

| collected the GDP of each province in China and the total import and export volume
of each province and city and the amount of foreign investment in each province and
city from the China EPS database, then calculated the degree of trade openness and
foreign capital dependence . The method used in this paper to measure trade openness
and foreign capital dependence has been described above. Figure 5 shows the heat
map of China'’s provincial trade openness (Figure 5) and China's provincial foreign
investment dependence heat map ( Figure 6).
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Figure 5. Geographically distribution of China's provincial trade openness in selected years
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Figure 5 shows that the trade openness of various provinces and cities in China shows
a very large gap. The southeastern coastal provinces and cities have become the
regions with the strongest trade openness in the country. In 2000, except in Inner
Mongolia (NM) and Guangdong (GD), there was little difference in trade openness
among Chinese provinces and cities. After 2000, the trade openness of Inner
Mongolia (NM) decreased and maintained a certain level of stagnation. It shows that
the region's GDP and total imports and exports have not improved much. The regions
with higher trade openness are Guangdong, Beijing, Jiangsu and Shanghai. In 2012,
Guangdong (GD) achieved growth again, becoming the first region in the country to
enter the trade level of 40%. In 2019, southern coastal cities such as Fujian, Zhejiang,

Shanghai, Jiangsu, and northern coastal cities had achieved a greater degree of trade
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openness than Shandong, Liaoning, and Tianjin. This may be because these areas are
coastal, so they have a better geographical advantage in trade. In contrast, Northwest's
trade openness is lower and has not shown an upward trend in 19 years.

The heat map of China'’s provincial-level foreign capital dependence is shown in
Figure 6. Foreign direct investment in China's provinces and cities has maintained a
consistent trend from 2000 to 2019. In 2000 and 2006, we can see that Guangdong,
Fujian, Shanghai, Jiangsu and Liaoning had higher foreign capital dependence than
the national average. By 2012, the foreign capital dependence of China's provinces
and cities was very similar, except for Shanghai and Zhejiang, which retained a
slightly higher level. In 2019, foreign direct investment in China's provinces and cities
rebounded to a level comparable to that of 2006. The foreign capital dependence of

other provinces has not changed significantly.

Figure 6. Geographically distribution of China's provincial foreign capital dependence in selected years

2000 2006

2012 2019

39



CEU eTD Collection

As shown in Figure 5, the trade openness of China's provinces and cities has increased
over the past 19 years. The eastern seaboard has the highest trade openness, while the
Northwest has the lowest. Figure 6 shows that the change in foreign capital
dependence of Chinese provinces and cities from 2000 to 2019 is very insignificant.
Except for some southern and eastern coastal cities whose foreign capital dependence
is higher than the national average, almost no significant increase or decrease has

been observed in other regions.

Combining the four points of China's provincial carbon emissions, China's provincial
financial development index, China's provincial trade openness, and China's
provincial foreign investment dependence, several conclusions can be drawn: From
2000 to 2019, Northwest China, where carbon emissions have been at a high level
The financial development level of the cities is also higher than the national average
level, but the trade openness and foreign capital dependence of these cities are
relatively low. This may be because the secondary industry that drives carbon
emissions does not participate in import and export but rather plays a role in
supplying the needs of local industries. The regions with the highest trade openness
are China's eastern and southern coasts, and these provinces also have higher-than-
average carbon emissions. However, the gap in financial development is not
significant. For example, the financial level of Jiangsu and Fujian provinces is
average, but the carbon emission and trade openness are very high. This may show a

non-linear relationship that is not directly common among the three factors of carbon
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emissions, trade openness, and financial development. Finally, in general, the foreign
investment dependence of Chinese provinces has not changed much. From this point
of view, the rapid growth of high carbon emissions in the past 19 years may not be

directly related to foreign direct investment but is caused by a combination of factors.

