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Abstract

The COVID-19 pandemic has drastically altered people’s production and lifestyle, thus impacting
carbon emissions in various sectors. Investigating the pandemic’s effect on carbon emissions can
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provide reference and guidance for subsequent carbon reduction policies. This paper will analyze
the panel data of three years (2019~2021) at the monthly level. The STIRPAT equation is used to
design four economic factors: economic level, industrial structure, fixed asset investment, and
clean energy utilization. Additionally, two factors: new-confirmed cases and lockdown intensity
are added to the model, which reflect the impact of COVID-19. For data with low statistical fre-
quency, this paper compares various conversion methods to transform the data from low fre-
quency to high frequency. Through yearly OLS regression and Chow tests, the following conclu-
sions are drawn: COVID-19 has a significant effect on the 2020 carbon emission model, in which
the number of new-confirmed cases has a long-term influence on carbon emissions, and the
impact is greater than other economic factors, while the impact of lockdown intensity is weak
and only has a short-term effect. The post-pandemic work resumption, coupled with an in-
creased proportion of financial investment in high-carbon projects, has deepened the impact of
fixed asset investment on carbon emissions and caused a rebound in carbon emissions. Clean
energy utilization has the greatest and most consistent contribution to China’s carbon emission
reduction. The impact of economic level is gradually decreasing, which may reflect the effec-
tiveness of China’s low-carbon economic development strategy. Finally, this paper uses regres-
sion models and time series models to forecast China’s carbon emissions in the years of 2022
and 2023.
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Figure 1. Global energy-related CO, emissions and annual change, 1900~2020
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Figure 2. Daily number of new confirmed cases in China, 2020~2021
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Figure 3. China’s daily carbon emissions (tons), 2019~2021
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Figure 4. Technical roadmap for the article
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Figure 5. The change of the total population of China, 2005~2021
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Figure 6. Carbon emissions of various sectors in China, 2005~2018 (ten thousand tons)
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Table 1. Variables and data sources of the carbon emission model
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Table 2. Mean percentage error of the three conversion methods
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Figure 7. The conversion results of the economic time series
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Table 3. The ADF test results for each variable
3. SETLERMIRKIEER

et t p 1% 5% 10%
CM -3.881 0.002 -3.633 —2.949 —-2.613
GDP 1.712 0.998 -3.711 —2.981 —2.630
IS 0.028 0.961 -3.724 —2.986 —2.633
FAI —5.045 0.000 -3.670 —2.964 —2.621
CEU -5.184 0.000 -3.700 —-2.976 —-2.628
Move_C -3.862 0.040 -3.620 —2.943 —-2.610
Table 4. The ADF test results for nonstationary variables after difference
F 4. FERTEETERURENER
bR I t p 1% 5% 10%
GDP 1 —4.329 0.000 -3.689 -2.972 —-2.625
1 -1.022 0.745 -3.724 —2.986 —2.633
1S 2 —4.702 0.000 -3.724 —2.986 —-2.633
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Table 5. Correlation analysis results of each variable

F#5 BLXEWXMDNER

CM GDP IS FAI CEU

oM Pearson AH M 1.000 0.037 0.240 0.227 -0.120

WEE 0.832 0.159 0.182 0.485

DP Pearson #H < 0.037 1.000 -0.288 0.139 0.628"

BEN 0.832 0.088 0.419 0.000

IS Pearson #1251 0.240 -0.288 1.000 0.370" -0.097

WEE 0.159 0.088 0.026 0.574

Al Pearson #H 5% 0.227 0.139 0.370 1.000 0.357"

BEN 0.182 0.419 0.026 0.033

CEU Pearson #H 5% -0.120 0.628" -0.097 0.357" 1.000
WEE 0.485 0.000 0.574 0.033
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BRRAEAE 5 221k
Table 6. Regression results of the carbon emission model over three years
6. ZFEEMEARARF IR B R EYTER

R R D-W F p" BP pBP
0.760 0.577 1.017 5.464 0.000 15.680 0.028

T pTERR F SR p (. p® 2R BP S5 ALY p {H-

AR, TR, SRS R R AL E AT AR AN R SR 0y AN R B Be R A P 22 57, A
A = SR AR AR — AT B VA FFE AN B B HR TSR AR A EAT e« DIt SRR 23 T Xt 5 4 1) Bt i
ATENA, BT AR R MR HE R A AR 2R, DL B 0 B TR A R A ST 82 i
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Table 7. Regression results of the original carbon emission model, 2019~2021

