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Abstract

The current ecological environment of the Yellow River Basin is still
very serious, and the ecological crisis is still serious, with natural
characteristics such as more sand, easy to resolve, and easy to silt. China
has raised the ecological protection of the Yellow River Basin as a major
state development scheme, and the need to improve the environmental
efficiency is becoming more and more urgent. Exploring the impact
mechanism of the environmental efficiency of the Yellow River Basin to
improve its efficiency is not only related to the green and sustainable
development of economic society and the ecological security of the
Yellow River Basin, but also related to the construction of a modern
social power with Chinese characteristics.

In the first step, EBM-GML model is used to estimate the change of
environmental efficiency of major cities in the Yellow River Basin. The
second step is to construct the spatial correlation network of
environmental efficiency of major cities in the Yellow River Basin using
gravity model. The third step is to study the network characteristics of
spatial correlation of environmental efficiency of major cities by using
social network analysis method. In the fourth step, QAP regression
analysis was used to study the factors affecting the environmental
efficiency of major cities in the Yellow River Basin. The consequences

exhibited that:
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First, the major cities in the Yellow River basin at the forefront of
production are mainly located in the upper and middle reaches, and most
of these cities are provincial capitals, with relatively good economic
development level, relatively sufficient resources and uniform
distribution.

Second, the spatial correlation of environmental efficiency of major
cities shows a typical network structure and form, the environmental
efficiency of each region in the lower, middle and upper stretches of the
Yellow River is significantly different. As a whole, the environmental
efficiency of major cities in the Yellow River Basin presents an obvious
law of "developed provinces, central provinces and remote western
provinces". The environmental efficiency of the most major cities is
closely related, and the non-equilibrium characteristics are obvious, and
will gradually increase with the development of time.

Third, the major cities in the Yellow River Basin can be separated
into four plates. Plate Il, as the "engine", transfers the growth momentum
of environmental efficiency of major cities in the Yellow River Basin to
the "broker" plate (the first plate), which acts as an intermediary and
bridge. Plate Il transfers the growth momentum of environmental
efficiency of major cities to the fourth plate, which has "two-way
spillover”. As the "main benefit" role, the third plate mainly receives the

spillover effect of the first plate.
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Fourth, the regression coefficient of the difference matrix of
economic development level and foreign investment utilization level is
negative, the regression coefficient of the difference matrix of
urbanization level is significantly negative, and the influence of the
difference matrix of industrial structure, environmental regulation, import
and export level, energy consumption level and patent level on the spatial
correlation of environmental efficiency is positive. In particular, the
environmental regulation difference matrix, energy consumption level
difference matrix and patent level difference matrix have significantly
positive effects on the spatial correlation of environmental efficiency.

According to the identities of the spatial network structure related to
environmental efficiency of major cities, the development strategy of
environmental efficiency based on local conditions is formulated
according to the economic development level of cities in the Yellow River
Basin, so as to continuously optimize the spatial network structure related
to environmental efficiency of major cities in the Yellow River Basin, and

realize the synergistic effect of environmental efficiency among cities..

Key words: Environmental efficiency; Spatial association network;

EBM-GML model; Social network analysis; QAP regression analysis
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1.1 HREBERENX

1.1.1 fIRE=

o [ R ST IR A A IR BT A8 K [ SO R s, B e TR A B K
R T SRR Y], PRIT SR SR 58 R S ML AT 52 1 LR AR &R
P2 Gt B O] RRSER AN B IR AE A 22 4, SR A b B R A 2 3 SO
AL SR FE i e B e i R AP TP AN PG A X, BER R e Pt
FRRE 311G« —H” QPP Mo X, skt k I A E 1) &
BB E RHE . HAT, ZXEA SIS R, R BROK. [BATR
FEPIHRBCE RS 5 H A PR I ) L, 35 fh 2 X 2% 8 42 B R e KT 22 B R
RFBIXIRA LSRRI 153 BEAG —, BRI
ZIGRMN . R, B AICHE T SRFRIEIURE 0 2, 2 000 SR
ARSI O TR H R EK, MR EZRR. 2019 48 ST R i FR
BRA RS ORI R R SR TR ER, 2021 SERAT BRI A A ORI
R R RN L), “ 14N+ X7 BRI L U AE R W], EE0 A BT gk
PRURAC B - 2021 4F LK, AEASFAEEHELE 2 F LA TR A 48 TR I o)
FAT AT CRTIRNITJE 2023-2024 4 BT it 5 [ 44 S W i 38 Hl A B v AR (13
&Y, VA EEAEY TAE. 2023 4F 4 H 1 H (hAe NRILHE 5= OR45)
13K, 2023 4 5 A 16 H > &5 icts s s L SRy R sh mi i A e
IS AELE o SRR I dsk 2 I T AR89 e ) R AE 2 [R) ORI NE 75 2225 X By [
AR, B A BT BRI T A AR RS RN o PR BRI A Rl
T B X AR 225 R R X P (R A REE i B8 AN [ T 22 5 2 15 A v o
R L EHRAR o

HAT, SRus A RS S Je @ R AR 5™ 5, ASEHU ARG, 47
HEDZ . Bk HIREBRRF R, JEFT, SR KBRS RS 4 EK
IR 2.75%, B ACOR ISz e+ A BT AR 26, B 1 /K BERA H
HEGRL, KBHIRARTE Mk BT R R 5w, 2017 SE TV S ALk
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RIETRIS, IEHEMENR ., SRR, KT I A ST % 4 i S G R AR
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55 190 2 A AR T T S A 3 1 ) T RS R S AR SO FE I Y I A I T
PRBE AR 7 1) b, R A B VT B AR T PR AR I 7 R SRR N 4%, s
() IR PN 265 RFALE , 0 38 Vo 3 A0 1T A 28k e R JHL 2 1] S IR o) 4% 3R T 5 R
FHTIE, DU SR nT It 38 3 0 T AR A IR DR SR R $ H AH I ) 2 1L

1.1.2 fIR=ENX

(1) EREX

TR IRAT BRI, iR R S TR AR R I E R BB, Sa b A AE
AR BN 73X — o) B L, AT I A AR AN R AL A5 AR AT
X BN T

e, R TR R R T PR R AR A b SO B, RS A BT AT N AR
AWELE SR B, AT PG BN RS2 i v 225 STk .

Hk, W“FIal+2S 187 B FEH R, FIFE RS 1 5] I8 b 2 2 1R) Sk
286 . R FH A2 0 285 4 At 7 VR0 0 B TR 32 I T P 58 28 R 1 X 4 A, R
QAP [5] Y= RS R RFF 5 B AT YL Jak = L3 1 PR ke 23 R DGR I 48 R e I R 3%, AT
DAY BT LIRS 2R S R [R 2 (R BB 90, 7T LA 4 I i ] it R e S (1t 2
W%

(2) PEEX

R T AL AR S 0 T VA7 A T P A RS IR I, PR R K AR
PR R S S H (R BRSBTS R S B R IR T B, i e B
MBI R B R HE I, SIS 4 77 6 I 7] 457 282 A F i I TG

AT, T 56 R T S AT A A T IR BEIR L ARG U AR,
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BRIl T R R JE TR AE AL Y ) UMD, e dbdth [X 22 5 IR 1) & o

ok, 8 BB AN SR 74T, AR SCRENS W 0 SRR 2 B T[] A S5 R 1
A AVRFAE S AR PR, AR 25 (R SR RE BE , A v 32 A R BR AR AN HE A R R
B, SEHSEA JIBOR S

