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Abstract

As the severity of global climate change intensifies, countries worldwide are seeking effective
ways to reduce carbon emissions. China, as the largest carbon emitter globally, plays a crucial role
in the global effort to peak and reduce carbon emissions. This study focuses on the Bohai Rim re-
gion and employs a panel data model to analyze the impacts of economic growth, energy con-
sumption, industrial structure, population size, and technological progress on carbon emissions. It
explores the variations of these factors across different provinces and cities and their mechanisms
in peaking carbon emissions in the Bohai Rim area. The findings indicate a “reverse U-shaped” re-
lationship between carbon emissions and economic growth in the region. There is a positive cor-
relation with energy consumption, industrial structure and population size, and a negative corre-
lation with technological progress in the Bohai Rim region. Significant regional differences in car-
bon emission intensity, energy consumption, and industrial structure within the area highlight the
importance of tailored regional emission reduction strategies. Furthermore, the study proposes
policy recommendations based on its findings, including optimizing energy structure, promoting
industrial upgrading, enhancing technological innovation, and implementing differentiated re-
gional emission reduction strategies, which are vital for achieving low-carbon development in the
Bohai Rim region and nationwide.
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Figure 1. Carbon emissions in the Bohai Rim region from 2014 to 2021 (unit: millions of tons)
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Table 1. The growth rate of carbon emissions in the Bohai Rim region from 2014 to 2021
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Figure 2. Carbon emission intensity in the Bohai Rim region from 2014 to 2021 (unit: tons/10,000 yuan)
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Figure 3. GDP of each province and city in the Bohai Rim region (unit: billions of yuan)
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Figure 4. Per capita GDP of each province and city in the Bohai Rim region (unit: 10,000 yuan)
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Figure 5. Total energy consumption in the Bohai Rim region from 2014 to 2021 (unit: millions of tons of standard coal)
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Figure 6. The proportion of the secondary industry in GDP of various provinces and cities in the Bohai Rim region (unit: %)
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Figure 7. The proportion of the tertiary industry in GDP of various provinces and cities in the Bohai Rim region (unit: %)
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Figure 8. Population scale of each province and city in the Bohai Rim region (unit: 100,000 people)
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Figure 9. Urbanization rate of each province and city in the Bohai Rim region (unit: %)
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5.2. TRIEH

N T AT TR i DX I e OB WAL, AR SR I A A B AT RO A (3K 2).

B R A B O DARRHER R Bl R A B, BRI A% i DX B R e H e ok Al

AL B 2T (GDP), H X AR i, SRR 5 i 3 AR AN 53 152 . 7k 25 44 (Industrial Structure),
FHEE Pk (G Tl gl B2 fEH X 25 i BT 5 0 b B, M35 — =l bb 3 K BsHE TR
M, N HLEL(Population), #3IX 9N ML H, iU 2R R . 840 2 (Urbanization),
W DHER AN DR AT S Lk R R, e, AT EOR A S w ks, fE— e R R
I HEICR . BEVEIH AE(Energy Consumption), 8% DL XCAE B B REVRTH AR B R B i, BdaBER.
W RIS REE A FE R . H R (Technological Advancement), it R&D 4 #iEkrkK
Mg, ST R B RSOR B HE R R .

Table 2. Variable definition
F2 TEENX

AR L AR ) R AR 7 1

BHE U = Witk A = Carbon A TR
CRsYicl GDP HHMEBME
Pk g Indus == GDP M E
N R - Pop R W IUNBE 5
SR LR Urban SREUA L EEA T
AEVRTHFE Energy BETREIRE RS &
E3% Sti%7 Tech #41 R&D 49
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6. SCHES#R
6.1. BUERIHIA ST

ARSCIEHN 2014~2021 4F I igh i X AR 1048 — T 0 T AR S R A B i 52 [A] 3R S ak gL - o,
BHE RS RV T e SR %, GDP. REVRVHAEE R 2B P b tbE, ANOHE. R
AR RIET ) (GRS

Table 3. Descriptive statistics

3. kgt

AR MIME N FME EREITA i MIN MAX

T HEBUE & (F TT0E) 56 533.5648214 544.77 300.1984809 76.78 947.16
P A = BB (H 120T) 56 278.6107786 228.98215 176.7008036 106.4062 828.7517

