BARRFAMARBR)

Journal of Ludong University ( Natural Science Edition) 2025,41(1) :62—71

Doi: 10.20062/j.cnki.CN 37-1453/N.2025.01.008

B A e 4 I b R HE A G 20 FE R S e E =R

F FLoxER,K @

(1. EFBHT RS FHTEER, IR Fi 266525;2. 114K SR 2R @& s b, ILAR F5 266525)

FEE . LI 9 M4 (X)) 5T 4, i8 AR SBM BEBLRT Malmquist $8 204 2003—2021 4EF#S 1 5)
A T BRHE RS T FA8 7R T AR HE SR A I 2 AR R AE 5 76 LIRS L, FFH Tobit HIMRASIRY X #%
TP T R HE SR I PR R AT TS, S5 R R (1) RS STROCKE , B0 I 380 Tl fk-HE B0
AR R IR ARG A AT R T T B RTPEH , AR FRN R AR 0 b B HEOSORTE & (A4 (X)) IR AR
FHARXTESS 5 (2) MBIASSTHORE R IITEE S, HARAE (X)) 1 TV B S 15 8] 1 2038, ORI X 8
I T B HE AR B STk IR 5 (3) MGEMR PR 2R E , ML 454 X ST OB BE LA B H AKX Tl
e HE BT TR AHESN AR T, 3SR A AKX Tl B HE S 38CA B ) 52 i, Tl 26 5% & R KT R ol g U i

BERY RN 3

KRR BRI ST ; AR SBM LR ; Malmaquist 455 50 R PR 3R 5 BT 4k

hESES . F062.2  XEIREERD:A

FE T AR AR ) BR ¥5 YL AH 5G] H 5™
U2 | I 2 T R 1) 2 — A A e HE T o A 3 i, DT
R E RN IR AR S — R, A
2005 4F 2 2019 4F, 3% [ & 4 ik HE Al it A 60. 98
¢ ¢ HEEF] 98. 25 12 v, 3K X I 1 7 28 ) A — A
ERBRAL #0023 B i E A A e i, 2
KEZPRRNEZLT . 1 ERH R
HEZI B TR 3 Sl A 2 DR A 0 i o R R 2
B, 3 LB AP B B S ) ARl AR B
TR SR S T kR 1 R RS R T
XA A (X)) TV B HERCIR DA T 1A,
I 7% LA 2 Y3 AR AR E | Ay B YT 0 SRR D HE BOOR
BYHITT AT S SR AR IR RO ORAIE X T AE ik T
[ 2 (G & J HA BB X,

FEULTS 50, 228 TR HE A S 3k it I 530
2 R P R DT A TIEY . BRHESTRLSE T
TP HRCR, R 5T 32 DU HE R
JE 2 RNRR A P A i B AR A B R DA
D5 S NI DA A4 5 REVRIH 2 F157 3l 11k
BAAR T DL T8I R e HE R A= Hh S
SRR L B A, AL LR

SR H 391 :2024-07-09 ;45 91 H 111 2024-09-25

X EHS1673-8020(2025)01-0062-10

LB B R Tk S 80 I B3y 1 L 4 B L TV 23 BT vk
(SFA) R .25 53 Hi%: (DEA ) , SFA 75 244 8 A
FERITE P BARIE 2 H AR R — ™ Y, 1) DEA
RENSAL I 2 F A 22 77 Hh 8Os HL G 3 A ™ pR K
AR, SCHIR[ 4—5 ] R FBERL G AR
TR DR BRHERICR s SCHR 6 ] T DEA 53
i i AT T Ak AR Y IR B BAL; STk 7]
iz DEA ARSI B 7 o [ 38 7T ) Rk HE i ik, -
PRIE T B 180308 7T 58 %o 30 T e 5 5 ) R
BEEIFFE IR LS DEA R B = Xt T
HP A i [ ORI A AR i HA Y
NG e e 2 X (RPAR GRS L Re QIR e 9 €
B, SCHK[ 8—9 1 DEA 5 Malmquist 88045 &,
T Al 55 75 TR AZ SR Hh [ 4545 1 PR AH DG B HE
T s SCHR[ 10—12 ] 385k SBM AR A X6] 3 43 X Jak
R BRHE S A TN G, IR 5T LB 25 43 SRR AR
SCHRT 13 ] SR PSR SBM B ML J650U0H45 A0
D7, WSS sh A WA BEIFI B I aiie il
WHERCHCR BN 23 AR R LA, BEE X HETL
SR T B A TR, IR 22438 R W e TR i HE
RGTRIRm R ER  HAFST 238 it Ak e

