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Abstract

This paper explores the objectives and decision-making issues of regional planners under the “dual
carbon” framework, where planners leverage engineering carbon sinks and carbon trading policies
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to achieve societal goals. Initially, correlation analysis and expert questionnaires are employed to
construct an indicator system and its parameters, analyzing the trend changes of relevant parame-
ters. Subsequently, multivariate linear regression and grey forecasting models are applied to pre-
dict carbon emissions, assigning different weight parameters to the models at various planning
stages. Finally, using dynamic programming principles, the implementation of carbon policies is
controlled to realize the “dual carbon” objectives. By adjusting the intensity parameters of the pol-
icies, the study derives carbon emissions and related indicator targets and pathways under three
distinct scenarios.
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1) FWUEWIAAEEAETR bR RIS T E S RS DRI R SO B SRR, FRATTP A R X AR U
ANE L BRI SR IRHEBCE AT IR, RIS BA 12 T O B e X L et 5 45 2 e bn BEAT ik

2) BEUIR: £ LD b, TATERIERL T RER(—ILTV T HRGURE 5 A1 14 5
5 2 Al A S R AR IE AR AR IG5, 2B x AT SR AR EEAT Y 0 S R

3) HAEMGHSS LMK TRRIES, BAER T H - REXFENE. HERIHEs
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HAARREINT : 1) K i b i fiabn S 2R AR BRI N AN “ARHTRE” L “TR
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XHEARAEAE ST AREAT A FE B o 2) IR FE ARG 0 G DL HEAT 70 AR & S0P 0 MUOT TR AL
XHHEARHEAT I AME . BATRAINBCT A4S & % W, IR RO B0 TR A AR A 2 75 30
TR TR T RS TN, R 2R RG, BERAF ISR SEEIE0, R fEAR A R 1)
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Table 1. Variable indicator scoresheet

* 1 TEEMtSER

T ARbR 5 4 3 2 1 BN
X3 A 7= A I K (%) 2 2 3 0 0 3.857143
NS XIS (E BRIT/ ) 3 3 1 0 o0 4.285714
N5 X AR = S E (B B 7T/ ) 1 4 2 0 0 3.857143
i X A S (E B T) 2 4 1 0 0 4.142857
HIHEANOHA) 2 3 2 0 o0 4
N H E R (%) 2 3 2 0 o0 4
WA KT (%) 1 2 4 0 0 3.571429
WA ADOTIN) 0 3 4 0 O 3.428571
REVETH 22 8 B (T tee) 2 3 2 0 o0 4
REVEIH S R4 2 3 2 0 o0 4
FALIE N AE P RSB REFE(JT tee) 1 4 2 0 0 3.857143
ieHEBCR B & (T ) 1 3 3 0 o0 3.714286
FoAth 75 Gk i (5 ) 1 2 4 0 0 3.571429
A HRAE BE YRR H 22 (%) 2 2 3 0 o0 3.857143
Ffr GDP BkHFBCE (7 W — AR/ T3 TT) 1 4 2 0 o0 3.857143
B BE YRR HE R (7 W A B AR HE AR 1 2 4 0 0 3.571429
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Figure 1. Schematic diagram of the indicator system
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Table 2. Variable indicator explanation table

=2 TEIEMRRAE

AR AF E AR AR Ut B
P AH
GNP A= R E
TCE AeliH T E
E TRHERCR
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3. BRHFM MRS
3.1 fERMGEHER

# 3 R AR AR IOHR , SPSS 42 Bl AR FR OB R T I E bR (2, H it
TREAIEARA S

Table 3. Descriptive statistics

=3 fmik Mgt

PR ME Pt g 22 NEH
E 101256.2109 7053.76307 11
GNP 65543.0200 16171.45244 11
P 8272.5718 200.45557 11
TCE 29042.0264 2497.69056 11
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Figure 2. Scatter plot of the relationship between GNP, population, energy consumption and carbon emissions
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ME 2 T LA, FEERESHEEZ WFAA —ELEXR.

P A AR B AR AR R B

1) 4 R NZEMKRE, TEHT AW ARERFEAR R ICR, RN R AR A
FREEFEbR, TISRRLIR FE (2 % 48 hx

2) R 7RI 5 R 7248 [F1A 43 v AR AR S o (R AR B (AR 1, — IR RATR R 5 R 5 Sk fliy
. ATLUEH AR B 3 TR IR Re R IHECE AR 1) 93.6% (0.936), XK BHARIEIH P& (TEC).
GNP FIA 1 (P) A e U Hu A R Ak IO HER,  BEVRTH X2 (TEC) GNP AN 1 (P) S B HE il i B A T v 1) 32 i i
8

Table 4. Descriptive statistics

4. fER Mg

R R RJs ¥ )5 R 7 PRAEA S R R 5 - kAR
1 0.978a 0.956 0.936 1777.91375 2.280

a. FMAsE. (&), TEC, GNP, P; b. N4 &: E.

