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Abstract

Taking carbon emissions in Hebei Province as the research objective, this paper proposes an im-
proved STIRPAT model based on the traditional KAYA identity and STIRPAT model, and uses it to
predict carbon emissions and carbon peaking for Hebei Province. Firstly, the ARIMA model, Grey
prediction method, and Long-Short Term Memory (LSTM) network were used to predict and com-
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pare the indicators in the improved STIRPAT model, and the optimal prediction method for each
indicator was obtained. Afterwards, combined with time-series prediction methods, BP neural
network regression, Lasso regression and ridge regression methods were used to predict carbon
emissions in the STIRPAT model, respectively. The results indicate that with the continuous ex-
pansion of the proportion of the tertiary industry and the increase of the proportion of clean
energy, the total carbon emissions in Hebei Province will show a downward trend. The Lasso re-
gression method has the minimum mean-square error and optimal fitness. This regression me-
thod predicts that the total carbon emissions in Hebei Province will reach 456.8 million tons by
2035 and reach carbon peaking around 2023. The carbon emission forecast of Hebei Province
provides a hint for the carbon emission of similar provinces, which is of great significance for Chi-
na to achieve the carbon peaking target by 2035.
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1. 3]

2SI AE 2020 fEBCE A RS EIRE[1]: TP EDE 54T 2030 42 AT LI BRILIE, T 2060
SEZ TSR R AN, [E S5 2021 4F 10 A 26 HEIR T (2030 FRiHIAEATI TR [2], ¥ikiEEH
PRFN 2021 45 )\ KE S BARZ —. WL, oA, s Mo fcAhRELF KRR E 2 E, ZE
PRiIZ 0 LB o s R B A B B IR R, HAENKE.

S — IR T LK, BRI 90 R SE RS2 Mg 5| R A RO . SRR R SEET . WkSE
MRS o P EITE B AR D) T HBGRE BT R BRI B, SRR RS . #E 21 thal, pEE R
SORJEM” R “SKFF IFUR S AR IL T BRI, SRERIE RN SR EE AR O Ul

FL7E 2009 4, ARAARAE [ 3] R FH AL 48 IR PR 22 IR AL S LMD A STIRPAT AU 7T 1 A [E —
SRR AR W TR), TN H SEEL I ] 208 2020 AR5 A7 o AR 7K MY S (4] TUFE BR i B AR % R B 461 R 73
DU H R IR Vg [B] RE7E 2040 SE 2 BT JRAE TS [5] 2L T STIRPAT HERL % o [l AcHE i 8] 7 51 B4t i3k A7
TEIA, HEREAEFESREREHLT, DOABRIEUER A2 HILFE 2020~2045 4E2 [A]. @il fRi4E
B A T AR HE TR AT — 8 5 5L, AHRE T SERR B T 3 A R K SERR A - A BREE[6]45 FH — /> ek
(1) IPAT B 1 [E 2010~2050 AF I BRARCS ST 1 F0, D v BB SO =44 T 2030 ik lg, JF
£ 2030~2050 4FHAIH LA 2.09%8 5 k2> . iE— 20, FHaRSE[7]T 2013 s A E & o AN REAE, EEXT
BANFEAR D HMEF Logistic [RIAREAYRE 5T T & 4F RTHECHEBCE 5 A B HlE, 65 i [ & A BHE
HBEAT T WO . BEERAF[B]IE T STIRPAT HEfY, &2 AGIH 48R, TR E & Fabn B B G L T
PR (8] U5 7 VL AT 5548 B G AT T W78« F B [91%F STIRPAT MR HEAT T Bieidk, $2 1 7 [ TPR-STIRPAT
BERY,  JF AR T T o B ORIk ek g sgma K 2%, IR A, GDP. RRUEE X RRCHE G ok, RE
VS R RRHE TSR i 34 52 I BV ARRAIE , 1 AR SO B HEBCHION 48 b Ak RS2 DA K STIRPAT A58 i) kit
AL TES . AR Z MO TAEB A SR [L01M3 A st 2 J5 1) KAY A BB ik 0 26 A 1EAT T 4R
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Ro FIRE G E[LL]EH0 Sl Is i s aRE I . firerb M SEILER AR AT T RS, SR “r R, miksi A,
Je gy fadE. B EEA R, PURR R, BRCH FIRIE” R4 RN o