= 7. 2019~2021 F R ITRHEE S AR B [E] 345 R

4y R R 7 D-W F p" BP pt°

2019 0.866 0.750 2.428 5.249 0.028 5.863 0.210
2020 0.820 0.672 1.812 3.581 0.168 7.933 0.094
2021 0.869 0.756 2.513 5.416 0.026 8.442 0.077

3.2.1. 2019 FRHFBF AR EY

2019 FRIHAGE T F BE, R 7708 0.750, LA REERGR, T2 B ALLRVERT FIAR G m) . %)
2019 AT RELI t K36 45 RIAT T (55 8), HAR &G AT X Bk HE A 3 A IE I, 1T i v BEVR
il R R HE R A 35 S S (B 24 GDP BTt 190, A SRRHERCER L TF 1.022%; A 24356
PR BT 19%06, H SIBHERCRE R B 0.663%) . [ 52 ¥ 7= 308 R b 48 0 it B HETBCRR: (0 S AS Bk 25
TR AL 22 E SR 2R P il R, Sl o A B2 (R b i R 0PT DAAS HH 25 A AR AR AR X B HE R 5 i R
FoR E 5 7KV BcHE RS 52 M R 2 R ), LR A i vt R e P 3 A0 [ 8 7= 4 %

Table 8. Coefficients of the 2019 carbon emission model

3 8. 2019 FREHF IR B AR H

(A A & E3 bRttt R 3L t p' VIF
(i) 0.831 0.727 0.491
GDP 1.022 1.442 3.497 0.010 4.761
IS —0.035 -1.212 —2.250 0.059 6.639
FAI —0.099 —0.685 —2.175 0.066 2.030
CEU —0.663 -1.352 —3.571 0.009 4.015

VE: p EFR t R p .

>
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3.2.2. 2020 fERRHERIR SR

AN T 235 38 B BB HE R M AR RS BE T 2020 4F R HERCE HEAT & PRI ARRE, BRI 0 T %45
BN & Case_M. Move_C il Lock_D #4740 ZRIH. 4R E7R8: AT Lock_D KR4
1E2 ELAME R fiMA T Case_M Al Move_C M ALE T T F ki, BIAIAMER S, HAEE
ZHE LRI T 7 2, MU SR PR (0 25 R AT RE T WIS BLI ¢ A S0 (E AN v R BT
SINT(ER Q) RTLAMFH: fEATT R ET, LUK [ BT 4% 5ORE i BRI 18 R HE R PR AR T
0 RS (GDP R 5 — P M 1 ] 5 4% R AR BT 1%, B4 E 1S A 36 HE R BT 0.554% DL K
0.065%; &7 eV FH %4 BT 1%, ¥ T2 HEGE T % 0.607%). fEZIEEET, WANEER
B2 S B HEBCE I T B, SRR IS AN O B HESCR A B35 1R o T s AR Ak (B R B8 UK i
FEYR B HE T s i AN 3, R R ATy BRES S BRI AE R v . BB VR TR SR T B AR ) B L A AE
GDP M KIEE F RS LA, i 5 FRFEMSTFFRELRE, GDP WK EERME LFEH. R
M 22 2R IS, 2020 4F— 2 fE i —— > GDP # 4E AR MR Z 2 (1] 9) o I o) 44748 & i b
HE RHOHAT AL, v LS B & AR S 2 R B KB MR I : P12 N T5 7 R VR 26
LUK ROLE 8 B P4 B . AR T DU I X B HE IR I S B T B STIRPAT 572 F HI & IF

Table 9. Coefficients of the 2020 carbon emission model with epidemic variables
7= 9. 2020 FIMNZIEE 2 A TRHEE MR R R

A A & R FrifE R4 t p' VIF
(G 2.358 5.911 0.002
GDP 0.554 0.545 6.036 0.002 4.222
IS ~0.586 -0.178 ~2.426 0.060 2.803
FAI 0.065 0.252 3.183 0.024 3.255
CEU ~0.607 ~0.661 -8.197 0.000 3.369
Move_C -0.022 -0.123 ~1.098 0.322 6.516
Case M ~0.000 -0.727 -8.852 0.000 3.495
350000 0.25
e 5 LEFIHE (%)
300000 e i g (1) 02
250000 A F 0.15
200000 - 0.1
150000 - I I I 0.05
100000 1 B I -0
50000 - - -0.05
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Figure 9. Gross domestic product chart, 2015~2021