4.4 Spillover results of spatial Durbin templates

Table 3 demonstrates that the coefficient of direct influence of financial development
is 0.409, which passes the 1% significance threshold. Moreover, the spillover
coefficient is -0.973, which is statistically significant at the 5% level. The total
coefficient of impact was -0.564, which was statistically significant at the 10% level.
This collection of statistics indicates that in a certain location, every 1 percent rise in
financial development would directly result in a 0.409% increase in local carbon
emissions. This demonstrates that economic growth has a direct influence on carbon
emission intensity. In addition, stronger financial development will spur growth in
local carbon intensity. From the literature background, this may be because financial
development can bring more capital inflows, population inflows, etc., thereby
enhancing the economic vitality of the region, the income and consumption
expenditure of the local population. In addition, the research indicates that financial
development is a significant contributor to carbon emissions and may enhance output,
hence increasing carbon emissions. However, Table 3 does not indicate the reduction
of carbon emissions, indicating that the changes in the industrial structure brought
about by financial development are minimal or not. Neighboring provinces gain the
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spillover effect of financial development, reducing carbon intensity by 0.973%.
Speculation may be because, due to the improvement of financial development in a
particular province, some enterprises will expand the production scale, which also
drives people from other provinces in the region to work, produce and consume. This
caused those provinces (where they came from, or their home province) to lose some
level of production and consumption, resulting in a significant and immediate
reduction in energy and carbon emissions in the region. The flow of financial
resources between provinces, cities, and regions also helps renew the original industry
and achieves a certain degree of emission reduction effect. Overall, carbon emissions
development reduced the region's carbon emissions levels by 0.564%. The financial
development of a province and city does not generally increase carbon emissions but

suppresses the national carbon emission intensity.

The results regarding technology development (TE) are observed from Table 3. The
direct effect coefficient of technological development is -0.932, which meets the
significance level of 1%. The scientific and technical development impact coefficient
is -1.49, which is statistically significant at the 1% level. This shows that
technological development has the effect of curbing carbon emissions. At the same
time, for adjacent areas, technological development can also reduce carbon emissions.
This shows that the development of high-tech can improve the existing high-energy-
consuming, high-pollution industrial operation mode. The development of new and

clean energy is the key to China's future carbon reduction.
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In terms of the regional population (PO), industrial structure (1S), and foreign direct
investment (FDI), a significance of at least 5% is observed. In terms of direct effects,
they will all contribute to the growth of carbon emissions in the region to varying
degrees. This shows that, from the current situation in China, neither labor inflow nor
capital inflow has helped reduce carbon emissions. It may be because there is no
reasonable allocation of funds and labor in the local area. One possible reason is that
the local government failed to allocate capital and labor rationally and instead used it
to promote production and consumption, resulting in an increase in carbon emissions
instead of a decrease. Optimizing the economic and industrial structure is the key to
minimizing carbon emissions, according to this perspective. Otherwise, no amount of

labor and capital will only flow to the opposite environmental protection.

Table 3. Direct Effects, Spatial Spillover Effects, and Total Effects

Independent variable  Direct effect coefficient  Indirect effect coefficient =~ Total effect coefficient

InFD 0.1603** —0.6407%%* -0.4804***
InP 0.0683* -0.3055%*%* —0.23727%%%*
InPGDP -0.0203 -0.1853 -0.2056
InIS -0.2598%* 0.3967* 0.1369
InFDI 0.0323 0.1089* 0.1412**
InEI 1.1222%** 0.1934 1.3156%**

Note: *, **, *** represent the 10%,5%, and 1% significant levels, respectively, and the standard

errors are shown in brackets.

4.5 Horizontal comparison and prediction

Table 4 shows the results of spatial spillovers between China's provincial carbon

intensity and financial development, population, GDP, energy intensity, industrial

43



CEU eTD Collection

structure, and foreign investment calculated by Liu and Song (2020) using the spatial
Durbin model. By looking at their research, | hope that it is possible to reasonably
predict the evolution of spatial effects of China's carbon emissions and financial
development, population, GDP, and other factors in the future. The following
variables are covered in Liu and Song (2020): regional financial development (FD),
provincial population (P), provincial GDP per capita (PGDP), provincial secondary
industry structure (IS), provincial Foreign Direct Investment (FDI), Energy Intensity
(El). The calculation and definition of variables are the same as in this article, which
is beneficial for the horizontal comparison of this paragraph in this article. They will
not cause a deviation in understanding.

