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Abstract: Land vegetation plays an important role in reducing greenhouse gas emissions and stabi-
lizing atmospheric CO, concentration. However, the impact of carbon sequestration of terrestrial
vegetation on economic growth has not yet been reported in the literature, especially in the context of
China’s current high-quality economic development strategy, and clarifying carbon sequestration on
high-quality economic development has an important research-support role in achieving the goal
of “carbon peak” and “carbon neutral”. Therefore, based on the panel data from 2735 countries
and cities in China from 2000 to 2017, this statistical analysis adopts a dual-fixed-effect model to
identify the heterogeneous impacts of land-based vegetation carbon sequestration on high-quality
urban economic development. The results show that carbon sequestration by terrestrial vegetation
has a significant positive impact on economic growth in northeast, central, south, and southwest
China but not in north, east, or northwest China, and after a series of stability tests, the effect still
holds. Terrestrial vegetation carbon sequestration affects economic growth mainly through upgrades
of industrial structures, resource allocation effect, and vegetation coverage. This statistical model
further clarifies the empirical evidence provided by vegetation carbon sequestration for high-quality
economic development and the economic effects on afforestation and ecological conservation.

Keywords: carbon neutrality; carbon sequestration of terrestrial vegetation; economic growth; heterogeneity

1. Introduction

At present, China’s economy has changed from high-speed growth to a high-quality
development stage, and at this stage of development, the status of the environment is more
and more prominent. With consumption of a large volume of fossil fuel, the concentration
of carbon dioxide in the atmosphere is increasing, climate change is accelerating, and the
greenhouse effect is increasing. Since 2006, China has become the world’s largest emitter
of carbon dioxide due to its rapid socio-economic development and large population
base [1,2]. In 2016, China released approximately 1.02 x 104 metric tons (MT) of CO; into
the atmosphere, exceeding the carbon emissions of the United States, the European Union,
and Japan and accounting for approximately 28% of global carbon emissions [3]. From
2003 to 2017, China’s CO, emissions generally showed an upward trend, and the growth
rate was accelerating [4-6]. There was an east-west difference in CO; emissions during
the study period. As one of the most effective means of controlling the gradual rise of
global temperatures, reducing greenhouse gases in the atmosphere has become a means for
people to mitigate climate change [7,8]. There are two main methods to reduce greenhouse
gases in the atmosphere in response to climate change: emissions reductions and creating
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carbon sinks [9-11]. Emissions reduction is generally achieved at the source by controlling
the use of fossil fuels by emitting enterprises and improving production processes to
reduce greenhouse gas emissions. Based on the carbon sequestration capacity of land
vegetation and through the development of forestry carbon sequestration projects and the
implementation of afforestation plans, forest management, forest land protection, and other
measures, the aim is to reduce greenhouse gas concentrations in the atmosphere [12-14].

Generally, the carbon sequestration of terrestrial vegetation can be divided into the
following two forms: direct carbon sequestration and indirect carbon sequestration. The
former mainly is shown as follows: tree carbon deposition, forest soil carbon deposition,
under-forest plants, and humus carbon deposition. The latter is mainly manifested as
carbon storage of forest products using forest trees to replace cement, steel, and other
building materials or energy after harvesting forest trees through processing into forest
wood products. In this way, carbon will be preserved for a considerable period rather
than being released immediately, again forming a constant immobilization of CO,. Forests
make up many terrestrial ecosystems, accounting for 46% of the global total carbon stock
of terrestrial ecosystems [15], including 80% of the above-ground carbon stock and 40% of
the underground carbon stock of terrestrial ecosystems [16].

According to the authorities [8,17], a hectare of forest absorbs 1000 kg of carbon
dioxide and releases 730 kg of oxygen every day, making it one of the most important
carbon reservoirs on the Earth. It plays an important role in slowing global warming
and maintaining global carbon balance. Studies by many academics have shown that
carbon sequestration through forests is much more effective than emissions reductions
using liquid biofuels [18,19] and that it is more economical to use land-based vegetation to
absorb carbon dioxide than to use emissions-reduction technologies directly. Increasing
carbon sequestration by land-based vegetation through afforestation and reforestation
is recognized worldwide as the most cost-effective solution to the global rise in carbon
dioxide. Therefore, carbon sequestration by terrestrial vegetation plays a prominent role in
coping with global climate change, promoting low-carbon development, and promoting a
high-quality economy.

2. Literature Review

There are three aspects in the literature related to this paper. The first aspect is a
study of the carbon sequestration capacity of terrestrial vegetation. Woodwell (1978) [20]
first proposed that “Terrestrial vegetation is the source of atmospheric carbon dioxide”.
In the global carbon balance, terrestrial vegetation plays a major role as a carbon source,
mainly through its felling and degradation. However, many researchers hold the opposite
view. They have suggested that most of the northern hemisphere’s terrestrial vegetation
(particularly temperate and boreal forests) may act as CO, sinks (Pan et al., 2011) [21],
modeled the offsetting effects of carbon sequestration by urban vegetation (Francisco,
2010), and generally agreed that afforestation holds great potential to cope with rising
CO; levels (Bastin et al., 2009) [22]. As cities develop, the available green space declines
rapidly, reducing people’s opportunities to experience nature and reducing their ability to
mitigate climate change [2,23]. China has also carried out extensive research on evaluating
carbon sinks. Many scholars believe that the role of forests in climate change adaptation
and mitigation is very important and cannot be replaced. China’s forests have a large space
for development and great potential for carbon sequestration. Artificial forests are the
most effective and eco-friendly ways for terrestrial ecosystems to absorb CO,, increase
carbon sequestration, slow down global warming, and start ecological restoration [2]. In
particular, the carbon storage of forest ecosystems increases with the development of the
forest, and the middle-aged and young forests experiencing vigorous growth have strong
carbon sequestration rates and potentials.