FEATH L RE T AP AR CERRET ) — 855 H (2019RKB01459 ) ; HE # A\ SCH SR # BT 5 4E 545 (20YJC790158)
EEMEFE T XA (1971—) 5 B2, LA A4 S0, i 55 7 i A B Tl TR BE I 5% e if 5T 8 R R

E-mail :1gq1971@ 163.com



%1 TOE A B B HE ST BE SR P R A5 63

FEo SCHRL 14 )R 2 TR TEAREARASE AL AT Tolk il A:
FERRI R PRI 2 SCHR [ 15 ] A1 Tobit T A 9] I 45
G T R EYRA T RHE SR R R |

BT UM RUR , & T oHE G bt 52
BORA TR R Z AL, & 5%, BRTAIEE RO 3
FAE T FEEW R MK IS
iy U AR DR, Xof T A A b X A ST A A AR
H A B HE R SR 58 22 RS RN Bl A 0 FE 53
AT, DS S BB S LR AT,
JITAS SR AN ) T 25 b DX TR A ] R i) 19 42 T
Fb, AR SCRF#EZCR SBM Al Malmquist 8 5055 7
2, LAEO R 2003—2021 4R R Tolk B HE L 5%
RFFEXS G, I ER S AN Bl S B AN 2 A7 3 B F
9%, JFAE Al A EE Tobit [ USRS DUFR ST 0]
T T A ik 2555 7 DG B 5 i (R 2R S 4 T
L Tl e HE RO SR L D3 S 3

1 HESTE

1.1 WREXEER

P rh B SR AT, BT R IR [ TR
ey VU CHOR TR B P TR L
ARHNSESE 9 A (X)), Fa TILAREEA S
T o BRI YL IBE H  R R L B b e JRURI AR
R E ST AL AR e
BRIME . Z75 3R 19 ] IR 45 3R 1 2 i
39 A4 (X)) MR o i X A i X
FI it DX, b 3 b X A0 55 7 9 DU CHO 7
44 (X)), i X AL RS A St gy BRPY, T
i X AL T R A LR

1.2 HiEKR

PABETRIAE 9 N (X)) A 5E %t 42, i 52 B
B8] 2003—2021 4F , 4 HHE (P E 24584
LY CPERBIRGTHEL ) (P ESGHHELE) (P
Tl 23 Ge iR L g 44 (IX) i SE it
AR BRI, EB 4B B A A kb4
1.3 $54RIEEX

S SCHR [ 20—21 ] HE N7 A9 B HE i 50R  5
TRARR R | 25 A BT I 3 S P s 100 LA e 25 e A O

i r e 5 B R S B AR SR A SR I
GEA BTN 57 3 J A B R AR B AR i

H T I8 5 8 7 BB RE S AT A0 B A5 L DX ) <33
PEATIIE | D e B[] 5 B P BT BEA A
TR [ 5 5 7 B BTN A% 48 B SR LA 2003 4F
GETT R AL M 5 S IURE TRH 2% SR AR O BE
BN LG — BT o AR HERE s Mol A\ EhE
il LS S0 S RSB ) 55 3 T I B, 10 RS 4
(D) B TP AEAR MO NEAE A T5 B8N . T3 5h,
T VI I A ST B 1Y | DA 454 (X)) 1Y
Tl 22 B K K s st e HE i D AR 8™
DA 254 (X)) Tl e Ji i A v xh AR 25 3R 8 Y
TS YR IE | AT N7 38 ¥ 3t Jo M ik R T S5 804
AR BRI 1,
®1 BARE T GRHERSIUERER

