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Heterogeneous Environmental Regulation,Spatial

Spillover and Fishery Carbon Emission Efficiency

WANG Keliang, YUAN Hongyu

(School of Economics,Ocean University of China,Qingdao 266100, China)

Abstract: It is the only way for China's fishery low-carbon development to explore reasonable
means of environmental regulation and appropriate intensity of environmental regulation to im-
prove fishery carbon emission efficiency. Based on China’s provincial panel data from 2004 to
2020, a super-efficiency SBM model containing unexpected output was used to estimate China's
fishery carbon emission efficiency. On this basis, environmental regulations were divided into
CER, MER and VER, and the spatial econometric model was used to empirically test the
impact of the three environmental regulations on fishery carbon emission efficiency. The results
showed that : (1) from the time dimension, the average annual growth rate of fishery carbon e-
mission efficiency was 7.327% during the study period. From the spatial dimension, the carbon

emission efficiency of fishery was low in the middle and high in the east and west. (2) The re-
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sults of spatial Dubin model showed that there was significant heterogeneity in the effects of the

three environmental regulations on fishery carbon emission efficiency in this region, and CER

and MER had significant spatial spillover characteristics. (3) The results of the spatial quantile

model showed that MER had an obvious promotion effect on the carbon emission efficiency of

lower-level fisheries, while CER and VER had a weaker inhibition effect on the carbon emission

efficiency of higher-level fisheries.

Keywords: Environmental regulation, Fishery carbon emissions, Spatial spillover, Super-SBM-

undesirable model, Spatial quantile regression model

0 5lF

[ 2003 4EBEA E R ATC21 4 R ) IF & 1 i
b 25 S e i T B DL ORIl 28 5 RO R
J& b E D AR PR A S 20032019 4FAF H 4
9.6 YoM eI AR I T SR, Wl 28 T 1 kL
A KR SBOREAEARA R BER
PRHE ) R 28 . b AR R A b B K i
b 5% H i Il B HE I o Al Bk HE e 19 L E
R = 22— ol B 7 (B HE T B R AR Y
1.8 A5 i b vt sl = il vl A 52 30 % 1A Y g U8 HE
M)A BRI, TR DR A el 28 0% T R R TR I
P L e Sh el 28 B & R i A E X ) Py B 2R A
12 1 e ik HE R Ak 3R T R o e Y R DR HE
F14) S 5 T 7

AT B ) 2 BT R A S B AR el HE )
TH, AT M4 (CER) LT 3% %L (MER) Fil H
JER (VER)3 2800 [ “fle ik e 1 e v A1 HE 2%
P DAOR S 5 28 B0 5% Bl B0 R B O 2% ok 3L
(A SRS AE R R . 2021 4F B BUR R
KBB4 5724070, 15 Y 513K 116.9 {2I0 . #%
2R AR e BRI R) R 44 T PENT L BRI AR AR O
ANIRBE 5 T 32 R By vk AR RE U HE
WEEEMOWZ THNN S EEM, F ik
AT 5% Yt A HIE Tl 8 3 B, 2 58 0 o 3 — PR R (B A5 =
JEOGTE . A, Moy BUR I 2 S 5 4 7 AR i 75 Y 4
5 b DX B, 5 500 s o B85 B o b XS B 3R A5
LRI RS X R R A BB R B AT B Y 2 R
RRAE . PRI S R BIF 53 B 55 0 1 ke 3l e ke 2% 11
B B, PR 858 0L 0 2 ) 3 R RGO R R A

FEMCTS 50T o Sk bR o 22 ol T AR RHE , AT 2

B — A5 5 T IR BT L 5 N R HE TR R 2 ) el
REAFTERY L M, A BIF 5% 0 FH 2 b i 09 28 7= 1 1
A% SBM 7 1 % Al HE 3085 R HE AT DU L 4k S
O A 85 0 ] 5 96 Ml e HE 080 9 A TR] — 43 BT
20, s D R A R A AT BT 3 Z Y O R OF
b — 2 fi 235 1] 20 B0 U BRI 3 o A 358 0 1 %o ¥t
M A5 HE IR AN [ 43 7 A A AR i R B e AR
feta e, AW — )5 A B TR 3 MR I 5
T B HE RORCR 22 18] 0 5 0 56 &R L 55— T AT sl A
i o] ) A B R A 2 3l R DR HE 4 Ak
AH R HEIL
1 SCkZrdk