1.2 EPIIMARIIR
1.2.1 RN ERR

KT R T, EASMEE R RE AT, HifCA8RZ
BRI I BEALHT VR 20 b7 Bs a4 70 i &5 D7 i AT AR . RS A% (20200 SR HIBENL
HIVR M T VL B SIS KA B 23, TR IS S I I8 AT BRI A A6 h5
F¥# 5% (2019) iEH SFA (Stochastic Frontier Analysis) J73%I5 | 2004-2016
T [ B8 AN RS AE R TR A SRR, Fa i SR A RS L R, /s
TR AR 3 FR B PR B R I AR IRCOA 0.926. 0.953. 0.924. Song %5 (2017) iz
FI DEA J5 3005 1 o B A R AR T T B R0, Fi b B HEAT ML A B B8R A
%, I Hoh X 2 ek . %)% 4% (2021) iz ] DEA (Data Envelopment Analysis)
JTEINS 7 2005-2015 45 [ il 00 40 7047 Mk RIS R0, 45tk Tl A o
HGEN IR B, (B BORR S s o AT AT BT (2017)
iz DEA BEBSERGS T BRI EERLE, 48 PR AL (5 A W) 21
I RRIEAVFERYS (2019) WIS AU RUARME A P BORBEAT N, A
BRI BNV AL P R AFAE B B SR TH H . F598 (20200 RAJEXFE EBM
RIS, F 5 AR B R 5 &R, fa iRk EZ
INEERZR AT AR N A AT R I 2 [A) 22 5, 8 AR R 3 R R R AR 45 (2022)
iz EAERZ I JEAER SBM-Undesirable 757U B AR RCR, RILAO A 77
ER SRR 2 MAFE ) “fB U7 BISER, HRZHME B IRE IR
BRI 5RARAE (2022) 1 56 I RLE SBM J7 ik TN S0 T 5 M X 34
iR KAY, i H PR PRI R A5 DX AU B S ) 22 e 8 55 T 2R T ( 2022)
Koy g — T AL 2 20 SRR R B AN 8 a0 45 0l (DEAD J7V%, SEUESS AR W]
CO HETB AN 5E P00 25 DX S B Y5UR FH AR 22 520 . Tomoaki 55 (2023) 4
7 AR T R IEREE A RESE, B REA ) R AR R AL, 5



PN 2 1 e S DA ST PSR 117 P 58 R 1) 2 (BRI S S0 TR R 9

HH LT PR 5 I i v E R T e S A R A T U T T DA R 4 A
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FZIE DEA BR, 58 T MRS K E R ISR 2 B R LR &R, A
T8 H PR BT R 5 R M RIS R AR K, i HERA Goit i . whicIAE
(2023) 3K H Undesirable-SBM 15 B4 fiff F 3 £ 15 Bl ¥ Y A 558 20 28 I [) A 2 ) A%
WHFE, RGPS R M T a . B H R ) A6 s 3 K a4 1 485
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RVE: T SCHR BN R E A AT B0 AN R 4 PR 8 iR EAT T 42
ZETE, (HRAR /DG SCRR SO BT I I 3 B T PR SR AR AT, I HL
TPt 8 BT 3 3 T T A 285 2 [ D R ) 48 ARFAAE ¥ SCRIR B R ik =

1.2.2 IR 22 8] BT E R

I PR 3538 503 25 1) SRR AR 9 1) SCRIES L2, KSR FH 2 [ o A Y
(JEIE%ZE 2017; ZEf5%% 2020; Xu %5 2020; FFRefEs% 2021; Liu % 2021). 42
P £ 73 BT (B 2018) SR AT (PIVA E AN R A 2013) &5 771, Ji /N (2018)
8 T ) S DX A S SRR VAN AR L, SUE I B BT 17 R ] DX 3l A 2 AR I e 2
K S SR TEAFAE, 48 XA S A0 R R UL 3 I IR A S (R A R S AR TR IR« T 5%
(2020) 7E [f1) 5 [ (A1 VAR HE B8 dz Fi A 23 X248 0 W 7 0 48 B /K 3R R ) 3
AT EHL RS RO AN 73 [A) SRR R HEAT A AR, 4 K BRI B A1
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HAHR, B4 EE MR AN RINHERZH 4/, JHaT WSS H oK
Fo Liu 5 (2021) A 23R HORRR LB WA REAE, 48 i B AL 54T
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BB R 2, RIS A B AL I NP [FIE L T 90% 1 431
ANJFl. Feng %F (2019) i Tobit [A] V= SR 52360 1T & S A1 P2 Y FE T PR 55 2505 1)
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FHA REN SRR, (HEE PR AW e, ST T 0 5 S A
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GDP. A 1% B %5 H 3 m] DM HEFR BB 4R T o SRR ARSE (20200 BfF 50 [ X
AR A TSR I S RHIE SR R 2R, H) S A R AR S T AR S TR R AR I
SEMAPEFANTE], N3 B 3T A KA R T3 35 b X PR R 38030, AR
A7 FEAN NS XA 7 S A 2 R A B R P AR AR 2 . SR (2020) WEFT 1
Hh b X B4R T PR B AR S R 3, 4R PSSR ORI Y GDP (S
B TR TEIAEERCR, (H2AM i B B AR T RCR 32T . Benedetti
55 (2020) B FEONHE B0 X IR PSR PR, 48 HARHOKSE, Rl &
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LB B VOB R R 3R, 48 H DR I R 3O B RCR s i A
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FC T SRR T BEIEIA B RCR RIS TR AR, Fi H OR300 BRI M 254 % BE
VRIS R IR TR, AESEIRARAG 7K 55 PR 300 BRI B R0 A a5 .
EE¥IFE (20210 LM T B A 0 AT LA R L A R, B TR
LR %A AT M ISR RO (Y 500 A 3 [ D 8 22 5 o SR AT A 5 (2021
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DR 2R i il 20 52 23 1) EE L A 1, AN [R] (928 B DA 1 B 5l g 24 v T FRER Y
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AP A SRR AT DUACHE, EAR FATES 2> SCRRILOC AW I 1 o [ %A Bl
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1.3 MIRAB RIESR
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POARA R TAIL, 2 B B8 =R, A A I AARRE 4 . R4

e, WA Filg. HilE. AEEABIX. TR ERBE XA LRSI
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FERl 2 7 ) PR RS B, W R BOR BCR AR ANEAR BE AL, 23 S NECET
TCH, TCEM RS2 RE AT “BESRFEEE " WEAERCRE
HORBUW BARTRbR IR 3.1 Fm (BN JHER = ORI EE 72 Hh 43 xR A
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AR RIRE RN : BRI g, RIS AR, Bicbr i &
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L) 3 2 4 4 2 4 3 3 4 5 3 3
et A 2 8 8 6 7 10 10 6 12 10 9 9
VIRAKI] 4 7 8 4 5 5 4 8 8 6 7 7
I 3 117 2 9 9 2 12 12 11 12 8 11 11
SN T | 9 10 6 7 9 7 9 6 6 6
M| 29 6 29 22 8 23 26 9 27 23 7 7
FrET 3 5 6 3 7 7 3 6 6 3 6
W | 21 15 25 17 13 19 17 12 18 22 11 11
E AT 4 6 7 4 8 9 4 6 7 4 6 6
FEAET 8 7 10 11 7 10 10 3 6 6
BEFA T 7 5 10 10 3 8 8 4 9

SHBR 8 8 5 5 6 4 6 7 5 4 4

il
il 2 9 9 1 3 3 1 3 3 1 4 4
AR 2 8 8 2 4 4 2 3 3 2 4 4
¥ifi | 768 7.68 1176 | 752 752 1132 | 722 722 1048 | 752 752 816

442 hHdpiE

H A1 R i ) A S VAT S e — 4l T A i T R RE 7, (EROR, B IX
— 3 T X BT I A L At R T ) AR R R s ) A RROR, 3X — 3 T A X 4% R AT R
IO EHAL . 3R 4.6 PMESRE, 2003-2021 4 H 40 B M 2003 4 1) 20.94
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TEEE] 2009 4EM 19.54, Z JEIRETHGINE 2021 AR 20.52, AL AR,
i oL BEAL TR0 5 R T SRR 2 i KN T L SRR T . BRI Y RH
T 8 22T 3 KSR T o 30K R 3 717 = 2B Dy 8 T el 3 X0 R 3 i X P 48 22 3T
X 158 BH 1 el T 7 B TR It 3 I T PR R s ()X — I % A T A A,
P I S S B A P AT 1 RE 7, R BRI R G R I E B A, AR
A SR BRI E AN I R T, A ST R R SR T, 3 I Lo i T SR B
AT, AT S I3 TR IR 50 R0 P 4 e o VAT VAL Al 7 5 b X3 i, a7 e 7
WEARTH S AR AT AR R A o BEZE /N T B T 3K . ISP B
RIS T 0 K BN NS, IR SRR B, HE AR A S 42 A X . X
SLI 7 A A e B S I ANEA 5 18 23 ATARFALE , 385 R T S R T R R
WRHT . Pt KR ITEEUT R IE X 58 1A 24 2 IR BT R o