The second aspect is the study of high-quality economic development. In a narrow
sense, high-quality economic growth mainly refers to the promotion of efficient economic
growth, while in a broad sense, the connotation of high-quality economic growth is rela-
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tively rich. There is much literature that defines high-quality economic development [24].
Specifically, the qualitative changes in the structure of economic growth are constrained by
the general objective historical process of social change in its gradual development, and
the nature of these changes has both quantitative and qualitative bases in the preparation
of the economy for new functional forms in the process of progressive productivity devel-
opment. Yang et al. (2022) [5] established an urbanization quality index system from the
perspectives of urban development, residents’ lives, and urban-rural integration as well
as the five dimensions of population, economy, space, society, and environment. Previous
studies have shown the quality of economic growth by constructing an index system in a
broad sense [25]. In addition, as the Chinese economy moves into a high-quality stage of
development, many scholars have used total factor productivity and the environment and
resources to measure economic growth, but this kind of research is mainly concentrated
in the U.S. and provincial and urban agglomerations [24,26-30]. Some scholars also use
System of Environmental Economic Accounting (SEEA) and industry data to measure
green economic growth from an industry perspective. To summarize, most of the existing
research on economic growth focuses on the measurement, decomposition, and analysis of
the factors influencing economic growth in a certain industry, and few researchers have
linked the amount of carbon sequestration by land vegetation with economic growth or
used the perspective of the city to study the relationship between the two, but the study
of urban issues for China’s high-quality economic development process is recognized as
having great significance.

The third aspect is the mechanism by which carbon sequestration of terrestrial veg-
etation impacts high-quality economic development. How does carbon sequestration by
terrestrial vegetation affect high-quality economic development? Based on the fact that ter-
restrial vegetation can absorb carbon dioxide through photosynthesis, this paper considers
that terrestrial vegetation has the dual properties of value and use value in carbon seques-
tration. Therefore, it is proposed that the carbon sequestration of terrestrial vegetation will
affect the development of a high-quality economy by upgrading industrial structures and
the effect of resource allocation. As for the upgrading effect of industrial structures, the
modern forestry economic theory holds that the distribution of the three industrial struc-
tures and the rationality of the internal sub-industrial structure have far-reaching influences
on the economic growth of a country or a region. Gao et al. (2019) [31] studied the factors
affecting the growth of the forestry economy in Guangdong Province and mentioned that as
one of the basic industries of the national economy, the forestry industry plays an important
role in promoting the economic development of Guangdong Province. Hu et al. (2021) [32]
described forestry carbon sequestration as an important measure to address global climate
change and an effective way to build an ecological civilization. Afforestation and refor-
estation projects under the clean development mechanism have important functions, such
as ecological protection and economic growth. Huang et al. (2012) [2] found that carbon
sequestration afforestation projects are an important means of upgrading the industrial
structure at the county level and can ease the conflicts between economic development
and environmental protection, promote high-quality economic development, and achieve
mutually beneficial economic and ecological benefits. Chen et al. (2019) [33] and others
suggested that optimizing the regional forestry industrial structure will help promote
the formation of a green supply chain and a green circular economy in forestry, promote
coordinated regional development, and raise the level of economic development [34]. On
the effects of resource allocation, Lu et al. (2022) [1] analyzed the relationship between
industrial resource allocation and carbon emissions at the regional level found that at the
regional level, industrial resource allocation can significantly reduce carbon emissions in
the eastern region. Zhu et al. (2022) [35] assessed the impact of clean air action policies
on business productivity. Research by Fu et al. (2021) [25] and Popkova et al. (2010) [16]
showed that environmental pollution can affect labor factors, and factor mismatches result-
ing from distortions in labor factors can affect total factor productivity. Hua et al. (2022) [36]
examined the impact of emissions trading policies on the total factor productivity of listed
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agricultural enterprises and possible mechanisms for reducing emissions and found that
emissions trading rights significantly increased the total factor productivity of agricultural
enterprises, and green innovation plays a role in the mechanism. Zhu et al. (2022) [35]
estimated the economic and environmental effects of resource tax reform and concluded
that resource tax reform can optimize the allocation of resources among enterprises and
industries and achieve energy conservation and consumption reduction, which promotes
regional economic growth and will also help China meet its carbon reduction targets.

In summary, there are relatively few papers that directly study the effect of terrestrial
vegetation carbon sequestration on the high-quality development of urban economy, and
the academic community agrees that terrestrial vegetation carbon sequestration can pro-
mote green economic development, but there is still a lack of exploration of the paths of
terrestrial vegetation carbon sequestration to promote economic development, and there
are relatively few theoretical analyses of the effect of terrestrial vegetation carbon sequestra-
tion on industrial structure upgrading and resource allocation. Theoretical analysis of the
effect of terrestrial vegetation carbon sequestration on industrial structure upgrading and
resource allocation is relatively rare. With the vision of carbon neutrality, the role of forest
carbon sinks has begun to be emphasized, but a theoretical understanding of how carbon
sequestration by terrestrial vegetation affects economic quality development has not yet
made significant progress. Therefore, this study is useful for the future comprehensive
evaluation of the emission reduction effects of China’s “returning farmland to forest” and
“returning pasture to grass” policies.

However, this study is of great practical value for future comprehensive evaluation
of the emission reduction effect under the policy of “returning farmland to forest” and
“returning pasture to grass” in China. Based on this, this research was conducted at the
city level, as it is the core region of economic growth, to firstly measure the current level of
economic growth in Chinese cities and then analyze the heterogeneous effects of carbon
sequestration by terrestrial vegetation on the high-quality development of urban economy
in an attempt to make up for the shortcomings of existing studies and hopefully provide
some reference for the high-quality development of Chinese urban economy. In addition,
we hope also to provide some reference for the high-quality economic development of
Chinese cities and the response to climate change.

3. Methods
3.1. Model

According to the theoretical analysis, economic growth is used to measure the current
status of a city’s high-quality economic development. This paper identifies the heteroge-
neous effects of urban vegetation carbon sequestration on high-quality urban economic
development based on data related to 2735 counties and cities in China spanning 2003-2017
and constructs the following panel model [37]:

Stfpir = ao + a1CNjp + 6 X + pi + 0r + € 1)

In the equation, gtfp;; represents the economic growth of city 7 in year ¢, CNj; repre-
sents the amount of terrestrial vegetation sequestered by city i in year ¢, and «; is the core
estimated parameter of the model, which measures the effect of the amount of terrestrial
vegetation sequestered on the economic growth of the city. Xj; is the set of control vari-
ables, which represents other factors affecting the economic quality development; y; is the
individual fixed effect, which is used to control the factors that do not change over time in
each city; 6; represents the year fixed effect; and ¢;; is a random disturbance term.