% 5 ONRER G E AL, Fi%E T F{E =50.135, A F I 4E 5, HRIE FETHER P{E <0.001,
A DRAR B R0 H AR B (R ZR A 2%

Table 5. ANOVA table

52 5. ANOVA %
LAY A H By F BEN
E)E| 475428893.246 3 158476297.749 50.135 0.000b
1 % 22126841.066 7 3160977.295
Mt 497555734.313 10

a. NZ&E: E; b, HNAE: (WE), TEC, GNP, P,

%% 6 BIH R EER AT MRS B A S B AR . P& = BO(H &) + BI*GNP + B2*P + B3*TEC,
rr N D ATRE VR 2 A B B A 6 45 /N1 0.05, [RIBL IR AR A

E =307446.9 -50.549P + 7.888* TCE Q)
Table 6. Regression coefficient table
6. EVARHR
- HARUEL REL FRIEAL R A - LS
A X t T
B PRAEE R Beta B VIF
(i) 307446.966 90360.025 3.402 0.011
L GNP —0.261 0.124 —0.598 —2.098 0.074 0.078 12.813
P —50.549 13.563 —1.437 -3.727 0.007 0.043 23.384
TEC 7.888 0.915 2.793 8.618 0.000 0.060 16.536

a. 4 E.
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Figure 3. Residual histogram and normal P-P plot
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Figure 4. Time series population forecast chart
B 4. FrEFFIA OFUNE
Table 7. Overview of time series population forecasting models
2 7. BHEFFIA QTR BN
. . BRI R S i ¥ - WSl Q (18) o
it T AL £ 45 - - X — B RHE AL
FRR T R giit DF  E&EMH
P 557y 0 0.186 0.977 25076 16 0.069 0

% 8 AN RTINSO, i T FUAF 0y 52 2 31X BN R 7= A T i N 1 B T A7 0 -
Table 8. Time series population forecast situation
& 8. BEFFIAOFMIER
FE 2025 2030 2035 2040 2045 2050
UNIBE:§5:s 8520.81 8564.36 8607.91 8651.46 8695 8738.55
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Figure 5. Time series energy consumption forecast chart
[ 5. BYEIF5IEEIRIH 2R & TN E
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T

Table 9. Overview of time series energy consumption prediction models
2 9. BHEFFIREIRIE B E TR B

N } . PR A B 4 it ¥ - T Q (18) .
ot T A% 2 54 X X X — BRFEEL
TR R T R 75 it DF  REM
TEC A 0 0.163 0.996 23.769 17 0.053 0

10 AN ETE B, BT 0N 4 85 22 X BAX s Bk AR 1) RV 9 S T 0«

Table 10. Time series energy consumption forecast

%< 10. BEIFSIgEREBETUNER

Ty 2025 2030 2035 2040 2045 2050
REVR I e 32556.9 33390.23 34223.56 35056.9 35890.13 36723.46

e T DAREE 2 Q)3 RS A B S oL, BB g 11 fos:

Table 11. Prediction of carbon emissions
= 11 B ETUNER

FAr 2025 2030 2035 2040 2045 2050
TcHECE 133537.3 137909.2 142281.1 146653.1 151024.7 155396.6

3.3. REXREKER

T 5 R IR 0 S AR TR SR R AT DX S B iSO DL S 2 . N BRIV 28 B &R bR I e R 0T
IRERERTITNFEAR R 2 /DB AL 2 ER, XS AR &5 M 0L TR T LLEAT A 201 45
T RS B IR Bt 9 A7 AR ST — 4 0 4 B 8

il 6 FATE T XU R, XA E, X TN DL R X RE YR P A A i A
HJEAE 2010 4F 2 2020 FHEAE . AT LG BX VUM br bl & B #0G 4 B S A pE, (Ui
5 REVEIE RSB AE 2012 4EF1 2014 FEHBLE LL R RS

72 12 YiB T AR IRTHE o S ACHE R R G, TER X TN ML S o R, B = SRR
PEf e, T UGB 1 S 5 =P I R HE I B, VR SETRBURR R AR, R SE =i,
P LA BC A DLIA 298 o REIRYH P = 1 H 1

K 7§21 XSRS R P2l B AR TS BRHE . 2B =SB . B TE N T DL BRI 9 =l B (1] ¢
ZE. BT8P HEEELE 2012 £ E 2014 E R ILREE, He B bnbE S N R I E T
o BB E R, R RO SR R A

3.4, REFMIRE

5 R REIRAL, AR A B R LR S R 9 AT T, RSB IE ), 8
12 e M Bl AR B A () T BRI . e N D BOE AT TN, e IR A R
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Figure 6. Trend chart of various indicators by year
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Table 12. Grey correlation degree between carbon emissions of various industries and residential consumption and economic,
population, and energy consumption factors

F 12 FAEUEREREREHNES SN, AD. BERZERREXKE

Bk AR Al WIEAM BE IR o
oA E 0.5861 0.6712 0.7439
bR A E 0.6799 0.7589 0.8420
= R 0.7967 0.5873 0.8809
S ROV e bk HE s 0.8111 0.6801 0.8431
1 A ] H2RE )
0o / 0.5 . —rery
B N a1
i / HEAD
: ol R
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year year
i 3=k 1 JERH %
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0 0=
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Figure 7. Trend chart of various indicators by year for different
industries and residential consumption
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Table 13. Table of population size ratio test results
=13 AOWERLLWIERSE

EE{p JR 4R E FufE
2010 7869.34

2012 8119.81 0.988
2014 8281.09 0.989
2016 8381.47 0.992
2018 8446.19 0.997
2020 8477.26 0.999

T4 R TRIEREL ROAEHE. FREHE. ARB AT IFE], JFiZEEE )y 0.038,
B 1D TR
Table 14. Construction of grey prediction model for population quantity
= 14 AOBERBTUNERME

KIEREL VNN JE %%
~0.006 8017.613 0.038

T 15 R T A SR KA TN, b TR, A CISCRAE Ak TE £ e .