MIA SCHR AT LAE H,  E A ST BRHE S R I 9 2 SR B b B AN 5, 1 S £ Bk X 2
T PRV B JEOTE e/ o SR PR B SO, R AL 25 ek, 2 T vl A [ 475 P B HEJBC T 5 AN
B EEA G O B BC R, 75 3 1 00 2 AR AR MEAE BRI I A3 BB AE . IR AR SRS M Rl A e
B BIRRHER A AT T, W TT 45 BT RNARAL G5 R KT I8 SR Bt @ W I BUR B R . BRIk Z 4h,
DA AR FE TN b 22 e B AR LAAE £ 50 A h BRI A 2 R ma AR b, 32 T A SR (R e HE e flg ol T, 32 LRl
REK, FEABEAERA TN B A SR S PR R -

S BRHERU R AT IR 2, I HATREAH EL I, DRI 2 D AT 20 i #F 90 4% DN 3 X R 5
Wi 22 5, HEAT BRHETBCHUI 6 AN T] 2 () B EAT 55 . LDMI 20 8L DL K STIRPAT A5 AL Ik B & b 7 2 52
0 PR 26 A R 0T N2 — o a4, BRHERCTIOASE Y (R R B AT XU E AR EE LA R, T 45
(0 IE AP ELBE 00 R B4 10 Bl X 22 57 R R s o R e AR SCK B2 STIRPAT Jp iy, 2 &2 Rl F5inl
BAL, R B @RI 507, ABRHE BRI SE R BT RGVH L. IRE TGS RSN, A
ELRE U R SRR OB B A B ORI JE 2
2. BRHEMINEL S iEiT
2.1. LMDI 4y f#REIF0 STIRPAT 58

LMDI (4 #F43 FF6 %02, Logarithmic Mean Divisia Index) /2 3% T £/ ik (IDA) & e 1 i it —Fif
BRI fE, PP 7 DU B T SO0 s ma e HE TR 1 2 Rl 3 AT AL, R B ik 22, BAA 45
IR 1 TCHRZETNSE EEAR S . LMD 43 il s 5 Kaya tHEEU[12]B& T H . Kaya 1E%5:0T 1989 4F
H H AL G245 Yoichi Kaya [13]7 IPCC £ 32 H . Kaya I\ hy, BRHEEBUR & E BB T —ANE R AETE
Mo ERAEFSERAN COEUE, BT LR BB 75 i ik S 52 ma R 38 B G E R, HRiB A y:

cg - CE. PE ,GDP,

=x POP @)
PE GDP POP
A, CE ——BRFBE (AL M), PE ——REHUSIH R (AL J3i), GDP —— [ R BE(F

fi: f275), POP—— ANIEHE(HAAL: FTN).

7510, T 1970 4 Ehrlich il Holden $2 Hi ¥] IPAT 1E%55[14], Thomas Dieta 1 Eugene Rosa [15]
$2H 7 STIRPAT (Stochastic Impacts by Regression on Population, Affluence, and Technology)#:74, 247
TV NAT O B AR B, R T RN B AR . BRI Z N 2R S
oM. PHZEA R S| N TRENLIE, R T IPAT 1ESE RGNS, (58] DU IR AN R R A
M E A ESREREZ MR R, MHAERAZHEMBAE, RIS E I — AN EZE T A,
HRIEAWF:

| =aP’ x A°xT%xe¢ 2
W 1——3REEREm, P—— A I (population), A——if & (affluence), T——1%%R(technology), a,b,c,d —
—ZH, ¢——REL.