9. 2015~2021 FFEIR % = B EEBE
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Figure 10. Monthly passenger volume, 2019~2021
B 10. 2019~2021 FEEZEAEHER

N T BTSN EOIRE B ECRAE 3 A S Ja 52 TR X BRI AR Ui, A SO 2020 455 —ZF LU s
(I8 2020%) B HEAT 0 2 I A (2 10)0 BN T %38 28 (L OB 5 A7 A5 7™ B R 22 B, 1 T RD
% is BAE MR A A MR ETHE (K 10), HIZBERA BRI AR, i NE IR
fiE R HE IR 1 AR A o B AT T 52 A 2020 AR5 RS (32 1), RIS BRI ZBR T 77 b 5 R 5 ik
HEA B2 W, (HE2 NEUR AR HE R B E /N, Ul IR O B HETBO A P AE At 5 A ot s,
SCMRE LN T H b2 R AR

Table 10. Hierarchical regression results of the 2020* carbon emission model

7 10. 2020 F iR HEM AR B 43 R [E])ALE R

F AR Wi R 7 D-W F pF LRI
JRUGHETY / 0.982 2.357 53.735 0.001 TELE
Kz 0.982 2.361 32.284 0.008 e
P Y 2N 0.996 3.419 161.408 0.001 NAFAE
(#hiz N, Riz44k) 0.997 3.709 119.033 0.008 fA1E

Table 11. Coefficients of the 2020* carbon emission model with epidemic variables

5= 11. 2020 FE MM IB T 2RI IER 23

[RIAE £ £ 04 FrifE R %L t p' VIF
(F &) 2.956 8.146 0.004
GDP 0.396 0.437 4.891 0.016 6.471
IS -0.002 -0.114 -1.413 0.252 5.228
FAI 0.066 0.337 5.409 0.012 3.145
CEU -0.491 -0.866 -15.524 0.001 2.521
Case M -0.000 -0.152 -3.435 0.041 1.576

3.2.3. 2021 SFEEHEM R AR EY

N TR R TAE 2021 S AW PERISENT,  FFEHZER I A R AT & . T 2021
FEREARA AT A E OV H B AR I, JF B IS BRI AR B FAR, BA R BB sh (14
10), A RIS NBOIMARERL . 45 RO DU AR Rl F A6 (3% 12), BHIIie N RER ViR
BRI B, B X 2021 S A HFBEE A A B
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Table 12. Hierarchical regression results of the 2021 carbon emission model
7 12. 2021 xR R IR R 3 B E)355 R

it R RJ5 D-W F pF BP p®”
JR U AR T 0.869 0.756 2.513 5.416 0.026 8.442 0.077
P 0.870 0.756 2.778 3.723 0.070 8.750 0.119

Table 13. Coefficients of the 2021 original carbon emission model

% 13. 2021 FRIGHHME IR B R 5

R A & 3 PRt REL t pt VIF
(&) 4,324 4.260 0.004
GDP -0.125 -0.151 -0.580 0.580 1.934
IS —0.035 -1.246 —2.653 0.033 6.325
FAI 0.421 2.189 3.923 0.006 10.653
CEU -0.647 -0.923 -3.626 0.008 1.858

BIRARIMANZE R RER FUARMEN 7 F ek, JFHARS AR . (BRI b7 7 2 B L2 1t
(% 13), T & MERAR B AT 0, BT T 1. 25 FE 2 2021 R BRHFBIBUR S Al 5 5k
ITRONEERI)— 5, TTREIRAFAH R I BCRAN &, 2021 4R 58— B [ SR TH A ST TIE 7 A “XL
" AR RIEGR . BREEBUCE 5 Ta e 8 — Nzl EHBCE A ) TBGL 1AE 2021 45 7 Uk 1
HER R RIS, SRS 5 BUR LA 2021 4950 7K0E, 52 AFANBr B 2011 4:~2021 4224
R B 2021 SFENHEATHIN B AL “X00BR " BORAMAE R S &y T3 i) R BT RE 2%t 2021 45 (B
TR A BORFE M . 2 T A BT B R BRHFTR I RE I, 2021 S el HE A B HE OB SE 5 T 320 RO SR
HETRY PRS2 MALHE A R A4 PR