Pk 4 4 (%) 56 37.84821429 39.8 9.152922853 16 52.7

NEHE(FTTN) 56 446.7981786 350.6465 293.4873352 137.3 1017
WAL 2 (%) 56 67.17546035  65.0558313  13.16931748 43.69 87.54911816
REVEH FE(A 3 AR ) 56 217.5311696  209.19685  112.9034523 67.621 459.351
HABL (H12T) 56 7.465089196 4.748492 6.734669249 1.221346  26.293208

e 3 o, BRHEBCR I /MBS i K EZ [ 22 870.38, Ut B B HE TSR AE M) i DX 38l ) A [ i [X
ZIRZERRFE . BATEE. GDP. N AU, REH ARSI B bR HE 2232 WYX LE 4R R e AN ]
DT ZE 5 8 o 7 LSS A R B0 S HE AR BN R s v e, (B 22 S T m] e e Ay L2 . 3¢
AR B EAE(R&D 22 3%) AR T 1) ZE R B, S 7 AR X AR BEPR AR AEOAR R 5 T 22 57 . 3k
BRI BECR, R R — 2R LRI AN REIR 75K o

6.2. F RIEMFET SR

Table 4. Test cross-section fixed effects

A F R
Effects Test Statistic d.f. Prob.
Cross-section F 17.797665 (6, 43) 0.0000
Cross-section Chi-square 69.888416 6 0.0000

e 4 F, AN FRZSRAT LR AL AT X p AE#RJY 0.0000, T LI 3 2 32 AN [ 5 MR A

Table 5. Hausman test
%5 EHEKRE

Coef.
Chi-square test value 106.785990
P-value 0.0000

WA 5 f, A3 B P EN 0.0000, FELE IR, i DA G 7 A4 ] 7 RN R
N AR I B 248 P v 2 AR R % . BRI SR R ZXT R AR I, JF 780 R8I RN, A
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ST AN s O[] 52 S AR R
6.3. EIFLERIH

Table 6. Regression estimation results of factors affecting carbon emissions in the Bohai Rim region

3 6. s X HE R M E AT AR

A R4 FrifE iz t Gl p A BEKT
GDP -1.049362 0.292063 -3.592927 0.001
INDUS 8.897383 2.151925 4.134616 0.0002
POP 3.958154 1.073372 3.687588 0.0007 -
URBAN 6.633771 2.038955 3.253516 0.0025
ENERGY 1.222263 0.291829 4.188279 0.0002
TECH —1.346999 2.793726 —0.482151 0.6326
Number of obs 56 R—squared 0.996984

“p<0.01, “p<0.05 p<0.1.

HIZE 6 A%, R? =0.996984 , AEWHEIT 1, RUIERUNG AT &, MRAS R ARIR AT s ARl AR AL
HAZLE o

MEEFFIERAN LT, GDP X RAZ AT B &, (H/2 GDP MK 3| 2B, Bk Bkt
AR R EITR S, 15 G R IRTH ARG BOR T 2 EL A T R, AT S BB HE IR TR, SRl R EO
—1.049362, ALK 2L (EKC) Bk, AFF K SIA MAAERT R “8 U B B2k R
2. VFEHARM, BARE 5 A GDP ZMFAEARLMER R, BIARMLE KT, MM AEER
HOEWATESE, LT ARG, AT G T USRI e N, (EEEE S
TR LT, OB 1 BEEAEE, A7 A — & o [27]. i 1 AT

MBESETHAEA LM, BEROH 2 S g I 1 07, BRR . BT BR Uidg hn 1.222263 S0z, R
W E R VH MG 55 BRI R AE IE [RRH G o B bt DX 3l b 1 22 30 i AR 22 5 e 2 MR T A0 A R A5 e VR
XL REIRAE A BE L AE vh 277 AR K — AR, R—REEMRE A —. Bk, Rl FER RN
W EESBERADE IS RN, BEE T AT R R, X B 7R Dl b i 75 SR 3 m, T
b A A A REVE T FE 0 B, B A BRHEI ) R BRI, N, REURIE AR AR HE R th 2
W MR 2 BROT