2.2. TRHE TR F

T LMDI 43 BAEFT STIRPAT A, A SO LI AL B, PLiZAE 1997~2021 4E N AE YR 2% (1) ik
HEBCE s N £ B HE[16], LR 1 R TNE bRk R . 2 JaX%F STIRPAT AL T ot st &=
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IINTRRAECS & TR R B DB, AR R G A STIRPAT # AU Syl A6 44 2 Sk i Bk HE & BE AT 000 o i
i) STIRPAT BELALYI R .
Czaxﬁaf‘xg (3)
i=1

Heb, CoAmHE, a AXRBIEMRIIA IR, a ARMFEHIARE, ¢ HRED. X (3)XMil
[F I OGS 5, R e AR O AR SR AR, A

InC=iailnai+lna+lnE (4)
AT R ASCHR ) e STIRPAT A2

Table 1. Carbon emission projection indicator system
= 1. BRBETUNE R A R

— Yk bR g br FREFRIR
AH UNEEES al
GDP &4 H i a2
2
# =7 GDP o3
REURIH 7 4 ah
B 2 LA a5
R ES N A1 i 2 A ab
FARSIE B L pg al
HoAb RE IR 2 L) a8
BrRHETR SRR & C

3. WRAETRARE

ASCRE R B GATALSGETH R4 [16], M AEif A a2 2 s B SeAl i Edaxd oo STIRPAT
AR o (0 B TR AR BEAT T o AE B2 R Th A R IR RN T i, RER T VR SRR L5
A 3755, X [ — IR AR 20 A B R REAS BUAH 228 S K45 R [17]. ASSORER ] 2 R A A R ot iy Jb 4
2035 “F A AR HEBCRE AT TN, I Bl A B R IA I B T 1] FIEIN 73200 D PR SRR, )Xk I 44
TN E . [ 1 25 T ORISR SERY T AR R ) T AR AR -

Table 2. Carbon emission driver indicator system data

2. BHMR R RE AR

wr AR oot TEREILEE e PR meuem SRR o
2003 6769 6333.6 2346.8 15297.89 92.78 6.49 0.66 0.07 320.69
2004 6809 7588.6 2787.1 17347.79 91.14 8.01 0.75 0.1 365.68
2005 6851 8773.4 3304.2 19835.99 91.82 7.45 0.61 0.12 408.93
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gk
2006 6898 10043 3869.3 21794.09 91.59 7.64 0.67 0.1 409.11
2007 6943 12152.9 4566.4 23585.13 92.36 6.87 0.68 0.09 453.98
2008 6989 14200.1 5261.8 24321.87 92.31 6.67 0.94 0.08 481.98
2009 7034 15306.9 6020.7 25418.79 92.51 6.21 1.21 0.07 511.06
2010 7193.6 18003.6 7060 26201.41 89.71 7.75 151 1.03 569.37
2011 7231.86 21384.7 8406.4 28075.03 89.09 8.12 1.66 1.13 623.46
2012 7262 230775 9243.8 28762.47 88.86 7.48 2.04 1.62 642.31
2013  7287.59 24259.6 9939.3 29664.38 88.69 7.22 2.23 1.86 657.72
2014 73229 25208.9 10567.3 29320.21 88.46 6.98 2.54 2.02 624.59
2015 7345.2 26398.4 11778.4 31036.73 88.83 5.99 3.13 2.05 639.37
2016 7374.99 28474.1 13059.3 31458.05 87.33 6.23 3.42 3.02 614.57
2017 7409.14 30640.8 14732.8 32082.56 86.05 6.14 3.94 3.87 541.90
2018  7426.37 32494.6 16252 32185.24 83.61 6.47 5.49 4.43 595.29
2019 7446.56 34978.6 18066.5 32545.43 81.96 5.86 6.61 5.57 593.43
2020 7463.84 36013.8 18368.4 32782.76 80.51 5.67 7 6.82 589.56
2021 7448 40391.3 19996.7 32590.07 76.58 6.63 7.59 9.2 579.36
it PR R T
ki)
T 45 St b

i

B

o

gl BP#HZ W %% T AT

g
A
EPEEE L (LASSOEA
2 | A

W ] YA A

3.1. B BTN &
TR AR 5 5t e — FUIN P8t , T w] LA R8I0k FH A R (R I A 2R AT F00 o B T 00 77 v
FEAL G R BUE BN 7510 A L8824 ST P 7 vk o AU ARIMA BERL . IR TN 7 VAR LSTM 1§
AP R 230 TR HE AT T
3.1.1. ARIMA (B B3 E& Bz FIER)
Fe Rl N IR R A RN S8R, i1 George E. P. Box il Gwilym M. Jenkins [18]7E 1970

