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ABSTRACT

Carbon peaking and carbon neutrality have become key
agendas for countries to participate in global climate
change governance. Research on China’s carbon peaking
has a guidance significance for the actions to achieve a
nationwide carbon peaking by 2030. This paper builds

a STIRPAT model which, in combination with a scenario
-setting method, predicts the carbon peaking time of eight
comprehensive economic zones in China, and analyzes
the possible path of achieving carbon peaking at national
level. The result shows a disparity in carbon peaking

time among the zones—there are zones that can achieve
carbon peaking under baseline scenario; zones that can
achieve carbon peaking under conditional scenarios;

and zones that cannot achieve carbon peaking under any
scenario. In the first group, the zones can achieve carbon
emission through both active path (southwest and eastern
coastal comprehensive economic zones) and passive path
(northeast comprehensive economic zones) according to
characteristics of regional socio-economic development.
The second group includes two economic anchors (northern
coastal and southern coastal comprehensive economic
zones) and an energy-exporting center (the middle reaches
of Yellow River comprehensive economic zone). Zones

in the third group generally witness a late development
(the middle reaches of Yangtze River and northwest
comprehensive zones). Based on characteristics of
regional economy, population, industry, and energy of each
zone, this paper proposes an initiative that the achievement
of a nationwide carbon peaking should take regional
development equity into consideration, and presumes that
making each zone adopts differentiated peaking strategies
may have a stronger effectiveness in controlling carbon
emission growth than making all zones adopt strategies
constraining on single factors on industry or energy.

KEYWORDS

Carbon Peaking; STIRPAT Model; Scenario Analysis;
Regional Difference; Eight Comprehensive Economic
Zones; Carbon Emission Intensity
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1 Research Background

Since the Industrial Revolution, the sharp increase in greenhouse gas emission
dominated by carbon dioxide has become one of the causalities to global
warming'". Concentration of carbon dioxide has reached 413.2 ppm in 2020
which is 149% of the pre-industrial level”. According to the IPCC report, the
global average temperature has increased by 0.85°C from 1880 and 2012, which
was mainly caused by the increase of anthropogenic greenhouse gas emissions and
other anthropogenic forcing”. Climate warming has brought not only serious risks

W1 extreme weather events'®” and biodiversity loss® 1"

such as sea level rise
but also huge challenges to socio-economic development and the safety of life
and property"". As a responsible world power, China has proactively participated
in mitigating the impact of global climate change—in September 2020, Chinese
government pledged to adopt stronger policy measures to achieve carbon peaking
and carbon neutrality by 2030 and 2060, respectively!”.

Different from the research on the EKC (Environmental Kuznets Curve)
hypotheses on carbon emission and economic growth, as well as whether there is an
inflection point of EKC!"*"'"”in western developed countries, scholars from China
and other developing countries mostly focus on analyzing the influencing factors
of carbon emission and forecasting future carbon emission path and the occurrence
time of inflection point*”. At present, such research in China can be roughly divided
into three categories: 1) determining whether there is an EKC inflection point and

212319 independently deconstructing the

obtaining the time of the inflection point'
influencing factors of carbon emission to predict future carbon peaking by using
models (IPAT model™, STIRPAT model””, KAYA identity'”’!, LEAP model, etc.)
with scenario analysis; and 3) building system models (gray prediction model*”,
autoregressive integrated moving average model*", vector autoregression model””,
etc.) to directly predict carbon emissions. STIRPAT model is the most commonly
recognized and used model for the research on carbon peaking”, which could not
only predict medium- and long-term carbon emissions, but also reflect the critical
influencing factors to the corresponding carbon emission path of a region.

A large number of Chinese scholars have carried out research on carbon

~[33] 371(38]

peaking at varied scales, from national”®""*’ regional®*"**'to provincial®!

3% " most of which concentrates on the national and provincial/

or municipal
municipal scale—the former often has defects such as neglect in locality difference,
excessive research coverage, and rough policy formulation; the latter though
explores the specific trajectory of carbon peaking of a given province/city, it
would increase the cost of the making of national policies, and the difficulty in
coordination among regions and policy implementation*”. Currently, studies on
carbon peaking at regional scale focus more on limited regions such as the Three

#1"and Pearl River Delta*”, or are

35 [35]

Northeastern Provinces”*, Yangtze River Delta'
conducted from traditional large-scale perspectives such as “four major regions

»[43][36]

or “five major regions , which often ignore the disparity and agglomeration

of different areas within the region and therefore little inform in-depth analysis of
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regional differences and related policy making*".

Besides, some studies are made from perspective of industrial sectors (industry'*’,

L4l 71 etc.), but difficult to reveal the overall national

transportation ', construction
carbon emission. Regarding this research gap, this paper adopts the division of
comprehensive economic zones of China, according to the Strategy and Policy for
Coordinated Regional Development issued by the Development Research Center
of the State Council. Eight zones are designated by geographical location, resource
endowment, economic development and interconnection, social structure, regional
scale, and other factors™*”!. This division is more in line with the actual current
development needs of China’s economy and society, and has greater realistic
significance”” and higher guidance value in local application”". This paper
predicts the carbon peaking of the eight comprehensive economic zones in hope
to provide references for the carbon emission reduction targets of each zone at

national level.

2 Research Methods and Data Sources

2.1 STIRPAT Prediction Model
STIRPAT model is proposed by Thomas Dietz and Eugene A. Rosa based on the
IPAT model?. It eliminates the limitation of the IPAT model that different factors

[53][54]

have the same contribution to environmental pressure , increases randomness,

1% "and has high flexibility that supports research

facilitates empirical analysis
initiative””'. Based on the traditional STIRPAT model which only takes population,
economic growth, and technological level as the determinants of environmental
impact”, extended versions of STIRPAT model introduce more influencing
factors to carbon emission such as urbanization rate, industrial structure, and
energy structure”®, and has been recognized as a carbon emission research model
that supports quantitative analysis on the correlations with various influencing
factors™’\.