H i N A1 2 35 06 F il e HE i sk 3R F 58
FEAE PR ks I M R 2 ATy
ThT o VRO B HE R I 5 b, 2 ] R
weHECE 5 GDP g HLE ™ (GNP 5 HE e Y
FUAR | B Bl HE 5 B VR T B A Ak HE R R A
PR BR . H R B R PR AR 0 VA 4 1T S e s HE ik
ISR 5 Z 2 F s mt, FEEH
G b ok i e HE BORCRR L H O YA A B AL
Wik (SFA) B A1 4% 75 (DEA) . % T SFA Jf
2. DEA J7iE AT 245 e st A8 B R 56 R AT BUE
TEI 5 Z2 B0 77 H I P S B T 880 T T A W e
B LG DEA B, A #K T CCR A1 BCC
B, Tonel " $2 1 1) SBM # #4 . 4% 75 28 P #0 %1 5R
fiff vh JE A AL S A 7 bR B T R A8 B ik 49 L KT [R] s
FIREZWA Z 7 A A R B E B
DL TR A AT RE PR AR AR IR R L N e
JEARIEE P A SBM. A R BN AT 4 SR (0 K R B B
Ko HET AR 2 O 2 AR 7 Rk



He il

TEFESE A5 < e PR B A5 R L 2 1 Vi o 55 e Il itk HE % 5

2R SBM Jy ik %k i ol e HE BRI 2E AT 0 55 L H AE 4R
NSRRI BERE DA 25 59 . AR5 5 1R a0l 57 3l
F1 BEAAT R R T FE Y B A, BR2E I 5 il
B HE T3 % 5 B UK Sk BRI M A B L 7K = % 3 T
FEURIAR: A B 3h s S T 36 Ol 48 A A8 o o o g
U 35 BT 9 e 55 B 7 | 1L 9 7 A R v (] T FE
ERBNAE R, SRR, & T il B HE B8R 1
NN 22 (NP A LT N R o TN 1 S B o
i FHHB ZL % SBM 7 v  (H 48 A 35 b M R 55 o3
TG 1% 4 1T S e Yt ik HIE R 3880

T 8 M B HE ORI 5% e PR 3R BE S L, P A
2 BB AR o AT LMDI BB L & Kaya
P A R SE T B R BE 25 | Al U5 5 3 L RE VR 25 A 45 T
KM (H L B BOR AT L R R AR
R A 273 2% ] Tobit i A 8] 07 8 — 25 38 97 & 7%
KB R 7Rl 45 XA ROK S 3
Tt 152 it X ¥ ik HE R 2 L SRR YL
T HE O RA R AT (0 25 1 25 T i 1 AR AIE o 22066 YLl il
HE OB 1 28 1) Y6k B 42 25 (0 S0 F 2 51 = Ak ™
P st . DR, 5K S AR 8 s ) o A5 28 4 5 il
72 Ml 235 K XoF Ml e HE R 1 R L R ROk
B BB 58 TE 4R 5 UMl e HE 08 36 1 A 9 B A
[B] ¥ R

P35 R ) 5 e HE R 1 6 R A2 B B E
HE” R« g @ AF 38 I WU FE I, A 3 A B 52
Jitl B 15 R 1 2 ) 3 e 5 4 Al 0 2D Ak A1 BRI B9
FH SR B A B 3 DT B B HE O R SR
FHFHE PR EAEIR T 1 B BOR A 2
500 £ 0 BE TR, Aol kg T 08 o R 1 Al HE i
I N NSTIT - )1 N2 R 7 o G S 8 NS
5 4l R A A 1 B B Al Y AR S 0 e
HERCR B3R T . FE— 10, Gerlagh™ " ¥ “ 4 4
FEIE A5 W 43 SRy 55 255 1 R A8 500 L I 5 5 Ak R
T R AR HE R 2 A P B S S0 HE Rk
ST N I BT R SRR T AR Ak HE T
IR0 25 1, S S0R HE R ROR 7 K 2 B R
AT X P 5 R ] 5 o e HE RO B 2 B BLE]
AT A Ry IR R 55 HE ) 5 e o 5 2
FEFEAR LM 56 R ATl S