WFLESH S EE T, A RAE 1% 8 Z KT N 8%, P2 1%, AR TR
VI INZ) 8.897 AN AL o b A K I 28 — Vi o B EE R AT B, T 28 — 7 ML i K ) RE IR 2 AR 23 b (Bn
MER. LTS ML EIE N, B REIE R R MBS R AL RE 2 08 0. thAh, BRI AT L th ] A
SO L SR BRI R, Ry T A A il X ) 45 T A AN R I 5 R AP AR B BGR T 5 R
DRI, O A 3 T BT ™ b 2 P T B B TR AN, 5 T A2 Al IR SR R 035 A e LRI
2 R AL AR « TS VEREUR AP L A e o AR L S5 0 (81 V3 2R, T DAAS 2 7 b S5 ) 5 RO 2 T8
FAER BRI R R BRI 3 L.

MON VRS A BE A, N VR B TR R o 3, N VAR 1 FAr, Bl HE O b
N 3.958154 AT B N RGN, ST AL RS Nt AT, I8 AR DAL AEiALE, xe
EFRAEAESG N T REIRAORE R, JCHAE XA ORI, 10 ELIB T AL A rh (R SR B e Ve . Sl AR
SR FEANME b5 5 SR IGIN, AT RE - BRI FEABR SR (g . Sk 4 T

t[v il
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MEIARBES 3T, [BIREE RIFAN 2 B R B0 0, FUH R AT e T A SCR ] R&D 429%
RETRBARBED , HARFEMHZEARKAT IR, SRS AT REF N T BREIR AR S M ML BEIR 7 >R, #E—
SERESE L IRHEI B HARBEDACE, MURIREE RIF AR E . (HEl &304 TR (K 1)/ R&D 4%
(1 102K, WS ALPEAE (1) R&D 20 9% 3K /I M A i AR 1 K HLE O T bR, i b X
(¥] R&D £ F KM AN DUER T P 58t M L 7Y 48 T L Al T3 PO e 38 B S 1 P9 S5y AL 7 4 (52 1),
HI T DA BRI — AR L PR HE iR, BRI S MA7AE i k. i 5
JRAL o

IRYE AL R T, LSS RN B S R I R o S DR 75 AR P e DX Sk
AT L DX R 7 b 55 R AR A SR T8 AN [R] B BRCRE LA A I, AR ORAIERR HE A 2L

6.4. ZHMBIHT

TESPITE T BRURTHFE. Pk gt . N VUSRI AR 3 20 45 IR 3 0 TR HE TR 52 B, 06 25075 48
HN R BIX BE R 3K 2 (A A N TEBR R, WOFE ] 7 S5OSO\ S8 LRSI, LSRR 78 &5
i) R 3R 2 [ R P FE TG 3R

ERIMA 2 158 B B F IR ) S 20 B, A RE B0 B S, HORE A BLIAT R A Al
AR INAE, 5 ) R CE MR AT LN I 2 0% s SN, 45 A 2 W 2 R B X DL ORAIE e vk T (0 R
MIATEENE . MORAE B AT R BOR B IR BA S U B, PAORRRBE (AT fi e e AT 4R

EIEFEA B A B, A L

Carbon, = ¢; +y, + B,GDP,+ g, Indus,+ g,Pop,+ g,Urban,+ S, Energy,
+ f;Tech, + 3, (Energy x Tech) + S3,(UrbanUrban x Energy)
+ f3,( Indus x Energy ) + 3, (GDPGDP xTech) + s,

FERY Rl 25 50 F -

Table 7. Cross term regression estimation results
7. XRIEYVIETEER

B R PR i t G E p A BEKT
ENERGY * TECH —0.062629 0.018959 —3.303454 0.0024
URBAN * ENERGY 0.015519 0.020977 0.739799 0.4648
INDUS * ENERGY —0.009074 0.020159 —0.450140 0.6556
GDP * TECH -0.017485 0.012110 —1.443858 0.1585
Number of obs 56 R-squared 0.998119

™p<0.01, "p<0.05, ‘p<0.1.