In current research on carbon emission, population, GDP per capita,
urbanization rate, industrial structure, energy intensity, and energy structure are

[58]~[60]

verified as main driving factors to carbon dioxide emission , which are also

the most common influencing factors in current carbon emission prediction
research?P7B¥1 Based on the extended STIRPAT model, this study adopts the
above six factors as variables to predict the carbon peaking time and analyze the
realization paths accordingly.

The STIRPAT model established in this paper is as follows:

Inl = Ina + bInP + cInA + d(InAd)* + finU
+ gIniS + hInEl + jInES + Ine

where I represents the total amount of carbon dioxide emission, a represents

the model coefficient, P represents population, A represents GDP per capita,

U represents urbanization rate, IS represents industrial structure, EI represents
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Table 1: Definition of variables in the model

TE izealal):] L=<l

Variable Definition Unit
TEAERHE (1) | BERIEX SRR 10%t
Carbon Dioxide Energy-related carbon dioxide emission
emission
ABHAE (P) FREFEAA 10 000 A
Population Permanent resident population by the end 10,000 people

of the year

AHIGDP (A) EREBE/FEREEAA 10 0007T/ A

GDP per capita

GDP/resident population by the end of the
year

10,000 yuan/people

WEMLE (U)

Urbanization rate

WERRAODARBAOLLE
Ratio of urban residents to the total
population

PR (1S)
Industrial
structure

Eo EERE B ELE
Ratio of secondary industry to the total GDP

BERSREE (E1)
Energy intensity

HBAIGDPHFEMNRRE
Energy consumption per unit of GDP

tERAERE/10 0007T
ton of standard
coal/10,000 yuan

RERLEMS (ES)
Energy structure

BRERENERERRENILE
Ratio of coal consumption to the total
energy consumption
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energy intensity, ES represents energy structure, e represents random error term,
and b, ¢, d, f, g, h, and j represent the coefficient of elasticity of each variable.
The variables in the model are defined as Table 1. This paper also adopts the
quadratic term of GDP per capita to ensure the accuracy of prediction fitting of
each province/city where there is a nonlinear inverted-U- shape correlation'®
between carbon emission and economic growth. Besides, ridge regression model

is used to avoid the multi-collinearity of regression.

2.2 Data Sources and Processing
2.2.1 Data Sources

The data of population, GDP, and added value of secondary industry of all
provinces/cities required in this paper are from China Statistical Yearbooks (2005
to 2019) and Statistical Yearbooks of each province/city; the data of urbanization
rate are from China Population & Employment Statistical Yearbooks (2005
to 2019); the data of energy consumption are from China Energy Statistical
Yearbooks and Energy Statistical Yearbooks of each province/city (2005 to
2019); and the data of carbon emission are from the provincial inventory of
carbon emission in Carbon Emission Accounts & Datasets of China (CEADs).
Since the energy and carbon emission database does not contain the statistics of
Tibet, Hong Kong, Macao, and Taiwan, these four provinces/cities are not studied
in the research (the carbon emission of Tibet is not included in the prediction for

the northwest comprehensive economic zone) (Table 2).

2.2.2 Data Processing and Scenario Setting

At first, the research needs to postulate the change rates of the six influencing
factors for each province/city. Considering the lag in carbon peaking reporting
and the goal of examining whether each zone can achieve carbon peaking before
2030, the study time period is set from the year of 2020 to 2040.

As there is a difference in statistics time span about the six influencing
factors, in the benchmark rate setting of this prediction, data in population, GDP
per capita, and industrial structure are updated to 2020; data in urbanization
rate are set as the five-year average change rates in related planning documents;
the benchmark rate of energy intensity is set according to the Outline of the 13th
Five-Year Plan for the Economic and Social Development of China; and data in
energy structure are determined according to historical change rates.

The medium change rates of population and urbanization are set in line
with the Outline of the 14th Five-Year Plan (2021-2025) for Economic and
Social Development and Vision 2035 of China (the 14th Five-Year Plan), and
Population and Development Plan (2016-2030) of each province/city—those
of Beijing, Shanghai, and Tianjin are consistent with Beijing Urban Master Plan
(2016-2035), Shanghai Urban Master Plan (2017-2035), and Tianjin Urban
Master Plan (2015-2030), respectively. As the national birth rate keep dropping
over recent years, the estimated population growth rate of some provinces/

cities is lowered appropriately. As for GDP per capita, the medium rates are set
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Table 2: Eight comprehensive economic zones of China

X1

Zone

FaanRERED

Provinces/cities included

RILGEEFX
Northeast comprehensive economic zone

T RZRI. &K
Liaoning, Heilongjiang, and Jilin

LR EREFK

Northern coastal comprehensive economic zone

dEm. RiEC WFR. @4t
Beijing, Tianjin, Shandong, and Hebei

REBBLGEEEFX

Eastern coastal comprehensive economic zone

Eig IH. AT
Shanghai, Jiangsu, and Zhejiang

BEEBGERENK

Southern coastal comprehensive economic zone

B/E. BE. TR
Fujian, Hainan, and Guangdong

B IRGEEEFX
The middle reaches of Yellow River comprehensive economic zone

PR, WP, TR, AR

Shaanxi, Shanxi, Henan, and Inner Mongolia

KTHEEREFK
The middle reaches of Yangtze River comprehensive economic zone

FAAE. HE. IA. TR

Hubei, Hunan, Jiangxi, and Anhui

REBGEEFX

Southwest comprehensive economic zone

=, =M. W BER. T

Yunnan, Guizhou, Sichuan, Chongging, and Guangxi

RELGEEFX

Northwest comprehensive economic zone

k. 8. TE. #E
Gansu, Qinghai, Ningxia, and Xinjiang

i
EE. B ORNMAEERIIATEEE,

NOTE
The carbon emission of Tibet, Hong Kong,

Macau, and Taiwan are not predicted in this study.