R46 PAPLE

H G 2003 2009 2015 2021
LM 9.117 4.275 5.238 3.987
AR T 1.422 3.314 0.654 4.814
RIKT 8.449 9.872 6.927 15.731
ST 14.539 9.872 8.238 7.990
PRFA T 12.895 7.327 15.344 9.609
JE P T 2.645 4.858 5.839 10.583
BT 3.065 1.174 5.114 4.739

AT 4.728 0.202 0.182 0.264
ST 13.355 1.107 1.440 2.450
fi] Ji7 7 14.539 11.885 11.105 8.124
B 22.484 13.019 5.865 10.091

A T 29.248 62.643 61.039 0.331
(@] 4.013 0.063 0.091 0.405

V€2 il 31.860 460.08 514.13 335.588

IR T 5.161 0.063 0.091 0.071
5T 6.234 42.557 19.884 20.141
k3] 42.404 10.006 8.903 10.676
caplin 2.620 5.737 7.369 2.191
ESLTI) 14.029 9.160 4.170 4.006
JREFH T 0.135 0.302 3.118 1.138
BT 1.597 3.228 3.340 6.500
HELZ T 4.663 8.426 4.557 4.502
gz NIl 10.798 5.194 13.141 193.148
P& T 3.317 4.542 6.469 6.882

38



L N2 T = S DA 'S ST T PR 58 20 ) 3 (R ALE S S M A R T 7

5F 46
ARG E 2003 2009 2015 2021
Gred i 224.863 77.354 94.966 119.113
T T 120.351 30.533 3.737 21.738
RET 196.909 50.852 26.624 27.565
Grre 0.301 0.917 1.298 4.683
AT 0.026 1.129 0.920 0.263
fH ) T 0.026 0.486 1.298 1.717
W93, T 0.026 0.917 1.298 3.836
T T 0.026 0.063 0.920 0.263
EIRE) 7.482 4.993 3.564 6.953
yNE] 42.377 29.767 2.683 15.733
H I T 2.814 3.106 2.549 7.412
SN T 2.32 0.267 0 0.677
Hr 0.735 0.396 0.485 0.646
e’ i) 3.317 5.553 6.506 8.757
T 2.320 2.398 6.590 13.75
I 3 117 4.663 9.658 10.898 13.872
SR 8.412 3.852 3.175 6.758
FRMN T 79.792 36.786 69.987 46.150
VAES ] 0.376 1.252 1.614 2.740
e E R 70.556 27.655 23.493 46.214
L] 0.529 1.876 1.614 3.872
FEAET 0.852 2.838 2.334 1.445
TERA T 1.661 4.244 3.673 6.453
=T 1.485 0.869 0.858 0.869
Fi ] 6.345 0 0.333 0.309
AR 5.118 0.333 0.333 0.250
B 20.940 19.540 19.680 20.520

4.4.3 BEREHRILE

F2 3T v JBE TR R R VTR A — T AN 52 At B A T A o AR
2003-2021 4 0 E BE AR AR G218, BRI e TR J5— B LT RE S,
AFLDX R EUAE 23 AT AR 308 o Ffs ot BE AR HEAE W 21 (3 T B G 50 /R 2 7T L UF e
i PPRIVERETT . ARE T T KR WP PO, X 54k
HO B A O R m IR T B, S R TR AR T R R R i
BEIT, 1d BH A S T AT DAG B R AR T SR, 5 A T PR A AR
FAFREE AR F5 o ST 3 A5 3 T P DG s b [X AR 2 /N, 3 30 W3k 3 i Ak T30
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X, R BEmah S A T g e, T aERI AT BE /1 8e8s, EAEM 2%
AT AR, FERY L R TS/ NE W] o X bE A SE 18] SR T 32 B T A 58 2%
3 8] 00 2% ) LB O REAT R rh oL B2, WT LA B 2 SRR A delnl iy 44 K A
(7], I S B o e ) DXL v o EE AT AR KM R B iy

RAT HEPLE

Wi 2003 2009 2015 2021
LM 112 89 91 91
AR T 94 89 95 90
RIKT 88 84 87 85
P 85 84 86 87
PRFA T 86 86 84 87
JE D5 T 97 87 90 88
BT 89 92 88 90

A LT 88 94 95 96
e 86 95 94 95
[l J&R 17 85 84 85 87
R 84 86 90 88

P T AR 79 76 76 97
kT 95 98 97 100
V€2 il 95 52 51 55
B R T 93 98 97 101
5 113 80 84 86
[ik:qf 95 86 84 85
i 1 T 94 87 87 91
FEAG T 83 83 87 86
JRFA T 115 97 88 92
THEg T 92 89 88 88
HEZZTIT 91 87 86 89
ik 87 89 84 63
[Ea) 93 89 88 88
GrrEa T 58 78 76 75
T T 65 81 89 88
RET 59 82 97 102
i) 99 91 92 89
R 100 90 94 115
eyt 102 94 93 94
o3k T 102 92 93 90
TN T 102 115 95 115
SEIREN) 91 86 89 88
KT 87 79 90 84
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&R 47

Wi 2003 2009 2015 2021
I T 94 87 89 87
P T 94 96 95 95
I 99 97 95 99
e ] 93 88 86 87
M T 94 93 90 90
I/ 3 T 91 86 86 86
SR LNl 89 89 20 90
FRMN T 75 76 71 82
FFat T 97 91 92 92
& BA T 73 80 80 85
EEA] 95 89 91 91
FEAET 95 87 88 93
TEFA T 95 88 90 89
=TT 93 93 91 94
il 91 08 97 97
2R 92 97 97 100

B 90.88 88.08 88.36 90.04

4.5 IMEEZT 6 X EMER N EE ST
451 TEIXREUKHE

E SRR 38 T SR T A 58 A A R R 4% ] D 2% 73 B R Bl L, i T PR B AR
BN, AR GRGRRE. o B HORKFIREAEDS, 25830

T AT B T PR B AR 2 8] S IR LR AR B b A KT X AR IBOK
Py REEH BT« AL AT SABER I KT SRBED KT SR BRI
LUIGKIKPAE . AE SRR JTBUKE. RS BHEOKE. e
ARG IR B BT RCR R A R, BARIL 3R 4.8,

# 48 HEHRREHARZENHERIES T

A e P fatrE X mean p50 sd min max
HEERHE  GML MR e EBM-GML #4715 1.064 1.050 0.250 0.215 5.692
QX\‘ /. I‘—Tll =N
v 7 PG ZIFK GDP & 1463 9539 1655 2151 12538

IS kgt FBE=rml XA S E ] 2814 6675 7281 3 71005
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&E 48
B 5 X fabrE X mean p50 sd min max
FEHOKT FDI  Ah&EHEE RIAH AN S04 GDP L E 1909 39.04 522.8 0.001 5892
oL  XfAhFik ik U S GDP EEEE 0431 0419 0197 0.096 0.959
BHEK  TL HoRgE LR TR 0.474  0.234 1.008 0 20.36
HeRG UR O i WAL S RN E 0.616  0.282 0.979 0.003 15.18
TR B EC  BRIIH o NIRRT P & 39.19 3840 1058 11.99  68.67
ER  FAEERN FH B BLE A 38168 8852 85722 22 871400

(1) & RS WIS (2019), F/PNEEE (2022) XG50 K
T RNZ HL 5] TR, 235 77 TH i B8 5% KR P 5 A AN A e
M PR 2R FE AR, AP KPR B Ik T GDP AT o dfr, Fek gt AR S AR —
P o XA P B EE B EAT 0, R IA YA T K il A B AL, A 5F
TR P 453 25 2 1) 5 M) — . 72 47 1) B2 )

