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Ay DI (R AEAEAT AR SR BT M BBl TR, BF A 7 Hh 2 2R BN 2 (0 L M S5 AR AR R, 5) T2
W, XFHEIE T, SR OEORDT R XIS B G o W . AL R, 2R O R B (b 2 2808 [ 2 7 7™
s R BB 5 T o0 B A N B R U, 3t D7 (R 4 32 SN XA B N T 5 fr e — i R 1 R A
CRCR AR I 25 R B R

R4 -RBERAMDEABEEESIREUNAELREZEHE

LROBARTT R B BRI B LROBARTT R B BRI B
o SR Z 155 PR Z 135> 0 L Z 135> LEPREL Z #5y
2006 0.011 ™ 2.968 — — 2013 0.115* 2.878 0.000** 2.457
2007 0.084 ™ 2.807 0.025* 2.271 2014 0.213" 2.144 0.013 " 2.212
2008 0.249 " 2.652 0.004 2.120 2015 0.117* 2.241 0.024 " 3.090
2009 0.131" 2.308 0.131* 2.512 2016 0.135 " 3.291 0.016 " 2.484
2010 0.106 " 2.543 0.136" 2.409 2017 0.188* 2.457 0.096 ** 2.387
2011 0.081 " 2.931 0.044 " 2.273 2018 0.253 " 2.612 0.153* 2.233
2012 0.165 " 2.479 0.061 ** 2.079 2019 — — 0.220 " 2.994
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0.667 , fe {1, BV —ii — %" 124 13 ) 85 4R B0 7 Ml 2 0 JI SR 2 A 8 3 2 ) S IR A 2% I J0 £ 445 i £
R AT BEPEROR, YW —r — ™ AR IOn] BETE I S5l A5 | S 2 X)) S 25 AN bR i Joe ) e a5l 1
LR AT Pl 2 0 R AR BN R 2 IS A% R BOTE B AN A AR X F 28 1 HH - @ R0
5YLH - 250817 “LL - REOH” “ HL - b ™ 2Z (a3 AP AE R R B A , B LL — IR i) “ HH - =2%
T BRI AR O, X RTINS IS T —alF — " UT 24 1 L F) A 28 )l 2o (8 R P (L RCR T 5, 85
R X 2 (8] RE A R Sl A i AN U I ] DX s 38, [l A, 52 B M AR A0 TR 1 i A0 7R ) B R A2 IR
M, ARASCRL 3t X 1] 25 2 T SR L B R o

RS HERIERLBRS

et T L b2y

174 B B BRAT , AR HH—LH,LH—HH,HL—LL, LL—HL
Iz B & FasE , AR RIT HH—HL, HL—HH, LH—LL, LL—LH
%4 BT, 4P KT HH—LL, LH—HL,HL—LH, LL—HH
VA B R, SR e HH—HH,HL—HL, LH—LH, LL—LL

R6 FBEMMEZIEHM=RIRBMEERE

KBt P[] 25 2 yi = HH,,, LH, LL HL, .,
AR R 2006—2013 4F HH, IV (1,0.500) I (1,0.500) Mm(0,0) 1(0,0)
LH, I(1,0.333) IV (2,0.667) 1(0,0) MM (0,0)
LL, M(2,0.222) 1(0,0) IV (6,0.667) 1(1,0.111)
HL, 1(1,0.333) m(0,0) 1(0,0) IV (2,0.667)
2013—2018 4F HH, IV (3,0.600) I (1,0.200) 1(0,0) 11 (1,0.200)
LH, 1(0,0) IV (2,0.667) I(1,0.333) m(0,0)
LL, m¢o,0) 11(0,0) V(e6,1) 1(0,0)
HL, 1(0,0) m(0,0) I(2,0.667) IV(1,0.333)
e R AL 2007—2014 4F HH, IV (2,0.400) I (1,0.200) M (1,0.200) 11 (1,0.200)
LH, 1(0,0) IV (1,0.333) I (2,0.667) mM(0,0)
LL, M (2,0.333) 1(0,0) IV (4,0.667) 1(0,0)
HL, 1(1,0.333) m(0,0) I(1,0.333) IV (1,0.333)
2014—2019 4F HH, V(4,1) 1(0,0) 1 (0,0) 1(0,0)
LH, I(1,0.333) IV(2,0.667) 1(0,0) Im(0,0)
LL, 1 (0,0) 11 (2,0.250) IV (6,0.750) 1(0,0)
HL, 1(0,0) m(0,0) 1(0,0) V(2,1)