3.2. Variables
3.2.1. Explanatory Variable: Economic Growth (gtfp)

The established literature typically uses total factor productivity to characterize eco-
nomic quality, and this indicator is effective in measuring the quality of economic growth,
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but it fails to include environmental factors and cannot effectively reflect the true level
of economic development quality. Economic growth considers both the increase in de-
sired output and the decrease in undesired output, which is consistent with the concept
of green development needed for high-quality economic development. Therefore, this
paper introduces environmental factors on the basis of total factor productivity and uses
economic growth to measure the quality of urban economic development. Labor, capital,
and energy are used as input indicators, and gross domestic product (GDP) and three
measures of emissions are used as desired and undesired output indicators, which are
measured using the Malmquist-Luenberger (ML) index (Oh, 2010) [38,39]. Specifically,
the number of people employed at the end of the year is used to measure labor input;
capital stock is calculated using the perpetual inventory method based on total fixed assets
to replace capital input; due to the lack of primary energy consumption data at the city
level, the annual electricity consumption of each city is used to measure energy input; GDP
calculated at constant prices in 2000 represents economic output [40]; CO, emission, SO,
emission, and industrial wastewater emission are selected as non-desired outputs [41].

Considering that the ML index has transferable and cyclic cumulative characteristics
that are better than the ML index, this paper adopts the ML index and its decomposition for
the measurement of green total factor productivity growth rate in Chinese counties. In this
paper, 2735 counties and cities in China are taken as the research units. We thus make the
following definitions: Assume that in time period t(t = 1,..., T), each provincial (munic-
ipal) uniti(i = 1,..., N.DMUi) uses m inputs (input = inputy,input,, ..., input,) and s
outputs (output = outputy, outputy, ..., outputs). Then, the set of production possibilities
at this time can be expressed as follows:

PPS = { (input', output')|input' can produce output'}, t=1,...,T ()
Further, the output distance function (D) is defined as given below:
Dt (inputt,outputt) =inf{f > 0|inputt,outputt/9 e pprs'}, t=1,...,T 3)

Further, considering output to represent the desired output in the output and
B = (by, by, ...,by) to represent the undesired output, the production possibility set can be
extended as follows.

At this point, the global set of production possibilities containing non-desired out-
puts is PPSS = conv{PPS}, PPS?, ..., PPSL}. Here, conv{x} represents the convex set.
Therefore, the ML based on this production possibility set above is as follows:

PPS}, = {(input',output', B") |input' can produce (output',B')}, t=1,...,T (4

—G
Among them, Dppp(input®, output®, BX, goutpur, g8) = sup{p: (input*, output*+
,Bgoutput/ Bk — ,BgB) S PPS%},k =t t+1.

-G
1 g+l 1+ Dppr (input',output', B, Qoutput, §5)
’ - -G
1+ Dppr (i”PuttH/ Outputt+1/ Bi+l, Soutput, gB)

©)

Assuming the directional variable ( Soutput, gB) = (outputk, Bk), when the scale payoff
is variable, the following linear programming can be performed. Referring to the estimation
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method of Peng et al. (2020) [41], ML = gtfp, the specific linear programming equation is
shown in Formula (6).

—G
DDDF,?} (i”Putkr OutPutk/ Bkz Soutput, gB) = max,B
i Z]-I\Ll 'minput} < input
ARSI yjoutput] > (1+ B)outputk ©)
s.t. 23;1 Z}l 'yjl\t]B; =(1- [S)Bk
Lim1 Lz v =1
Vit >0,j=1,...,N;t=1,...,T

If gtfp > 1, it means that green total factor productivity shows an increasing trend;
otherwise, it means that green total factor productivity decreases or remains unchanged.

3.2.2. Core Explanatory Variable: Carbon Sequestration by Terrestrial Vegetation (CN)

Carbon sequestration by terrestrial vegetation means that vegetation absorbs carbon
dioxide from the atmosphere and fixes it in the vegetation or soil, thus reducing the
concentration of this gas in the atmosphere. There are various plant communities composed
of many plants on the land surface, such as forests, grasslands, scrubs, deserts, meadows,
swamps, etc. The carbon sequestration of terrestrial vegetation can be generally classified
into the following two forms: direct carbon sequestration and indirect carbon sequestration.
The former is mainly manifested as tree carbon deposition, forest soil carbon deposition,
understory plants, and humus carbon deposition; the latter is mainly manifested as forest
product carbon storage, using forest wood to replace other construction materials such as
cement and steel or energy; the harvested forest wood, after being processed into forest
wood products, will still preserve carbon for a certain considerable period of time instead
of releasing carbon immediately, which in turn forms a continuous CO; fixation function.
Forests are the largest carbon reservoir and sink on land, and as the main body of terrestrial
ecosystems, CO, sequestration by forests is an important mechanism to maintain the
carbon balance of ecosystems and mitigate global climate change. Grasslands are also
an important carbon sequestration resource and play an important role in protecting soil
and water, purifying air, preventing wind, fixing sand, and controlling greenhouse gas
emissions. The carbon sequestration function of terrestrial vegetation is a natural carbon
sequestration process, which is more effective than artificial carbon sequestration and is an
important measure and the main way to achieve the goal of carbon neutrality in the future.
In addition, many scholars at home and abroad have confirmed that carbon sequestration
by urban vegetation does have an offsetting effect on carbon emissions, and the increase in
carbon sequestration helps to promote the process of high-quality development of China’s
urban economy through emission reduction. Therefore, this paper focuses on the amount
of carbon sequestered by vegetation to analyze its impact on the high-quality development
of urban economy, which is expected to be positively correlated with gt fp.