WS TR SR (2017—20354E) ) | KEHSHE (K
T B AR (2015—20304F ) ) BEE . BT eE A DA
SRRMEAR, PRI S BRI AR N 1 S 7E Ak s 56X 548 i N I g
YN, X TABGDP, ST " MR AIGDP
AW E, A A AN DRI A M. X TR, 2021~2025
ERBEEN S IRAATT TP BRI E TR . b o A AT BRI B
P AR e R 2R SPGB A TR

577 Ml 23 ) 1B VI 25 e 28 A S DG 1 B3 £ 25 A T R SR b ok
WBEE . XTI 2 b, A SRS 48 T LR 254 R L, T4k
B KB E R AR A A AR S A B S AR R,
BAT LR b ) 722030 AMET20%, AT IET
W], AR T R IR R BT st . R TR LASE =
MR

X REIRGS M, v RERA Y 23 R A i (b L RE UR R BE2030 ) T
203045 5 . AR A BB TR (5 He 4> Bk $1499% F122%'° 7 A8 AT
TERER WA 5T, 2030405 . JEL A RETE & L 20 H50%
219", T FE 55 BEED & ) 20304F iAW T8 26 ) TR $12030
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according to the 14th Five-Year Plan and the corresponding population medium
rate.

The medium rate of energy intensity for 2020 to 2025 is set according to the
14th Five-Year Plan—Data of actual change rates are used when no date can be
sourced there.

Relevant data about industrial structure and energy structure change rates are
not involved in official planning schemes. In the research, as for industrial structure,
the medium rates for each period of time are made in consideration of the actual
change rate of each province/city, with reference from the change characteristics of
industrial structure in developed countries'®’™®!, to ensure the industrial structure
(the proportion of industrial sectors) of most provinces/cities will not be less than
20% by 2030—The provinces/cities lowering than this proportion include Beijing
and Shanghai (the two economic centers in China), as well as Hainan (service
sectors as its pillar industry).

For the energy structure, China Energy Outlook 2030 released by China Energy
Research Society predicts that the proportion of coal and non-fossil energy will
reach 49% and 22% respectively by 2030’ Hao Ning et al. predicted that under
the “energy new normal” policy of China, the proportion of coal and non-fossil
energy will account for approximately 50% and 21% by 2030'”", The Action Plan
for Carbon Dioxide Peaking Before 2030 issued by the State Council requires

that China’s non-fossil energy should account for about 25% of primary energy

VOLUME 9 /ISSUE 6 / DECEMBER 2021
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=3 BRHINERENRRE (LASMER6)

Table 3: Change rate setting of factors on carbon emission (Guizhou Province)

consumption by 2030'". Based on this, the research controls the proportion of

coal energy at about 45% by 2030, and sets the medium rates accordingly—

The provinces/cities that are estimated with adjusted medium rates according to
their actual energy structure include Beijing, Shanghai, Tianjin, and Guangdong
(developed provinces/cities); Hainan (service sector pillaring province); Heilongjiang
and Jilin (heavy industry provinces); and Shanxi, Inner Mongolia, Shaanxi, Ningxia,
and Xinjiang (energy production provinces).

Based on the determining of benchmark and medium rates, the study sets the
low and high change rates of each influencing factor. Guizhou Province, as a region
in a critical transition towards an overcome of poverty and backwardness and rural
revitalization, needs to guarantee a high-quality provincial development, which is
consistent with the national policy guidance of the 14th Five-Year Plan'®. Here the
research takes Guizhou as an example to show the specific setting of change rates
of each influencing factor (Table 3).

Five typical carbon emission scenarios are selected that are defined by different
combinations of high, medium, and low change rates of influencing factors (Table 4).
1) Baseline scenario: with medium change rate of each influencing factor, this
scenario simulates the future carbon emission trajectory of each zone based on the

existing carbon emission and under current polices.

2) Industrial structure optimization scenario: with low change rate of industrial
structure and medium change rate of other influencing factors, this scenario
estimates the carbon emission trend when further promotion and upgrades in

industrial structure transformation are adopted upon the baseline scenario.

x4: BHIRESIRE

Table 4: Scenario setting of carbon emission

FIMEZTHRRE FIMEZTHERRE
T=E BiE Value setting B Value setting
Change rate | Time frame Scenario
P A u IS El ES P A U IS El ES
AR 2020 0.26% 6.03% 3.54% -3.55% -3.20% -2.00% AR (S1) i 1 1 1 1 1
Benchmark Baseline Medium | Medium | Medium | Medium | Medium | Medium
2021 ~ 2025 0.37% 5.50% 2.61% -1.60% -3.26% -2.20% PV R IE S (S2) | il thig thig 1R{E thig thig
R Industrial structure Medium | Medium | Medium | Low Medium | Medium
2026 ~ 2030 0.32% 5.00% 2.41% -1.40% -3.06% -2.00% o
Low optimization
2031 ~ 2040 0.27% 4.50% 2.21% -0.12% -2.86% -1.80% .
EEER (S3) HiE HiE F{E HiE ME ME
2021 ~ 2025 0.47% 6.50% 3.01% -1.20% -2.86% -0.18% Energy saving Medium | Medium | Medium | Medium | Low Low
HiE
Medium 2026 ~ 2030 0.42% 6.00% 2.81% -1.00% -2.66% -0.16% FERRER (S4) 1R1E K& K& K& K& K&
Green development Low Low Low Low Low Low
2031 ~ 2040 0.37% 5.50% 2.61% -0.80% -2.46% -0.14%
HMKRESR (S5) SE SE SE sE SE =B
- 0 0 [y _ 0 _ 0 - o
2021 ~ 2025 0.57% 7.50% 3.41% 0.80% 2.46% 1.40% Extensive development | High High High High High High
L
Egh 2026 ~ 2030 0.52% 7.00% 3.21% -0.60% -2.26% -1.20%
2031 ~ 2040 0.47% 6.50% 3.01% -0.40% -2.06% -1.00%
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3) Energy saving scenario: with low change rates of energy intensity and energy
structure and medium change rates of other influencing factors, this scenario
studies the carbon emission trend when reinforcing energy-related constraints,
improving energy efficiency, and increasing the proportion of clean energy in energy
consumption.