(2) FFIBOKF-: PHEE KT R RS 1K JJ 54T, A3 BT idgrh bl st X
BUSEIRIEEEIETE, KEAERBRATY, W8 T EGF “ =B L 2 —
45 08 N2 50 R /KT, AL [ R 10 32 7™ B R PR B A ) R, X PE — e PR I
SO T RBEROCR . ARIETE ST AN ANBEEE (2020, FFTRUK T4 R 7 T 0k U AR A A
TRV RIS S ORI AN A AR A S0 R B AR bR, A58 KT A0 2 8 o
GDP LU HE AT /04T, KHAMTFIER RS H DS80S GDP L AT 404

(3) HIERG: BT R G451 HUGE U S AR S50 1) 95 A A2 A Dy 5 )
RIZFa 5, REVRTH 2K, JUHRAL G R BEVR I KBS, 2 Tolkyg ey £ 2
KR —, MBI B BRE MR AR A7 R A RS
Gy, RIS R 4022 7 2o 0 BTN I 32 S T A B 8 e 7 AR T m) 5, HL S
AWrdgm . ZEMILGE (2021), =H%E (2021, BRVRTH 2 7K-F-H A3 BeiE
WA, BT HIREbRE RRUE AT TR AT

(4) BHOKF: RIS mR K EATT . SEIIA ISR S, Bl
KP4 = e s 1 Al RITAS AR T RS, AT PR I8 0 ) FH ke 19 DASR
T, BRI RE R LR BARGIHTRE AL, RN SE iR (2023),

(5) HZARG: HaRGUKCTEIORTTRACHAIL, ik, AO&EE
RIS AEHESh 2 GG K[R3RS . B S 1), AT s
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REFAF AR, ASORIEMIL S (2020), BB A 5 N F b E AR
PREEAL IR

452 EIEPAERSHh

T AERE R ME T T AEAR BT, AR 2 NG gD RAN et AT S J i 1A
GRS, SR M RIAREZ, FERXAN R, AT Sl
ARS8 T I oRAR 56, T 1k, AR SO P Ak 2 WX 28 20 i v i T IR AR R — R R IR
FEFF QAP J5 AN BT At dsk 3 B3 T 34 5 004 2 [ S IBR 19X 245 [ 52 i 1 P BE AT
T, AAZRZ IR« G R 7 bt su ki, DASEFE Y8 AF R A2 AR A
Rl AR R TR KR RAR AR S Y Oy “ R R EHR T, BORRE AR B T
BT AR A (A R IR 2%

R 49 QAP ERSHER

A AR R AR RS B BERA #x B

A I 0.366 0
25K -0.025 -0.025 0.287 0.713 0.287
A 0.014 0.014 0.344 0.344 0.657
CANAT -0.018 -0.017 0.365 0.635 0.365
AT 0.056 0.050 0.189 0.189 0.811
REJRTH 2 0.092"” 0.089 0.034 0.034 0.967
BRI 0.069” 0.070 0.040 0.040 0.960
FAR B 0.090" 0.081 0.084 0.084 0.917
Wit -0.076" -0.076 0.020 0.981 0.020

H1%% 4.9 QAP [a[H 73 45 3R AT LU H, 2003 £F-2021 4F 3] it 32 24 i
2ot R AT 22 5 I R B KT 22 57 AR R A 0] U1 2 SEORA T A 26 22 S AL
(] 1 28 a8 DR A7, TR B BT AT 3ok i 1) A 3 (R e 5% R e 7K P AR FH AR B 7K1
2 SR TR A8 T I T PR B AR A 1A SGIPROR AR AR R AT 22 S I
S A BRI E T A B RCR A () SRR &R, XA BUMSEHEIA SR, 35T
B S AL BURL B S AE BT R R AT et i X izl , AT adt— 25 s A ST i sk
RIS R B A A SRR, FF HL, AR B KTRE I ) 3 DXRIAAER L 5 JEE /KT A
AT AR IX M BEAR R, R A BERCR B s AL FIE SR, X thafE e b
iR LI I S-S B2 N %y & Sl [ PR PR K23 0Y A ) A1k o o i 2 A Bl ]
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IR (1 2 1) 00 B o

2003 22021 4F B ] i e E T o b S5 R 22 SRR R PR R A 2 S R R
BEH A Z 7R BEIRTH PP 2= R R B RO 22 5 AR R AR R
(8] SCIRPE R RO 25 I, e 0 A2 A SRR R 22 57 AR REVRH 2R KT 22 S AR PR AT
A 7K 222 S5 R O R PR 5 03 2 T SR I P PRS2 00 48 25 Dl I, 3K 15 B 3 5 R ) A E D
TH BT 22 O, B M T SRR i A T B T AR AR A TR SR R I SL, X
DR A SR ] S SRR ™ s (YU X, REVRN SRR AR DX, — B P35 i) B i
ML, W EERS SEINA IR BT, ERE MR T AR A 753, AR
BEARIS S, —BORU, BURESCRIASEEORR, 2581 8 B IERE, Kitae
VT BT« AR AT BORBED APt e m] BLE A ST e S T A 35
RO [A) R I 2%

4.6 KRGS

VAT AL A5k LI T PRI A A (R A OGP S st BT (R X 24 25 ) ST A4S, 3]
Ty RSN X R R B . IR A R I B “ KA
Gy —rP T A A — Iz P T AR 0 R o RV IR o A T PR AR I 2 A
ok TS PR BT, BRE 0.231, {EBAML IR KK R
BHATRE N 1002 AN, ML RIBCEEFE 2003 £E 4 2021 4RI 1, FEII IR 3E B 0,
TIPSR 2 (] B R AR SR8, 2 (DA D P ATV H RO [RIRE R B J o 2655
25 F% 2003 4R 21| 2021 A7 5 AT AT AR B T B A 2803 % TR AH OG I 2% S 4 E T AT 4
FARER 0.4 MFRE KT, HABF %58 1E 0 F7K -, I 45 2% M\ 2003 4£11] 0.7917
Z5 EFEE] 2016 £E11) 0.8342,

TR B R A DA AR R, AR — 3% 8 AN, R A T AN
i, BREE=IL 19 ANRTT, BREDUA 16 MR, HEE—IREKI N “E@L N 1)K
B, SEARBRE T PR OREL, SRR T “EZa” R, SEIUREUR
T ORUaaE 7 B . AR A PRGBS B P RN, AR BR
VE “RBNHL” fA ER BORRTR E B0 T PR B AR S K Bl R A8 2 B R AR
ZAER “ARLN” R CGE—REL, 55 AR SCH 2 Ik 3 I T PR 5 AL
RS RetBss BA XA SR, 1R “F 28" AeamnE=
AR A RSO — AR P it R
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ST AL A T 0 R B PO P IS ARSI, SRR I T A5
BRI AR T B PR AR B S, AP 22 S Bl I 8] A BB g n . harh
AACE AR B, $EAE O L B AR 218, BIHE T2 m—E LTt
&, DX TA) AR 70 AT AR S50 o X b 1B i Y JAg S i P 58 283 4 )
[ 2% P 2 5 o JEE AT 0SB, RT DOR I 38 S VT e T 4 KB ], 15
Y 5 40 o 5 v ) XA EL 230 v o JEE AT AR KR B s

H1 QAP [T 4f R, 2257 R SRk 22 5 Fa AR FH b B 7K1 22 57 R R )
(B0 2RO D, AR KT 22 5 R (4 [ VA R BB 5 O A7, 7 Ml ) 2 5
MEERL 2 A R BEH PP 2R R REIRTE AT 2 R e . BADKT =
SRR R PSR R A (R SRR RS D AL, i) PSS AR 2 S R R L REVSE 2%
TRV 22 7 R A L R K 22 S R R X A B 20 R 2 ] S IR 1 S S 28 N I
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5 it E5RE
5.1 FELR

