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TFHVIEG, BT ARTHIX, 2009—2012 4F, A JbHb X A3 7B 5 R0 4 Pl B 4
T ER S LI, SR, 2013—2021 4, Hridfs S P R X Ak i B KA A bR
FE S E W AR X . FR B R AE T A AU D7 25 44 PR HE AR Tk, o AR 4000,
BT R B A XS R, W R 3R E A, B ARG K Rt A A XK
P R G R BRGS0 0r, 2013 AR ARG XWF & A A G KBl 3.31%, A%
F L XA 11.79% FPE IR HLIX A 9.77% o

(=) =R EF AL

ARFRAF A Dagum )8 250, B AL R B0 i o XN 22 5 . XKk A) 22 55 L
T e P mr ik =y, R T ELARDNAR SR AR I B2 SR X 2 5 X 2
SEUASZE T R T T o

1 R AW # R0

A 2 BT 0L, 2009—2021 4, 4[] J2 5 00 I DXk i B8 22 2R A Db 3 1 DX 3k
WILJE RECR S NIk, SR 13 AR (BB 2E 2 L B /K76 45 3 1T ] ) 22 M 2 7
AN, AR R R TS . LRI, AT DR SR A U X sk P 2 e R B
{H R 0.331 4, BZEFRL TREES, FRIERIBMATHOHEZM A AR i &R
HH S L DX 2 R A MR I 2 e R B 0.241 4, Bk E R TR, H
IRF IR 2009—2012 4EZ5 18 F . 2012—2013 4E P T [, 2014—2021 4EF2% R %,
TGS DX DX 3 PN 25 S ) R e AR X A A A B, B SR A IR B X sk P 2 R B
0.2~0.35 2551, HME N 0.285 0, T T 2009—2012 4EAIE-ZE R 5 UAR P S i
2014—2021 = X VP28 FRER AR . AU b IX BT B 20 A UM JR B X e PN 3 e R 50
HM 0.336 6, FEAATT o g RS B AR X F-2%

045

040

035

0.30

RBHERRE

025

020
0.15 | | | | | | | | | | | | |
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
——2E 0.397 910.380 30.372 3 |0.365 5|0.360 0|0.356 7|0.359 7|0.357 5 [0.354 5|0.354 8|0.356 2|0.356 4|0.354 1
= X [0.369 2|0.357 3/|0.347 8 0.338 9|0.332 5|0.328 00.327 3(0.325 5|0.321 3|0.316 4 [0.318 5[0.314 3|0.312 2

Bk X [0.337 8{0.325 8(0.316 1 [0.312 1 [0.204 2(0.204 0|0.206 5|0.207 8 [0.204 2 (0.204 3|0.203 4 |0.204 9|0.207 4

—&— X |0.227 4|0.212 7[0.210 2 |0.208 5 [0.310 6{0.315 3|0.320 2{0.320 2 (0.317 9[0.322 2|0.319 3(0.316 7|0.304 3
=¥ 7L X [0.392 8|0.358 90.343 6 [0.333 3|0.332 5/0.326 9(0.330 0 {0.323 7|0.320 7 |0.329 4 (0.333 8 0.327 0{0.323 1

2 WHEIHMERBEMAERBRNER R
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LB AR 2025 ARG 3 1)

2. RIR A o £ F 57

FHE 3 AT, ZRIF—ARL i X B 22 2R & B B 1 DX ] 22 R de ok, LXKk al gt e
FBIIE R 0477 75 - FaHEH X X IR0 22 5 de/)N, FLXIRI3E 2 REOIMEN 0.285 4.
7R X S AR X R 28 0% RRKE- S rer SA 25 5, T Fpafs X5 VP S b [X 28 35
K IIKEENEEA B RN KR BIAKE, 2009—2021 4EHH-AdbHuX . PHEs- 4]t
X1 X 5[] 25 JE R B L R A, (AR 2013 AER AL, 2013 4F 53— 43k b X X I,
(B3 RBE R, PR A X A Xk ) 22 57 . ZREB AL IX | A - PU R X A
DX I A1 e R B AR S TR AR A A S 34, B TR BT MR s A
HHIX . AR~ PO X DX R I 8 R B AR AT TR 3, 2000—2012 4F A -
HREHIL X ) X SR 22 S L RS TS, 2013—2021 AFE N BLZHT A