3.3. B4R Chow I8

NT X S R SR RO A 45 M R 5 R 2 5, AR SR A Chow K56 77 V[ 16]6F 81 Ji5 (1 &5
HEATRIN . ASC@E I 0 Hr 2019 4FFH 2020 256 2~4 ZE A (1K 2019*%F0 2020%), B ST 1 R A HT S5
S R A SRR R RO AR Y (1 254 DA K B B AR R R M FE T R R AR R E AR TR R
2019*Fl1 2020*4F M4 f) Chow SEit S AEH N 9.246, KT F, (5,8)=3.69 (4 14), KIILAE 48 2 B 5 1) S B 3¢ »
PRI B 5 35 2 5

Table 14. The Chow test results of the carbon emission models for 2019* and 2020*
< 14. 2019*FEF1 2020 B HE 2 MR A Chow 1 I 45 R

A 52T T Al FEAA L SHAH Chow il

2019* 0.00015 9 5

2020* 0.00016 9 5 9.246
2019*5j 2020* 0.00214 18 5

Table 15. Regression results of the carbon emission models for 2019* and 2020*
F= 15. 2019*5 2020~ F R HE R MR B B 325 R

Fy R R D-W F p" BP [
2019* 0.974 0.949 2.528 18.424 0.008 6.692 0.153
2020* 0.991 0.982 2.357 53.735 0.001 2.546 0.636
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Table 16. Coefficients of the carbon emission model for 2019* and 2020*

%2 16. 2019*4F 5 2020+ i HER 2 M4 2L B3 R
G fatn R Fritk 2% t p' VIF
(&) 3.078 2.379 0.076
GDP 0.537 0.559 1.767 0.152 7.783
2019* IS —0.024 -0.938 -2.098 0.104 5.526
FAI 0.013 0.091 0.346 0.747 5.407
CEU -0.896 -1.625 -5.903 0.004 5.885
(&) 3.085 4.445 0.011
GDP 0.381 0.420 2.448 0.071 6.452
2020* IS —0.002 -0.125 -0.812 0.463 5.218
FAI 0.077 0.394 3.404 0.027 2.926
CEU —0.554 -0.977 -11.168 0.000 1.676
XTLLPAE R A S5 R (G 15, 4% 16) AT LAKIL: S UFKP R icHE S s AR B R B T, — &R L

AT LGB LA, GDP 7= A B BRHE TSR FE B T 4, BRIV L e acH 45 it PR S AT RO B M B S o 58— M il s
PSRRI A BT T, 9 AR R t KIS R MR R E AN B2 . X 2020 4R 55 L [ 2
PP AT AT R, RIUHERE BRI B #O0 BREOKIIAEFERIERAE T R AR K
T 17.6%, “@EH0L” th EAERK T 2.9% (& 11). SARTIE Y A R BTS2 BE TAS A R, Sk
BCRFE T TR, (B “ Bg Bn MR EN Tolk” A “Fai. K R AR Tk 7 WA m e ih
PRI 58 %8 P 4% A e AR T 26980 12.4%. % S5 RIASSh AT BEk B T 15 5 5 T E 0
1~ AITEEHAE O R SR K, I BRI RER =, BT T RN K B R AR G B
I IAERENE T 52 BB RN o T 43 B VP KT [ 5 8 7 4 R AT 10, RIS IS T [ 61% 0 U U
FAER TR TR I(E 12), S0l R oA Be IR s TR = AR KB Akl 4% Bnl%n, 2020 4

et PR LLE,  miAT RN H #8255 L ) BB RSB ARLE PN I B B R BRSO AR T AN R
Wiy, HAT e a8 il 2020 485 DY 2= FE iR i S s i) s R 2 —
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Figure 11. The total growth value of fixed asset investment in the secondary industry, 2019~2020
[ 11. 2019~2020 2= /=l [E FE B =48 A R i HE KA
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Figure 12. Composition of post-pandemic fiscal stimulus in major countries in 2020

B 12. EEEZR 2020 FEIFEMBURIBADRK[11]