TESS 7 BUA WF 58 1 FE Al b AT 5 19 320 B BTk
EERB N - OB g v [ XUk H be 5 BB 5
T R BETE AL AR AR Al B0 Ul AT M BT BE DR AR s P —
ARV AR SE AN T B | ML BRI FE AR O 4%
Az AL & A 0 B A 28R SBML A Y
e T4 A e e HE TR L R RN B T B HE
TR AR b P U AN I . @ BRI 36 BRI 4 il
T BBV HE LA 7 M B HE TR ST AR &R
RS DR E S TR el ik HE R R B BE 5 A
F 5 b — 20 B 5T ML A o3 O w2 L T 3 R A
FE 7Y 3 B, AR 5 AS [ b 26 24 355 B Al %ok T 8 ol Bk
HERCHCR AR . D 5 18 3 1 7 1 25 1) it 2800
i P 225 ] Ak 5 A5 280 %8 5 0 358 R o) ko 3l Btk 1 2%
RIS 2 — 20 R ] 23 18] 3 (5 OmE B PR 3 Fof 2
S5 LA 0T s L v HE 0 A AN [R] 23 07 A 19 A i
RO B IR B
2 B ST
2.1 EREE 0 X i alle R HE 3 B B

BT I T By SRR A 22 P R I
AL T LA 23S i 4 28 B 355 00 ) i 7 2 B 355 L o)
FRE B ERSE AL 3 Ff o BT Bt AN (] 286 78 A 355 AL
F PR R AL AR 0 b i & YR B ML —
FBeA Hh BOR A 6 A4 36 BHER BT A T B, i R DL E R
SR Iy SIS L A B AR
T BURE 50 4R TE B SR SR Y BR BE R BEACR
SR Ak A5 1] SR I i B 5 i ik B £ B4 0k AR
i DL B T B, SR I Rl 2% A 1 S B A O HE
bR B[R] s o i o 1 3l 777 T A 8 PR A0 L 3 N
s M B 1 TR 5 A A AR T e Ah, # A
ST R B Aol THT X i 4> 2 B 355 L A BSR4 A=
7 % Sl R 9 2 AR kg AR AR T SR 5 R A )
it FEAE 23 08 R0 BE 6 450 A B R I ity B O T A
THEE AR BEA L HE T AT BE 23 AR A B Bl S AR
FERE A WA ) A RCR B R T A BUR A Al
FR U A T i 4 28 AR 355 0 1 19 556 i 1 7 2 3 A
Uil B HEOSCR AN E R R AR

5 iy 4 BB S5 R A AN (7] o T 3 2 B 35 R o — B
i 30 5 T 7 R Y A R B AT O R e D R B 1) A, — B
R AR MCHE S 2% S KOS 5 45 07 K XAk Ak



6 VT 2 5

2023 4

W HE 5 SR SN 0 4 ol A 7 A L Y Al AR A
FR A4 B T L RE S A 95 2 2R 7 AT e 0 A
RE VA A 75 5K DT 3 3] i 3 0 o A b 3% i sk 1 )
(o SR mE L 78 DU 3 O BRI AR BT 5T L
SN T 3 5 A {8 2 Y Ml A Ml A B S BB el R
7 I 3 — A 3 5 2 e B TR M) 2880 R o e b 5k HE
RO EAE AR o s A AT I BE— 5 A Oy S
Jit 717 47 0 B 355 ML ) A WA 5 B N 2 X R AT ok A
— 5 WOMBUR} A5 i A7l AT FE R e, W 5
ZWROEMTEA TARNA FERFA R
bAimolh 2 0 % B AE SR 5 T 5 4 i B AR
S TR AL R Xk el e HECSCR $R T B A
3 B HEAE R