3.2.3. Control Variables

Combining with existing studies, in order to alleviate the problem of biased regression
results due to omitted variables in the model, this paper controls for variables that affect
the high-quality development of urban economy based on the research results of some
scholars, specifically the following: (1) First is industrial structure (STRU), which is mea-
sured by using the proportion of value added by secondary industry to GDP. Economists
have long been concerned about the role of industrial structure on economic growth, and
Chenery et al. (1980) [42] and Wang et al. (2020) [6] pointed out that the effect of industrial
structure is a key factor in economic acceleration. (2) The level of information technology
(TECH) is measured by the number of Internet accesses. Entering the information technol-
ogy era, economic growth is closely related to technological factors. Some scholars have
found that the uneven development of information technology can lead to differences in
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economic growth of urban clusters. (3) The degree of openness to the outside world is mea-
sured by the share of foreign investment in GDP. The impact of foreign direct investment
(FDI) on economic growth is still inconclusive, and many scholars have found that the entry
of foreign capital has a threshold effect on economic growth. (4) The level of urbanization
(URB) is measured by the proportion of urban population to total population. At present, it
is generally believed that urbanization has a significant impact on economic growth. (5) The
level of economic development (PGDP) is measured by the gross domestic product per
capita. (6) Indicators reflecting environmental (RE) development include carbon dioxide
emissions, sulfur dioxide emissions, and sewage discharge.

Table 1 summarizes the specific measurement methods of variables used in this paper.
One is the data on urban CO, emissions and carbon sequestration by terrestrial vegetation.
The urban carbon dioxide emission and terrestrial vegetation carbon sequestration data in
this paper come from the research team of Chen (2020) [43], which used the carbon dioxide
emission data from two sets of nighttime lighting data (DMSP/OLS data for the period of
1992-2013 and NPP/VIIRS data for the period of 2012-2020) inverse performances provided
by NASA, and the research team used the MODIS platform provided by the MOD17A3H
product to measure the corresponding net primary productivity in China’s districts and
counties from 2000-2017. It obtained the terrestrial vegetation carbon sequestration with
the help of the conversion coefficients of vegetation dry matter and CO, uptake. The data
on urban CO, emissions and vegetation carbon sequestration contain rich information that
can reflect regional heterogeneity in detail, thus facilitating government departments to
formulate and implement emission reduction policies according to local conditions, which
is of great value for current research on carbon peak prediction and carbon neutrality.

Table 1. All variables, measurement, and source of data.

Variable Measurement Data Sources
. . EPS database, China City Statistical Yearbook, and
gtfp Caleulated using ML index China Regional Econo%m’c Statistical Yearbook
CN Carbon sequestration DMSP/OLS data for the period of 1992-2013 and
NPP/VIIRS data for the period of 2012-2020
STRU Secondary sector of the economy value added /GDP EPS database and China City Statistical Yearbook
TECH Number of Internet accesses EPS database and China City Statistical Yearbook
FDI Foreign investment/GDP EPS database and China City Statistical Yearbook
URB The urban population/total population EPS database
PGDP GDP/The urban population EPS database
o, Carbon dioxide emissions DMSP/OLS data for the period of 1992-2013 and
NPP/VIIRS data for the period of 2012-2020
SO, Industrial sulfur dioxide emissions EPS database
RE Discharge of industrial sewage EPS database

3.3. Data Sources and Descriptive Statistics

The research object of this paper is the 2735 counties at the prefecture level and above
in mainland China. Some counties in other provinces such as Yunnan, Guangxi, and Fujian
are missing some important indicators, which can only be removed in this paper based
on the principle of scientific and standardized data, and some prefecture-level cities that
have changed their administrative units, such as Chaohu, are also removed in this paper.
Although this paper does not form a unbalanced panel sample in China, fortunately, the
cities collated in this paper are very representative of their regions. Based on this, the
author believes that the balanced panel data of counties in mainland China from 20032017
finally formed in this paper can basically represent the overall situation of cities in the
country. The data in this paper are derived from the following two aspects.

From Tables 1 and 2, the original data were mainly obtained from EPS database, China
City Statistical Yearbook, and China Regional Economic Statistical Yearbook in the corresponding
years, and the data of each price deflator were obtained from provincial and municipal
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statistical yearbooks in the corresponding years and provinces, and some missing values
are supplemented by interpolation method. Descriptive statistics of variables are given in
Table 2. According to the statistical results of gtfp, there is still room for improvement in the
economic growth of major counties and districts in China. The gap between the maximum
and minimum values is large, which also indicates that the economic development of the
main county-level administrative regions in China is unbalanced.

Table 2. Descriptive statistics.

Vars Variable Meaning Obs Mean Std. Dev. Min Max

gtfp Economic growth 49,230 0.71 0.179 0.33 1.26

CN Carbon sequestra.tlc.)n by terrestrial vegetation 49230 27 54 2295 042 160.82
(millions of tons)

STRU Secondary sector of the economy value added as a 49230 0.48 0.10 0.14 0.86

percentage of GDP

TECH Number of Internet accesses (10,000 persons) 49,230 285.4 14,250.46 0.02 569.73
FDI Foreign investment as a percentage of GDP (%) 49,230 0.02 0.02 0 0.30
URB The proportion of urban. pop;ulatlon to the total 49230 051 126 0.03 5434

population (%)

PGDP Gross domestic product per capita (CNY 10,000) 49,230 3.47 2.97 0 46.77
CO, Carbon dioxide emissions from industry (Million tons) 49,230 25.64 23.31 1.53 230.71
SO, Industrial sulfur dioxide emissions (Million tons) 49,230 0.05 0.06 0 0.68

RE Discharge of industrial sewage (Million tons) 49,230 74.94 95.66 0.07 912.6

4. Results
4.1. Baseline Regression Analysis

Based on the data of 2735 counties in China from 2000 to 2017, this paper uses Stata
software to estimate the double-fixed-effects model, and the baseline regression results of
the impact of carbon sequestration by terrestrial vegetation on urban economic growth are
shown in Table 3.

The results of the baseline regression in Table 3 show that the amount of carbon seques-
tration by terrestrial vegetation has a significant positive impact on urban economic growth,
and the increase in carbon sequestration by terrestrial vegetation will increase economic
growth in the same direction and then promote the process of high-quality urban economic
development. This indicates that the natural characteristics of terrestrial vegetation to ab-
sorb carbon dioxide through photosynthesis have a certain significance for the sustainable
development of urban economy, and based on the carbon sequestration of land vegetation,
the development of the carbon sequestration afforestation project is also an important
means to improve the ecological environment and promote economic development.