Figure 1. Ideas for total carbon emission forecast in Hebei Province
B 1 e iR R E TR

DOI: 10.12677/mo0s.2024.134452

5005

RS


https://doi.org/10.12677/mos.2024.134452

FH %

AW, JFEZ FA W TEE
ARIMA #4547 HEF(AR). Z0 (DA FE(MA KIS . ARIMA B4 5 =7N3%(p, d,
), ZrAlX R AR B IR p. R AR AR I ZE S B dy DLAGRE BT , XSS R I
M %E H A 2% B (ACF) Flfls B AH G (PACF)SRIE R G3&E 1 p d R q {8, KRR S Ay
W, =C+gW,; +dW, , +- -+ JW,_, + 06 1 +0,6 5+ +0,6 , +& (5)

KW, AR A7 A X, £t d REDERIF, ¢ NFEEITL 6.6y, ¢, NEBIABY S, 2R
W EEXSHEEE. 0,0,,-,0, NI FHIMINSH, FoRd L RETN UETEKER. ¢ N
(6] 7 FUAERT 2] ¢ R ZE 0, T8 B E AR ML F A A BN 2 . ARIMA SRS R T #8045 i
B A5 R, PR B i Ze e T AT T, A RRE Ry wEFtEm . @R MRS 2. &l
1, AL SRS K H AT € =N 28UE N ARIMA(Z, 2, 1).

Table 3. Comparison of predicted effects

= 3. FUNAR X EE

MSE S¥({E K & Tl ARIMALSTM
NEEETIN 2775 1845 668
GDP/ZJt 1,366,853 370,576 5,206,193

FE=r 779,842 116,558 127,061
REVEE S S 5,894,940 796,383 231,751

LY 6.669 4.29 6.41

Fi 0.375 0.65 0.42

RIRAFT i EL gl 1.04 0.476 0.16

AR REIE T & ELA] 15 0.96 1.13

3.1.2. REFRMIRE

IR R G0 A PR A IR IR e B0 [19] T 80 EARMIAIAL, 1% RGAE B MW 2R}, 7E5
B ER OB T KEMRE. KETN % (Grey Forecasting Method) & —Fh 3t T K (4 R G FLS 11
T g5k, HF AR D EEEE . 2 e G R R AL R . Z AN T4
Gr RR. A EEAN At AT TR AT e 5 A AT

3.1.3. LSTM #&&

K SE T AZ N 2% (LSTM) TN 755 22— PR iR B A0 22 I 2% (RN, iZ 4578 T~ 1997 4 1 Hochreiter
S, Schmidhuber J [20] 3 [F#2 H, FREEZGR T . HARE 59U 12N . RNN JG 30028 0 2% [F) R AL 54
NZE. BGEZ . )z, M TAERMEMSAFRZ, RNN RS20 08 AEFERE, X475 RNN
REAR b PR 5748 2 rp (I A5 2 o (EAE S8 RNIN FELE R T S BB FE AR R (1 1) 8, 30K 7 41 1)
FARAE 1AL . N T R AN IR, A LSTM F5I 7 vE 347 Fill . LSTM 3@t 7E RNN rgi)gic
20 BN VRIS Tk I PR AT B4 R, AT 58 B K 7 81 1 0 AT 45

ARIMA(2, 2, )AL, IR . LSMT L 28 Fiill &5 S35 77 w22 WAk 3, Hesb 77w 21 MSE
AL N:
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MSE =1 3" (siB(t, - B, ) (6)

X HLERATTH 1997~2021 A RRHE AU AT 80%HEE NI, J5 20%H i (F 9 IiR4E, RpnsE
(B 2 AT FR AR AT B B /NBI T iR 22, X L AR T ASE 5 R A0t 18 224 15 48 b 1) fo CE TROIIASE 2R o 451 G X )
bR N LSS, &G TR R SRR TR Sy LSMT #54Y,

3.2. [EVABFM S5 E

SE RS TR B AR AR O TRIN J5 , A SCER 3T e (1) STIRPAT B (4) K FH [ A AL T 7 v AL 45 BP #h4
W28 [ )= 7772 [21] s Lasso [a] U 757 [22] W [5] VA 77325 [23] 5w db 44 2022~2035 4F BB HE U Sk AT 7,
HARTRINAFE W] 20 Jokar 5o B AR G 240, A SORAR R T EGE 1 75%1E RN ZREds, R F ) 25%
VE RSO BE AT & PR FE A5