T 0 TR AL A B T PR R AR MR RE , i 5] J R Ry s a1 5
RERFME, MR AL 2248 43 T B IR ORI 25 [ 2R AE, A QAP (=] JH A
R mE R, SH R4S,

(1) TR = I 7 T A 7w AR 3 T 32 B 3] b e R 3 ] o
i, JF HIX BT R ZHBON S A A 2T, BRI R JEACEREEEAR S, B
FAXT 7R, S BCISIST o BT A B T A T B R B R KPR T K 2 4 T
FOA R, BT AR AT 0.9-1.3 XMz, HEBREE 2L L
FHE NRE, 25 SORIERE BTG R, SRS BT

(2 $8 TR i3 3 R 71T PR 25038 2% ) A DG 1 22 0 H TR ) o) 2 5 ) S T3
TR P RSN X R ORI R L B R K
IBAE o — PP A A — Rz P AR A R o R VT At A T PR R IR 4 8
SIS BTHE R RUE RIS, BAEISE Y 0.231, TEREAN ML KOG
REKTHEA 1002 4. L REEEETE 2003 428 2021 4E¥N 1, B E 2
PRI 2 (A (R IR B2, S IAIAH DG PR AVaE HH AN (IR AR I 2 o I 4%
A2 JEE 2003 4 3] 2021 A7 38 Vi YAt BT AR 8% 2 () AH O W 4 A5 2 FE P AN
4 FEARFE 0.4 MfasE AKF, HABFEMIRETE 0 KF, MZRE M 2003 41
0.7917 & 7+ % 2016 4F (1) 0.8342,

(3) BV IALA 3 B T IR 4 A DO, AR — 3k 10 AT, A
6 M, ML= 16 AN, BRERPUA 17 T, B Rk N DN
ML, B AREUE T it B, SBAREE T 2R iR, SRR
JETF ORUm R, MR A R MRS R, AR P B RN, AR R
AR CORBIHL F N TR A T B T PR B AR K B e AR A B R A A
MR “Aa N7 B AR, 55 AR SR 38 T e 3 B T 245
BRI REAL IR B Ui 7 S IUARER, 1B “E%2a” MEamsE
SRR A BRI — AR R

(4) TEIT I 3 I T 1) o5 R0 RGBS 3, BB R
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JEMARTHE PERFE B R, I B2 BB 18] A R IZHIIG 0o oo rr Lo E AR A JREAH X
BUN, FEL O ERMEBARAR S, B N B ETHES, HX
[Fa) ER AL 73 A AE X P00 o SoF B 6 18] B T JAT 45 T B0l Ty PSR 005 2 1] o) 2% £ 2 5
O AN 0 s AT DU 3 BT i ik T HE 2 R R R, D S 5
e 4 DA L A AR R IR LA

(5) H1 QAP [HIF M Hr &5 R, ATt A /K1 22 e MEAI R FH A1 53 /K7 22 e i
B[R0 R BN AT 22 3 M (0 BV AR B 22 e 0, Pk i 22 700
B PABETRUHI R B DO Z R AR BRI ST 2 R R . T ADK
P22 S R R B RCR A 8] SRR S Ik, R R SR 2 e i R R
TH 9 KT 22 7 R AR AR 70T 22 57 R S P 5 00 2 ) SR BB P P 2 i 2 D I

5.2 BUREN

(1) 5 e ST AT i ] P ] 2% 2 PEE RN IX 28 003, (e A BT e o i Tl
FRMIABIRCR WL, TR E B A R G SR Rt 54
ORI RN, B e X IR A SRR W R R AR o — DT, S i sl i a2k
T AR X 2% (1 i SL A eI T (] 0 2R, S B A BRI R - 5
7, EEEE PR A A DO AR R, SO H AT E SRR, LA
AR AL

(2) HCE XN R Z 57 1, BRI BRI AR IS i) A TR T —
YR T — I PG AR 7 ISR — 5T, ARSR SRR G A [X A B AN BT KT R
LU B 5K 73 BE B3R EF AR, 3T LA 8 FS L [X PR 22 5% R R /KT 35 s (1 X, AT B
AL X S . 53— T3 T, SRR MR A, B R M2,
SEINPRE (B AT, A/ XIS, BRI R

(3) TR Aok T I A 358 00 4 2 1] S IR I 4 85 4 Y ARCBRAR 1 R AL 1) 5 A
[FIPR LG o ARG 25300 T 18] Ak 2> G5 B AR R SR IR s 1) 5 22 5 AL R T 3 85
RO LN o — T, AT IR e L AT R i O H 7 AR AT i
T AR, N R R A R, SIREHORITAEOR, OB LA, et i
Rt . S5, X /LN RPN “ a7 BB, 58 IMRIEUR
SR, S EEINEMBOIEREEOR, KR RCR K.

(4) ZAIE. 2757 B s I Bl T A5 R0 2 (B A DR X 2% (R 52
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NZ . KIFHBUSEZWZ AT “BAREF” BAE RIS, ) s
DX SR B A SRR IR i o — T THTERURF K T R A 436 Jti ) 7 S 5 30T i v
LI X AR, A AT R A B BN . J3— T L RIFTTS YR
AT AR RIS, O3 B Rt X, SR AN 5 R, 8 E X R
LK SO A XA RO, Gu o5 e o T TR AN 5

53 RESAE

AT T B AR MEEAR 36 B ] i B T MR R M R 34T T R GEE AT
EVSRAFAE SR AL, XA 2SR MW R P k8583 . 26—, RIRTHdh
(T RTERA A DL A (0 R PR A S8 BT B SR sk 2 T A B R SO 3
T 9 B PATHBURAL 69 MHIZAT B AL 1) 50 AT ZIT R E R, A
FEBERIHES, B 7 SCESTH 50 D2, HA T (AR R E
FFORUE, EAEAR KWW ST R, B SRS Sl AT 21 5 18, 2L
I, AT DO B AT BORAL AT oA, IXREA RE AR HER N S X E AT 6 H S 1S
DL RCR BUR RIS %

55 AR SON B T B T BRI 8 R T, BRI BERCR
SRR R A SRR S R T IETRCR A T, [ NS AT
BAME, RCERM T RZHEEFERIVIITE, B TR0 5 R KR AL
EIRBARAFAEA SR BT DL, IR FE BRI R IX— Bt
ATATHZE BE, AR SEINRL A AW B2 D7 AT A T K Fe bn A 2R, R I 1 $E AR
LR E H R AR AR .

48



PN 2 1 e S DA ST PSR 117 P 58 R 1) 2 (BRI S S0 TR R 9

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

SE MK

Alshehhi J M, Zervopoulos P D. The effect of institutional factors on
environmental efficiency: A cross-country analysis using a Bayesian data
envelopment analysis approach[J]. Journal of Cleaner
Production,2023,395:136-401.

Anderson P, Petersen N C. A procedure for ranking efficient units in date
envelopment analysis[J]. Management Science, 1993, 39(10): 1261-126.

Du W J, Li M J, Wang Z H. The impact of environmental regulation on firms’
energy-environment efficiency: Concurrent discussion of policy tool
heterogeneity[J]. Ecological Indicators,2022,143:109-321.

Fare, R., S. Grosskopf and C.A.K Lovell, 1994, Production Frontiers, Cambridge
University Press. UK.

Farrell, M. J., 1957, The Measurement of Productive Efficiency. Journal of the
Royal Statistical Society, 120, pp. 253-290.

Feng D, Li J, Li X T, Zhang Z S. The Effects of Urban Sprawl and Industrial
Agglomeration on Environmental Efficiency: Evidence from the Beijing—Tianjin—
Hebei Urban Agglomeration[J]. Sustainability,2019,11(11):1111-3042.

Guo M D, Li H, Lin W. The impact of economic growth, FDI, and innovation on
environmental efficiency of the logistics industry in provinces along the belt and
road in China: An empirical study based on the panel Tobit model[J]. Science
progress,2021,104(2):18-54.

Huang S. The comprehensive environmental efficiency analysis based on a new
data envelopment analysis: The super slack based measure network three-stage
data  envelopment  analysis  approach[J]. Journal of  Cleaner
Production,2023,400:136-689.

