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Abstract: Research on CO, emissions and the economic cost of carbon reduction has received increasing attention from
academics and policy makers. The Chinese government’s statement on striving to achieve carbon neutrality by 2060 has
aroused the heated discussions in the international community. In this context, it is of practical significance to predict
China’s future long-term CO, emissions scenarios. Based on the Stochastic Impacts by Regression on Population, Affluence,
and Technology ( STIRPAT) model, this paper evaluates the impacts of population, economy, and education on CO,
emissions and verifies the accuracy of the CO, emission prediction model by comparing with historical data. Combined with
the settings and model parameters of the Shared Socioeconomic Pathway ( SSP) scenarios, this paper predicts China’s CO,

emission trajectory and economic costs from 2020 to 2100 under five scenarios. The results show that: (1) considering the
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realization of the goal of reaching the peak of CO, emissions, the SSP3 scenario is the best scenario for China's future
development. Under this scenario, China is expected to achieve the goal of reaching the peak of CO, emissions three years
ahead of schedule. (2) The SSP3 scenario can keep China’s annual total CO, emissions and per capita CO, emissions at the
lowest levels relative to the other four scenarios, but at the cost of a cumulative GDP reduction of 5.49% to 8.80%. (3) To
fulfill the commitment to achieve CO, emission neutrality by 2060, the Chinese government will need to face a CO,
neutralization amount of 409.36 to 467.42 Gt over the next 40 years. (4) China’s CO, emission intensity in 2020 will be 40.
52% to 41.39% lower than the 2005 level, and the CO, emission intensity in 2030 will be 59.64% to 60.75% lower than
the 2005 level. Among the five scenarios, the SSP5 scenario is the best scenario for reducing the CO, emission intensity,
which can exceed the CO, emission intensity target to the maximum extent. In the future, the pressure of the Chinese
government to reduce CO, emission will further increase which is affected by important factors such as economic development
and population growth. In the post-epidemic era, considering the reduction of energy supply and the development of high-
tech industry, the rising social cost of CO, emissions will create an opportunity for China to decarbonize the energy system.
China should continue to improve energy efficiency, upgrade industrial structure, promote low-carbon consumption and
implement implied carbon strategy during the 14th five-year Plan period, so as to achieve the CO, reduction target as soon

as possible.

Key Words: CO, reduction commitment; CO, emission forecasting; shared socioeconomic pathways; STIRPAT model
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Table 1 Specific settings for different SSP scenarios
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SSP5 . AL ARAEL R T 48 Fossil-fueled development

1.2 STIRPAT 43Hr
STIRPAT HYZERITE N .
I=aP A T (1)
K, 1P AT RFRHECROL N ST RIRFEAREH ., b.c.d 57310 3 DRI R MRS e
BRI SHL e NIRZETN, RBIAYIE —A> 2 A8 T AR LR AR 43 Sl Xk 5 19 i 4 %o Ak Ak B8 T A4S 38 DR Ze
Y,
In/ =1na + bInP + clnA + dInT + Ine (2)
ISEARBEAEAS SO B et o 5T SR IRTBE , A SC 43 54 F S N H (POP) | A GDP (PGDP) Fl3Z
HEAFBE T (EDU) RAEN T B4 BERERIK o S 17 5 g it 0T v 6] i 50 1) A Ok s #4047 131
W 75 TR BN A R AEAR AT e . XTI FE 24 1R 24 i 26 (EKC) BIAETEME: 1 2 L & LU b [ % R 4R
T X I (AR g — 58 Rk, A 2 EEXF EKC 78 0 [ AR e PR UEA T P36, BRI 55, A3
A GDP {9 RIS ABIAY | 25 b AR SCEEST B HE R A A 40 R
InCE =1na+bInPOP+¢, InPGDP+¢,( InPGDP ) > +dInEDU+Ine (3)
1.3 ST siR
A SCAHF Cobb-Douglas A& 7 BREAE S 2855 W0 (1) JE AR T 5L 3207 L C g 12 H FH T 2 BRAN 4% [ 1 46 5
fFgE ) AN
Y(t) =K(t) “ L(¢) ""*TFP(0) " (4)
K, Y A3 GDP,L K F1 TFP 43R £ S5 sl 1 AR R B R A =% o [REME R, A RERHE A,
it F L, A SCfifi FH Leimbach 251 #257 (955 3 8 AGTHRAMEZR AT . 4T K, AR SO R S8 A7 10 % 4%
B R ALFRIATIHA . &5 R RD P KBRS 2] TFP, Sl EZE A R 56 F 2
S SRR, T BT SSPs ME 4L X AR 2 45 1) oA ok % JRAH Stk AT BB, A LB % T Leimbach % M2 K
ST RIRESY B TS
1.4 BdRE
AR SCHAT S PR T T 5 8 B AT A g S S R i S R A
Dy s gt . B HE RO S VR T b E R HESOSE 7E (CEADs ) . % JE % CEADSs T 5% 9 P 48 SO HEOE I
I AT IB I A 1997 429 HILF SSPs AESRUEA T 19748 5 T 46 T 2010 4, PRMAS SORE Dy st 5008 1 12 B R
fih 1997 4E 2 2010 4F T B PU sk A B HE B , AR SCHY SEA T 9% o S BR PG 804 ) 30 Ny, AH
FIAYY GDP B kU5 T &4 DHAE M G AR5 . ARSCHY D7 st Bl 8 i FH F STIRPAT 2308, 3% 2 JB/R T A8 &t
MIGETTH R
FRMEHE . Chen 25147 BTN 10 2 4RI FN SSPs HEZRAEE T 2011 Z 2100 4F v 645 20\ 1 75 %k
PEE o A Sl FH 9 DTN BE S IR T2 8 5 (https :// doi.org/10.6084,/m9. figshare. ¢.4605713) , Rt Z

