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Abstract: In view of the carbon reduction pressure faced by provinces and cities under the “double carbon” target, a
forecasting method for peaking carbon emissions was proposed. Using Tapio decoupling index analysis method and the
LMDI model, combined with Chongqing’ s economic development data and carbon emission data, the influencing factors of
carbon emission were analyzed and the peak situation was predicted. The results show that: overall, the carbon emissions
in Chongging had increased in the past 15 years, but the annual carbon emissions only accounted for 1% ~2% of the
national carbon emissions in the same period; from the perspective of the proportion of carbon emissions in the four major
energy industries of coal, oil, gas, and electricity, the proportion of carbon emissions from coal and electricity declined
significantly, and the proportion of carbon emission from oil and gas increased significantly; the decoupling of economic

growth and carbon dioxide in Chongqing was relatively good, and it has been in a state of relative decoupling of expansion
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Chongqing’ s carbon emissions are mainly affected by urbanization, population growth and economic growth; according to

the forecast results, under the benchmark scenario, Chongging’ s carbon emissions will peak at 206 million tons in 2034,

and in the peak scenario mode, in 2029, the peak carbon emissions will peak at 185 million tons, 21 million tons less

than the traditional model. This paper puts forward countermeasures and suggestions for the green development of

Chongqing, such as optimizing the industrial structure, building a clean, low—carbon, efficient and diversified energy

system, and accelerating green indusiry, green transportation and technological innovation. It has certain reference

significance and reference value for all regions to make specific measures to achieve the goal of “double carbon”.

Keywords : “ double carbon” target; Tapio decoupling index; LMDI model; carbon emission forecast
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Table 1 China and Chongqing’s carbon emissions in major
years from 2005 to 2019 (unit: 100 million tons)

F My 2005 2010 2012 2014 2016 2018 2019
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1.11 1.19 1.39 1.43 1.60 1.63 1.65
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Table 2 Chongqing’s carbon emissions by energy types in

major years from 2005 to 2020
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Fig.1 Decoupling of economic growth and carbon
emissions in Chongqing
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Table 3 The overall situation of decoupling between economic

development and CO,emissions from 2016 to 2019 of Chongqing

F4 ACO,/CO, AGDP/GDP  FiAyrebk LA L

2016 0.032 0. 107 0.299 ¥ ikAastpi
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2019 0. 020 0. 063 0.317 ¥ ikAastpish
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Table 4 The carbon dioxide decoupling elasticity of three
industries in Chongqing from 2016 to 2019
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Table 5 Carbon dioxide decoupling in high energy—consuming

industries in Chongqing from 2016 to 2019
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2019 0.035 0. 036 0.972 Fikik
2016 -0.063 0.113  -0.558 RN
%= 2017 0.084 0.093 0.903 Fikikds
ik 2018 0.095 0. 030 3.167  FikAaxt fi B4
2019 -0.039 0.064  -0.609 %3¢ LA
2016  0.203 0.11 1.845 ¥ skAasst fi B
%= 2017 -0.013 0.101  -0.130  #xpi4h
& 2018 0.034 0. 090 0.378 ¥ skARst AL
2019  0.063 0. 064 0.984 Fikik

Fl HF4y ACO,/CO, AGDP/GDP LA5EM  BLAH L
Z o e 2016 -0.284 -0.023  12.348 miBAAXTHLAY
I, % 2017 -0.768 -0.207 3.710 EiBAAstHiL
1B
WA Ae 2018 —0.526 0.353  -1.490  #s+pi4
TE 0019 0077 -0.616  -0.125 3 fi B4
2016 —0.378 0.057  —6.632 4,58 AR
L F R )
o 2017 0.423 -0.187 -2.262 %34
FHE 018 0.117  -0.040 -2.925 3t fpi
) %
2019 -0.101 -0. 060 1.683  FiBAAATBLA
2016 -0.134 0.121 -1.107 4,58 LA
F2Bk o017 0383 -0.219 -1.749 iR B4
B4 )
=4 2018 -0.308 0.039  -7.897 % 3T A
2019 -0.143 0.070 -2.043 4,35 LA
— — 26, %< f"’l 5,44
@b 2016  0.171 0.129 1.326 & 2T 5 LAh
b 2017 -0.376  -0.391  0.962 FiBiE R
BIER 2018 0.965 0.191 5.052 4 IRARRT 7 LA
Jm Ik 5 "
2019  0.081 0.190 0.426 I kARSI BLA
2016  -0.007 0.097 -0.072 28,55 B4
e
5tk 2017 -0.046  -0.183  0.251 skiBARAt§i Bi4h
BEIE 2018 0.132 -0.109 -1.211 #3364
Jm Tk . .
2019  0.434 0.182 2.385  yikAmxt fi B4
w 5 2016 -0.217 0.049  —4.429 435 AR
# ey 2017 0.547 -0.045 -12.156 43+ i B4
& 5F 2018 0.153 0. 066 2.318 I ikAnxt fi B4
PR 5019 0,155 0.042  -3.690 st