Liu L Q, Liu K L, Zhang T, Mao K, Lin CQ, Gao Y F, Xie B C. Spatial
characteristics and factors that influence the environmental efficiency of public

buildings in China[J]. Journal of Cleaner Production,2021,322:128-824.

[10]Lv M D, Yang W P, Wang M N, Wang Y L. The spatial changes of China's

49



PN 2 1 e S DA ST PSR 117 P 58 R 1) 2 (BRI S S0 TR R 9

environmental efficiency and driving factors from the perspective of circular
economy[J].Environmental science and pollution research
international,2022,30(9):23312-23334.

[11]Li Q Q, Cao Y P, Miao S L, Huang X H. Spatiotemporal Characteristics of
Drought and Wet Events and Their Impacts on Agriculture in the Yellow River
Basin[J]. Land,2022,11(4):556.

[12] Mamghaderi M, Mamkhezri J, Khezri M. Assessing the environmental efficiency
of OECD countries through the lens of ecological footprint indices[J]. Journal of
Environmental Management,2023,338:117-796.

[13]Nakaishi T, Nagashima F, Kagawa S, Nansai K, Chatani S. Quantifying the health
benefits of improving environmental efficiency: A case study from coal power
plants in China[J]. Energy Economics,2023,121:106-672.

[14]Pastor T J, Lovell K C.A global Malmquist productivity index[J].Economics
Letters,2005,88(2):266-271.

[15]Qian J. Spatiotemporal Evolution and Influencing Factors of China’s Agricultural
Environmental Efficiency[J]. Discrete Dynamics in Nature and Society, 2021,
2021:1-8.

[16]Roberto B, Daniela P, Paolo P. Modeling the Impact of Technological Innovation
on Environmental Efficiency: A Spatial Panel Data Approach[J]. Geographical
Analysis,2020,52(2):231-253.

[17]Song C Z, Liu Q F, Song J P, Jiang Z Y, Lu Z L, Chen Y Y. Land Use Efficiency
in the Yellow River Basin in the Background of China’s Economic
Transformation: Spatial-Temporal Characteristics and Influencing Factors[J].
Land,2022,11(12):2306.

[18]Song C Z, Yin G W, Lu Z L, Chen Y B. Industrial ecological efficiency of cities
in the Yellow River Basin in the background of China's economic transformation:
spatial-temporal characteristics and influencing factors[J]. Environmental science
and pollution research international,2021,29(3):4334-4349.

[19]Song W, Bi G B, Wu J, Yang F. What are the effects of different tax policies on
China's coal-fired power generation industry? An empirical research from a

50



PN 2 1 e S DA ST PSR 117 P 58 R 1) 2 (BRI S S0 TR R 9

network  slacks-based measure perspective[J]. Journal of Cleaner
Production,2017,142(4):2816-2827.

[20] Tone K, Tsutsui M. An Epsilon-based Measure of Efficiency in DEA—A Third
Pole of Technical Efficiency[J].European Journal of Operational Research,
2010,207(3):1554-1563.

[21]Xu S C, Li Y W, Tao Y, Wang Y, Li Y F. Regional Differences in the Spatial
Characteristics and Dynamic Convergence of Environmental Efficiency in
China[J]. Sustainability,2020,12(18):7423.

[22]Xu S L, Zhu Q Z, Yang Z. Influencing factors of environmental efficiency of
strategic emerging industries and their power cooperation mechanism design[J].
Environmental science and pollution research international,
2022,31:10045-10070.

[23]Xue W X, Liu Y R. Measurement of Synergy Degree between Environmental
Protection and Industrial Development in the Yellow River Basin and Analysis of
Its Temporal and Spatial Characteristics[J]. Sustainability,2023,15(4):3386.

[24]Yang J, Xie B P, Wang S Y, Zhang D G, Liu C Y, MakMensah E. Temporal and
spatial characteristics of grassland ecosystem service value and its topographic
gradient effect in the Yellow River Basin[J]. PloS one,2022,17(12): e0278211.

[25]Yang Y, Chen L, Su Z X, Wang W B, Wang Y, Luo X. Study on Spatiotemporal
Features and Factors Influencing the Urban Green Total Factor Productivity in the
Yellow River Basin under the Constraint of Pollution Reduction and Carbon
Reduction[J]. Processes,2023,11(3):730.

[26]Zhang L B, Xiang W J, Shi D S, Liang T, Xiong X, Wu S Y, Zhang W T, Yang D
G. Impact of Green Development Mechanism Innovation on Total-Factor
Environmental Efficiency: A Quasi-Natural Experiment Based on National Pilot
Cities[J]. Sustainability,2023,15(2):1543.

2715 3 — . B T2k 43 47 Mk 45 i B4 il 51980 — 2008[J]. & BF % (=
F),2011,10(03):735-776.

[28] R 151 2 AR BH, 5 M 2R B VAT It 3 T 28 5 R BB 45 4 Tt S AE 7 [ 9] N R 3

51



PN 2 1 e S DA ST PSR 117 P 58 R 1) 2 (BRI S S0 TR R 9

J7,2021,43(06):10-15.

[29] . B0 0,48 43 M7 75 19 MaxDEA A4 AL 52 &R A H ik, 2014,

[30]¥8 7}, Fhwets FREE R . A ARAUH SR ELF KO A EAND « TS
¥£1%,2020,30(06): 105-115.

[31] 3 FEidk 5k B 550 38 AT AL duk 32 I T 6 €0 R J ORI 2 43 SRR AE [J] Bl 5
##,2020,40(06):75-81.

[32] 303 K. 3% 20 o N b 3R B3 R S AL 5 N R 0 [0 A B4
157,2023,39(01):177-182.

[B3]ABIR SR, e L, A A5 . B T itk = B3 7T 1 A /KR PR e B 0 43 T [9]. 30 855
T.#%,2022,40(10):1-8+79.

[34] 5 e I, 2 22 50 Tk 2 A8 55 v B0 2 22 W5 L R 35 2000 I 2 Y 2 K S i [R] 2R (3],
5+ FE B 7T, 2023,32(03):89-100.

[35] 3 A% . v [ Bl U5 P 55 250 36 1) 2% 1] 5% Bk I 2% 25 g % JH 52 ) B 3% (). 92 U R
£,2018,40(04):759-772.

[36] S ek, 8, T 26 M 5 8 DX dal A A5 IR B R I 2= R HE S R R 3 —— 6 F
=Fir Bt DEA A5 T [9] B BEA 72,2020,40(14):237-246.

[37] 247 B, WA TV PR BE AKX 378 St 2% [ 99T 5 5 T [R] 3R 9 50— LA
KALE T B[] 22 RO TR 5 28k (#h2 R} 2% hR),2020,22(01):23-29.

[B8]FRVL R, LA, 5 /N A5 B I 1 55 R A A58 28 38 I 2 R 2 R 0 R 2 [].
[ SR %5 24 ,2021,36(01):208-222.

[39] 4% BH, B 7 1. 35 Vil v 3 vy Jo 2 0 11 72 [ DR BB I 45 J% Bk 3 R 3% [J]. 4 0
¥,2020,40(10):91-99.

[40] 1 J¢ 6], 107 2 v o] 4 Sl A 5 2803 R i R 3% 1) SR —— i T4 2 AR
FRIZ J2 GRS RL [ 204T [9]. 7 LN 01 50 5 34 85%,2016,26(08):79-87.

[41] X ZE QAP E “ICR” A R IK—FhJ71%[J].4:45,2007(04):164-174+2009.

[42] 422 B S0 . A ] DX I8 35 1 K 110 72 1) 19 % D I S R S P A 36 [9]. b 3
2% 2019,39(5):726-733.

(43150 7= 7% FNFFAR, 2= -y, T B BEE. o ) 1) 22 L P 05 R0 5 0 Gk v sk B A
P[J].45 1 515 Bt 1£,2021,36(03):82-94.