NIt STIRPAT #57(4) i 5

INC=f(Ina,Ina,, -, Inex) @)

Arbroy (1 =1,---8) g%t B2 2 (4) h IR S F b I 2%

l/ ________ h 3 N I’I “l
oo || AR R T v i 2022-20354% |
:199%%0%%%3 ARIMA,LSTM, L IEEBW |
L * ; KETH R
’ [E] I 2 B HE
TECHB S R
R N (CEEEEE) }
| 1997-2021096% | v | 1% BPHRZ | i BREEMUEDA |
U meHEsaE M4, LassolEl I ik |
o )\ A, #EA ;

Figure 2. Flowchart for total carbon emissions projection
B 2. RHE R ETUNRIZE

3.2.1. BP #RZ M [E13

BP 1 [ 4% [m] VA /& — i fd ] Jz i) 4% 4% 55325 (Backpropagation) HEAT I 2R (AP 2 P 25 A A, il T Bl &5
PR TARRESTE . 5 TSRS 0 a5 7E A 2 i 4 I 2 5 8 e BP I8 N By )iz [21], W]
TR e nr L2 ST N S 2 T AR 2R PR OC &R, I 1008 B4 N Bl 364 T =0 T
BP #1252 [m] 5 (1 FE A S M BN 2 - B Z R 2 o SN2 B2 N B I ARRE, BOsZ s —
EEZEMAIG, W EEAERIAS R, B 34 H T BP ML ML R RS

DAFLJZE BP M2 R ], FE A v] 2R T 2

)A':gz(mtz):: gz(VTgl(WTx+b1)+b2) )

Hor g NI, gy, 9, 285 NN 2 B R EUZ R 80 B R R R, W VT RN F
FEeR 2 AN BERLZ 2t Z OB AR, by, by Jo i B A A SR i 2 25 R A R s O AR R 2
HORATRTBUREE
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Figure 3. BP neural network prediction structure
[E 3. BP #£& M4 TN L5H

3.2.2. I&EY3

W 81 Y 93 B A — b e T IR AR B 0 A A A T 5, B SRR R A e R R e 3Rk
[22]. FEWS IR0, 452K R At P B 0 AL E: P05 AR ZE ORI ST P 5 % 22 350 006 K, 1 1 0 33t
WU R () AR B EAT AR, (A R BT RUR AT

N IEZ A AE R A SRR, R (Bl VA5 vE AT U A 5 Ab B 22 B ARk, I ml il i 203K
AT T5 A, REAR I ikt X — ), $Rm TR AR E M

3.2.3. Lasso [E])3

Lasso [f] )9 (Least Absolute Shrinkage and Selection Operator Regression) & — £ 14 (A1 = i) 7732:, ]
THRHELESE, fH Tibshirani R [23]7 1996 F4H, FHENSEY I 5GP ATZHINH. Bilid e
% R E N TE IR B2 X — £ Lasso [EA B A) T- 16 65 H ARAE G iR AR G IAFAE AL &, IX PR s
2{Fi14 Lasso [F1)H 7 FE H — SRR RECNE . M ELEIR RN, Lasso [BIA ) T 5% R 20 /NI AR SR AiE
TR, HEMARAL [, A ARG ) 5

4. MME R LS 534
4.1, BRHFMERENE RISHRE F NSRS 54T

T FRAT AR 35) 7 R ZE A e /N 3 I 3 1 SR ) B 3R 9 B FE TR ASE AR, DA RANTHE 2 S X B HE T
BT EARTEN . 4 5 5 Al T\ IRENE & R TR S R .

B 4 aTRUE H, SHcHaEs S i N HUE DU Re R T 2 5 BE I R 3G KR A B (e, S
R S B ZRAFAE . (AR R IR, JdbE 1I5E =k GDP PA K ILAE Sk GDP H T o LL il E RS
FRIETHIM: 2035 45 b4 55 ==k GDP LB ¥ A %] 61.4%.

