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WEMIRR| —%dEtn TR AR 16 b i F6 bR 5
LR S ATTR AV e Rt I A B 7 {E AR Hb TR L AR (O I8/ ) +
NN T3 AR AR AR N T AR T ARLE N O HUAE 52K/ ) +
282 I 117 35 K Ak % 1795 K Ak FE (%) +
B 5 Y i P 0% o 3 V5 Y3 BRI H AR 58 AR (J700) +
BRI S L BT AR S o — T S (%) +
g, . + b 5 B o7 A 17 AR A 2 ol D o (/2 L) -
A Eﬁ‘% KAk AR5 PM2.5 ¥R BE (3 /57 7 K ) -
K WA bR T A ) AR TG R B +
. TR % % TR 35 R (%) +
ﬁ‘:f)u' T b 7 AR L T b v AR 7 A A R (%) +
[+ A= A iR H#LK i AR S 7 T AR A T (%) +
AR PM2.5 MR B TN T IASU A A BE 284 5" 2R LA 2010 4F i AN AE 41 .
P | SR 53 4

(—)FBERGFMUELNNE

AR EAE 128 7= Y9 SBM-DEA B2 75 X6 6 £ 5 AR AT 19 5 A 7= H 38 FR 147 2K i (Westerlund , 2007 ) , 15 51 £
EERAUH R, I8 i 2 )5 2 I Malmquis $8 208 it 4% 6 B R Q108 80C% 09 3 828 46 K 45 3124 10 F AT
— W R R A . ¥ AR 2 I Malmquis 38 50 (M) 3 — 25 5y fit iUSCR 2R A 38 BOCEC) R E: AR UE 4 48 $
(TC) , R AR A8 I B3 AS ] B 300 ) S B ™ K SF 5 45 A e L™ o KE IR B Z b, R R i D e 4k
7 A (A 45 ATEAS (6] B0 B e A 7 th KR 2 b o T EAE S A R, W3 3. B EE ab B A ] B
MATLAB 2020 58 . .,

A3 KILZFH ARG E I A6 K & Malmquis 38 H & 5 e FF 344 R A

X AR MH HBUE
MI EC TC MI EC TC

it 1.171 0.985 1.189 4.138 0.874 4.733
LI 1.202 1.019 1.180 5.232 1.181 4.431
WL 1.096 0.955 1.148 2.274 0.658 3.454
LR 1.111 1.022 1.086 2.570 1.221 2.106
PN 1.103 1.078 1.024 2.423 1.962 1.235
W 1.148 1.058 1.086 3.472 1.656 2.096
il 1.121 1.043 1.075 2.791 1.456 1.917
HR 1.077 0.999 1.078 1.946 0.993 1.960
g )i 1.119 1.017 1.099 2.744 1.169 2.347
vl 0.991 0.931 1.064 0.919 0.526 1.749
P 1.033 0.975 1.059 1.339 0.800 1.674

AR E S A FR O T U ik

FRAE 2% 3,2011—2020 4F , £ 5y Z 1) Malmquis 78 $04F P E R ZH R F 1, 8k B RITE W 26
FAR QB ROCRAT T | 254 X 4 A B R QU ACR A S B IR . DL 201148 JE ], R 43 b IX.
SAFARAH RN RREZ IR K. R — L0 a0 a8 g a8 R QU RCeR 18 5oy 1 K 2282
PR Sk 2 AR 3 25 6 B0 8, 158 B 2 €0 B AR BT 1) 003 el B R 1 D L 45 b DX 1) S e R B B I R
LR 2B TVE AL R RO ] R AR 2R T R RCRAR A  R 25 i R sk [ WYL EE A
7 FE MRCR AR P8 B0 IR Ak, 2% 5 R AUHT BCR A 3 = B2 0 R AR SR R IE 25 Bt By e R BT s
A5 B BB AN B EES /N T 1, R B S0 AR A8 B0 B AR, 108 B 5 1 1) 0 4 R 1) B R A A i 8 K P RN 2R
F A RCRIT AR i, T B4R 2 (0 1 R A ) 3 48 P BE 1 7K, (R ik 4 (0 B R A = R 7

(D) eREFEEEKEHNE

MR T R R KO I T A R B — b i R e PR e M B A 5 A T T B X AR e
Ak R BN R R R ARG 4 (i KORE R 5 AR B, 2021 ; sk K R4, 2021) 5 55 T Rh 7 B 2 s R B L
FL-TOPSIS 75 55 X 25 9 F8 bR WA, fe 243150 DX 3R T i R 5 A A5 0 (28 22 UK R 2R e A, 2021 5 o] & 0 A 25 11
BH ,2021) 5 28 = FhJ2 A H L B RR 5 35 0945 & (B BH A%, 2021) , 55 8] 20 531 9 38 A 0 L AS TR) A 3 38 0 i ik A7
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RIS . AN TR AR S8 B AR be Z T AR O