The urbanization by country coefficient of the model was negative, and the significance
test showed that the proportion of urban population to total population had a significant
negative effect on urban economic growth; it also shows that the environmental pressure
brought by urban population growth is not conducive to the improvement of economic
growth. The reason may be that as the number of people in cities and towns increases, so
does the density of the urban population so that the demand for land-carrying capacity
increases, so many forests are converted to agricultural land; for example, forest land is
converted to arable land, and the amount of carbon sequestration in arable land is much
lower than that in forested land. In addition, the increased demand for food and fuel
resulting from the growth of urban populations has often led to predatory deforestation,
which has led to a sharp decline in the area of forests and the destruction of many virgin
forests. It also weakens the renewable capacity and base of forest resources and exacerbates
forest degradation. Therefore, in the process of urbanization, we should put more emphasis
on greening and not sacrificing the environment for high-speed economic development,
but also giving the environment and the economy the same importance. Only in this way
can we better control the high-quality development process of urban economies.
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Table 3. Results of baseline regression.
Variable (1) (2) 3) @
Lag. gtfp 0.116 ***(0.003)  0.219 *** (0.076) 0.278 ***(0.104)  0.124 *** (0.031)
CN —0.045 (0.061) —0.033 (0.065)
STRU —0.001 ** (0.000) —0.001 * (0.000)
TECH 0.626 *** (0.227) 0.708 *** (0.241)
FDI 0.002 (0.008) —0.004 (0.009)
URB 0.001 (0.004) 0.008 ** (0.004)
PGDP 0.000 *** (0.000) 0.000 *** (0.000)
COy 0.014 (0.003) 0.012 (0.001)
50, —0.015 (0.043) —0.067 (0.061)
_ - _ -
Re 000 000
Constant 0.632 *** (0.067) 0.631 *** (0.072)
Individual effect Yes Yes No No
Time effect Yes Yes No No
Sample size 4035 4035 4035 4035

Note: ***, ** and *, respectively, mean that at the significance level of 1%, 5%, and 10%, the standard error in
brackets is Ln, the logarithmic operator. We used other methods, such as two-stage least-square method and tool
variable (using the lag period of variable as the tool variable), and the estimated results were consistent with the
estimated coefficients of the double-fixed-effect model. To save space, the relevant robustness estimates are not
reported here.

The proportion of foreign investment in the GDP has a significant positive impact. This
shows that the current foreign direct investment has a relatively high degree of economic
impact on Chinese cities, particularly in the area of green urban development. On the
one hand, foreign direct investment can bring in advanced international technology and
management experience; on the other hand, the introduction of polluting enterprises may
aggravate the degree of environmental pollution. The positive effect is greater than the
negative one, and the final impact on economic growth will be positive. It also shows that
in recent years, China has begun to focus on the quality of foreign investment, moving
away from being a source of pollution, and has begun to really bring in the clean, potential
investment that Chinese society wants.

4.2. Heterogeneity Analysis

Because of the heterogeneity of environment, the complexity of climate factors, the
diversity of forest vegetation, and the imbalance of economic development level in different
regions of China, the carbon sequestration amount of vegetation in different regions is
different; for example, Jia et al. (2018) [44] analyzed the difference of carbon sequestration
potential among different climate zones and vegetation types in Henan Province. The
2735 counties and cities were divided into seven regions according to the state of forest
resources, the growth of forest trees, and the natural historical conditions in northeast,
central, south, southwest, northwest, north, and east China. East China includes Shandong,
Jiangsu, Anhui, Zhejiang, Shanghai, and other provinces and cities; central China includes
Hubei, Henan, Hunan, Jiangxi, and other provinces; The north-east includes Heilongjiang,
Jilin, and Liaoning provinces, while the northeast includes Beijing, Tianjin, Hebei, Shanxi,
and Inner Mongolia provinces. The northwest includes Xinjiang, Qinghai, Gansu, Ningxia,
and Shaanxi provinces, while the south of China includes Guangdong, Fujian, Hainan,
and Guangxi provinces. Southwest China includes Tibet, Sichuan, Guizhou, Chongqing,
Yunnan, and other provinces and cities. After subdividing the sample, the double-fixed-
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effects model was used to re-estimate the data after subdividing the sample, and the
estimated results of the model are shown in Table 4.

Table 4. Regional heterogeneity analysis results.

Variable Northeast Central South Southwest Northwest North East
CN 0.241 * 0.614 *** 0.312* 0.631 ** 0.287 0.085 0.147
(0.132) (0.201) (0.163) (0.315) (0.237) (0.209) (0.249)
STRU —0.043 —0.437 ** 0.249 ** 0.119 —0.251* 0.175 0.085
(0.128) (0.185) (0.121) (0.146) (0.138) (0.138) (0.161)
TECH 0.010 —0.010 0.016 ** —0.001 0.007 —0.036 ** 0.010
(0.013) (0.013) (0.007) (0.005) (0.007) (0.016) (0.013)
DL —0.416 0.872 0.02581 0.7377 1.092 0.326 1.229 #**
(0.366) (0.823) (0.2368) (1.0351) (0.798) (0.755) (0.413)
URB —0.001 0.1974 ** 0.001 —0.003 *** 0.008 —0.003 *** 0.292 ***
(0.001) (0.0833) (0.062) (0.001) (0.111) (0.001) (0.107)
PCDP 0.050 0.053 —0.036 0.010 —0.001 0.099 —0.0031
(0.051) (0.059) (0.024) (0.012) (0.031) (0.049) (0.0522)
co 8.53 x 100 ***  4.86 x 10° 1.83 x 106 * 1.18 x 107 —0.001 5.08 x 10° 499 x 10°
2 (2.08 x 10°) (2.30 x 10°) (1.08 x 10°) (3.38 x 10°) (0.001) (2.58 x 10°)  (1.91 x 10°)
50 —153 x 107 1.6 x 10°* 624 x 107 ** 2.85 x 107 0.012 6.10 x 107 475 x 108
2 (3. 8 x 107) (1.90 x 107) (3.06 x 107) (2.50 x 107) (0.011) (2.72 x 107y (2.79 x 107)
RE —0.010 *** —0.002 *** —0.004 *** —0.002 —0.002 —0.001 0.001
(0.002) (0.002) (0.001) (0.002) (0.001) (0.001) (0.001)
Constant 0.304 0.487 0.866 *** 0.468 1.079 *** —0.275 0.474
(0.467) (0.432) (0.261) (0.140) (0.318) (0.408) (0.464)
Individual Yes Yes Yes Yes Yes Yes Yes
effect
Time effect Yes Yes Yes Yes Yes Yes Yes

Note: ***, ** and *, respectively, mean that at the significance level of 1%, 5%, and 10%, the standard error in
brackets is Ln, the logarithmic operator.