52



PN 2 1 e S DA ST PSR 117 P 58 R 1) 2 (BRI S S0 TR R 9

[44]1 5 92, 245 B2 SR AC T L 75 48 B B3 200 I L 2 ) TR 3R F 90— i T kR
SBM-ML-Tobit #f & [J]. B & T Mk K % % # (# 2 F} %
F7),2019,18(02):71-80+112.

[45]3% i 35, 4 6 B, AR WG o [ e 9 A7 M PR 280 % o FL s o D) 3R o —— 2 T
2008—2017 444 2% AR Bdis [3]. H AR £8357,2021,40(06):20-30.

[46] JEC 5 PR A VT 20 355 4t 388 7T A 25 28036 110 25 1] O Bk ) 2% 5 712 b1 okl [D]. =2 4 K
2,2022.

[47] 28 M A5 3%, B 1E A PR B 2 o v (5148 o 7K T Ut R0 3 2 [ DR R ) 2% ) 4 % T
AR ZR 3] A BN 1 B 5 #45,2020,30(12):84-94.

[48] R 158 XL, b B i . A [ MV AT b % A A7 & WU 5 90, 77 Mk &2 56 9P 18 (L R R
£),2014,13(02):54-72.

[49] Je /I . w2 25 2850 3R 11 DX 3 7 S R i DR 3 ——— 5 T B 2 72 S AR A 1) SIS R
3T [9] KL IR B R 5 1 85%,2018,27(12):2673-2683.

[50] FhA" &, 8% R AT FRSSEH)  14) m ] 7K 9% YR P B A58 A R0 5 e 2 [ DR Bk
FRE T[] 4 B B, 2013,33(02):26-32.

[SL] PG, R Bk 75 5 T 39128 48 2R -Malmquist T AR 724 e 6] 3 32 B 850 300 0 45
[3].+ BN #5055 2655,2019,29(02):43-51.

[52] B /N, 2= B 1 B A X I B ] G X i A 15 R 2 ) S
KR [J]. &R Al ,2022,44(01):143-155.

[53] B A% M B 5, 22 ARBR AL A T o B AP BB 203 i B 5 o i —— 2 T
B H 1) SBM AR [J]. H B A A+ WL %¢,2014(05):59-71+95.

HEBOE PPN [J]. 20k ,2022,36(08): 78-83.

[55] -3 i, HH I, T et A A 7 B8 7 M 88 ZRF B 358 2026 5 el RO AT 9 [9]. 4% )Lk AR
1L BT 5¢,2019,40(03):459-469.

[56] F 5%, H I 44 Br ISR R M 55 K s PR 3% 4 1T [D]. AR b I 22 K %2,2020.

[S7]HE I, £ 75 DU )11 48 PR35 A4 A A= 72 3R AL Je S [R) R 7 —— 36 T
AR DEA BERUAIZ AR STIRPAT #5704 [J]. nh [ AE 25 Ak 2 4R (h 3%
17),2019,27(07):1134-1146.

53



PN 2 1 e S DA ST PSR 117 P 58 R 1) 2 (BRI S S0 TR R 9

[58] Bt L5 52, 55 Ik, T AR AV AR P HE SR AR T T M B A g ?
i) R 1 25 4 23 BT[] A4 Mk 28 5% B 4 1, 2022(06):26-37 .

[59] M3 & 3 F SBM-Tobit #7411 35 6 44 PR 5120 /3 Mr [9]. P K244 (4R
Rl#05),2021,43(03):139-146.

[60] 47 37, 75 FHE M. 5 VA At Ak f 7K 2 Y A0 22 (] S R o) 445 ) sl % FLUs A R 3% ). 7
JEIT K 4 (2R 22 R),2022,59(02):62-74.

[61] 5K %, SRk 2, 5k 75 M. o [ 48 B ) Jo1 5% A A7 5 4ih $3:1952 — 2000[J]. 4 5% i
77,2004(10):35-44.

[62] K AR, 415 5, IR A 55 56 v 6] Y VA8 DX U 4o P 5 3 0 88 % 2% ) S8 M 7 —— i
T Super-SBM F175 8]k FE AR A1 [J]. 42 25 48 357,2022,38(09):152-159.

[63] Fil ity 1 W ik B 25 S5 SFA J7 ik i)k B AR5 /K AL 3R 384T 3803 72 3]
TR IX ¥ 5 A5, 2020,34(07):150-155.

[64] )& 77 #g, 5. SCHF. 3 T DEA-FAHP 58 Y (1 £ b B4 558 2003 U B [3]. G v 5 vk
%,2017,N0.470(02):178-18

BTG

54



PN 2 I e S AT SR PSR 117 P 358 R0 1 2 (A RRALE B R ) DR R T A
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B 1 EBM-GML R T S350 i BT B 1] 3 51 L i A8 3 R A

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 ¥4{A

=NTE o 1110 2.095 0.597 1118 1.167 1.218 1.214 1.191 0967 1.110 1.007 1.088 0.927 1.208 0.993 1.074 1.044 1.006 1.105 1.118
M4 1.006 1.169 0.912 1.076 1.102 1.128 1.004 1.078 1.136 1.110 1.322 0.774 0.837 1.122 1.027 1.110 0.833 1.122 1.169 1.055
KoK 1.629 0956 1.342 1.105 1.122 0.969 1.049 0.941 1.064 1.230 1.439 1.000 1.000 1.000 0.597 1.023 0.850 1.117 1.413 1.097
gl 0.688 0.945 1.089 0.967 0.964 1.057 0.797 1.038 1304 1.044 0510 0.979 1.367 1.157 0.742 1.078 1.071 1.013 1.186 1.000
P 0979 0.968 5.665 0.216 1.052 1.187 0978 1.095 1.012 0952 0.966 1.008 0.829 1.385 0.833 1.088 1.251 1.011 1.253 1.249
JRBHT 1.368 1.070 1.101 1.351 1.040 1.075 1.000 1.000 1.000 1.000 1.000 1.000 0.865 1.101 0.593 1.379 1.070 0.884 1.356 1.066
AT 0917 0.888 1.380 0.965 0.992 0.979 1.426 0.920 0.968 1.144 0918 0.860 1.079 1.193 0456 1.059 1.175 0.985 1.361 1.035
B 0744 1170 1782 1.053 1.099 1125 0965 1.173 0.974 1758 0542 0.798 0.971 1.202 1.270 0.958 1.016 0.993 1.115 1.090
L

i

58T 1144 1.068 1.475 1274 1.038 1.146 1.075 1.064 1.137 1.075 0.906 0.948 0.967 1.049 0.968 1.099 1.038 1.070 1.317 1.098
[T 1.091 0728 1.419 1.140 0.967 1.099 1.016 1.040 0.753 1.000 1.125 1.106 0.899 1.373 0931 1.159 1727 0.739 1.128 1.076
W 1136 1.161 0939 0924 1.048 1.262 1.066 1.082 1.059 0.915 0.899 1748 0.659 1.017 1.069 1.180 1.034 1.017 1.125 1.071
AL

i

fskTi 0987 1155 1.284 1101 1.128 1.260 1.178 1.009 0.949 1.012 0.944 1.004 0.964 1.085 1.017 0.644 0.898 1.022 1.329 1.051
1 g2

il

i

1317 1.240 1.159 1104 1264 1251 0438 2139 1136 1.003 0.995 0.950 1.010 1.046 0.855 1.190 0.827 1.097 1.128 1.113

0.809 1.086 1.355 1.121 1.475 0.907 1327 1.019 1033 1150 0.964 0.867 1.101 1003 0.774 1.000 0.873 0.994 1223 1.057

1.028 0.841 1.072 0931 0.892 1.205 1.171 1.008 1.073 1.090 0.946 0.950 1.065 1.270 0.528 1.046 0.704 1.024 1.224 1.003