3.4. 2022~2023 £ £ E ik HE M E T

3.4.1. EVIERITN

2022 4 PRI R ER AT LHX, 4 EVERE A R ST 2020 4T KTE R,
DR AR SCIE R A8 2021 4F AR AY AT %0 B TN . 2022 45 57 DU 2 B S T U %o 85 X 3N (R AR B
gk FE RS 2 5 [ 25 B Y0 A S I AR IEAR 75, 2023 AR AIA R 1 IE B A 5 A, DRl AR S B4 FH % 5 i 2019
SERIRALIT 2022 ARSI R TN . SR EIR: 2022 4F 3~4 F IBRHERCR R A F A KRR 1)
TR, ULEA 3~4 H Lifghh X (045 DA R I I8 2 R ke LA bt DX (0% SR AT H X A ] P B HE TSR P A T RO
SOMR; T T 2022 AEEE S A TTERR R, RGN BEIRIE RO .
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Figure 13. Forecast results of monthly mean carbon emissions based on regression model (tons), 2022~2023
13. EFEIYIRBLHY 2022~2023 F F HRkHERE TTUNILE SR ()

3.4.2. SARIMAX BB FF I8 7

TS AT DR IR BT S B A I TR ET K, R R LD CET N REBI T, Rk
N T TR R B 7 51 SARIMAX 347 Tl . A SC A Python H ) statsmodels #5i5k, DL 2:8 fiEL
Bk 2019 4FF] 2021 4E FIEHERI 7 A MIREFIZREE, FIHSHOE I R G g R &M E IR A AIC 4
TRV R & 18T 45 BRI A S 408 (1, 1, 1) % (1, 0, 0, 12). SHEAL 5% 2 HE4T T 7 5]
MM FIEME DL ERS A A3 (E] 14). B2 1R]FP FI7E 2020 4R 55— B W 1048 1k, Hofih
I [F1) BB 22 1) 0 AT B 6 B ) PR PR A T A R A e, X — 5 TR 0 28 15 ot B HIE TSI [ 2 0 A7 E 2
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Figure 14. Residual test results of time series model (residual time series, normal histogram, Q-Q graph, re-
sidual correlation graph)
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Figure 15. Forecast results of monthly mean carbon emissions based on SARIMAX model (tons), 2022~2023
B 15. EFFHAEIFFIERIR 2022~2023 4 i = UL R ()

X Ll Al YA AR AN 24 P I ] e SRR A T 4 58, T LR 1 P I 8] e A AR 3 A B HR TS 14
T 45 SR L [ VAR F) N 05 SR v, DR TR 2= AR I ) P A A5 2R I b IR AR 1 DA PR B HE T
T LR BB HE T 18] 7 51 A 2020 4R 28— R 22 3 1 Bet b (5] 14 v AR ZE I T8 Fe 31 1 S s 24
Ml R AEAE 2020 4 2 F), PRIRIS TA) P SIS R 1 2022 4F 3~4 F A A b i I N B HE TSGR (0 T ik

DOI: 10.12677/0rf.2024.141005 58 BE 51


https://doi.org/10.12677/orf.2024.141005

JEwT LA, i

ELR
4. RS

ASCIEIS STIRPAT J5 F2#fi e 1 520 o ER5HE R TS 55 R 2%, T2 17 1) 7 2 5 R B 2 B
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(1) AEIEHATIZERIR, KIH STIRPAT HEHESF BN ET LR K5 A, Folgil. [FHE
PP RS RIE W REVR (%, REXT 2019 4R 2021 MBI BUR T AT 0L, K S5 (+) FNE G
REVRAS FH Z2(—) 0] 2019 4 BRHFICEA 23 1Isem,  FF HA B KPR A AR B R s e B A K1)

(2) X+F 2020 SRR, SRS ZEIVAR s 70 R A B A A A AGEATRF 72 . R I P15 R
AR RE, “H2 A7 MRS E LRI “REEBOR A" #aR B ™28 £ m 5
Mo AHPENZ R, AL “Bi2 N0 X EAFE R e, I H AR T HALU AN S5 R & .
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M “HIS N WA 2 B O™ A2 — 58 10 S e 7 F (RR2E 21 2020 4R IE), (H I REmIRE E RIEE T R, &
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