To further ensure the reliability of the research conclusions, robustness tests were
carried out by using the control variables, the mixed regression model, and the mixed
regression model without the control variables, respectively, and the resulting model
regression results are shown in Tables 2 and 3. First, all the control variables were excluded,
and only the core variable, the carbon sequestration amount of land vegetation, i.e., CN,
was retained. The regression results were basically consistent with the baseline model,
and the carbon sequestration amount of land vegetation still had a positive impact on
urban economic growth, and the coefficient of significance is strong, but its coefficient
value variation value is larger. Further, to examine the effect of time-point fixed effects
and individual fixed effects on the outcome of the regression, column 3 in Table 4 excludes
both time-point fixed effects and individual fixed effects under conditions that maintained
the control variables. The mixed regression results show that the positive effect of land
vegetation carbon sequestration on urban economic growth is also unchanged, and the
coefficients of other control variables are consistent with the double-fixed-effect model.
Secondly, considering the influence of the control variables on the mixed regression, this
paper eliminated all control variables on the basis of the mixed regression treatment, and
the research results are consistent; however, the estimated coefficients obtained from this
model are relatively small, which means that the mixed regression model is relatively
independent of individual and time effects, and the double-fixed-effect model shows that
carbon sequestration of land vegetation has a more significant impact on urban economic
growth, which again verifies the robustness of the estimation. In conclusion, carbon
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sequestration by terrestrial vegetation has a significant positive effect on high-quality urban
economic development, and this effect has passed the robustness test.

5. Discussion: Mechanism Analysis

Many scholars have found that if the direction of economic growth is to reduce
environmental pollution [27,35,45,46], when the direction of economic growth is correct
and once it reaches a certain threshold, it can offset the negative effects of economic
development. Moreover, because land vegetation can absorb carbon dioxide from the
atmosphere through photosynthesis and fix it in vegetation or soil, it can directly affect
high-quality urban economic development, and it can also affect economic growth by
upgrading industrial structures and the effect on resource allocation, thus affecting the
high-quality development of urban economy.

5.1. Theoretical Mechanism Analysis
5.1.1. Upgrading the Industrial Structure (Structure)

First, carbon sequestration of terrestrial vegetation can promote industrial structure
upgrading through carbon substitution. Carbon substitution means replacing energy-
intensive materials such as cement, steel, plastics, bricks, and tiles with durable wood forest
products, the use of bio-energy (such as energy plantations), and the recycling of harvested
residues (such as for fuel). It will not only sequester carbon but also reduce greenhouse
gas emissions from the burning of fossil fuels in the production of these materials, forcing
companies to innovate and thus upgrade their industrial structures, achieving high-quality
economic development. Secondly, the development of new carbon sequestration forestry
and carbon sequestration afforestation projects based on the carbon sequestration capacity
of terrestrial vegetation will help to break the local industrial distribution dominated
by agriculture and increase the total value of forestry output, promoting the sound and
sustainable development of the forestry industry and the optimization and upgrading of
the industrial structure. Finally, carbon sequestration by vegetation can also bring certain
ecological benefits. For example, carbon sink forests can both absorb carbon and release
oxygen and reduce the concentration of CO; in the atmosphere but also play roles in
environmental beautification and health care, promoting tourism, and greatly promoting
the development of forestry tourism and leisure industries.

5.1.2. Resource Allocation (Factor)

Resource refers to a country (or region) with a variety of material resources: financial,
human, and other elements of the general term. According to the definition of resources,
the carbon sequestration capacity of terrestrial vegetation can be attributed to an intan-
gible environmental resource, and the carbon dioxide emission space is also a resource.
This kind of resource is a kind of space resource and environment resource that can re-
tain carbon dioxide. From the economic point of view, the climate change caused by
the greenhouse effect is caused by the inefficient allocation of environmental resources.
The carbon-sequestration capacity of terrestrial vegetation can hold CO, in place, which
can slow down the greenhouse effect and prevent further deterioration of the ecological
environment. The carbon sink, which is rooted in the carbon sequestration capacity of
vegetation, takes the accumulation of forest and other resources as the carrier and creates
a new CO; emission space, which is widely needed by human beings and can meet the
basic material needs and ecological environment needs of human beings. According to
Marxism’s labor theory of value, carbon sinks have the dual attributes of a commodity—use
value and value—and can therefore be commoditized to realize their value through market
exchange, resulting in carbon trading, and the carbon sequestration capacity of terrestrial
vegetation can participate in the distribution of the income of the national economy as a
factor of production to obtain certain benefits. In addition, carbon sequestration through
terrestrial vegetation has certain cost advantages, which may optimize the production
resources of enterprises and drive the reallocation of resources among enterprises; the trans-
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fer of factors of production from inefficient enterprises to more efficient enterprises will
eventually boost overall economic growth and, to some extent, offset the negative impact
on economic development caused by the obligation of compulsory emission reduction.

5.1.3. Vegetation Coverage (Forest)

With the rapid development of the economy, the environmental impact of economic de-
velopment has become more and more prominent, while rapid economic development has
also brought environmental problems. The coordinated development of economy and envi-
ronment is a problem to which every region must pay attention. Manzoor et al. (2019) [47]
showed that the environmental carrying capacity is limited, and it can bear only a certain
degree of economic activities; once the scale of economic activities exceeds the environ-
mental carrying capacity, the ecosystem will be destroyed, leading to stagnant economic
growth. Shochat et al. (2010) [48], Liu et al. (2014) [49], and Grimm et al. (2008) [50] argued
that land-cover change in urbanization directly leads to the loss of natural forests, which in
turn reduces the amount of carbon sequestration by regional vegetation and reduces the
region’s carbon absorption capacity. In the Kyoto Protocol, which came into force in 2005,
and in previous Intergovernmental Panel on Climate Change (IPCC) reports, increasing
forest cover and storage has been identified as an important land-based carbon seques-
tration measure. The Warsaw framework for REDD-plus, adopted at the United Nations
Climate Change Conference in November 2013, reaffirmed the role of forests in reducing
greenhouse gas emissions and increasing terrestrial carbon sinks. Tolgyesi et al. (2023) [51]
pointed out that the carbon sequestration capacity of forests depends on the area of forests;
Franklin and Van (2004) [52] argued that location, area, and structure of forests all affect
carbon sequestration and carbon storage in forests.