1.305 1.055 1.253 1.085 1.077 1.164 1.000 0.959 1.043 1.000 1.000 1.000 1.000 1.000 0.634 1.102 0.854 0.977 1.715 1.064
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RPN 1
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 3H
YR
/T;ﬁi 0965 1.111 0.669 1.177 1.159 1.135 0.999 1.095 1.023 1.069 0.908 0.948 1.055 1.215 0.627 1.196 1.051 1.068 1.305 1.041
JIN

g 1.040 1.118 1175 1.181 1.161 1.118 1.437 1.004 1.066 1.066 0.969 0.958 0.875 1.047 1.072 0799 1.058 1.092 1.316 1.082
P2z 1.041 0955 0.722 1.159 1.360 1.135 1.081 1.040 1.023 1.022 0976 0.978 0.991 1.378 1.039 1.193 1.000 1.000 1.000 1.058
1)1 1.109 0.972 1.368 1.072 1.075 1.160 1.024 1.262 1.250 0.962 1.141 0.914 0.858 0.935 0.958 0.834 0.986 1.091 1.294 1.067
EXW 0831 1.130 1.151 1.054 1.161 1.220 1.041 1.253 1100 1.171 0.951 0.939 1.021 1.117 0.989 1.127 0.928 1.059 1.216 1.077
RPETT 1296 1.026 1.153 0.996 1.140 1.237 1.079 1.267 1.133 1.161 0.998 1.122 00915 1.398 0.698 1.082 0.919 0.927 1.277 1.096
JEEH 1.054 0.709 2.146 0.678 1.137 0.971 1122 1.024 1.000 1.118 1.170 0.951 0.956 0.929 0.656 1.079 0.945 1.135 1.259 1.055
#EZZTT 1.012 0995 2487 0.954 1.162 1.000 0.889 1.060 1.061 1.000 0.990 0.837 0.715 1.119 0.827 1.199 1.007 0.948 1.416 1.088
Fibkdi 1775 0.392 1.980 1.006 1.291 1.200 1.183 1.265 0.954 1.031 0.857 0.755 1.076 1.234 0.906 1.218 0.827 0.943 1.454 1.124
FivsT 1.201 0997 1.239 0.884 0.897 1457 1.181 0.938 1.307 1.076 1.000 1.000 1.000 0.937 0.589 1.470 1.080 0.675 1.375 1.069
Greai 1.031 1.120 0.958 1.091 1.066 1.132 1.015 1.062 0.949 1.041 1.018 1.000 0.958 0.986 1.059 1.000 0.975 1.025 1.000 1.026
#iET 1.084 1.090 1.027 1.051 1.147 1.167 1.024 1.061 1.045 0.654 0.959 0.982 0.990 1.020 1.094 1.061 1.109 1.100 0.902 1.030
g 1343 1466 0.982 1.140 1.042 1.232 0908 1.091 0.958 1.047 0.987 0.966 1.196 0.889 0.771 1.864 1.067 0.942 0.735 1.086
G 0967 0999 1.052 1122 1.171 1211 0973 1.039 1.032 1.050 0914 1.057 1.072 1.151 0.851 0.999 1.080 1.007 0.877 1.033
Z=%i 0945 0983 0.977 1.206 1.252 1322 1.003 1.121 0.915 0561 1.013 1.084 1.017 1.197 0.804 1.176 1.157 1.057 0.708 1.026
fEPNTH 0981 1.095 1.004 1.229 1.069 1.121 1.051 1.078 1.250 1.054 0.967 0.928 0.939 1.169 0.867 1.114 1.092 1.148 0.634 1.042
Wi 0.447 0.828 0.963 1.125 1.174 1.146 0.991 1.217 0.867 0981 1.283 0.810 1.002 1.046 0.811 1.019 1.066 1.220 0.758 0.987
WM 0.849 0599 0912 1.111 1165 1.100 1.143 1.075 0.996 1.107 0.993 0.866 0.975 0.883 1.071 0.890 1.417 0.963 0.813 0.996
T 1116 0.680 0.941 0.989 1.185 1.248 1.100 1.438 0.982 1.136 1.074 0.968 1.028 1.045 0.962 1.079 1.001 0.967 1.001 1.050
KJET 0911 1132 1.284 0.980 1.169 1.314 1.094 1.163 1.162 0.916 0.924 0.965 1.077 1.089 1.213 1.190 1.048 1.041 1.037 1.090
KIFT  0.696 1.063 1.085 0.962 1.048 1.024 0.878 1.073 1.116 0.990 0.925 1.003 1.005 1.144 1.061 1.148 1.069 1.095 1.210 1.031
PHERT 0.938 1.077 1209 1.023 0.944 1.140 1.277 0.737 1.471 1403 0.842 0.870 0.949 0.983 1256 1.335 0.925 1.320 1.079 1.094
Ky 1.067 1.090 1.107 1.058 1.079 1.225 1.053 1.059 1.216 1.014 0.859 0.925 0.892 1.251 0.909 1.164 0.986 1.091 1.415 1.077
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RPN 1

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 #4{H

WHgT 1.011 1130 1.185 1.050 1.073 1.194 1.052 1.130 1.103 1.055 0.827 0.954 1.180 0.777 0.967 1.487 1.035 1.085 1.216 1.080
FAMITH 1.023 1.079 1119 1.180 1.292 1.095 1.200 1.035 1.109 1.293 0.732 0.847 0.838 1.137 1.150 1.263 1.114 1.222 1.003 1.091
Wbt 0956 1.084 1.133 0.991 0.981 1.136 1.002 1.164 1.066 1.012 0.923 00950 0.866 1.051 1.436 1.290 0962 0.828 1.183 1.053
i 0.626 1.091 1.135 0.990 1.912 0.606 1.003 0.954 1.355 0.893 1.086 1.022 0.799 1.375 0.730 1.207 1.022 0.917 1.160 1.046
frM T 0945 1.046 1.082 1.029 1.209 1.062 0.868 1.168 1.084 1.002 0.926 00922 0.895 1.043 1.457 1.124 1.036 0.882 1.176 1.050
i 0.907 1.207 1.216 0971 0.995 1.076 0.934 1.116 1.149 0925 0.927 0.905 0.971 1.059 0.824 1.147 1.061 1.222 1.323 1.049
SZET 0748 1.491 1351 1.103 0.787 1.071 0.850 1.377 1.184 1.163 0.737 0.875 0.853 0.947 0.866 1.037 1.041 1.022 1.610 1.059
HMT 0904 1.110 0.858 1.142 1.218 1.187 1.019 1.107 1.020 1.015 1.032 0919 0950 1.071 1.111 1.087 1.211 1.000 0.938 1.047
FFE 0.845 0948 1129 1.034 1.059 1.184 0.745 1.057 0.980 1.034 0.968 0.912 0919 1272 1.000 1.050 1.157 0.886 1.038 1.011
WBAT 1141 1139 1.016 1.075 1.087 1.118 00932 1.099 1.042 1.052 0941 1.005 00958 1.180 1.057 1.147 1.193 1.037 0522 1.039
AT 0751 1.184 0910 1.032 0.994 1.148 0.979 1.082 0.938 0.987 0.943 0.955 1.149 1.088 1.102 1.045 0.912 1.188 0.950 1.018
W2 0667 1.001 0.893 0.942 1.064 1.271 1.000 1.082 1.126 1.055 0.902 1.003 1.024 1729 0558 1.351 1.161 1.059 0.601 1.026
F/ET 1.068 1162 0.931 1.055 1.095 1.105 0.921 1.111 1.099 1.016 0997 1.013 0.895 1.032 1.110 1470 1.060 0.817 0.513 1.025
MEPAT 0985 1.276 1.405 1.105 1.041 1.150 0.774 1.055 1.046 0.980 1.003 1.018 0.957 1.312 0.972 1.044 0.849 1.020 0.984 1.051
=k

T

AT 1156 1.194 1.124 1.093 1156 1.141 1.265 1.132 1.123 0.990 1.054 1.038 0.885 1.108 0.837 0.969 1.033 1.026 1.150 1.078
MGZRTT 0.668 0.844 0.899 0.951 1.136 1.060 1.170 1.088 1.159 1.120 1.089 1.223 1.032 1.026 1.042 1531 1.194 0.545 1.875 1.087

1.038 1.149 0.992 1135 1196 1199 0.969 1.171 1046 1204 0.899 1.060 0.770 1.257 1107 1.192 1.008 1.052 0.577 1.054
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