A5 5 OB YRR I R R
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FEPRHUCRIE A 25 (AR I W oRe Y I8 7 8 A TR it 2 AL A W AR, A B 2 SR LA 7 B B ) 25 ]
H [l Je AR A (LM -Lag) (=5[] B A SC IR 2247 ( LM-error LK AH B A9 A S K2 56 ( Robust LM-Lag A1l
Robust LM-error) 255133 75 1% 1) 585 1K T HRZE AR, RIFEAS FTRETE A SAR AU AN SEM 2 — 7R A fig

84



Research on Economics and Management( No. 1, 2023) | 3% 5% FIRFIE (2023 445 1 1)

] SDM, ph—20%F SDM ZE4T AR LE (LR ) MR ZR 78 ( Wald ) K56, WS RE 75K SDM {4 2 SAR 452 7 5
SEM, 5K BIELEK: SDM faifk . PIB B 5 2 (Hausman ) K50 (HE8 5 T 1% A& MEKFRG SR, 48
TR P BEATLAS AR 14 S5, 3 SR I 7 8 A 2 S 45 B [ (35T 28402 0 DAy B ] 181 7 AR ]
AR S 18] XU E RO, 735K SDM B2 Sy =R A TR B, 45 2R WA 8 o ARt 75 L U] ( ATC) A DL it
Wi SEN (BIC) ,AIC K BIC (i, BERL AR R e g , X BUBIR B R R SE b Ak, R DL i ey
PR PR 2 2R A B, e T A RO AR R BEAS  £58 AR SCR FTOUIE RE R SDML i [ I 45 SR 0 4725 ]
RO IIHT o

RT FETEREMREER

LRESOARTT K B B LR R AL BT BE
K75 X K g 7
SiitE P g I PA{H
LM #;55 LM-Lag 13.261 0. 000 16.958 0.000
LM-error 14.635 0. 000 18.845 0. 000
Robust LM-Lag 7.870 0. 005 9.396 0.002
Robust LM-error 7.024 0.008 13.151 0.000
LR #5:5 SDM 15 SAR 30.19 0. 000 37.150 0.000
SDM 5 SEM 25.29 0. 000 35.470 0.000
Wald #:56: SDM 5 SAR 18.380 0. 005 15.480 0.017
SDM 5 SEM 18.000 0. 006 15.720 0.015
Hausman 5 Hausman test 86.170 0. 000 52.990 0.000

(Z) DR EVE S

8 IR FEXUE E 0N SDM T, i — B Y244y 4 1) 285 4R B 77l ¢ 4 H R BIE AR RC3 ( GTR) %5 [H]
H A ZREL(rho) 2y 0. 070, 25 4 SR EL AL R (GAT) =5[] | [ R AL (rho) iy 0. 056 , H P& BI7E 1% HY/K-F-
R R Al TR 1y T R AT B Bk (A T R R A A A A ) 2 W) B, BVAR
Hu R 0 BF AR S AR I S A BTRCR VI IEA G . BLAh R B B rho RFHALII B, BI“ —ai — & Wik 44
el ST e SER % NV Y &N CIE P S S R SN S A A &