Tab.1 Performance indicators of industrial carbon
emissions in the Yellow River basin

R gk — i dEhr W
N e 15t

BAEE BEREA BEBUNZRMAE 7 bR
R IHEA Tl AEA Ml A K HA
e RG] 15t

3 AR EL

PR ey R Tt

1.4 WRF*E

1.4.1 ML SBM FiAl

P AR T 55 8l ) A R RE VR A 4%
AAAE = Tolb = i 237 A — A AR A5 Rl =
Yy, LIRS P ok BE Rl %R SBM AL
AT AT AR 7= H R st ) R, 224 355 [X 1
BORMERT 1 B BRI HE— 2 XK T 1 1 sk
T, PRI AR SCR S FEEIAEE ™ Hh i AR
SBM AR AU F I 9 AN (X)) B Tl ARk
SRR, Hat B RIR =N

s.t. V= zn“ )\j}’;‘,-,gc?xk, (1)
Y < vy 2 yiA, 20,

s o, FREENE I MRAER ), &
ARG kA B s AR I AR TR A, ik
WREATTHIRLE  m Fl n NS r, W
P AR AN, AR AR A BG AR



64

BARRFAM (A RBERR)

841

AFEMEICER 3y FOR IR HAEME TR |y Fm IR
WIEE = A IR 5p 2R T BRHEICR , HAL
(EREPNR IR S R Ty & e
1.4.2  Malmquist %%

Malmquist 5% 5 7 1 Malmquist ' 42 H | J5

K Caves 2500 HH F 18 48 7= s R i A8 1k,
BEAA (X)) BE—1 DMU, 5 ¢ + 1 4F 56 ¢ 4F
AT R A R Ry (o) By
FEE PR AT B D () FD (L)
M| Malmquist 80T AR RN
M(xt+] ’yl+| ,xt ’yt) —
D[(xt+1 ,yt+1) Dt+1(x[+l’y(+l) %

( D) DTG j S
MMy ) > LI BEBASE ¢ + 1 ARk
HEBRCRAXS T2 ¢ A it Tt 22, Wi Beae
t+ 1 ERERHEBGSCRARXS T2 ¢ 4E A PT T I%

TEAA AL I RS T, 4 Malmquist 5§
Bt — Lo i R ER R AB AR L (P ) L
RILAEEL( Py ), BI:

M(xt+l ’yl+] ’xl, ,yl) -

1 1 1
Dt+ (x[+ ’yH» ) y

D'(x',y')
DY) DTG ) Y
(D'(x‘,y‘) D (' y') j )
P % Prgyio (3)

A Fare %120 (1 BF 57 45 SR, 76 7T A8 BLAE 4

PHFCPIRZS T, BOARBAAZACFEEL Py, 7T LUAH I 3
I3 O 2B A Ty ) FIRL AR 2R 72 AL
D(x'y) DGy
(Dzﬂ (xr+1 ’yt+1) Di+1 (xt ,yr)
HATTHR v ¢ SRR AT A RS FIANAZ KSR

(Topen) UAFERNTR 2245
M(xtﬂ ’yt+l ,x' ’yt) —
Di+l(xl,+l’yl+l) [ j
X X
DIy DY)
Di(xtﬂ’yﬁl) Di.(xt,yt) ]; )
TPECH X TSECH X P'I'CHO (4)
2 EAAE T b i HE AY 4 0 AR
R5HMH

D («",y")

o

2.1 BT RHERS S
2.1.1 WA R

DL 2003—2021 4= 45 A HI B8 LAl
AT )R TC T U ANAS A R
AR SBM O BLEY X B R 9 N
(X)) Tl e HERR R AT, BARRCR %R
2 JIT7 o Ry I T i s R T g T Ml e HE O
FRGOL, Fi B E et D Jie e DX RS D e X%
AERRLE AT o0 BT, TR 5 Tl U Tl Al HE il
BRI P I AR R A B 1

x2 EARESEE (X)) DA EE

Tab.2 Industrial carbon emission efficiency values of each province(district) in the Yellow River basin