4) Green development scenario: with low change rate of each influencing factor,
this scenario examines the future carbon emission by assuming that instead of
economic growth, low-carbon development is prioritized.

And 5) extensive development scenario: with high change rate of each
influencing factor, this scenario explores future carbon emission all for economic

growth.

3 Research Results and Analysis

3.1 Future Carbon Emission of Each Comprehensive Economic Zone
The carbon emission regression fitting results of each province/city (Table 5)
show that, with the exception of a few provinces/cities, the determination coefficient

R’ of regression is 90% or above, performing a high goodness of fit.

*5: \ KRG ZEHRHFMEIHUSER

Table 5: Carbon emission regression fitting results of provinces/cities in each zone

Xif =1 2 2
Zone Provincelcity Cons In(P) In(A) (In(A)) In(U) In(IS) In(El) In(ES) k R
(=N =
FitGaeRK ﬂ_—T _ -22.424* 3.442%* 0.140%** 0.005 0.963%** -0.011 0.022 0.008 0.100 0.918
Northeast Liaoning
comprehensive
economic zone AL -81.128%+ 10.665** 0.184%%* 0.100%** 1.162% 0.078 -0.070 0.848** 0.100 0.939
Heilongjiang
=+=
J?';M( -73.782%** 10.130%** 0.150%** 0.008 1.071%%+ 0.405 0.014 0.397 0.080 0.955
inin
SIS 4 AL =
R B jt",?j 4.282%* 0.127 0.062* -0.012*% 3.339%** 0.050 0.006 0.119%** 0.050 0.829
Northern coastal Beijing
comprehensive
economic zone f’* 2144 0.431%%* 0.112%%* 0.027%** 2.159%%* 0.23 -0.004 0.124 0.080 0.941
ianjin
Wz -25.571%** 3.630%** 0.252%** 0.057*** 1.000%** 1.140%** 0.185** -0.029 0.150 0.973
Shandong
:j”bt , -6.218%* 1.476%%* 0.219%*+ 0.032* 0.261** 1.032%+* -0.077 -0.041 0.060 0.966
ebel
RIS/ LS ZFX 4
R L ) 0.038 0.703%** 0.068*** 0.008 0.849** 0.161 -0.074%* 0.242** 0.050 0.925
Eastern coastal Shanghai
comprehensive
economic zone JI” -34.915%%+ 4.724%%% 0.157%++ 0.025%** 0.733%+ 0.924%* -0.052%* 0.565%* 0.100 0.989
langsu
’%I_ -10.392%** 2.116%** 0.260%** 0.015 1.576%** 1.505%** 0.073 0.483 0.080 0.950
Zhejiang
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Table 5: Carbon emission regression fitting results of provinces/cities in each zone

Xiaf i=17] 2 2
In(P In(A In(A | In(l In(El In(E k R
Zone Provincel/city Cons n(P) n(A) (In(A) n() n(1s) n(ED n(ES)
S S S e A 4R S=
AR A X *‘“5_; -13.556%** 2.561%%* 0.180%** 0.041 %+ 0.997+** 2.374%+ 0.014 0.272 0.100 0.989
Southern coastal Fujian
comprehensive
economic zone fﬁ_”_ﬁ -18.745%+* 3.778%** 0.333%%* 0.095 1.490% 1.868%*+ -0.879%* -0.494 0.150 0.899
Hainan
S -2.480%** 1.046*** 0.158%** 0.033*** 1.344%%* 0.466%* -0.152%** 0.458** 0.150 0.988
Guangdong
N S AL o
ﬁﬂiﬁﬁﬁu’lﬁg B . -61.947%** 8.445%** 0.1771%** -0.004 0.717*** 1.532%** -0.218*** 0.698*** 0.140 0.975
The middle reaches Shaanxi
of Yellow River
comprehensive e -38.382* 5.678** 0.312%+ -0.055 2.807%++ -0.292 0.083 -0.571 0.050 0.938
economic zone Shanxi
IF 34.129 -2.848 0.232%** 0.032* 0.767*** 1.603*** -0.136 0.601 0.050 0.955
Henan
W%E % %k k koK * %k *kk * %k *kk
. -57.074 8.205 0.255 0.062 1.510 0.639 0.007 -0.15 0.100 0.985
Inner Mongolia
£ N g:ﬁ\'Aéj(t X >
J”"I:P_”ﬁ SRS 'ﬁﬁjt, 0.787 0.590 0.178%%* 0.003 0.595%** 0.107 -0.009 0.163 0.300 0.751
The middle reaches Hubei
of Yangtze River
comprehensive il 30.937%%* -2.664%%* 0.217%%* 0.030* 0.985%** 14155 -0.019 0.345 0.150 0.969
economic zone Hunan
fﬁ . -14.872%** 2.416%** 0.117*** 0.035** 0.412%** 0.866%** -0.112%** -0.203 0.080 0.991
iangxi
§€#‘ﬁ * %k * %k * %k k * %k *
Anhui 7.605 -0.078 0.150 0.025 0.673 0.756 -0.224 0.568 0.050 0.994
nhui
LZRERFX =
AEBEERRK = -27.6771%%* 4.010%** 0.2771%** -0.174%** 0.652%** -0.048 -0.177** 0.514** 0.150 0.923
Southwest Yunnan
comprehensive
H ==
economic zone BN 22.592%%* -1.798%* 0.179%%* -0.117%%* 0.660%** 0.890 -0.206%** 1.340%** 0.150 0.975
Guizhou
7)1
) 24.551 -1.975 0.206*** -0.050 0.692%** 0.934%** -0.095** 0.064 0.150 0.921
Sichuan
B ) 2.494 0.373 0.184%** -0.002 0.308** 1.698*** -0.020 -0.441 0.100 0.939
Chongging
A
. 12.019 -0.671 0.305%** 0.074* 0.647*** 0.486* -0.391*** 0.702** 0.100 0.978
Guangxi
LRERFKX N
AELEEEFRE HA -18.307*** 3.136%** 0.159%** -0.052* 0.425%** 0.273** -0.226%** 0.652** 0.130 0.985
Northwest Gansu
comprehensive
economic zone 5
Qinghai -7.670*%* 2.105%** 0.160%** 0.096** 0.799*** 1.562%** -0.254** 0.256* 0.080 0.982
TE
Ningxia -31.819%** T ALT*** 0.435%** -0.277 3.879%** 8.825%** 0.017 0.949 0.200 0.895
j?i?r’ljjiiaang -2.330** 1.162%** 0.207*** 0.095%** 0.770%** 0.138 -0.424%** 0.4271%** 0.200 0.989
i* NOTE
*Fkp <0.1; *R%Ep <0.05; **KF*p<0.01, *means p < 0.1; ** means p < 0.05; *** means p < 0.01.
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The study found that the significance level of each influencing factor on carbon
emission differs. For example, for Liaoning Province, the impact of population is
the most significant, where for every 1% increase in population, carbon emission
may increase by 3.442%. However, for Chongqing City, industrial structure is the
most significant factor, where for every 1% reduction in industrial structure, carbon
emission may be reduced by 1.689%. Overall, factors of population, urbanization
rate, and industrial structure have a relatively significant impact on carbon dioxide
emission of Chinese provinces/cities.