Table 15. Grey prediction of population size
F 15, AOBWERETMIER

FAry 2025 2030 2035 2040 2045 2050
UNEE 5 8628 8895 8977 9212 9303 9574

FLURAE F K A AL S TEC HEAT T, FH LUAR 345 B3¢ 16 ml 201 5L 5 41 () AT 4 LU AR R A T X
[5](0.889, 1.125) N,  15BA JiL J77 #1) 3 A ) ek A 2 Tt A 28

Table 16. TEC level comparison test result table

3% 16. TEC RELHIGHERE

=510 JR A A Al
2010 41383.87

2012 50660.2 0.907
2014 60359.43 0.921
2016 70665.707 0.928
2018 80827.712 0.937
2020 88683.215 0.965

W7 RN T RIRARS. KEOAEME. JFREWE. WRP AT, FRZIE 0.01, Kit
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Table 17. Construction of TEC grey prediction model
= 17. TEC R B HUNE R 32

AEER PRER(EEN IEE 2
-0.071 43735.432 0.01

B 15 Y IR PN R (1 RERE SRR R K 18 T

Table 18. Grey prediction of energy emissions
= 18. RERHIME R BIUNER

FAry 2025 2030 2035 2040 2045 2050
Ly =N
Hbﬁﬁtﬁﬁi 32556.9 33390.23 34223.56 35056.9 35890.13 36723.46
T {EL

R A (), BATHT LS BIBRHTE AR IR B DL, a0 R 4 19 FroR, B bl fng b iscE b i 1)
AR AN Wb

Table 19. Grey prediction of carbon emissions

19, HIMERETNIER

FAy 2025 2030 2035 2040 2045 2050
ﬁfﬁ\?ﬁﬁl% 125967.6925 133061.37 139030.747 143201.88 74639.89 81761.8
e

S AR 11 NS 19 FRATTAT LUK D I i 18] P 47 50015 2 i) Bk HEBCRE T AR B 4R S O T, (H
IR (45 R A B s B HEBCR AR AR AF BB, TR AR AR — DN REDE RN, HIEASTN
IR SR B S 10

4. R (FAIE S P A) B RS BEAR
T SR TRATIR DI O R R AT A [12]
dE, =E, (g, —a, )dt+ o EAW,* )
BRI BERL S T REIR T DI HE TSR PR DR /N I (] AR AL, b g SRORBRHFUR H AR,
FEBAT AR AT (R BUR BRISCHE (AR B LA R BRAE 5 BUR o 1L T o dW, SR hr AT B 3000, BicHb iR 222
FSPFBHR T, R NREIAER K.

A, BAIHE BRI AR R, R (0 3h 3% 2 0] U BU R ShaSRapL 3 7
FEAR A IR

dE, = E (g, ~ & ~ 8 (E7 ) )dt + o EAW ®3)
ﬁ¢,5@ﬂﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁ$,Eﬁ%ﬁiﬁHﬁ%E%%iE%%W%%o

AR EHARKGT B B—AN ek g, IF HEEE R Bk B ko> . RS EIR R BEAL TR, B

I AT DAFE ) o B/ N RSEIL I R 1 = FP i s o, =0 RN EANT I ERTE R o = o RARBUF T
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B AIKBUR LS 2035 ik Bk Vg, 2060 SELIBFF . o, > o KARBUFHERTIEBIXUK H AR 1 HO
B, ATH AK BRURAGA X 15 GDP:
Yt:AKt:Xt+Ct+|t 4)
A RRXIEAETAEt S ZIM A=), K RRETHE t NI AR L&, X,,C,, |, 7 MR XA 5 AE
t PRI FIRHE SO, T A DL S 3 B . o, RleHE S R G T HER o, 1) IR R
1,

Xt :Eat Kt (5)
11 X ISREE 5 B BEAAF B R 30RO -
1 Itz Et K
dK, =| I, —=®,+—-0K, —¢| = |K, |[dt + o K,dW, (6)
~ 2 —
EHSZ N T ¢
BBURA B

AR
T, FRATHYE Duffie and Epstein [13], #h4x iR 2 B4 154 248 B e K AL -

I(K, E)=supE[ [7(C,I(s.K,,E,))ds | @

T ITEARER, FATHE £(C,, I (s,K,, E, ) ) T3 A CRRA U B
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Figure 8. Trend chart of various indicators by year for different indus-
tries and residential consumption
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