HI4 7 MR, BEURIHAE SEORIEP IS IE ST L2, IR MIBOARMED MGG AEE €
PRI R 2D R . IR R 5 REIRTH AR I A HLAUN, R HON 0.015519, SERHFBURIEMS, X&R
W E SR B T R P 6 SR 2 R RE IR P T AR A 1T 3 BB HE O (80 o 7 Ml 45 ) 5 REJRI #E IO A2 LA, 2
HN-0.009074, HERHFK Z FAFAERIAR R, (HAEGE EIFARE, XRIIERER ST, GElE
THAEXS BRHE AR b, TR LS D A BOR D BRRE AR i 5 TR DL 4, T4 B R ik
/o GDP SHEORBEL (52 BN R %N-0.017485, FoRBiH UG KAMERBED KR, BRHFIUE 23
Hr b o
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7. BT ERBERE S BOEIE IR 547

BF EIRHTIOEE R, BRIKENLE]RT LA BLR J LA 7 TR SEEL

B, BEREEMT I, PRALREDREH, DX O A S5 e B RE DR AR AR, 389 AT 7 A BE PR AT i
REVR (IR FHBE . WAE. MZBE)EREIRSE M I EL T, TR BRHESCRE o« 78 Tolk Az . B3R A
PR S5 AEHE ) i AL BEPRAE I HOR, SR miRe IR IR, B MIRAL IR A i, AE — s AR b e ik
/32N

B, PREERTTI,  MBEUREE R ML [ IR AT R R T, R e R RARBR PR R £
2e5%, s E KA, BRI i X IR AR 2 TS S BRHEBGREE . HETE 0 A P BRI R 4
B WD T A R R A T RER AR AT HE R R RARBRAML B, I AR 2B 7 BRI . 7 Lk 254
RV, A2 BT H A,

F=, NTUBI I, PRI A RAASIE RS, I8 N PV G DX i eV SRR HE . 51 32
ARERMEN VIS BRI, A8 PARBRATE 75 20, I X R SR AR 51 &, SEBA D fE 2 2
[ FR) 220 0 A o

SV, BRI, IR BRI T BEIRBAR RN, TSR, A& AMT
VAR BT RESRHERCAR [R5 HAl [ SR X & AR, IR GBS R RBREOR . BERp T E A )
e DX TAACRERE vy« REVRAMOB L R 3 X sAT M (A P 48 A S8 EVR X)), AH Bt X BoR
FE MV AR ey RERAASEE R 3t X s AT Ml 9 B HE TRy T LA S SR 25 R M o DR R k28 U T
WG R T 5 EEIASE AT, B DR BT 2D A8 Y3/ Bk HE TS5 T PR I T 28 K T LB AE ) T
SO, AR B AR HECR H Se BRI .

ST, BOSRIE LT T, BUR AT L 3 8 E B A R RO > bR DBk W SR 5 R AN B
I 38 3 2 R 5 o A PAAT X 28 B, DR A AT M A b S s R R . LA S iy, i
T 37 WL 1) S5 Jaly D HE > 8 Bk HE TBOB AR A o 388 T BB S 4R AN M 5 i JE 7 3R RE R AN T 2R BE VR IR AR
R BE VR RCRARAE il SR T BEBOR AN dh o SEHE — E I BUCRS AE R R S HESh B ik g L
KB

S I DI HF BOE W 5 BEAE BBV 2 kg R . N BRI EOR 3R 45 22N J7 TR UG5
FEt, A AR A A S DR ) R R O, BEAT REVRESHIILAL . PR L P N D A R AR B AR BT »
AT AT R s BRHERL, - HES I il DX 0 AT R SRR R

8. it SBIREIN
8.1. FE4LP

ASCRIF 2014~2021 3R DX Sk A TR A, X ER A3 BT 1 2548 i BRI e R R 0 B 2 5] .
TR AN PRI, ATOOUE S N, T T AFIE K REVRIERE. oMb . N R L R B AR S R R
XTORHE I FEARE L, RN IX Eegg e K 34T T AT AL, RN SR

e, GO KSIRHEBCZ AR R “B U FEERINE . S5 K Sz [ R
TEANF R Ry B S B S 3 in Ja kb e 38 . TEA U R R IIWIHIN B, Tl bk i ot , @
PR = BEVRTEFE AN i HE I R, SR GFHK  EEARH T Re IR A S AN S TS ek, S S E
Hahn. BEESGIEE—DRE, JHE R BIRSE R R T AU AT RESE R R IIE SR . BUR T 4R M 2 F7 66
REHRETE TETE REVRAE IR R AR, 5 4 bt 1 A R Tl [l iR S5 A s BHE P 6 8 . TR U R
MR B, AR D FRCRIETHE 1S REVR T FERBRHEBOR W PG, B, S5 K SRR T 46
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R E, W LT K D .