WA ORI

\ 3
BT . D L L T
2003 0.373 1.043 0.464 0.290 0.247 1.105 0.460 1.108 0.630 0.636
2004 0.333 1.044 0.403 0.292 0.228 1.184 0.430 0.596 0.629 0.571
2005 0.353 1.113 0.405 0.271 0.270 1.142 0.444 0.654 1.051 0.634
2006 0.357 1.108 0.419 0.270 0.252 1.133 0.439 0.698 1.057 0.637
2007 0.452 1.144 0.409 0.296 0.249 1.139 0.447 0.693 1.099 0.659
2008 0.368 1.120 0.364 0.310 0.252 1.114 0.400 0.732 1.100 0.640
2009 0.395 1.089 0.398 0.305 0.251 1.133 0.377 0.747 1.074 0.641
2010 0.400 1.118 0.405 0.304 0.239 1.078 0.405 0.821 1.109 0.653
2011 0.400 1.128 0.375 0.302 0.236 1.052 0.439 0.809 1.146 0.654
2012 0.405 1.100 0.407 0.311 0.243 1.037 0.433 0.790 1.098 0.647
2013 0.438 1.067 1.019 0.351 0.266 1.038 0.469 1.007 1.068 0.747
2014 0.419 1.027 0.433 0.333 0.241 1.019 0.451 1.011 1.132 0.674
2015 0.385 1.043 0.426 0.306 0.235 0.725 0.386 1.006 1.153 0.630
2016 0.401 1.076 0.437 0.319 0.271 0.723 0.380 0.786 1.175 0.619
2017 0.331 1.038 1.033 0.314 0.265 0.688 0.381 0.694 1.158 0.656
2018 0.319 1.021 1.013 0.273 0.276 0.739 0.337 0.685 1.209 0.652
2019 0.320 1.071 0.417 0.278 0.287 1.001 0.340 0.667 1.161 0.616
2020 0.353 1.084 1.043 0.290 0.305 1.051 0.366 0.674 1.191 0.706
2021 0.364 1.069 1.050 0.289 0.295 1.064 0.414 0.676 1.235 0.717

SEAH 0.377 1.079 0.575 0.300 0.258 1.009 0.410 0.782 1.078 0.652
HEA 7 1 5 8 9 3 6 4 2
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Fig.1 Change curves of industrial carbon emission efficiency in the upper,middle and lower reaches of the Yellow River basin
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Fig.2 Spatial distribution patterns of industrial carbon emission efficiency in the Yellow River basin
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Tab.3 Average changes and decomposition results of Malmquist index in each province (district)
in the Yellow River basin from 2003 to 2021

H(X) Malmquist {8 HARRORIREL HAR B AREL A ARBORAREL PR €S
Hw 1.064 1.010 1.058 1.014 1.006
i 1.072 1.046 1.029 1.043 1.002
TH 1.103 1.017 1.088 0.971 1.065
Hif 1.093 1.010 1.086 1.000 1.010

L IX 1.083 1.021 1.065 1.007 1.021

S 1.118 1.034 1.086 1.025 1.008
1L 0.974 0.930 0.992 0.994 0.998
S| 1.009 0.986 1.026 0.981 1.015

i X 1.034 0.983 1.035 1.000 1.007
boNE] 1.034 1.003 1.030 1.003 1.000
AR 1.038 0.999 1.039 1.002 0.999

T IX 1.036 1.001 1.035 1.003 1.000
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Tab.4 Malmquist performance values and its decomposition index in each province (district)
in the Yellow River basin from 2003 to 2021

