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Abstract

Against the dual strategic backdrop of the dual carbon goals and the ecological protection and high-
quality development of the Yellow River Basin, enhancing carbon emission efficiency in resource-
based cities is key to overcoming the dilemma of carbon emission reduction. This paper uses panel
data from 36 resource-based cities in the Yellow River Basin from 2010 to 2023 as a sample to con-
struct an evaluation index system for new quality productive forces, employs the super-efficiency
SBM model to measure carbon emission efficiency, and empirically tests the impact and mechanism
of new quality productive forces on carbon emission efficiency. The results show that new quality
productive forces significantly enhances the carbon emission efficiency of resource-based cities in
the Yellow River Basin, and this conclusion remains valid after robustness checks. Heterogeneity
analysis reveals that the emission-reduction effect of new quality productive forces is most pro-
nounced in upstream cities, followed by midstream cities, while downstream cities exhibit a nega-
tive effect, with only regenerative cities showing significant improvement. Mechanism tests confirm
that industrial structure upgrading and green technology innovation are important mediating paths.
This study provides theoretical support and policy references for resource-based cities in the Yel-
low River Basin to achieve green and low-carbon transformation relying on new quality productive
forces.
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Table 1. Meaning and measurement of carbon emission efficiency indicators
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EE RIS AN S A XTI IN 4 TN
E3 U1 VAN L 2010 4956 0 FH /K e A7 5 B B A7 R 4] A7
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Table 2. Evaluation index system for new quality productive forces
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BNy Wb RN W SR s s s Mlsy AN x sy A0 b X RIRAA AR By i A ¢ R
ARGy, ), ), A0, AP BINTE LRy 1 IR RN 0107 LR
NIRRT 5 267 508 BT B U PR B e O R KR, SO DU B OO R AR
IR B AR T B HR TR R A R AR AT SRS A, R ELA R 0 i S AR Y
CEE, = a,+a,NOP, + a,Controls, + i, + 1, + &, (10)
e PRI, (FOREG, CEE FRWHIIRAE, NOP FRHIR /LS /1, Controls F3i— R A1 H)
B, BAMERE RN, 4 RN E R, &, BRMIRE, o FREERAL.
NRIE 7 Ml 255 ¥ T2 5 a3 € AR Q3T L8 37 o 22 77 50 BT AT B8 0 ZR 9k v e R RS 0 o ) o RN
SV RE[23 BT T T8 AT T BN 56 -
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Kot M, oA, LA & L AARE).

3.4. YERIEE A

Table 3. Descriptive statistical result of variables

3. TEMMEMRITER

R FEA SR WA btz B/ME BAE
CEE 504 0.457 0.182 0.128 1.073
NQP 504 0.168 0.103 0.043 0.678
ER 504 0.036 0.018 0 0.148
OPEN 504 0.064 0.122 0.001 1.222
GOV 504 0.211 0.089 0.070 0.541
POP 504 5.510 0.677 3.766 6.731
INF 504 6.218 0.882 3.738 8.143
uIs 504 0.913 0.487 0.152 3.525
GT 504 168.939 213.889 2 1444
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B ZAAFE] 36 ANEI IR B YR 2010 F & 2023 4R AR AR -
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4.1. EERYID

FEYE R )1 45 SR IGAIE 1 39 5 A 72 X S5 T e 3k 5 R AR T B HE FBORCR A O AR (G5 4), FE AR N2 il
A B (B AR RS ()b, B R AP AT EA R BCN 0255, HAE S%MIGETHKF B2, RoHE A S0
PR BUSCRAFAE R E R IE R E R s IMAANSARAE R . N DRSS — R Y 3sH| B 8 5, BAQ)FH
PRI REIA R ECN 0230, B7E 5%KF EEE, (NREUNME TR, WIHEEHI MR ERE, BiR
AE PR S ST I 3 R YR B T B HE TBOSCR R TRV AR AR R 2, R RS 2 36 .

Table 4. Benchmark regression results

4. FERIFLER

o (D )
AR
CEE CEE
0.255™ 0.230™
NQP
(2.367) (2.003)
0.336™* 0.532
T A
(19.709) (0.705)
325 i) A% & &
P ) 3] yis &
AMAR[E 2 yis &
FEA 504 504
R2 0.374 0.425

TR e ek R ARIROR 1%, 5%, 10%HIEEMEKT, RSN tE, TERE.