x8 “—H—HIRLEAMNENERESWE B EIFZE SDM EiTER

GTR GAT
AR
IS i) 280107 AR P ik S O HSF i 280107 AR R[] B0
OFDI 0.044 0.105* 0.115* 0.063 0.093" 0.177*
(0.174) (0.058) (0.063) (0.186) (0.048) (0.099)
FDI 0.195 0.213 0.216" 0.208" 0.176 ™ 0.042"
(0.026) (0.226) (0.123) (0.121) (0.082) (0.022)
GS 0.019 0.041 ™ 0.254 " 0.079 ™ 0.065 0.272"
(0.104) (0.017) (0.099) (0.037) (0.147) (0.159)
IC 0.020" 0.029" 0.139 0.119 ™ 0.135" 0.167 ™
(0.011) (0.017) (0.060) (0.029) (0.075) (0.078)
T0 -0.138 -0.074 -0.173 0.127 0.011 0.198*
(0.174) (0.146) (0.109) (0.226) (0.186) (0.102)
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x8(4)
GTR GAT
A5 i
i 1)k 7 MRS X[ 7 RO HF i) 26 7 A AEK R[] R R
PP 0.018 0.072 0.047 * 0.113 0.033 0.230 ***
(0.071) (0.060) (0.025) (0.087) (0.075) (0.078)
sl 25 il £l kil £l £l il
W x OFDI 0.212 0.024 0.185 0.017* 0.093 0.037*
(0.193) (0.170) (0.126) (0.010) (0.179) (0.021)
W x FDI 0.057 0.012 0.043 ** 0.065 " 0.024 0.192*
(0.223) (0.218) (0.021) (0.037) (0.232) (0.103)
W x GS -0.311* -0.178 ** -0.372* -0.038 0.007 -0.182*
(0.131) (0.083) (0.194) (0.165) (0.151) (0.074)
W x IC -0.085 -0.051* -0.112* -0.043* -0.076 ** -0.147*
(0.106) (0.030) (0.058) (0.023) (0.038) (0.079)
WxTO -0.046 ** -0.136 -0.153 0.068 0.145* 0.377*
(0.021) (0.155) (0.096) (0.312) (0.072) (0.157)
W x IPP -0.244 " -0.121 -0.015* -0.222* -0.006 ** -0.012*
(0.116) (0.105) (0.008) (0.127) (0.003) (0.006)
W 425 i A% Pt Pl Pl £l £l i
Log-Likelihood -231.168 -225.703 - 181. 3694 -198.272 -191.950 -83.706
Spatial-rho( lambda) 0.039 * 0.018* 0. 070 *** 0.070 ** 0.013 * 0. 056 ***
(0.022) (0.010) (0.027) (0.033) (0.007) (0.012)
R? 0.726 0. 725 0.793 0.572 0. 564 0.763
AlC 490. 336 479. 406 390. 739 424. 544 411.900 195. 411
BIC 462.336 451. 406 362. 739 472.118 459. 474 242.986
FEA & 221 221 221 221 221 221

TE: " R 10% #Y B EVKE 355 RON TR @R e . S5,

N HE— TR SN B B PR BB U SRR SR RE B B L B2 5 T ORI R AR A 5
U DRI 35 % — [ ™ W LA 073 ) 2 8 7 4 € BT AR 14 235 TR BE WA 80, A S T i S e vk 3