As shown in Figure 4, financial development will directly increase the local carbon
emission intensity (significant at 5%). However, the spillover effect on the
surrounding areas reduces the carbon emission intensity at the overall level. The same
effect was shown on provincial population growth. The secondary industry and
foreign direct investment have brought spillover effects to surrounding areas, leading
to an increase in the carbon intensity of surrounding provinces. However, secondary
industries directly reduce local carbon intensity. The first possibility is that due to the
development of the regional economy, the space for production activities is
insufficient, and it is gradually transferred to the surrounding areas. The second
possibility is that the shift in the production center due to the increase in output is also

indicative of the robust growth of the secondary industry (the carbon emission
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reduction brought about by the industrial transformation has not yet been realized), so

the overall benefits are still positively correlated.

Table 4. Direct Effects, Indirect Effects, and Total Effects  (Liu & Song,
2020)

Independent variable  Direct effect coefficient  Indirect effect coefficient =~ Total effect coefficient

InFD 0.1603** —0.6407%%* -0.4804***
InP 0.0683* -0.3055%*%* —0.23727%%%*
InPGDP -0.0203 -0.1853 -0.2056
InIS -0.2598%* 0.3967* 0.1369
InFDI 0.0323 0.1089* 0.1412**
InEI 1.1222%** 0.1934 1.3156%**

Note. *, ¥* *** represent the 10%,5%, and 1% significant levels.

Source From : “Financial development and carbon emissions in China since the recent world financial
crisis: Evidence from a spatial-temporal analysis and a spatial Durbin model. ” By Liu, H., & Song, Y.
(2020). Science of the Total Environment, 715, 136771. Copyright 2020 by Liu, H., & Song, Y. (2020).

Compared to the findings of this research (Table 3), it is evident that, throughout time,
all variables have had varying degrees of direct or indirect influence on carbon
intensity. Financial developments and demographic changes have brought higher
direct effects and more substantial spillover effects. This shows the heterogeneity of
financial development and population; that is, the carbon intensity of surrounding
areas has been alleviated while bringing higher carbon emissions to the local area.
Both have the effect of curbing carbon emissions. We reasonably guess that this is
due to the agglomeration brought about by regional economic development. People
leave their hometowns and flock to provinces with better development, resulting in
considerable differences in carbon emission intensity between regions. So as time

goes by, this situation is still intensifying.
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From the perspective of industrial structure, | observed that the direct effect showed a
negative correlation from 2016 to a positive correlation in 2019. At the same time,
both the indirect effect and the overall effect have a certain degree of growth with the
passage of time. This may be due to the re-development of local industries or the
return of the old industrial structure, which affects the overall carbon emission
intensity. These figures, which are corroborated by the section on the literature
assessment, demonstrate that the strong expansion of the secondary sector is still the
primary driving force of China's energy transition, and China is still dependent on
these secondary industries (energy-intensive industries), so this has led to several The
period of 2016-2019 has greatly contributed to the growth of carbon emissions.
Foreign investment, over time, still has significant positive spillover effects and is

increasing.
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5. Conclusion

This paper seeks to investigate the link between globalization, financial development,
and carbon emissions and to identify novel geographical spillover effects at the
province level in China by empirical analysis of the aforementioned data. First, this
research studies the dynamic evolution and spatial-temporal pattern of China's
province financial growth and carbon emissions. From 2000 to 2019, the carbon
emissions of Chinese provinces and cities increased steadily, although the rate of rise
has decreased considerably in recent years. Financial development, in general, has
proliferated, especially after 2012. Restricted by the industrial structure, the areas with
higher carbon emissions are mainly located in China's northern and northwestern
regions, where there are energy-intensive industries. However, the level of financial
development in these high-emitting cities is not high. In contrast, China's southeastern
coastal cities and western provinces have higher levels of financial

development. From the standpoint of policy execution, the Yangtze River Delta area
has made a pretty effective transition to a low-carbon economy, and carbon emissions
have stayed low for a number of straight years. The financial development level of
these cities is also among the best in the country. The carbon emissions of various
provinces and cities in China show an insignificant bipolar characteristic, mainly
higher in Northwest China and lower in North and South China. In financial
development, this north-south polarization is more prominent. Although the overall

financial development level has been dramatically improved, and the gap between
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provinces and cities is gradually narrowing, the economic status of the western and

southern coastal cities is still much superior to that of other provinces.