FI R R 358 L ] — i 4 2 BLR B R X R
BRI AT O, 8 W R TR R S5 5 35
BT A 2 B A5 D7 NS 5 BUN Y BR8EG BE T
PERS o ORI, BRI B U5 ST SR 2 0 ¥l A ol A R
FEAE PR T o, DT Rl A ol (Y BRI A,
AL AT RE X el A B 28 5F T R . A
7P E BT B A AR B T ) B0 B
HBCRT RE . 5 LRI, Wang 550 BF 58 K B
Bl Al 9 B0 PR T T 2 A5 2 21 4L A o 2R 4
B 2252 00 A ol B9 B3 98 E 7 AT I 4 ol s 47
A L R AR HOSCR T B, B A RN AR
T 55 L] R AN ) PR A AT AN 2 X B HE T
TR S DR AR A T A G AR 1.3 F
PRI AL ) 5 7 A ) A9 52 o AL ) 0 3 ol B8k HIE T A8 R )
ENAFAEZ S
2.2 IREE LGB S 8] R

AR 35 e sl X Jr ™ A 0 2 1o 119 B 55 L o o o
S e A Aol Sy AR SR 1 AR A S5 R A A A i X e
¥ o AE [ I B AR T, 05 B B O B SR 2 5F
PR AR A A A AR I AR B S5 R A B v S Al A
B, 5 PR ML BB 1) A ] R AL
b ol T B HE R A 2 B9 A 18] g 280N, 28
AT AP P55 R T o o Sl DX A 4 e i Bk HE 2 T
Ao B HE TR A i T S A i Bk HE O B T 3 BPR 45
NS TR EETE S = I s Nl E e
HA R 35 7R 1527 21 SO0 AR 3T 3 DXFR 35 9L A 1) 4

AT R W 23 X A b X1 g L B HE I R
S FETE RS B I, AR g 4R
B 2« P8 B il % 30 ol s HE R A% 3 1 52 ) AF A 25
R YA
3 AR B SR
3.1 HARER
3.1.1 @A dEHE T R ey A8 E SBM AR
58 DEA BRI BET4% ) B 0 803 04 Jmy B 1
DABSORCR VAL 45 R Bk 32 2520, B Andersen
SEHR B AR AR AR ERT DO RGN 1Y
PSRBT HEAT X 73 1 AL R SBM AL, RIEA n
A PP BATT . B R BT B R A X
Y VAR AR B MR, 2 SN
X =[x 524552, ] € R™"
Y=[yi:ys0sy, ] € R
B =[by.bys,b,] € R
AR 2, o 3 AR B = H (1) SBM B AL 28 X h

1 o s,
1+—=% =
. mi=1xy
= mn 1 ‘121 st ‘IE s
1+ St ‘1j
Q1+f12£r LY vk =1 by

n
k .
xt = T Aj— s,

j=1,jFk

yrkg E

j=1.Fk

Vi A +si

by = E b:j /1/ _5/177

=1k
1 a5 o0
1+(11 +Q2(121M+121 b,kj
AasTas 05 =0
i =1.2, 0 ms j=1.2, (G £ k)
F=1,2,0q1s t =1,2,%,q;
s o WL ORHEBLRCRAE s m KRR EREAL
iy osy Als, S nl o R AR BT g s s L v
R B o NI i B R B | B 2 Sl b VA L9 52
By A FORALE s b PR HIT, Y p > 1 B, IR
Tl I HEBCRCRA R A7 0 << p << 1, AR FR il file
HE TR A A e ik 23 ]
3.1.2 HEAER
3.1.2.1 =[]
T 5L A v 1A 43 BT R 5 B 45 P A X el

s.t.




£ TEFESE A5 < e PR B A5 R L 2 1 Vi o 55 e Il itk HE % 7

T HE TR 3 04 5% W, LA i A B R 45 R0 ) Sk 1)L 1 5R
NN

FCEE, =a, +a, ER, +]'§Z a; Xy +en
K WA R FCEE A b Bk HE il 2k
L ER Nan ST s o WA ERE e, &
JIbe DA I 28540 A () 15 25 30

TETT SCHL IS ML b B 2 0 A5 38 1F 3 5% B H
B 28 8] B RRAE A0S A SEIE 4 BT R 2R 5
B 0 5 25t BRAG T 45 R i . R UL FE R TR R 45
FIL ] 5 30 Ml s HE BR8] 5 2R 10 A L 4% 7R
[R) B 28 A 25 0] 23 A HE 2R 00 R 5 2, B E H W
a3 AR A A SAR, SEM 5 SDM #i /1, 43
A