%24

BRAR, % RO B AR R B R T AR AR R e B R R L BT R 11

4 WRHEBERS) R & 5 b
4.1 fgHEGEm R 5 Br gy
HAT, E N b2 F 2R Laspeyres 8 %4 | Fisher
AR RS O H (e TG A8 oo 12 (LMDI) | B AL
STIRPAT 45 A 38 7 fif 125 A A 8 7 ¥ R 1 50 DX A7l
TAAAEERAR ARSI R . b T LMDL BAT REAE T
FRASREMERE(Y R 22000, BEAL BB 5 (B ), H B
TR R B ] B A5 O3 ik 45 R OS5 4G 5, LMDI
SR TR N B R I TR S A A
S AR BIE AT o3 A . R, EHT LMDI 43+ J7
XTI HE SR B R AT 9, B el ad T E Kaya
A 2O A B HE 23 D REVR &5 H4 (ES) BB IR
SRIE(ED) 7854 (1S) &P K (EG) 3 b=
(UR) LA E(P), 43 #fr 78 R PR R %k i Py — A Ak e HE
AR | — SRR HE R AR 3 (2) s
co, :gxix%x@xExP =
E GIO GDP PC P
ESXEIXISXEGXURXP (2)
W) — AR AR HE R AR A FT AR R AT
ACO,=ES"CI"IS"EG"UR"R"-ES"CI’IS"EG"UR"P" =
AC+AC,+AC +AC+AC ,+AC,
HRHE LMDI J7 ik, %F b 2o A i
T 0 E[T
AC, =Y L(C",C )ln(EIO)
)
ES°
1s"
)

AC, = 2L<cT,c°)1n(

AC, =Y L( CT,c")ln(

EG"
AC,, = ZL(CT,CO)ln(EGO)

UR"
st = e

T 0 PT

Ac, = Y L(C",C >1“(1>°)

L(C",C*) = (C" = C")/(InC" - InC")
4.2 iRtEBGEWR Pk R

MR B T R (W% 6 FNIE 2) , B K 5h 14
EX e (N

(1) BEVRSE M7 1L T8 €O, HERIE 25 4 o,
Hilcu /b, 1 BH =P T A B IR S5 A8 Ak I E S —
G 5

(2) BEVRGE B A9 R 2 K CO, WHE Y B 32
BHE;

(3) Pk g R T o, HERAY B R IR AR K,
{LAE 2018 4F i F Toalb A7 oMb Atk HE 5CAE 38 X6 5 4F 19 CO,
HERE R

(4) GUFHIRKZIEENIE CO, HEMUR F 2 m
PRI, (H2 I R B A T e, 156 B . P T L R T S 91
4R S co, HEUb A ;

(5) WAL co, HE w7y — R EH R, Pk 1)
WA T EEKT CO, Wik,

F 6 FEKT 2016—2019 BHEHHME R S EER
Table 6 Decomposition results of carbon emission driving

forces in Chongqing from 2016 to 2019

Fiy ZFBEK mATAL An FLEM RRLEH RREE

2016 2.056 0.860 0.336 -0.116 0.202 -2.339
2017  1.345 0.553 0.207 0.022 0.499 -1.625
2018  3.116  2.443 0.965 -5.299 -2.063 1.838
2019 1.696  0.975 0.359 0.047 -0.537 -1.540

B2 F|KT 2016—2019 fRHER 200 E = 95 fR

Fig. 2 Decomposition of influencing factors of carbon

emissions in Chongqing from 2016 to 2019
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VARG , T i BRI A TR R B, L3k 8.

®7 HEBEESH

Table 7 Baseline scenario parameters %
F
¥ A ?
2020 2025 2030 2035
GDP 334k — 6 5.5 5
FIPA IR 1 0.9 0.8 0.7
AR 5% B AL
— 13.2 16.7 18.4
Ak &
E B LR
& — R AL R 20.9 23.7 26.4 28.5
R E
WAL
" — 1.03 0.9 0.8
ST