S BRI A S AR Z R AR IEAR O o A ihifie DAY RE T A 2 ZEAO T AR, ek
FAIRIR S REEREIRAEA e e b oo AR KRB e, REEMRE AL —. B, sl
FEE G INIE T & HAR S BURHEBCR S 0.

=, PR SR AR AR O . A Gt A B MV AN ) 38 Ml 36 A RE IR A e R b, KT
KERAABENEFE, I ER = B . X AR 22 5 SR BOR ELE BRI BRHE UK
EE B . I, B R b B R R S, R S R (R AR AR IEAR R

S0, NS RS AR IEA DG . N GRS BRI R KB b, JCH R AR T Al o
RIERIMIX . BEE N BRI, (E55. 2l SR AHARTE S R R, TSN 1 REVRH #E
BRI N FUERIE 75 B N A S B S RE, (R by TER AN A IL i, XS il shil PR
R SR, N ORI IN R ST A BEREAR FERE, T T PG IR A BE DR FE AR HE T
AR SN RS B I T A7 IR R

AL, BORBED SRR R 5¢ R B XEE o« AR BIH AT DUF AR AHE B IR B, AR FHAE
WEEAN BN G, IR LAY By T WA MBI AR (ESR BORBED AR BOR BT ) 2L it
ESEILR,  HAEORBED AT R F N S SR IR SR SR S AL B UR T RGN, BT DLW EOR 3R S R )
5% 28 B 253t X BAR R SEBRTE DUR T, JEHGE XT3 DXk b TV AR P vy RETRARASEE K
Mo DX BRAT ML, SR REAE I/ B HETSOT AT B 3 (KR

8.2. BUREIN
T S BRI, A DM X T RS R R, R SEIBR AR >, PR LR L
T

F—, MACREIRGH . BEINTEEREURLL ., I BORSCRR AN EE, IR BHAE. XRE. ZKRESE AT FE
HEREVRAE REIR S B EL B A AT R, 2D el D R AN ik A5 R BR REVR K A, 36 0 B3 e
RIREN, WRIR G,

S AR TR . SORFIRER L, S A RARBREOR . SR EREIRAIIAOR AR 35 4 k. X EE
TR TSR HOE . TREIRHROE, SRR AERA I RCR, WP RN SR Lt RIS
FIRT, b A e i B U FE RN R A HET et b T B e o

=, MEREAREET . SR BUR A A R SRR BB, R R AR BRI AMRAR B T, 2
BEFBORSE Tolky 208 EHAEFGURN) 2N, RIS AR E A X S, 3L 5] 2t et K
TR LRI RE b BT B EHESN RO BTN T R I BT A, DR D AR BRI Oy T AR
AW L A AP 7T RE 9 S T RN o 3 BESRAE B AR R RBUSR ) 52 Hh R A TP R 7 i, DA HERR 5%
MIRTHRFSEE . B R NCAE T R AN L AR L e 5 S 2 4R R BN A T 2 I I BB BOR b, RIS &4 0
] e (A 3G AR HETR R B A

SV, St A DX SRS o 25 RS IR XA R A T AR RS, RS A it DX AN ) 4 T
IZE BT BRI 77 b 3 Ky R B B W ) 5 22 S5 A AT DR SRS o 308 T LA 7 T A 8 AN [ AR S - ik
T RUAE T AU R AR TS W REUR N, AR U T RR A AN E W R BE IR AOTT A, TR B N
AN [7) DX AR 2 ) A R B R SRR i, DA B X35 A i R i o

E&UH

HAE N SRI2ETUH (22YICZHO087), 114 HARR} 54 4E 11 H (ZR2020QG054) .
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