5.1.4. Carbon Sequestration (Action)

The term “carbon sink” comes from the Framework Convention on global climate
change and refers to the process, activity, or mechanism of removing CO, from the atmo-
sphere. Carbon sinks are natural reservoirs of carbon, and because land vegetation absorbs
carbon dioxide from the air and holds it in the soil or the vegetation itself, it reduces the con-
centration of carbon dioxide in the air. According to calculations, the amount of O, released
was 1.62 t, and the amount of CO, absorbed was 1.83 t per 1 m3 tree. As a result, more
and more carbon sequestration actions have been taken, and initiatives have been greatly
enhanced. As early as 1997, the Kyoto Protocol adopted afforestation, forest management,
and management as means to combat climate warming. In 2008, the first batch of Chinese
Green Carbon Fund carbon sequestration afforestation projects was launched. China’s first
central forestry conference in 2009 identified forestry as a strategic option to combat climate
change. In 2012, State Forestry Administration of the People’s Republic of China developed
technology to support efforts to combat climate change through forestry carbon sinks, and
in May 2015, China’s first forestry Chinese Certified Emission Reduction (CCER) project
to cut emissions. The state has invested one hundred billion yuan (USD 1.5 billion) to
carry out ecological projects such as Green Wall of China, coastal shelterbelts, shelterbelts
in the upper and middle reaches of the Yangtze River, and greening projects in Taihang
Mountains and on the plains. with an annual afforestation expenditure of more than CNY
10,000, the total area and stock of forest resources have been significantly increased, and
China’s land carbon sequestration has been enhanced by artificial afforestation.

5.2. Mechanism Model

To further study the conduction mechanism of green finance-enabled carbon neutrality,
this paper empirically examines the above-mentioned theories with reference to Peng
(2019) [40] and constructs a panel regression model, as shown in Formula (7), to estimate
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the relationship between each variable and vegetation carbon sequestration to determine
the indirect impact path of vegetation carbon sequestration on economic growth.

Zip = cCNjp +pi +vi +& +a @)

where t and i refer to time and region, Z;; refers to the impact mechanism variables, and
other symbols have the same meaning. Z is a transmission mechanism variable, including
industrial structure upgrading (Structure), resource allocation (Factor), vegetation cover-
age (Forest), and carbon sequestration afforestation (Action). In the research results of
conduction mechanism, this paper focuses on the CN coefficient and investigates the direct
correlation between vegetation carbon sequestration and conduction factors. Compared
with the defect of mediating effect or regulating effect, the conduction mechanism model
in this paper can be said to be an obvious improvement. The main estimates are shown in
Table 5.

Table 5. Results of mechanism analysis.

Variable (1) Structure (2) Factor (3) Forest (4) Action
CN 0.0542 ** (2.44) 0.0841 ** (2.08) 0.0945 ** (1.87) 0.0638 ** (2.05)
V(;?il;gloel s Yes Yes Yes Yes
Individual effect Yes Yes Yes Yes
Time effect Yes Yes Yes Yes

Note: ** means that at the significance level of 5%, the standard error in brackets is Ln, the logarithmic operator.

5.3. Analysis of Mechanism Results

China has a large geographical area, spanning about 50 degrees latitude from north
to south and about 60 degrees longitude from east to west. Moreover, the growth status
of forest trees in different growing environments differs, and the carbon sequestration
amount was also different. Forests are an important part of the terrestrial vegetation in
China. As can be seen from Figure 1, although the area of China’s forest resources basically
maintains the growth trend, and the growth rate is getting larger and larger, the spatial
distribution of forest resources, however, and the forest coverage have been stratified,
gradually decreasing from the south to the north, and the cities with higher forest coverage
are mostly concentrated in the south and southwest of China. The main reason is that the
water and heat conditions in this area are more suitable for the growth of trees. Hainan
Province has the largest and most typical tropical forest in China and the best ecological
environment in the country, while Guangdong Province has a tropical monsoon climate
with a mild and humid climate all year round, with sufficient sunshine and abundant heat,
and the forest coverage rate of Jiangxi Province is stable at 63.1%, ranking second in the
country all year round. The average forest coverage rate of Fujian Province from 2005 to
2016 was 64%, the highest among all provinces and cities in the country.

To some extent, the greater the area of vegetation in the region with good hydrothermal
conditions, the more carbon sequestration of vegetation in the region, because of the net
primary productivity (NPP) of vegetation, NPP can reflect the productivity of the plant
community in the natural environment. NPP can judge the carbon sequestration ability
of vegetation and measure the adjustment ability of the ecosystem. Guo et al. (2012) [23]
found that the potential NPP values of China’s ecosystems are “High in the south and low
in the north”, with the highest values in south and southwest China and smaller values in
north China and arid northwest China. From Figure 1, the vegetation cover in south China
is obviously denser, and the high-value area has expanded significantly. The area centered
on the Guangxi Zhuang Autonomous Prefecture is rapidly expanding to the surrounding
areas, spreading to Hunan, Guangdong, Jiangxi, and other provinces. Terrestrial vegetation
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also sequesters more carbon than other areas. The forest cover in north and east China is
lower than that in the first two regions, especially in Shanghai and Tianjin.
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Figure 1. The change of CN. We selected several representative years, including 2000, 2004, 2008,
2012, 2016, and 2017, to show the temporal and spatial change characteristics of CN.
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It is worth noting that although vegetation coverage in south China has not changed
much in recent years, vegetation carbon sequestration in the region decreased significantly
from 2010 to 2017. The main reason is that with the increase in carbon dioxide emissions,
the concentration of carbon dioxide in the air increases, leading to the intensification of
the greenhouse effect and increases in extreme weather. For example, Hainan is close
to the sea, located in the southern tip of China where typhoons are common, and is
vulnerable to typhoons. Strong rainfall and strong winds brought by typhoons can cause
serious damage to trees, such as falling trees, leading to reduced carbon sequestration by
vegetation. Freezing rain and snow damage the trunks, canopy, branches, and leaves of
forests, resulting in a large amount of biomass loss of forest vegetation and aboveground
biomass, with vegetation carbon sequestration affected accordingly; acid rain affects plant
productivity and ecological benefits such as forest growth, carbon sequestration, soil base
conservation, water conservation, and soil and water conservation.