FCEE, =w, + pW « FCEE, + w, ER, +

n
_2? w ; X:z + €
i=2

FCEE, =0, +0, ER, + 3 0, X, +¢,
FCEE, — i, 1 pW » FCEE, + oW - ER, -+
R 3 g X e

Ao 0. p . p o WHEEBENFRE e, WiRE
T s W 2 25 [R]AEE 4 P

A 5T R FH b BRI B A Ry 25 R AS A
R FH 28 0% b AR [ A SR R (i MR A 56 119 25 ) AU R R
R, T3 B A B R RN R R PR R R R 5 Ay A A

x1 EE

i gt

RS A ) T B AR RN PR B
3.1.2.2 &S [A) o3 B A
R i — 20 R T B A S5 A O3 A IR 3 T 0 DA S
{H 1 52 ), AS B 5 2R F 25 8] 43 o0 BOBE B HR 15 3 A 34
58 A0 T % e oMb ok HE TR R A [ 43 7 i B B R i
R M H AR 3, H R GR =R .
Qv, (r | X\)=a, +XIB(z)+e,;
(i=1.2.un3t=1,2,+,T)

B = minkglélél wy e [Yu —a: — Xif(7) ]
K. Qy, il fe HE R B F5 A 3 AL R % Y,
L BRHETOECR s BRI X A S ]
iy B(o) RIR o 400 TSI R A g o gk
B b RIS b A p., RATEEIR K R
s we R R SRR REL
3.2 HIEXRIE

AHFFEAEFH 2004—2020 4F [ 28 4S8 GAT L
DX 3 1 T AR AR AR L 58 T S T s IR PR
TSRV R 0 R 0GB A7 TE Bl L R OK I AN AR
A TR B B R R T [ L e AR S0 rh
e ol 4 ) v [ 8 A 5 ) (b [ B B AR MR ) (rp
[ PR Ge AR 28 ) b [ g TR 42 14 %5 ) il ERA-In-
terim BOHE P . HLAKRY &S AR PR g R
1 iR,

Table 1 Descriptive statistics of variables
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Table 3 Moran’s I index regression results
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B HE RO AR R . TR RSN 7 ] b X T A A
RUPRIE R R B 1 AR 1000 B9 KSF B 8 3%,
W Bl i 4 2 B g R T 7K P 9 4 R il Btk HE
ORI BT R . 78 v [ 0 B2 BT
07 BURNE 53R B2 T B4 38 SR N B 5 3 B R
B KA o B i) SR I i ER 05 6 B A W AR A L DL
RO BT B o SR, I Ao 258 15 7 3% 0K o M 3 HE T A
[e] Hf i R 9 R 3 S M g HE S R AN 1
BB T S BRI LR A R RO O O BE W]
T 37 7R B0 355 AL o) 55 3 ol e HR R Ak R 2 I ) B9 i 2
KA WBRAMA LT Xl AR YCHE TS 980K 3 4
b A= 7 AR S AT DR A0 5% T AR A RE TR 7 oK e
BRHETRCR 52 Th s T 358 4l BE 77 T 37 B 3 B33
R LT S0 FE AR 98 . i B 38 4 420 3 A ol AS W7
THAET K Y- £ B IR H R A £ T e i i
RO il Al TS g B B AR T E S 30 A4,
P R 10 S BRFE At A (3L SR AN T 37 38 4 ) DU
Jil T T 37 R A B M SR 4 YR8 el AR RO T O
SNSRI YN RS RN T & & SR CIRE N
KA, —T7 T [ S B PR 55 M 5 A B2 T R
O3 ARFR DR A 3 iR K 2 e 7 i R ROR Y B
T3 o3 —J5 . FRBE b U5 PR BE B 50 8 0 2 X A
b AR P T R WL, DA 38 A0 A Ml 32 Y BRI
A B T 0 ) Bl R R ROR B AR T B AL BRI AL
il B A T 2R BRI T AT ol F R R 3R
S HL A 9 AR 2R KT 2 3 R T