TSR M PR 308 P o B o (0 QTR Y L RO ) B35 LSO, 2 R A% 9
R B BRENEHEERT LRGN ARSARMHRLER

GTR GAT
/E% B - W RV EW ™ W N2y
ELHRU 22V I ISY5 A ELEAUM [R50 ISY A
OFDI 0.117 = 0.177* 0.294 " 0.189 * 0.038 ** 0.227 **
(0.027) (0.098) (0.152) (0.085) (0.019) (0.102)
FDI 0.213" 0.063 0.276 ** 0.033* 0.177 0.210"
(0.117) (0.027) (0.129) (0.016) (0.087) (0.107)
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F9(4)
GTR GAT
Akt
B [BIHZRL N AN AR ()28 S YA
S 0.253* -0.163* 0.090 ** 0.276* -0.165™ 0.111
(0.126) (0.077) (0.038) (0.154) (0.082) (0.234)
ic 0.138* -0.125 0.013* 0.157* -0.128 0.029"
(0.056) (0.091) (0.007) (0.074) (0.111) (0.016)
T0 ~0.172 ~0.141 -0.313 0.195 ** 0.363 " 0.558 **
(0.177) (0.094) (0.198) (0.089) (0.135) (0.220)
PP 0.051* ~0.035* 0.016 ** 0.244 " ~0.107* 0.137*
(0.025) (0.017) (0.008) (0.078) (0.045) (0.064)
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Spatio-temporal Evolution and Spatial Effect of
Green Innovation in Patent-intensive Industries in Provinces Along the Belt and Road
ZUO Yi, ZHOU Yanping
(Shandong University of Science and Technology, Qingdao 266510)

Abstract : This paper uses the Super-SBM model considering undesirable output to measure the two-stage green
innovation efficiency of patent-intensive industries in provinces along the Belt and Road, namely, green technology
R&D(GTR) efficiency and green achievement transformation( GAT) efficiency. Then, it reveals the spatio-tempo-
ral evolution characteristics in both stages with kernel density analysis and spatial auto-correlation analysis and fur-
ther investigates the spatial effect of green innovation efficiency with the spatial Dubin model. The findings show
that the average efficiencies of GTR and GAT of patent-intensive industries in provinces along the Belt are 0. 881
and 0. 927 respectively, while for provinces along the Road the average efficiencies are 1.276 and 1.498 respec-
tively. Moreover, green innovation efficiency generally shows an improvement trend with the polarization phenome-
non, and there are positive spatial auto-correlations in both stages. The correlation of GTR efficiency is stronger
than that of GAT efficiency. The “LL” agglomerations of GTR efficiency are mainly located in the Belt, and the
spatio-temporal pattern is relatively stable. In contrast, the GAT efficiency shows a trend of “HH” agglomerations
converging to the Road and gradually tending to be steady. Considering two stages as a whole, outward foreign di-
rect investment( OFDI) , foreign direct investment ( FDI) , government support, infrastructure construction, trade
openness and intellectual protection promote green innovation in local patent-intensive industries. Specifically, OF-
DI and FDI have a positive spatial spillover effect on both GTR efficiency and GAT efficiency of patent-intensive in-
dustries in neighboring regions while trade openness has a positive spatial spillover effect on GAT efficiency in
neighboring regions, playing the role in radiation and stimulation. However, government support and intellectual
property protection have negative spatial spillover effects on both GTR efficiency and GAT efficiency in neighboring
areas, exhibiting the characteristics of spatial competition. Bases on the above results, this paper puts forward the
following suggestions. Firstly, provinces along the Belt should optimize the internal organizational structure and im-
prove the level of operation and management in patent-intensive industries to promote green innovation, and prov-
inces along the Road should carry out technological changes to further optimizing green innovation efficiency on ba-
sis of consolidating the current performance. Secondly, provinces along the Belt and Road should give full play to
the spatial agglomeration advantage of green innovation in patent-intensive industries. Thirdly, it is necessary to
steadily promote green innovation in patent-intensive industries in provinces along the Belt and Road by strengthe-
ning OFDI, FDI, government support, infrastructure construction, trade openness and intellectual property protec-
tion. Fourthly, patent-intensive industries in provinces along the Belt and Road should promote the formation of a
regional integrated green development pattern with synergetic development according to local conditions. Fifthly,
patent-intensive enterprises in provinces along the Belt and Road should take the Belt and Road Initiative as an im-
portant opportunity to go aboard and carry out overseas cooperative R&D of green technology. Meanwhile, policy
makers should attract overseas high-quality green patents to be applied to practice in China.

Keywords :the Belt and Road; patent-intensive industry; two-stage green innovation; green innovation effi-

ciency; spatio-temporal evolution; spatial effect
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