A T 204 B 4 ) 43 4R O B A R A S 2] P
M 3 < FOT T BRI AT SR AW VRS & e
B R A A A M s R & e Y -

8 % KO- o Se R 4 R 3 0 1 O T B A ios - %»;gi?ﬁ
X 2011—2020 4F 4 (0 28 ¢ 4% (00 B L4 (0 R/ - /'*1%@
Gt MO AR S RENREL G155 1 = S ‘
PR T B S X TS RE G O R RS =04pE—% e e
5% o BOHE b B SPSS 21.0 #4458 i e

I F 45 b X g 0T i R 0 Kk R OK -3 2

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

AN Sk ARl U= [ s J iy o - N P
FIMR KT, Horh BV RTINS R R A L R B 1 20112020 % % it 2 5 4 50 K 5
B A543 AR 6 A8 L WV IR 2, Hofth b IX 5 o 4 4 (0 BRI OIED

RIBLEEA LT HEBA K, 5L W
i AR Kk A A B B 22 1B SN RN = P i T K AR 0 A B LR R AR

(Z)RBEHAE

ARCS A B E K (1999) M5 T K VL& U i gk (H R QUHT 0R 5 T i a0k R R A PR L LA
5% 1o JOT o A 08 R Je At (8, AR BT 2 6] (% D ) e JROIR IO o Fl TR B TR O 2 v A R AR R A R P AR
B & SR A, DR ITRE A D0 RS 284 ] DL B A s B 7 1> 2R 456 ) AR B AR FH 5 55 A D0 RDIR 100 B R AR B ( Bk 0 4%
2020) o A SCIA S S (0 1 R BIHT 25038 5 v o e A (0 A e () A S R T E AR AR R B AR A . RS D
W3 4.

£4 2011—20204 KL 2% &4 T 4840 R &

X 2011 4F 2012 4F 2013 4F 2014 4F 2015 4F 2016 4F 2017 4F 2018 4F 2019 4F 2020 4%
i 0.813 0.826 0.817 0.825 0.837 0.857 0.864 0.871 0.886 0.893
BN 0.799 0.820 0.831 0.833 0.846 0.856 0.857 0.873 0.883 0.897
WL 0.744 0.763 0.781 0.788 0.796 0.801 0.804 0.822 0.838 0.855
g 0.632 0.650 0.677 0.688 0.692 0.724 0.722 0.735 0.759 0.765
bANL) 0.594 0.605 0.621 0.628 0.638 0.655 0.670 0.682 0.705 0.723
ikl 0.618 0.632 0.658 0.682 0.695 0.711 0.716 0.727 0.746 0.752
L) 0.589 0.614 0.633 0.643 0.653 0.659 0.660 0.676 0.700 0.719
HR 0.603 0.628 0.657 0.673 0.684 0.697 0.698 0.710 0.716 0.717
pu il 0.603 0.628 0.649 0.657 0.659 0.667 0.672 0.694 0.715 0.725
Bt 0.472 0.500 0.547 0.567 0.578 0.586 0.567 0.595 0.617 0.641
ry ] 0.512 0.535 0.564 0.569 0.568 0.577 0.580 0.595 0.623 0.620
T {E 0.634 0.655 0.676 0.687 0.695 0.708 0.710 0.725 0.744 0.755

2011—2020 4FHE & ip I8 B2 72 8 35 00, 158 R Y 90 Jel A8 b (5 5 R BRI 15 g o 0 O B B AH EL AR
e T T S i 1) LR P I, 2 7 R P e (2021) B S AR 2% A M DX S 60 R BT AR AN
o IO 2 00 A R AT iy B 400 5 DI 9 31 2020 4F Y R G B3 3 ROIE S BB , T A AR 0 T A L 810G 2R R B K- B
A I TAD S 430 5tk G v T R 5550 B 5 0 3 2 AR X R A DX B ey VR 2, R B P R R R . R AR
LORF A PR A BN 2011 4F 9 0.634 (R) G BRI HE N E T 2020 4F 79 0.755 ( R 4F B ) , 2% (0 HOR G H7 20R
0 ey JB T ¢ €8 2 JR V1R T O AT ) — SOV R EE R R L T DA ] A% b IX S (L BOR BB 5 R B S R TR Z 1]
ME AR AHE YA, TS IE R 1,