4.2. REMRIE

DNBGAIESEAE A 25 R TS, ASCR YR R AC I AR R R SR A S P A A A . B
O R AR I 57 VAR R G0 GMM Al T DR T VA AT ARE MRS 30 (R 5)o FUARSRE, X HT A 7= Rk
HEo AT 48 R AR JG , B A= S A RN 0.269, 1E 5%/K - FRE: HIFR 2020~2022 a3k
PAREGRIEE, BRI EERBERTTE 0380, 7 5%KTF L8, RUALPAFARKME—
SEFERE L HIGS TR A= IR RS, TR IEW A5 R R BL, BT AR P 10 B HE TSR R SR R P B
N E s R R A BT BN R A 1KY ERER, B AR IR IR RO 0.055, 1E 1%
K BB, R ORI A I NE R R TR E: R RS GMM R RN AT S,
HRAEF A RECN 0.192, BAH T FBEETE 5% KT8, His — s aiciR 2808 5N
1E, RUATRHEBOSRAEAE IR AR A, AR AR (2) P {84 0.133. Hansen test P {54 0.729, i T 245 GMM
A 2k, T HARRE AR
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Table 5. Robustness test results

F 5. REMHREER

5H (6] (@) 3 “
Al \E
AR HIBRAIEPAEMFES SEHRT A IS A4 GMM fhit
0.269™ 0.380™ 0.055™*" 0.192"
NQP
(2.166) (2.378) (2.888) (2.330)
0.809"*
L.CEE
(15.260)
. 0.577 1.507 0.676 0.156™
W H
(0.767) (1.599) (0.910) (2.090)
Pt A & & & 3
I [ ] 5 & & & 3
AMA [ E & & & 3
FEAE 504 396 504 468
R? 0.425 0.354 0.431
AR (1) P H 0.059
AR (2)P 18 0.133
Hansen test P 1 0.729
4.3. RRESH
43.1. REBRREM
Table 6. Heterogeneity analysis results of regional
Fo. XEFRRMSER
5 (6] 2 3)
/] \E
PG IR ST CEE thiie BHIE LI T CEE MBI CEE
3.608" 0.414" -0.210"
NQP
(2.071) (1.760) (-1.951)
N 4.057" 1.852" -3.208™
W
(2.371) (1.777) (—2.056)
P A & & & 7
I 1] ] & & v
AMAE E & & 3
AR 98 252 154
R? 0.525 0.447 0.755

TR B P R B T AR B B TR ROKT L QB RE I R L A R S5 T T A
FERFEZESE, FEUHTUE R T AR ST 808 2 BT A X5 PR (R 6). BT, B A
P2 EH R BN 3.608, 1R 5%/KF LR EOVIE, FRUTHGA ™ It b O3 UR R T R HE BOSER R BT
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BN . FUHRIA, IR A SIS NESS, BORHE BOR A R, H LR AR A, B A
T3R5I RE W DU HE B 24 My B E B AL A S M A 5 SEBUBR HF O R 1 5 R T s rhliedl i o
WA S AR BN 0.414, ££ 10%4K°F B8, IRy, el (v s i i 2 1 e di b T
B, BUMEGEEFERE O PR B R Y, EAEB G S S REEARBIET, e
S RE B REGE . BHRAEL A SRR AR e R e, IR B bR B2 IR AR s R
i e, B R AR AT B A R HON-0.210, 78 10%KF LR, KRRy, R AT R KT
i PO O T RGE, FURA TR S RE AR ORI LT R AR, R
R VIR, BN IR T BRHEBCEEOR, DR bR AN, ORI A ) BRI RN R Y

RAEZI .

43.2. = HEARRRMY

FT IR A A A IEAE, BRI KR R SRR AR A R U, R Mg
R TN, A= 35S ) A o JE B DR B3 T B HE OB R I S A AT AE 3 22 R, O AR AR T 1
PETHRRE AR IS . AR, BTSRRI A R ECH 0.536, 78 10%KF B NIE, £
BH BT IR A2 7 95 SRR T R HE TSR (B2 T 0N d5 o 2 3 o TR IR E T AR R T 28 58 BRI 25 1R Poolk 6 7
PRI T SRS BHIR P R B, TR T 2ot R RS SR, BLRIETRE ST SRR A R S A A
BF, BN RURBSR R AR S ER RS, 78 RO IR AN s R AR T R A 7 S [
REON 0.761 BANRZE, ZZT BTy Tk i, BOURTT R SR AN, B0 A7 7 B0k RN
FENVA T SR 1 3 R . R T, BRI EA R ECN-0.101 HANRE, Xk
WIEA R AP R RO TR, Pl E. BRI I H, B A F7 0 5] Nk DR HE
revEE AL, JRHEN R B BRI FIRBIR AT, B AT I EE REON-0.096 AR, %K
WG G5 R FRIMGE . BEFR SIS QUFRe ARS8, B A 1 B g 71, (HZ2 T
H &R EZAE, HARFEAR TR IIGESIALE, I8 e LA I

Table 7. Heterogeneity analysis results of life cycle

= 7. BRSNS

5 Q) ) 3) 4)
/l \E:
AR EIERIETT CEE RV IE AT CEE SRRV EALTT CEE  Fi4E RV AT CEE
0.761 -0.101 -0.096 0.536"
NQP
(1.285) (-0.872) (-0.427) (1.993)
5 4.887" 5,115 —0.497 -2.932
i H I
(2.519) (—5.438) (-0.659) (-0.617)
s 1) 25 P 2 P 7
P 1) [ 52 & & = =
N & & 2 e
FEA & 98 252 98 56
R2 0.534 0.675 0.783 0.805
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