After obtaining relevant parameters of the carbon emission regression for
each province/city through ridge regression analysis, the research puts the values
of change rates of each influencing factor into STIRPAT model, and obtains the
carbon emission prediction result of each province/city. In the process, the carbon
emission of each zone is estimated as the sum of the calculation results of every
province/city included, and the carbon emission peak is approximated upon the
overall carbon emissions. As shown in Table 6, three of China’s eight comprehensive
economic zones (northeast, southwest, and eastern coastal) can achieve carbon
peaking before 2030 under baseline, industrial structure optimization, and energy
saving scenarios. Under green development scenario, in addition to the above three
economic zones, the northern coastal, southern coastal, and the middle reaches of
Yellow River comprehensive economic zones can also achieve carbon peaking by
2030; the middle reaches of Yangtze River and northwest comprehensive economic
zones cannot achieve carbon peaking by 2030 under any scenario. According to the

peaking time under each scenario, the eight zones can be classified into three types,

*6: FRIBRTEXGBAIEREHN

Table 6: Carbon peaking prediction of each zone under different scenarios

X taf

i S1 S2 S3 S4 S5

Zone

VPN S
FitEEFK . . 2012 2012 2012 2012 —
Northeast comprehensive economic zone
LRSS BHR _ _ _ 2019 _
Northern coastal comprehensive economic zone
LY i ALY
REVERGEZFX . ) 2025 2025 2025 2020 —
Eastern coastal comprehensive economic zone
HARELEALHK _ _ _ 2020 _
Southern coastal comprehensive economic zone
B RS E R _ _ _ 2030 _
The middle reaches of Yellow River comprehensive economic zone
KIFREEEFX _ _ _ _ _
The middle reaches of Yangtze River comprehensive economic zone
VPN &

REBGERTX . . 2014 2014 2014 2014 —
Southwest comprehensive economic zone
AEALGARFK B B o o o
Northwest comprehensive economic zone
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TERRRLCR NS SO AR T R T, RILGA 2T X T20124F
FIRIA I . AT, ZRACHLIX A GD P AR X 22 BEAR W R,
L PEERHLIX Z R ET AR/, KON T A 201445 B M BT, i
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1. Tt FREGBS KRS EEF KA
1. Carbon emission predictions of northeast, eastern coastal, and southwest
comprehensive economic zones.
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Extensive development scenario

namely zones that can achieve carbon peaking under baseline scenario, zones that
can achieve carbon peaking under conditional scenarios, and zones that cannot

achieve carbon peaking under any scenario.

3.2 Zones That Can Achieve Carbon Peaking Under Baseline Scenario

The northeast, eastern coastal, and southwest comprehensive economic
zones can achieve carbon peaking under baseline scenario (Fig. 1), while the
corresponding peaking paths vary. As the northeast comprehensive economic zone
has been lagging or even stagnant in its socio-economic development and seen a
decreasing population growth, it can achieve a passive carbon peaking resulted
from socio-economic recession, which is not conducive to its long-term sustainable

development. In contrast, the eastern coastal and southwest comprehensive

economic zones have a relatively high social and economic vitality, coupled with the

ongoing green-oriented transformation in industrial structure, energy intensity, and
energy structure, enabling them to actively achieve carbon peaking by 2030 while
guaranteeing the sustainability of socio-economic development.

(1) The passive peaking path of northeast comprehensive economic zone

Except for extensive development scenario, the northeast comprehensive
economic zone should have achieved carbon peaking by 2012 under all other
scenarios. At present, the GDP per capita gap between the northeast and eastern
regions has continued to widen, and that gap with the central and western regions
has gradually narrowed; Population in the zone has witnessed a negative growth
since 2014 and an accelerated loss of residents in recent years'”; Since it has an
early and developed industrialization, the growth rate of urbanization in this zone

is also slowing down'""'in recent years. The outflows of natural, labor, capital,

[70

and technological resources and other production factors'”’, and the industrial

structure pillared by industrial sectors have principally obstructed the provincial
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development'”?. On the whole, the zone is losing its economic strength and suffering
from the dilemma of “regional collapse””.