X A2 B il ol 85 4 eIl BE R AE
O B E BE 1 Y 28 KR AR 3 1 35 O B, R WL
S =7l (R O A B0 vl BE R B9 5 K L oK
FEBARME T 2 9 B BN 23 S B0 I i HE R
k. X—42R 5 C AR R — B S &
Tr R T 77l o3 T2 20 AR A0 2 R AL RE T AR 2
— BN 7l 25 I Al Sk i HE R £ 2 AR .
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Jin AU L 4R Y AR OR B 8 A R B RS8R A PN A P [ R 4 7 7 AT RE 23 Al T 45 2R 7 A A
R 25 B 2803 B 5 7 R B Bl HE A ISR BB DR, A48 Zhang S50 I 8] 25 ) XU A 3 25
Q2T A X T REFE A TR G I T B & 23 () AR RS B Ak B AR P (R, el A5 Rk 4
AOBRARIC . K™ b B2 5 B0 R RO AE . BT B2 B R (4) B 5 C6) B It s o R0 i R R B
4 IR B TR 2 B R A AR 55, B 45 AR B IX [ 5 R B A T A8 A A, L 2 4 R IE S A
T B BB A A 55 0 A0 s TR L 2 XA Ml X A e R R AR AR AL . Bl 2 A ) T p A B A — E R

B VRS, Gefi 1 A REAEAE R N AR PRI,
4 ZHETEERER
Table 4 Spatial econometric regression results
CER MER VER
it H
(D (2) (3) 4) (5) (6)
0.604 ™ 1.286 " 0.887 "
FCEE — — —
(0.041) (0.041) (0.041)
3.659 " 18.021 " 8.697 "
W« FCEE — — _
(0.346) (0.349) (0.347)
—0.147" —0.253"
CER — — — —
(0.077) (0.141)
0.007 ** 0.012
MER — — — —
(0.003) (0.003)
—1.439™ 5.132"
VER — — — —
(0.686) (0.591D)
In ED —0.018 0.003 —0.039" 0.038 ™ —0.022 0.036 ™
n
(0.019) (0.018) (0.020) (0.017) (0.019) (0.017)
- —0.033 " —0.048 —0.030" —0.066 —0.035% —0.061 "
n I
(0.017) (0.014) (0.017) (0.014) (0.017) (0.014)
In EC —0.157 " —0.066 " —0.160 " 0.026 " —0.161 " —0.007
n )
(0.015) (0.014) (0.015) (0.014) (0.015) (0.014)
In 1C —0.049 " 0.006 —0.046 0.017 —0.053 " 0.031"
n _
(0.016) (0.015) (0.016) (0.015) (0.016) (0.015)
0.006 0.011™ 0.005 0.023 " 0.006 0.015 "
In TD
(0.006) (0.005) (0.006) (0.005) (0.006) (0.005)
—0.238"
Wax X CER — — — — —
(0.132)
—0.021 "
Wz X MER — — — — _
(0.008)
—2.326
Wax X VER — — — — —
(1.889)
N . 0.242" 0.011™ 0.231" 9.979 " 0.223" 4.092 "
[EES %
(0.13D) (0.005) (0.139) (0.210) (0.135) (0.210)
PURIIINIEY 148 120 148 420 448 420
R? 0.081 0.227 0.072 0.003 0.076 0.053

A R R ORAE 10% S U M 1% R R,

S 25 T 1R I 5 B 60 B A R

BATTHRIEAT R . BT I, AR 3 i3k
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I AN AT A M £ 368 ol B8k HE 25k 25 2 81 40 4 4
1715 L5 908 3 4 DX i b g R R0 A 5 B 1) A

FHRYSC 2 5 i 37 B B0 555 L ) 0 4 A0 0T 3R M0 e 35 OH
TE [ H2 2000 28 R0 8 Ol A1, 3R T 3 28 3 35 L
S TR AR Ml DX i b BB HE T R AR T A 23 X AR
b DX e HE I8 3 B — i B IR s A
TR S5 W) A0 ) AR 3 DX 9 BB HE R SBCR L X