http ; //www.ecologica.cn



24 1 R 4 A SR IAR T E 2020—2100 FERRHER AU 5T 9695

S, R T AT BRI ARSI 4548 D AR R ST AR SR T B A B R 2R W i 8 R GDP
S

R2 EETENGITEER

Table 2 Statistical results of model variables

A ¥fH brifE 22 e/ M WRE s AL
Variable Mean Standard deviation Minimum Maximum Unit Sample size
CE 165.36 131.05 7.20 766.60 A 420
pop 4259.22 2583.46 495.60 10441.00 PN 420
PGDP 16037.57 13874.75 2215.00 78989.00 Jt 420
EDU 224.90 156.57 9.96 857.62 VPN 420

CE . BHEL CO, emission; POP; 5 A [T Total population; PGDP ; A4 [E N A= 7= B fE Gross domestic product per capita; EDU: 3233 B 58 E A
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Table 3 The error evaluation index results related to population forecasts

e N -
it MAE RMSE MAPE R AR
Variable Unit Sample size
POP 61.83 100.74 1.33% DN 210
EDU 17.01 24.45 4.26% PN 210
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Table 4 Error evaluation index results related to economic forecasts

e MAE RMSE MAPE e AR
Variable Unit Sample size

TGDP 1829.84 2783.65 7.89% {¢.7t 210

PGDP 4201.13 5580.95 8.33% Jt 210

TGDP . i E PN AE 7= BB Total gross domestic product
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BN NS AR 2010 4E Z 2100 4E A H GDP SARSE B 5 2 AT XL 20 HT . 4550 WoR, B 1 AL
GDP ) MAPE “FH{E 535N 6.69% ( SSP1:5.57% ; SSP2:7.04% ; SSP3:7.70% ; SSP4 :7.07% ; SSP5 : 6.08% ) Al
7.01% (SSP1:6.52% ;SSP2 :5.40% ;SSP3:5.50% ; SSP4 : 8.28% ; SSP5:9.37% ) , . Y 4b 7« v B Aty ) T )
JEREIN . 2L, AT LA AR SO T RieHE BRI i N 1 R 55 A8 1 HoAT = BRI

http ; //www.ecologica.cn



24 1 R 4 A SR IAR T E 2020—2100 FERRHER AU 5T 9697

72 SSP1—SSP5 48 SSP1

SSP2 SSP3

2227

AFIGDP Per capita GDP/(X 10%5%)

40 SSP4 75 SSP5

2040
2050
2060
2070
2080
2090
2100
2010
2020
2030
2050
2060
2070
2080
2090
2100

f= (=3 (=3
— [\ [sa)
f=3 (=3 (=3
N N N

Sy Year

2 SSP1—SSP5 &R THE A GDP Hill& R
Fig.2 Forecast results of China’s per capita GDP under SSP1—SSP5 scenarios
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Table 5 Model results of factors affecting CO, emissions

A5 Variable

OLS #5574

FE $%

RE £ #4Y

InPOP 0.5811 """ (11.09) 0.2310(1.34) 0.6563 *** (7.89)
InPGDP 1.5527*** (2.88) 1.4922*** (5.48) 1.9013 *** (8.24)
In(PGDP)? -0.0629 ** (-2.22) -0.0460 """ (-3.19) -0.0685 """ (~5.66)
InEDU 0.3089*** (5.17) 0.0899 *** (2.94) 0.0754 ** (2.52)
WAL -10.4980 *** (-4.10) ~7.4602 """ (-3.17) ~12.6880*** (-8.83)
R? 0.8055 0.9075 0.9060

FEAAR Sample size 420 420 420

OLS; ¥ fi/N 7% Ordinary least squares; FE: [EEZV Fixed effects; RE:FEHLZN Random effects; # * * % % Z3HFRRNEE 1% 5%H)
WK F R RSN St

T AR TI A4 BE 2 A, AN SCRE R T A5 AR S A e HER (0 o 62 85 SE PR ELEA T HO AR, S 2R LI 3
P 4 SRBRAHERCH SR LA, 260 3.1 000 A SO PR 228 o0l B i) B PR BEA T 1 PEAS AR 3R 6., &5
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Table 6 The result of the error index for the prediction of CO, emissions
Bk MAE RMSE MAPE i AR
Test Unit Sample size
FEAS N AG In-sample test 0.23 0.25 5.42% 10 {21 420
FEASME S Out-of-sample test 0.26 0.35 2.74% 10 {21 210
SMAKIE Overall test 0.24 0.29 4.53% 10 421 630
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