L LEH 7.2:40.0:52.8 6.5:39:54.5 6:38:56 5.5:38:56.5

x8 ZEFIESH

Table 8 Parameters of peaking scenarios %
£
¥ AR
2020 2025 2030 2035
GDP S$f34 38 3% — 6.5 6 5.5
FIPA IR 1 0.9 0.8 0.7
LR Y A
— 14.5 17.8 19.3
EZhES
A B IR
& — REER 20.9 23.9 27.8 31.1
H e
WAL
ik 1.03 0.9 0.8
FAkgEM 7.2:40.52.8 6.3:39:54.7 6:38:56 5.5:38:56.5
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5.3 Hiugs R

R - AR 15 S 5 ) 11 o 17 100 3 DA 1 S A
3, B 2020—2035 47 W5 FhAS [ 4 52 5 D T A HE ik
AL, TNEE R ANER 9 FivR .,

x99 AWHERTHRABMNER

Table 9 Prediction results of carbon emissions under

the two scenarios Ft
£ AEEF TR AR 21

2020 17 462.72 17 462.72 0

2021 17 819.79 16 961. 09 858.7
2022 18 059. 62 17 008. 26 1 051.36
2023 18 472.26 17 051. 82 1 420. 44
2024 18 732.97 17 797. 81 935. 16
2025 19 492.23 18 315. 87 1 176.36
2026 19 777. 62 18 370. 17 1 407.45
2027 20 086. 66 18 482.95 1 603.71
2028 20 006. 54 18 507. 15 1 499.39
2029 20 119.32 18 509. 05 1610.27
2030 20 191.31 18 123.75 2 067.56
2031 20 217.43 17 911. 04 2 306. 39
2032 20 451.8 17 688. 41 2 763.39
2033 20 681. 19 17 606. 72 3074.47
2034 20 685. 69 17 470. 19 3214.81
2035 20 670. 62 17 430. 57 3 240. 05

MBS RAT (K 3) (RN ST, Bt 22 3L
AAT R RBETE T, R I ORSF RRBR I HEEOR | Bk
HEBCEEAE 2034 4F AU BRHE O (R, 35 0 B — 4Tk ik
HEBCER 2978 2. 06 425 TAEIR WA 5t T, H R T — %4k
B HE O T30 L BRAE 2029 4F WA HEFE 29 0 1. 85
v, BN SCT , B PO 3R AT S < ki g™ HAx, B
IR 5T AR B HE I U (P A AR THA% 48 R SRR
HY 7K

B3 ERKT 2020—2035 F R RN L R
Fig. 3 Prediction results of carbon emissions in Chongqing

from 2020 to 2035
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6.1 &5

I AR AR (B G A A B HE R W AT 3 O
YT HE R ) B T E KT 2005 & 2020 A A HERCEL
i, WPk B ok &, 1P TT B HE B0 AF 2 B THE
PO FAERE S oy 2 FE IR 1% ~2% . BRI Fh
A G H AR PTGl L A R R
ARSI R B (R L R AT A
IR o T I 4 s 3 B A |
i3 Tapio s F8 BB Ak BLE PRI &3PG K S
TR AR AL A B SRR AT — ELAL T A X
AR AT B CP0 N =20 N/ @ el | A e = W 1
BTG L S A AR B

BT LMDI BEASHEAT 1 Rk HE 5 3 AKX B P R 4 i
AHECHUIN >4 8 DT B HE Al B ik AN H
WK AWK SR FER R, 5T HEM A
PR SO0 DT AR 15 ARRRHERCIEAT 00, 25 5
ZRTESEME S 50T H PR AL T T 2034 4835 3%
{8,290 2. 06 14t (B AEIR S ST BB Hl s 0 1
2970 1. 85 At RN IE S ARAHRBCZE (X 0. 21 14,

6.2 X

DASRAZ RV b 20 25 B e, bl 2 57 {4 4 o f1%
RGN R R LR AR 22, B 2030 4T Fif VA1) S 30 A 38 1
Sy SR B AR A 5 AT DR ELA T 15«

— R TR B, i BRI SR A W e v RN A
i85 = LA 2030 AFFi B IR IEAT B 5 58, 45 HE T S
B, RS R 56 8 4 AR B 22 T HOR UEBE | 4 Rl 5
fire ik Wt T FIBUR A R

TR S, DA A IR B 2 T A
F R HEFR, 5Em ALl AR5 I 7 RE AR Y, 1R e iE
“Pim " W HE HAJE, 72 Y B 5 SR & Je
filt, PRI B A H B B A I s T R R VR4S R g
PUIRVR A AR e i e A5 e SR ER AR B 2 I 55l
SRR B R BT 267l XHZ S8 7 b #4719 REAIK
B Al R it 1 s | B TH B URR A R, R
TFR& 1T gl X AR A,