This research also employs the geographical spillover effect model to evaluate the

probable association between China's degree of financial growth and carbon emission

intensity in the 12 years after 2007. The findings indicate that both economic growth
and population have a direct influence on the carbon intensity of local provinces and
cities. In general, however, both have a reasonably positive impact on carbon
emission intensity, both in nearby regions and in the overall evaluation. In contrast,
foreign direct investment and the structure of the secondary industry contribute to
carbon emissions, both directly and indirectly. Technological development has
significant adverse spatial spillover effects and will be the key to China'’s future

carbon reduction goals.
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6. Policy Recommendations and the Two-Carbon Goal

From the above conclusions, it can be seen that China has made practical efforts in
carbon reduction and has also obtained a certain degree of harvest. With such a vast
understanding of national economic development, the pace of increase in carbon
emissions has moderated. However, in the face of rising carbon emissions, China
faces enormous challenges to achieving the dual goals of "carbon neutrality" and
"carbon peaking" by 2030 and 2060. What else can China do to achieve its carbon

reduction plan while profiting from a growing economy?

Firstly, based on the established regional spillover effects of economic growth, it is
evident that both financial development and population have a negative impact on
China's carbon emissions. This decrease in emissions is a result of the movement of
economic output across areas. Similar performance may also be seen in the
geographic spillover effect of the secondary industrial structure. The government
should reject the conventional "production first" philosophy and concentrate on
altering the current industrial structure. Limited financial resources and talent should
be used to reduce carbon emissions instead of driving production again. Promoting
the shared sustainable growth of businesses and the environment is the first step in

achieving a transition to a low-carbon economy.

Second, due to the observed regional polarization, carbon reduction policies should be

tailored to local conditions and avoid imposing one policy on all regions. The

financial development of southern coastal cities is fast, and the transition to carbon
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reduction is also relatively successful. While stabilizing the existing results, the
experience and lessons should be passed on to other cities rapidly developing their
economies to replicate the "success”. Of course, no country is inseparable from
production and manufacturing, especially China, which has a huge population base,
vast geography, and a rise in manufacturing. A more stringent carbon reduction policy
should be implemented in the northwest region, where carbon emissions remain high.
By restricting the new production capacity of traditional industries, we can urge the
transformation of the original traditional production methods as soon as possible and
force these high-polluting and high-emission energy companies to speed up the
transformation process. In order to better monitor these companies to join the ranks of
emission reduction, the government can set up a "carbon disclosure” platform. To put
it simply, it is to publicly disclose the information related to carbon emissions of
enterprises to investors and the public in a proper, comprehensive, timely and
sufficient manner and publish it on the government's information website or paper
media. This information can not only facilitate government departments and financial
institutions make a comprehensive assessment of climate risks and help the
government implement effective supervision and policy formulation. For enterprises,
the disclosure of their carbon information reduces the risk of carbon management and
provides a basis for formulating low-carbon strategies and low-carbon management
decisions. At the same time, it is also an important reference condition for investors to
make investment decisions. In addition, carbon information disclosure is conducive to

giving full play to the supervision power of the public.
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At the same time, it can be seen from the spatial spillover effect of technology that the
government should also focus on the development of clean energy and new energy
and promote the progress and innovation of new technologies. For example,
strengthening energy storage, developing smart grids, accelerating research and
development, promoting new energy vehicles and hydrogen fuel cell vehicles, etc.
This is the most powerful and reliable driver for achieving the "two-carbon" goal.
Moreover, due to the huge amount of funds required for new energy and new
technologies, it is recommended that China strengthen the financing for new energy
and clean energy in the future to help accumulate sufficient development funds for the
"dual carbon™ goal. Research results show that to achieve "carbon peaking™ in 2030,
the annual capital demand is about 3.1-3.6 trillion yuan®3. To achieve "carbon
neutrality” by 2060, an additional investment of more than 139 trillion yuan will be
required. However, the large funding gap and low local enthusiasm have always been
key problems in China's realization of the "dual carbon" goal. In the future, China
must thus continue to enhance the investment and financial structures and procedures
associated with carbon emission reduction, increase capital sources and local financial
input, and promote local "carbon peaking™ and "carbon neutrality".