TR AT 4 X M Bl HE HCRCR /Y

x5 ZTEYMESHE
Table 5 Spatial effect decomposition

AR TE

. MER VER
Tt
H RN [i] 422 54 L SR HEERN [E] 22 280 hiE SR H RO [ 22 280N SOV
—0.135" —0.363* —0.498 "
CER — — — - -
(0.079) (0.183) (0.290)
0.008 *** —0.019* —0.011
MER — — — —
(0.003) (0.009) (0.009)
—1.433* —2.816 —4.249%
VER — — —
(0.705) (2.202) (2.277)
s ol A% YES YES YES YES YES YES YES
BURIIRTEE 448 448 448 448 448 448 448
R? 0.081 0.081 0.072 0.072 0.072 0.076 0.076 0.076

T M SRR E 102050 10 T B

2 Tl SR G X i o (1] D) 4
4.3.1

43 RREERR

SR PR 8 2 1) AT R e LA % R 8 A A
PEAT R AR LA

B m A ALE S
e B2 U b B 9 R M TR G R A R A

Ko, 28 D% M PHURE [ 25 1 1Y) 28 5 A b B UL TR &R
AE 4 T Ml Sz e F 58 0 G B 25 ) SCHR AR B2 . [ )9 &%
ANk 6 Fron 76 40 M B B, fim 4 B R BE A0
il T 37 TR B S5 AL A R R A 0 R ) AR AT S
PO — 20 HRBORNEA K,

F6 SBMEBFZEMEKIWER
Table 6 Robustness test results of SBM model

S E CER MER VER
it
b BB B 22 M PR [ b P AR B4 22 M PO i P 4 22 T W PR AE [
—0.147" —0.154 "
CER - — — —
(0.077) 0.077)
0.007 ** 0.004 **
MER — — _ _
(0.003) (0.002)
—1.439* —1.391*
VER — - — —
(0.686) (0.677)
—0.238" —0.220"
Wz X CER — — — -
(0.132) (0.134)
—0.021 " —0.018 "
Wa X MER - — _ _
(0.008) (0.005)
—2.326 —1.303
Wa X VER — — — —
(1.889) (0.948)
o 1l A% o YES YES YES YES YES YES
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X6
CER MER
T F

i B B 25 5% b PR b P AR B 25 3% b PR OB B b B B 225 M BRAE

) 0.242% 0.236 0.231* 0.213*** 0.225" 0.251 %

HH 2 R EL
(0.131) (0.052) (0.139) (0.052) (0.135) (0.051)
PURILERE 448 448 448 448 448 448
R? 0.081 0.163 0.072 0.217 0.076 0.158

W VR R RIRTE 10% 5% 1% R RE.

4.3.2 HEHHMEEE

Do e e A v Ml e HE T30 A% R B B AR T
EE 7 B 0% SBM i I L B T R AR A D
LGRS, R A & R W 7 0 | &% EBM 7 ik

N0 T ) 2 M g R T 25 R R DR A R R (3R 6
HERD . nJLUER], 3 F R 5L H B RS KD
FIT7 1 FEAANAS o PRI i SC Y 256 of [0] U9 45 2R B A7
B AR A

#*7 EBMERREUHERELER
Table 7 Robustness test results of EBM model

CER MER VER
i H
b AR B 22 M B [ i B fE 22 Hh B b B B 20 5 M PR [
—0.132" —0.149 "
CER — — — —
(0.076) (0.076)
0.007 *** 0.005 *
MER — — _ _
(0.003) (0.003)
—1.112* —1.044
VER - — — —
(0.677) (0.672)
—0.274 7 0.246
Wz X CER - — _ _
(0.127) (0.132)
—0.014" —0.008"
Wax X MER — — - -
(0.008) (0.005)
—1.794 —0.520
Wax X VER - — — —
(1.838) (0.935)
s 1l A% YES YES YES YES YES YES
_ 0.202* 0.238 * 0.286 " 0.224 0.289 ™ 0.230 "
LIESTY
(0.123) (0.052) 0.127) (0.052) (0.124) (0.052)
PURILEEE 448 448 448 448 448 448
R? 0.122 0.262 0.131 0.270 0.137 0.254