From Table 4, the regions with higher total afforestation area levels in China from 2010
to 2017 are in southwest, northwest, and north China, such as Inner Mongolia, Xinjiang,
Sichuan, Yunnan, Hebei, Shaanxi, Gansu, etc., and the total area of afforestation in Shanghai,
Jiangsu, Beijing, and Tianjin is less. Therefore, the northeast, central, south, and southwest
regions not only have the highest natural resources of vegetation in the country, but they
also have achieved remarkable results in the late afforestation and reforestation projects.
As a result, the carbon sequestration of vegetation in the region is large and abundant, and
with the development of forestry, the sustainability of forest management is constantly
enhanced, which has greatly increased the carbon sequestration level of vegetation in the
region [5,17]. Therefore, its contribution to the reduction of forest carbon emissions exceeds
the hindrance caused by the increase of CO, brought about by economic development.
In addition, the water and heat conditions in the south are good, and the growth of trees
is good, which is suitable for developing forest management projects. The water and
heat conditions in the north are poor, and it occupies a large area of wastelands suitable
for forests and sandy wastelands suitable for forests in the country. The potential of
afforestation area is less than the potential of forest management area, but the afforestation
project can produce larger carbon sink, especially in north, northwest, and southwest China,
while the central, southwest and south China regions have the largest emission reduction
from forest management projects.

In recent years, with the rapid development of economy, urbanization, and indus-
trialization and the prominence of human activities, great changes have taken place in
land use and land cover, especially in the eastern and northern parts of China, but the
western area develops slowly, and this kind of pattern has formed a social economy gra-
dient. North and the east China are relatively developed regions in China. With the
continuous improvement of the level of economic development, economic and cultural
activities will be more frequent than in other cities, and as people’s consumption levels
continue to rise, pollutants in the living environment continue to rise, and more carbon
dioxide is emitted, and as some forest land is converted into industrial land, it can therefore
hinder the increase in carbon sequestration by terrestrial vegetation. In most of the western
regions, the amount of carbon sequestration by land vegetation is less affected by the level
of economic development, especially in the southwest, which may be related to the relative
lag in economic development in these regions [25]. Its demand for land is also smaller than
that of the eastern and central regions, making carbon sequestration of terrestrial vegetation
less hindered by economic development.

In north and east China, there are many cities and towns with dense population
distributions, large amounts of CO, emissions, and environmental pressures, and it is
difficult to achieve balance between carbon sequestration and carbon reduction by land
vegetation. The impact of carbon sequestration by terrestrial vegetation on the high-quality
development of urban economy is not significant enough, and the population density of
some provinces and cities in the central and western regions is relatively small, and the
effect of environmental protection is good, and it hinders carbon sequestration by terrestrial
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vegetation less. Secondly, the cities in north China have more industry-heavy cities. The
level of industrialization is high, and the GDP growth still mainly depends on the “Three
high and one low” industries in the past. The technology level of these heavy industrial
cities is still at a disadvantage in the world although in recent years, it has been in transition
but has not achieved significant results. In addition, in the cold winter, greater use of
heating equipment will consume much energy, resulting in more CO, emissions, so the
positive effect of carbon sequestration by terrestrial vegetation on CO, absorption is offset
by rapid economic development and huge carbon emissions from daily life. Therefore, the
impact of carbon sequestration by terrestrial vegetation on the high-quality urban economic
development in north China is not significant enough.

6. Conclusions

Greening is a practical way to reform the development model. At a time when China
is in the midst of transforming its development model, optimizing its economic structure,
and transforming the drivers of growth, the country is pushing for a peak in carbon dioxide
emissions by 2030 and carbon neutrality by 2060. In the long run, the implementation
of the carbon neutrality vision will decouple China’s economic growth from its carbon
emissions and promote a genuine transition to high-quality economic development. Based
on the carbon neutrality target and the panel data of countries in China from 2003 to 2017,
this paper studies the impact of carbon sequestration by terrestrial vegetation on urban
economic development. The results are as follows:

The regression results of double-fixed-effect model show that, after controlling for time
and individual, the carbon sequestration amount of land vegetation will have a significant
positive impact on economic growth; that is, the increase of carbon sequestration amount
of land vegetation will enhance urban economic growth and then promote the process
of high-quality urban economic development. Secondly, based on the change of carbon
sequestration of terrestrial vegetation in China from 2003 to 2017, this paper subdivides the
national urban samples to test the heterogeneity, and the regression results in northeast
China, central China, South China, and southwest China are significant, indicating that
the amount of carbon sequestration by terrestrial vegetation has a positive impact on the
high-quality economic development of cities in the region. The results in north, east, and
northwest China were not significant, suggesting that the region’s economic development
and large daily emissions offset the absorption of carbon dioxide by land vegetation;
therefore, the carbon sequestration of terrestrial vegetation has little influence on the
high-quality urban economic development in this region.

This paper holds that the carbon sequestration of terrestrial vegetation mainly affects
economic growth by upgrading industrial structures and resource allocation effects and
then affects the high-quality development of the urban economy. The effect of industrial
structure upgrading means that the amount of carbon sequestration by vegetation will
promote industrial structure upgrading and thus economic growth by affecting product
and fuel substitution, the carbon sequestration industry, carbon sequestration projects, and
related derived industries to achieve high-quality economic development. The effect of
resource allocation is to define the carbon sequestration capacity of land vegetation and the
space for carbon dioxide emissions as environmental resources and to realize the rational
allocation of resources through carbon trading through market mechanism. In this way, we
will promote high-quality development of the urban economy.
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