M5 F AT ORI, S b BRI AR C IR . AT AE 2 G W TI0 h A B IR R B, TR 4
REIR: %2035 4F, JER AL A4 B Ae U5 9% b i 5 EL 9 1 2010 4R 89.79% % £ 2035 41K 64.5%,
AT o LU N 7.8% P8 4.6%, 171 5 Bk HE S 7AH DG IR £ € RE VR R SR SR — IR RE R S FL e RB VR, TEREUR
8 B R A LG43 AN 2010 4F ) 1.5%. 1.0%EKTHZE 5.7%F1 16.2%. XK B M RETRIE 2 MR, ik
A8 T 6 YR 435 K I i) B 0 0 ke e 1140 7 1 R 2

DOI: 10.12677/mos.2024.134452 5008 A ()


https://doi.org/10.12677/mos.2024.134452

FH F

soooo{ | ® AH
—e— GDPMZJT o
700004 | A =k s
& BRVRYH S BT bR o
60000 | o
o’.//
50000 | o
o’ “
g ,
40000 - S PoS
/ S 4
4‘:000"” &
*t A
30000{  ,eee* et o
.n*" ‘Ar‘
¥ .
200004  _*° aak
Ak
AKX
10000 - A
Al EEEEEEEEEEEEEEEEEEEEESR
0

T T T T T T
2010 2015 2020 2025 2030 2035
T
Figure 4. Population, GDP, tertiary sector, energy consumption forecasts
E 4. AO. GDP, ==, BEIRHEETNE

100 C IR A R [ ) — W R At AR T 5 L)
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Figure 5. Projected energy consumption structure
[ 5. gEIRIH BB LA TIUNE

4.2, AL EHHBE BFMERS S HRLE

ASCAE B AR AL S RO IERHT A 2022~2035 EIBRHEBCE BLE T I, A R S 591
SR 20% R X S FPINBL Y HEAT VPl . % 4 SRR 1 /NFR I 7 VAR L R AS 5635 7 MR 1R 25 RMSE
LA R?.

2B AR AT T 7 vk v F0 4R B N Lasso [V, FeH 5 MR 22 RMSE A& R 1%
B, 398 16.06 F10.98, HAHITHE% RMSE AL R 5 AR N:

RMSE = zigiliﬁi,Rzzl_Z;QQ:jﬁi

T ©

DOI: 10.12677/mos.2024.134452 5009 A ()


https://doi.org/10.12677/mos.2024.134452

FH %

Table 4. Comparison of predicted effects
= 4. TUNRRTEE

TR 751 2 BY B 7 T 5 4 RMSE R?
ARIMA I 5 T 35.42 0.97
i S BT 7 92 LSTM F 5 T 18.13 0.82
KT 79.54 0.79
BP #1224 4% 5115 23.11 0.98
EYEEEyarrs Lasso [A])3 16.06 0.98
U El = 22.01 0.97

R A, X LA BRI AN RE 58 4 N1 AR i 45 RO TRINRS R . sz b, BB 000 et 1)
FISE N, TRRS B2 2 BORARAR . AE R TARRAB SR AR, BT ARSI 25%F) Bk HE O s AT K 56
NI JURH TN 7 2t B e BN SR T 77 v v, = [0 D7 i34 21 17 AR LA [ )5 2 B0 1] )3 77
.

BP 120 W 28 [m] A 87— B B9 [ VA RESR R AN S a0t 2 TRV 56 2%, T B el 11 6 0 45 1) 2
KA IR F o NG RIMBREGEZ ZE08 2 |2, % —J2H 5 MaTt, 3 -2 H 10 M4 TT.

Lasso [F15 75 vE i A5 F R A 5 FE M«

InC =0Ine, +690.93In e, —317.99In o, +54.06In o, +197.85In

10
+72.01In ¢ +0Ina, +151.87In oz, — 25.13 (10)

U [ )= 77 5 d 2449 3 [l A T B
INC =117.54In o, +113.27 In @, +80.53In ; +145.26 In o, +144.04In )

+92.01In ¢, +2.64In e, +59.22In ¢, +19.13
Kl 6 518 7 452 T R S A S 77 V2 PR B TR £
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Figure 6. Projected carbon emission profiles by time series type
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Figure 7. Regression type carbon emission projection curves
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