(M FRERREUFESRERE LRI

1. KEHERR

e 2o PP A 56 0 BT i O €0 i A €0 B R RIS 2 T ) R A G AR B R 0 B0 Ak B T Stata
16.0 A o B 2o %o g (8 £ AR B 880 3 A oy It 8 2 o A A e P AR PR AR 6, A 7 T ok O Al AN
RT3 B PR 01 o 25 P 6 25 SR 1) e, 3k PR30 R D A S ARG 8 7 12 A 28 A R B R LR S
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)ﬂ Kao 1:(3_\ g{ﬁ ( Kao, 1999) . Pedroni 1:& gﬁ (Pedroni , 1999) LLC-Adjusted ¢ -0.859 -6.099"" 0.422 -4.902"
5 Westerlund # 46 ( Westerlund , 2007 ) T # P %% 46 56 J7 1PS-Z-1-B 3951 ~2.230 5784 3882

HT-z 2.727 -7.487"" 0.971 -14.970""

721:; ’ EE ﬂ:fj}% ﬁgﬁ%ﬁ*ﬁ !IEl /E% ;FD /E % Z I‘ETJ El(] Tj} % Breitung-statistic 6.276 -3.502" 1703 —-4.482""
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BN RS EIMERSERTERmAEROERERN %6 PVAR#EA Granger 1
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(D BERUAG T 4558 o M 59— B if 5 PVAR B!
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M TR LLA Y, &% 0 8RB RORE 5 s o
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A7 A5 3 IE (8] B SE WA G A o R A B 10 A R A 73 X 2 0 05 o0 05 19
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35 S BN 2 R 0.848 , 1t W] 24 /T K VL 28 5% il 2 O B2 PVARBA 09448 hib i
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R — W05 B R BB AT B S E R mERReRRES |
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BT AT AU AR R A e kR L1 | 0526 | 282
i e — A e R R AR i B B R T VT A R TE 99% \90% B A KT F L3 5 L1 R IS — 0.
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Mg | SOBAREE | sbm | gd | BWEESEOKE | sbm | gd | WE| BREHERQB | sbm | gd | BERSKOEE | sbm | gd

1 sbm 0.999 | 0.001 gzl 0.000 | 1.000 9 sbm 0911 | 0.089 gzl 0.102 | 0.898
2 sbm 0.985 | 0.015 gzl 0.024 | 0.976 10 sbm 0.909 | 0.091 gzl 0.103 | 0.897
3 sbm 0.965 | 0.035 gzl 0.049 | 0.951 11 sbm 0.908 | 0.092 gzl 0.104 | 0.896
4 sbm 0.947 | 0.053 gzl 0.068 | 0.932 12 sbm 0.907 | 0.093 gzl 0.105 | 0.895
5 sbm 0.934 | 0.066 gzl 0.081 | 0.919 13 sbm 0.907 | 0.093 gzl 0.105 | 0.895
6 sbm 0.924 | 0.076 gzl 0.090 | 0.910| 14 sbm 0.907 | 0.093 gzl 0.105 | 0.895
7 sbm 0.918 | 0.082 gzl 0.096 | 0.904 || 15 sbm 0.907 | 0.093 gzl 0.105 | 0.895
8 sbm 0.914 | 0.086 gzl 0.099 | 0.901
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Fo BT A R G0 B AR A A R R R R LB 3 L B T S R Rk 0 R R AEAE B
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Long-term Equilibrium and Short-term Dynamic between Green Technology Innovation and

High Quality Green Development

Wang Linzhu, Sun Yixin, Xu Deyi
(School of Economics and Management, China University of Geosciences( Wuhan), Wuhan 430074, China)

Abstract: Based on the data of the Yangtze River Economic Zone from 2011 to 2020, comprehensive indicators of high-quality green
development(HGD ) as well as comprehensive indicators of green technology innovation (GTI) were constructed. The non-desired output
slacks-based measure-data envelopment analysis and the global principal component-entropy method were used to measure the
composite indicators. A coupled coordination model was used to examine the interaction and coordination level between GT1 and HGD.
And the long-term equilibrium and short-term dynamics of the GTI and HGD were also systematically examined based on cointegration
test, Granger causality test and panel vector autoregressive model. The results show that from 2011 to 2020, the coupling coordination
degree between GTI and HGD in provinces and cities of the Yangtze River Economic Belt has been rising steadily, and the overall
level has changed from primary coordination to high-quality coordination, indicating that there is a strong interaction level and a high
coordination relationship between GTI and HGD. There is a long-term equilibrium relationship between GTI and HGD, which is
reflected in mutual promotion. In the short term, there is an obvious two-way promoting relationship between GTI and HGD.
High-quality green development can guide the improvement of GTI, and the positive impact of GTI on high-quality green development
has a lagging effect. The efficiency decomposition is used to obtain the technical efficiency and technological progress index. Compared
with technology efficiency, technology progress is more able to promote high-quality green development and affect the dynamic
response between GTI and HGD.

Keywords: green technological innovation; high-quality green development; coupling coordination; PVAR model; decompose
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