The prediction results show that the carbon emission of Liaoning Province will
keep growing, but that of Heilongjiang and Jilin Provinces will sharply decline,
leading to an estimated carbon peaking of the northeast comprehensive economic
zone by 2012. This prediction is earlier than other forecast results”", which
might result from the difference of data sourcing in the economic downturn and
accelerated population loss”"""!,

(2) The active peaking path of eastern coastal and southwest comprehensive
economic zones

It is estimated that the southwest comprehensive economic zone should have
achieved carbon peaking by 2014 in any scenario except for extensive development.
The carbon peaking time of the eastern coastal comprehensive economic zone is
predicted to be 2025 under baseline, industrial structure optimization, and energy
saving scenarios, and 2020 under green development scenario—This is consistent

*!that under baseline and optimization

with the prediction by Yue Shujing
scenarios, the Yangtze River Delta city constellation (the eastern coastal
comprehensive economic zone in this study) can achieve carbon peaking before
2030.

According to China Statistical Yearbooks, China Population & Employment
Statistical Yearbooks, and relevant statistics documents of each province/city, the
compound annual growth rate of the southwest comprehensive economic zone in
GDP per capita, urbanization rate, and population was 8.31%, 2.53%, and 0.56 %,
respectively, from 2013 to 2019, which were higher than the national average,
suggesting that these factors had a strong driving effect on the provincial carbon
emission; the compound annual growth rate in industrial structure, energy intensity,
and energy structure in that period was 3.83%, -6.62% and -4.28%, respectively,
which were largely lower than the national average rates. The green transformation
of industry and energy has facilitated the promotion of high-quality provincial
development”* and reduction in carbon emission. Similarly, the development of
the eastern coastal comprehensive economic zone in recent years has always been
leading nationwide'””, and the rapid growth in population and GDP per capita
has propelled the increase of its carbon emission. Since the zone sees advance in
technology development and has the highest energy carbon emission efficiency in

[76]

comparison to other zones"”", it can achieve carbon peaking by 2025 under baseline

scenario.

3.3 Zones That Can Achieve Carbon Peaking Under Conditional Scenarios
Among conditional scenarios, the northern coastal, southern coastal, and
the middle reaches of Yellow River comprehensive economic zones should have

achieved carbon peaking under green development scenario in 2019, 2020,
and 2030, respectively. The former two zones are coastal regions and national

1771

economic anchors since China’s reform and opening up'”, with more concentrated

population inflow!”* and higher socio-economic demands, making it difficult to
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2. Carbon emission prediction of northern coastal comprehensive economic zone
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achieve carbon peaking. For the latter, the difficulty in achieving carbon peaking
is resulted from the region’s energy-exporting development mode determined by
its resource endowment. In future it is necessary to consider the impact on carbon

7 and

emission by regional inter-cooperation and possible carbon emission transfer!
its peaking path needs to be coordinated with the national carbon peaking vision
while avoiding harsh targets unfavorable to regional economic development.

(1) Northern coastal comprehensive economic zone

It is predicted that under baseline scenario Beijing City and Hebei Province
in the northern coastal comprehensive economic zone should have achieved
carbon peaking in 2010 and 2013, respectively, which is consistent with the
reported carbon peaking time in CEADs. Shandong Province can only achieve
carbon peaking under green development scenario (in 2019), and Tianjin City
will fail achieving carbon peaking under any scenario. Overall, northern coastal
comprehensive economic zone cannot achieve carbon peaking by 2030 under
baseline scenario (Fig. 2).

Notably, the prediction that Tianjin cannot achieve carbon peaking under any
scenario is inconsistent with the reported carbon emission or other prediction
results””. A possible reason for this deviation is that the data in carbon emission
driving factors such as urbanization rate and population used in this study are
sourced from Tianjin Urban Master Plan (2015-2030), according to which the
both factors will reach 91% and 21.5 million in 2030, respectively. The figures are
relatively high, leading to that the estimated carbon emission growth may be higher
than the actual increase.

According to the result of carbon emission regression fitting, the most significant
factors affecting the carbon emission of Shandong Province are population,
industrial structure, and urbanization rate. Since generally it is not encouraged to
decrease the growth in population, urbanization rate, and GDP per capita for the
reduction of carbon emission”®, the control and optimization of industrial structure
may speed up the carbon peaking of Shandong.

(2) Southern coastal comprehensive economic zone

For the southern coastal comprehensive economic zone, Fujian Province should
have achieved its carbon peaking in 2020 under baseline, industrial structure
optimization, energy saving, and green development scenarios. Guangdong Province
can only achieve carbon peaking under green development scenario (in 2025), while
Hainan Province cannot achieve carbon peaking in any case. Therefore, the delay in
peaking time of the zone is subject to the heavy carbon emission of Guangdong and
Hainan Provinces (Fig. 3).

Specifically, the two driving factors to the growth of carbon emission in
Guangdong Province are urbanization rate and population. Besides, Guangdong
accommodates a number of concentrated high carbon industries, the production and
supply of electric power, steam, and hot water industries all bring about high carbon
emissions®”. Optimizing industrial structure and improving the technological level
of industries may effectively curb the total carbon emission of the province. Hainan

is the fifth special economic zone in China, with tourism as its pillar industry that
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3. Carbon emission prediction of southern coastal comprehensive economic zone

4. Carbon emission prediction of the middle reaches of Yellow River comprehensive
economic zone
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is greatly supported by national policies; besides, the establishment of Free Trade
Port has further promoted its economic development®'!, In the near future, it may
be difficult for Hainan to achieve carbon peaking in an upward economy. Since
the provincial industrial structure is dominated by service sectors, developing blue-

21 in Hainan needs to be

carbon industries based on the rich marine resources
considered in its future development.