H ] Malmquist ffl  BORZCRIGE BARMSHEEL

i ] Malmquist ff  HEARZCRIGE BRI

2004,/2003 1.045 0.960 1.089
20052004 1.128 1.087 1.043
2006/2005 1.122 1.005 1.116
2007/2006 1.160 1.031 1.125
2008,/2007 1.080 0.973 1.111
2009/2008 1.035 0.983 1.052
2010/2009 1.067 1.026 1.042
2011/2010 1.055 1.053 1.004
201272011 1.047 0.983 1.066
201372012 0.984 1.098 0.904

2014/2013 1.032 0.962 1.076
2015/2014 1.029 0.963 1.069
2016/2015 1.075 1.031 1.043
2017/2016 1.046 0.978 1.070
2018/2017 1.096 0.998 1.101
2019/2018 1.067 0.995 1.072
2020/2019 1.022 1.054 0.971
2021/2020 1.041 1.014 1.028

A 1.063 1.011 1.055
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Fig.3 Malmquist index of industrial carbon emissions and its decomposition changes in the Yellow River basin from 2003 to 2021
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Tab.5 Descriptive statistics of variables

Ay OWNE E bR RME S BR(E
X, 171 9.855  0.548  8.616  11.040
X, 171 0452  0.064 0315 0.620
X, 171 1.294  0.653  0.169 2.464
X, 171 0.119  0.087  0.008 0.410
X; 171 8.747  1.857 4248  12.710
X 171 0.486  0.098  0.270 0.682

3.2 Tobit BIFHE A 45 R 4547
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R 6, X EARFEAS 1 0] 5 48 3547 534, 45
T 45
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2) PALEEA AT 19% B KF b, B Tl ik
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T s Tl B HE R R i v

3) TP RE IR 5 X T A HE TR SR AR 1Y) 5 i)
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HER S 520 b 2 R ECH T, BRI AR IKSE X T
A BRHE SR RE W 7 A B R AR EVE T . PRk,
A8 (X)) o BV A Bl £l B0 e i 0 5 58 R 4k
R M ANA 55 S EBRAE, X & e de fit
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F 6 Tobit IEIEIJFLER
Tab.6 Regression results of the Tobit model

A RE VA P>1Z|
X, 0.0984 0.91 0.364
X, 0.8886 "~ 2.94 0.003
X3 -0.0483 -0.63 0.530
Xy 0.6120 " 1.95 0.051
X5 0.0842"** 2.88 0.004
X -0.7881 " -1.97 0.049
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The Performance Measurement and Influencing Factors of
Industrial Carbon Emissions in the Yellow River Basin

WANG Xue', LIU Guanquan'?*, ZHANG Yu'

(1.School of Management Engineering, Qingdao University of Technology , Qingdao 266525, China;

2.Shandong University Research Center for Smart City Construction and Management, Qingdao 266525 , China)

Abstract ; Taking nine provinces (districts) of the Yellow River basin as the research object,the super-efficient
SBM model and the Malmquist index were used to measure their static and dynamic industrial carbon emission
performance from 2003 to 2021 and to reveal the spatial and temporal evolution characteristics of industrial car-
bon emission performance.On this basis,the Tobit panel was used to study the factors affecting the performance
of industrial carbon emissions in the Yellow River basin.The results are shown as follows. (1) From the per-
spective of static performance, the industrial carbon emission efficiency of the Yellow River basin generally
shows a fluctuating growth trend.The industrial carbon emission efficiency in the eastern and southern regions is
higher than that in the central and western regions,and the radiation effect of each province (district) is rela-
tively weak. (2) From the perspective of dynamic performance, except for Shanxi Province, the industrial
carbon emission performance of other provinces (districts) has been improved, and technological progress has
made the greatest contributions to the change of industrial carbon emission performance in the Yellow River ba-
sin.(3) From the perspective of influencing factors, industrial structure, degree of opening up to the outside
world and technical level all play a key role in promoting the improvement of industrial carbon emission per-
formance ,while urbanization level has a negative impact on industrial carbon emission performance, and the
impact of the level of industrial economic development and industrial energy intensity is not significant.

Keywords : carbon emission performance ;super-efficient SBM model ; Malmquist index ; influencing factors ; the

Yellow River basin
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