The literature assessment indicated that China's carbon emissions are mostly driven

by its industrial structure, energy consumption per capita, and living consumption.

PR X E R R R E BB R R RN, KITHR G, 2021, 5(6):4.
Chen, G. (2021). Development and Prospect of my country’s Carbon Emission Policy under the “Dual Carbon”

Target. Yangtze River Technology and Economy, 5(6), 4.\
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Adjustments may be made to the industrial structure in order to phase out fossil-based
output. Living consumption can be achieved by reducing green travel and
environmentally friendly packaging. So how can per capita energy consumption be
reduced? The Chinese government should introduce laws and regulations to strictly
limit the waste of resources and the crackdown on enterprises and individuals who use
resources opportunistically. For example, housing in major provinces and cities in
China is used as a tool for appreciation and profit. In the hands of companies and
individuals with strong assets, many resources are wasted, and a bubble economy
emerges. This is a potential threat to China, which is developing rapidly. It may not
only lead to the collapse of the financial system but also is not good for social stability
and harmony. In response to such problems, the Chinese government should take the
initiative to intervene in the purchase policy, set up purchase restrictions, and strictly
prohibit real estate speculation for huge profits. Turn housing issues into regular
consumption that is fairer and more reasonable for all. Concurrently, promote green
and low-carbon buildings, encourage young people to rent housing, etc., in order to

redistribute scarce resources.

Again, in the table of spatial effects, it is observed that the direct, indirect and
aggregate effects of foreign investment are all very high and increase over time. This
means that foreign direct investment brings significant and persistently high carbon
emissions. Therefore, it is suggested that the government improve the foreign
investment access system in terms of foreign direct investment, and strictly prohibit

the entry of industries with high carbon emissions, to prevent China from becoming a
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"paradise™ for other countries to transfer pollution. In addition, the entry threshold for
foreign investors needs to be raised again. The Chinese government should learn from
and welcome companies that bring high-tech. For foreign companies that overlap with
traditional industries, the Chinese government needs to measure their entry into the
Chinese market. Necessity should not be rejected.

In addition, from a globalization viewpoint, China should work on reducing the
negative environmental effect of trade in terms of trade openness. The Chinese
government should introduce new structures and products that can reduce emissions,
increase the original energy efficiency, and achieve a green internal cycle. At the
same time, optimizing the structure of export commodities to limit high-energy-
consumption and high-polluting products means that China's exports have become

cleaner due to globalization.

Finally, globalization led by China should be the right path for the world to develop
low-carbon trade together. China's voluntary "dual-carbon” goal enables China to face
such an era full of opportunities and challenges. However, the completion of the goal
must not rely on the transfer of responsibility but clear policy supervision and
technological development in key areas. China may cut carbon emissions by
emphasizing the creation of clean energy rather than exporting carbon-intensive
goods, and globalization of manufacturing makes China's exports cleaner (Zhang et
al., 2020). In addition, China's Belt and Road Initiative will increase trade and
economic growth in most nations along the path, both now and in the future;

nevertheless, it will also increase carbon emissions to some degree. (Hu et al., 2020)
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China, as a proponent of the Belt and Road Initiative, should thus take the initiative to
reduce emissions. Concurrently, China should promote the development of green
energy and technology to assist other nations in mitigating rising carbon emissions
while achieving trade liberalization and economic growth. All Belt and Road nations
should also work together to construct a green Belt and Road and develop carbon
reduction policies and objectives. (Hu et al., 2020) These efforts are not ephemeral

and are of enormous relevance and service to the globe.
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