IR SR G AR A A 2 T RR IR R
WRRFNERAZ W 5 AN R 57 00, — O T 42 1
PR KOG AR BE I, finbRe o o] A R IT &2, o —



14 ERIHAFFR(AAFRER)

%40 %

5 TR 1] i R v R 28 U TR | W 2 — B PR e B
CER DR e ab N Bii ) WOIN iR T ER T8

VU 8] 2 5 36 s i A R RE S A, bR 9
NV OR B St TR R R, REE B TR
WEERR A FKTT AR, R R RET IS MEREm A3t
A3 BB A2, AR A RS M, KO kR A e
I A B AERTRE IR

TR ER AR B AR BT A S5 HE), REC 45 %
HEb” L, S —FHH A B R | S Y R iU
BHEITH | IR AR AR Bk T3 S HEAZ O BOR BOG
Feor M S, STl AL - K T3 2] - Bl
REABRTFRBRAG 3 A 5 BHAF (CCUS) HARMTSE
SR PR R4l e, R T R SRV
FIA R SRR S S i A7 ol ) S (AR ik
A

%7 ik (References):

[1] YORK R, ROSA E A, DIETZ T. STIRPAT, IPAT and
ImPACT: analytic tools for unpacking the driving forces of
environmental impacts[J]. Ecological economics, 2003, 46
(3): 351—365.

[2] T, DpH, I, S5 P9RE X R RRHE RS 3 5
MR R [I]. PEAD FES5HEE, 2017, 27(S2):
231—234.

WANG Xing, MA Shou-tian, PU Chao, et al. Research on
the trend and influencing factors of agricultural carbon

China[J].  China
Resources and Environment, 2017, 27(S2): 231—234.

[3] #E REY . RIEM X EHEEERSIHLE 5087 K a9
M. =R RIS (2 2B E ) L 2020, 37(3):
88—095.

YANG Yu-wen, WU Ai-ling. Analysis and trend prediction of

emissions in  Southwest Population,

carbon emission driving mechanism in ethnic areas [J].
Journal of Yunnan Minzu University (Philosophy and Social
Sciences Edition), 2020, 37(3): 88—95.

[4] SN, B RN, 2R, <fakide B AR v E ARG B i
M——3E T LSTM 1 ARIMA -BP BRI 43 BT (1. W 4%}
2%,2022(2): 89—101.

[5]

[10]

HU Jian-bo, LUO Zhi-peng, LI Feng. Prediction of China’ s
carbon emission intensity under the “carbon peak” target:
analysis based on LSTM and ARIMA-BP model[J]. Finance
and Economics, 2022(2): 89—101.

T 1. 2019. B T LEAP #5814 2 75 44 28 38 12 i Ml 58 U5 IH
e IR E AP D]. W] B

LUO Wei. Research on the energy consumption and
environmental emission trends of the transportation industry in
Yunnan Province based on the LEAP model [ D]. Kunming:
Yunnan University, 2019

SN, S S, 25T 2245 5 T )b 48 3 s Fi il Ik i
WEEFUMATSE[J]. SREERL 22 4R, 2022, 42(4): 464—472.
HU Mao-feng, ZHENG Yi-bin, LI Yu-han. Prediction of
peak carbon emissions from transportation in Hubei province
multiple  scenarios[J]. Journal of Environmental
Science, 2022, 42(4): 464—472.

TR, TR BT, BT 4R 22 3 52 i Al HE T r) 5 e R 3 4y
i SRR T). B BETE, 2020, 32(12): 283—294.

ZHANG Guo-xing, SU Zhao-xian. Decomposition of influen-

under

cing factors and scenario prediction of transportation carbon
emissions in the Yellow River Basin[J]. Management Review,
2020, 32(12): 283—294.

A, B el B HE S Y 4 S R K T ]
PR LR R A2 4 (B SRR AR) , 2016, 33(1): 9—15.

XIAO Zhi-hong, WANG Ming-hao. Combination model and
China[]].

prediction of carbon emissions in Journal of

Chongging Technology and Business University ( Natural
Science Edition), 2016, 33(1): 9—15.

B, R T2k ARIMA 54 BP #1245 4 AR R 1)
HEH AR )]. i 5000, 2015(22) : 47—49.
CHEN Wei. Import and export trade forecast based on linear
ARIMA and nonlinear BP neural network combination model
[J]. Statistics and Decision, 2015(22): 47—49.

FREAZLIS, 00, EZ. BET LSTM 28 0 24 19 45 il s
[EFFITRMI]. o EAE PR, 2020, 28(4): 27—35.
OUYANG Hong-bing, HUANG Kang, YAN Hong-ju.
Financial time series forecasting based on LSTM neural
network [J]. China Management Science, 2020, 28 (4):
27—35.

DGR T