(3) The middle reaches of Yellow River comprehensive economic zone

The forecast results (Fig. 4) of the middle reaches of Yellow River
comprehensive economic zone show that Shaanxi and Henan Provinces should
have achieved carbon peaking in 2017 and 2011 respectively under baseline
scenario, Inner Mongolia would only achieve carbon peaking under green
development scenario (in 2019), and Shanxi cannot achieve carbon peaking under
any scenario.

Shanxi and Inner Mongolia, as the top two energy-exporting provinces in
China™"®¥ both have difficulty in achieving carbon peaking by 2030. For Shanxi
Province in particular, by 2015, approximately 64% of its energy production
was still transported out of the province, and its proportion of power generation
keeps climbing, which has resulted in a rapid increase in the provincial carbon
emission®”. Wu Qinglong et al. studied the carbon peaking time of Shanxi during
the period from 2016 to 2040 through the open and closed STIRPAT models—
The influencing factors on carbon emission for the open model were selected from
both provincial and national perspectives, and the ones for the closed model were
selected from provincial perspective only. The research findings in the closed model
shows that Shanxi could not achieve carbon peaking under any scenario, revealing
that Shanxi lacks a complete control over its carbon emission peak. However,
in the open model, a peak in carbon emission can be found during the studied
period of time, indicating that whether its carbon emission peak occurs within

the forecast period would be largely determined by the national visions on carbon
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5. Carbon emission predictions of the middle reaches of Yangtze River and northeast
comprehensive economic zones

KIHHFGEAREFX
The middle reaches of Yangtze River comprehensive economic zone

F1

emission™!. The predicted carbon peaking time of Inner Mongolia is also later than
other studies®". This may be because its end-use consumption is mainly in power

|, so its carbon emission will increase along with economic

and chemical sectors'®
growth.

On the whole, the economic development mode of the middle reaches of
Yellow River comprehensive economic zone—determined by factors of resource
endowment, energy technology level, energy allocation, and coal-dominated energy

structure—has compromised its environmental quality'®”!

, making it difficult to
achieve carbon peaking by 2030. Therefore, this zone should not only improve its
capacity in energy saving and carbon emission reduction, but also formulate related
policies favorable for regional development and conforming to the low-carbon
emission visions of other allied regions. In addition, enhancing energy efficiency

and renewable energy inputs may accelerate the achieving of carbon peaking.

3.4 Zones That Cannot Achieve Carbon Peaking Under Any Scenario

The middle reaches of Yangtze River and northwest comprehensive economic
zones cannot achieve carbon peaking under any scenario (Fig. 5). These two
inland zones witness a rapid development under the national policies such as
Rise of Central China and Develop the West Campaign. However, due to the late
development and current extensive production mode, it is difficult for the two
zones to achieve carbon peaking in short term.

For the middle reaches of Yangtze River comprehensive economic zone, the
estimated carbon peaking time of Hunan Province under baseline, industrial
structure optimization, energy saving, and green development scenarios is 2012;
Hubei, Jiangxi, and Anhui Provinces cannot achieve carbon peaking under any
scenario. The prediction result for Hubei is different from current board outlook
that the province can achieve carbon peaking during 2021 to 2025%"*7, A reason

for this disparity may be that the k value selected in the ridge regression is relatively
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Northwest comprehensive economic zone
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large, which leads to the low goodness of regression fit in STIRPAT model for
carbon emission prediction (R* = 0.751) and thus a low prediction accuracy.
Anhui and Jiangxi are more likely to be affected by factors of industrial structure
and energy structure, respectively. Solutions such as increasing capital investment
in technological development, encouraging technological innovation, optimizing
industrial structure, and promoting the proportion of clean energy help reduce
carbon emission reduction in the two provinces.

For the northwest comprehensive economic zone, the forecast results show
that Qinghai and Ningxia should have achieved carbon peaking in 2013 and
2019 under baseline, industrial structure optimization, energy saving, and green
development scenarios, while Gansu and Xinjiang cannot achieve carbon peaking
under any scenario. In recent years, under the Develop the West Campaign, the
northwest comprehensive economic zone has experienced vibrant growth in
economy, population, and urbanization rate. According to the reported statistics
of each province in the zone, the zone has a large proportion in industrial sectors,
a low energy utilization efficiency, and a hardly decreasing (or even slightly
growing) proportion of coal consumption, making it difficult to achieve carbon
peaking. The regression fitting analysis shows that factors of industrial structure
and energy structure have a significant impact on the carbon emission of each
province in the zone. Thus, optimizing industrial and energy structure may
reverse the growth of carbon emission, and the improvement of energy utilization
efficiency and the promotion of new technologies may also shorten the time till
carbon peaking.

Although the prediction tells that the middle reaches of Yangtze River and
northwest comprehensive economic zones cannot achieve carbon peaking
under any scenario, the economic development of the two zones should not be
compromised simply for carbon peaking. Considering the late development and
adhering to the national policy of Common Prosperity, the two zones should
gradually promote industrial upgrades and shut down backward production
capacities, so as to achieve carbon peaking as early as possible and to boost high-

quality regional socio-economic development.

3.5 Simulation of Carbon Peaking of China’s Comprehensive Economic Zones

Based on the prediction above, this paper proposes seven carbon peaking path
strategies for China’s comprehensive economic zones (Table 7).

1) Baseline strategy: each zone adopts baseline scenario and sets development
targets according to corresponding provincial/municipal planning documents.