e R IR IRAE 10% 5% M 1Y% R

4.4 H—FHW

38 1) 2 ) AL T A A 35 43 A v B HE Tk
AR R, BT XA R A RS B
LR 5y Z W AE B S Rk, Sk — B R
3 ol B35 R ) X s ol g HE AR R AN [ o7 a5 A AR

i 25 e FCAE A B, ARSI 5T SR 25 1] g3 3 A
AL PR R AR YEM 250 .50 %0 F1 75% 3 434
MG AT S RN 8 s . WIHZE R BoR,
AU i T 7 e g 47 o) 7 e 0 5 R B S T — L
(EENCF VNS SN R <E 7 N I
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Table 8 Spatial quantile regression results

CER MER VER
RgE
q25 q50 q75 q25 q50 q75 q25 q50 q75
0.155™ 0.304 " 0.203 " 0.178 ™ 0.306 " 0.301 " 0.178 ™ 0.465 " 0.343 "
W« FCEE
(0.061) (0.091) (0.070) 0.077) (0.095) (0.088) (0.077) (0.094) (0.070)
—0.276 —0.181~ —0.1219
CER - — — — — —
(0.130) (0.095) (0.122)
0.006 ** 0.008 *** 0.005"
MER — — — — — —
(0.003) (0.002) (0.003)
—2.553™ —2.428" —1.665"
VER — — — — — —
(0.890) (1.207) (0.987)
0.128 0.110 " 0.073~ 0.115* 0.118* 0.074" 0.127 0.119 0.101*
In ED
(0.026) (0.041) (0.040) (0.028) (0.029) (0.041) (0.031) (0.027) (0.043)
—0.009 —0.027" —0.045™ —0.019 —0.016 —0.031 —0.010 —0.026" —0.046 "
In IS
(0.012) (0.016) (0.021) (0.014) (0.012) (0.022) (0.014) (0.015) (0.020)
—0.019 ™ —0.036 —0.052 " —0.024 ™ —0.024 " —0.048 —0.019" —0.048 —0.044
In EC
(0.009) (0.010) (0.013) (0.01D) (0.010) (0.015) (0.01D) (0.009) (0.013)
0.006 —0.042™ —0.029~ —0.013 —0.055 ™ —0.036" —0.008 —0.046 " —0.070 "
In IC
(0.016) (0.019) (0.017) (0.017) (0.018) (0.020) (0.018) (0.020) (0.024)
0.010 " 0.021 " 0.026 " 0.011 " 0.013 " 0.025" 0.010 ™ 0.022 " 0.022"
In TD
(0.003) (0.005) (0.006) (0.004) (0.005) (0.007) (0.004) (0.004) (0.007)
S 448 448 448 448 448 448 448 448 448

W 7 A AR RIRTE 10% .5 %68 16 T 3%,

5 HiiHE

AWFFEAE 32 A & 3F 092277 1 i 2% SBM
HERLIN B 20042020 4FHE 28 A b X3 M i HE i
SR FE A E L SR FH 25 8] 35 0 32 R A R AR
Y — 2 22 5 A T A 858 B0 | i 37 78 A 5% B ] A
FJEE 78 B 55 B o) X v sl e HE BRSO B 5 ) K H AR
JBLH

T B HE SRR AF AE 3 ) X3 S 5 P AR
RAEFAE . MBS (A1 4E BE T, vl B HE BORR85 1
DX A R R AU U b DXL Y S RN T g

Sk, DA ()2 B L 45 i DX b A HE TRk R 2 B AR
S BH A B K S HL S B R T L B R Y R
Ao BIRGE I P 4 T e Ml e HE R A B KRR
7.327%.,

3 0 A 58 AR T % o b e I TS A8 23 1) 5 e A AE
ER B, B CER Al MER 777E 5 35 14 25 [8] % )
FRAE . A2 0 B 55 L] 5 7 b K <48 30l IXC i) el
e HE OB AR AL AE b 25 00 ) O 3R 5 11 3 78 B 5% R
XoF A b e Ml HE TR0 R A S 2 E VR, X 4083
DXt M i HE TR 83 B A AR 5 B R A 5 R o X
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