2) Industrial structure optimization strategy: each zone adopts industrial
structure optimization scenario, further reduces the proportion of industrial
sectors, promote industrial transformation and upgrading, and formulates future
policy standards based on those under baseline scenario.

3) Energy saving strategy: each zone adopts energy saving scenario, further
improves energy efficiency, optimizes energy structure, reduces coal use, and

promotes the use of clean energy.
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Table 7: China’s carbon peaking strategy scenario setting
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4) Green development strategy: each zone adopts green development scenario,
promotes low-carbon development, increases investment in green industries, and
imposes policy constraints to guarantee national green development.

5) Extensive development strategy: each zone adopts extensive development
scenario for a rapid economic growth, with less policy support on industrial
transformation, energy efficiency improvement, and clean energy development.

6) Synergic peaking strategy: the northeast, eastern coastal, and southwest
comprehensive economic zones that can easily achieve carbon peaking adopt
baseline scenario, and the others take green development scenario; this strategy
aims not only to promote the economic development in the former three zones, but
also to accelerate the national carbon peaking progress.

7) Synergic development strategy: the eastern, southern, and northern coastal
comprehensive economic zones that are economically developed™® adopt green
development scenario, the northeast comprehensive economic zone that witnesses
an economic recession adopts baseline scenario, and the others take industrial
structure optimization scenario; this strategy aims to reduce carbon emission while

minimizing constraints on the less developed and recession affected zones.
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Figure 6 shows that adopting the baseline strategy will not lead to a
nationwide carbon peaking by 2030 if each zone implement current planning
schemes. Meanwhile, carbon emission will be significantly slower compared with
adopting the extensive development strategy. The carbon emission simulation of
adopting energy saving and baseline strategies are similar, suggesting that simply
lowering energy intensity and optimizing energy structure would little reduce
carbon emission. If exclusively adjusting industrial structure (i.e., adopting the
industry structure optimization strategy), China’s carbon emission will continue
to grow beyond 2030 but at a slower rate. In conclusion, if implementing current
planning schemes, constraining single factors on energy and industry can only
slow down the growth of carbon emission but cannot ensure a national carbon
peaking by 2030.

With the synergic peaking strategy, it is estimated that China will successfully
achieve carbon peaking by 2030. However, this strategy will constrain the
economic development of some zones, and might exacerbate the principal
contradiction “between unbalanced and inadequate development and the people’s
ever-growing needs for a better life”"®. Considering a balanced nationwide
development and the goal of achieving carbon peaking, adopting the synergic
development strategy can reduce the growth rate of carbon emission compared
with the strategies constraining single factors, but still fail to achieve carbon
peaking by 2030. With the green development scenario strategy, the estimated
results show that China should have achieved carbon peeking in 2019, which is
inconsistent with the actual carbon emission. It can be concluded that none of the
above seven carbon peaking strategies can achieve a nationwide carbon peaking

while guaranteeing a balanced development.

4 Conclusions

The estimation results show that there are differences in achieving carbon
peaking time among China’s eight comprehensive economic zones. Accordingly,
the zones can be classified into three groups.

1) Zones that can achieve carbon peaking under baseline scenario: the
northeast, eastern coastal, and southwest comprehensive economic zones, through
passive or active achieving paths.

2) Zones that can achieve carbon emission under conditional scenarios: the
northern and southern coastal comprehensive economic zones as China’s economic
centers, and the middle reaches of Yellow River comprehensive economic zone
as China’s energy-exporting center; among the covered provinces/municipalities,
Tianjin, Shandong, Guangdong, Hainan, Shanxi, and Inner Mongolia see difficulty
in achieving carbon peaking under any scenario.

And 3) zones that cannot achieve carbon peaking under any scenario: the
middle reaches of Yangtze River and northwest comprehensive economic zones,
among the covered provinces, only Hunan, Qinghai, and Ningxia can achieve

carbon peaking by 2030.
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At present, the growth momentum of carbon emission in less developed zones
continues, which is difficult to be curbed through constraining single factors. Each
comprehensive economic zone is different in resource endowment and development
level, causing a disparity in the significant influencing factors to carbon emission.
Carbon peaking policies should be tailored to suit the actual development situation
of each zone, avoiding hindering the socio-economic development of some less
developed zones through a unified peaking path. According to the estimation,
second only to the green development strategy, zones adopting customized peaking
strategies (i.e. synergic peaking strategy, synergic development strategy) yield better
results in curbing carbon emission growth, compared with adopting scenarios
that constrain single factors (i.e. industry structure optimization strategy, energy
saving strategy). Therefore, adopting customized strategy for each comprehensive
economic zone while emphasizing the long-term low-carbon development in less
developed ones could be more appropriate to achieving a nationwide carbon
peaking.

On the whole, the study results are largely consistent to the growth momentum
of observed carbon emissions or relevant research results. The differences between
the observed and estimated carbon peaking time in some zones may be due to the
inconsistency between the actual and assumed change rates of influencing factors
on carbon emission. Taking the factor of population as an example, a large number
of studies show that China’s population growth is slowing down, and even will
usher in a turning point in § to 10 years™”™""; however, the predicted population
in many existing local planning schemes are still high. In this study, some of the
estimated local population growth rates were lowered reference to the reported
data in recent years to reduce estimation deviation. However, the possibility of
systematic deviation cannot be easily ruled out.

In this study, the indicators of population, GDP per capita, and urbanization
rate collected from local planning schemes are mostly expected indicators, and the
long prediction period in some planning schemes may cause data inconsistency with
the reality. For future research, it is suggested to combine the latest authoritative
prediction studies and short-term planning schemes to improve estimation accuracy.
In addition, it is necessary to take impact of energy transmission and carbon
emission transfer into account, to think beyond from a single perspective—Carbon
peaking cannot be achieved only through regional efforts, but through regional
cooperation and coordination to ensure an equitable and balanced national

development of the nation. LAF
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