A 3R IL, 2013 4F %k DX d i) 22 S A S 48 (1) oy B . IO F 2013 4F 1 /7,
FMERAT 2" BEA RS ) , =B “sRfbXskalsr & EhE
5 X3 F E R RE T R T Oy, AR T RS AT S Hop, A X R T
KAIL=AMA, BRIC =M pUAE S Xk A BER0ERE S B X sk b5 A vE S b X
TENA . FARFIR 2 0B R a4 RIS Tl FE B L 4% 7= b FIRk
FERBETR LA TaFH X b = b B AR & 5 b A RE T i

0.55 -

0.50 - w

XigE & B 7 E
o o o
& & &
T T T

o
w
S
T

0.25 Il Il Il Il Il Il Il Il Il Il Il Il Il
2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

b= ZREB- B |0.390 4(0.392 1]0.392 9(0.396 2|0.362 3|0.360 0(0.358 9/0.357 4|0.351 1/0.342 7|0.340 3|0.336 0(0.328 2
ZREB-TaEB |0.399 9/0.390 6(0.380 8|0.376 2/0.401 2{0.409 0|0.426 8|0.435 1(0.442 6(0.451 9|0.452 0/0.453 3|0.449 4

7 &8-%4t |0.521 2|{0.497 1]0.491 0|0.481 1|0.473 8(0.464 9(0.466 2|0.459 5|0.454 9|0.458 9(0.471 7|0.480 5|0.489 2

=== th[-F#B |0.306 0(0.286 4|0.274 3(0.269 6|0.266 5/0.269 7(0.277 6{0.282 0|0.286 5/0.295 4|0.295 7|0.299 4(0.301 2

== th#l-%4t (0.415 2|0.376 5|0.359 9|0.345 6(0.303 5|0.296 8(0.300 7{0.295 8(0.292 8(0.305 5(0.317 3|0.328 4(0.344 6
—&—FiB-%1t |0.342 5[0.315 1]0.310 3|0.301 2(0.338 6/0.332 9/0.332 7|0.327 0|0.323 4|0.329 8(0.331 9(0.329 3/0.323 1

E3 WitHEsaatEEREEERRH
3. &R B R
AR T I X JE S RBOIHAT M, LIRS 25 18] 22 5 10 5 B I S HE otk
M4 (a) ATLLFH, 2009—2021 4FE3 [ G55 2 2R A WhJE B AY IX dsk P 5Tk (e A b 5
T REfas, MAEAR WY 0.093 4 FRER] 2021 4E19 0.080 0, T sk 2E S il sk 4
T FEAST ) 23.48% P 5l T RER] T REAK NG 22.6%, F&A-FEA W] 34 TTER A0
23.17%, X[ STEREEREA DI R 0215 3, BEJGZEHT FIEZE 2017 4E19 0.188 0, 74
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PREKES XU £ IR E RS IEEAINSER. KIGERKKSYE

FEAMAIALE I ETHSHY, EEIREARLING 0201 0, HXTT BAE 1 STMkR LB H B
WY U™ JERRARE, BVMFEAFIARY 54.12% 545 FFEZ 2016 4EH) 52.80%, FifiJi X 2%
T+ 56.77%, FEAFEAIAR B DT 54.06%, Bk, /X 25, JUH
SEARTR-PEIRHLIX | AR~ A b X A X R 22 5, TR A HT R sh & e i B T ARyl

N 48R LA DX AR %% R 1Y) o7 R FTRE X 57 k38 2 A A 1 ] 2 2 B
HIPE B T RS DX AR % B STk AEREAS IR 0.089 1, JE & F 2 2012 41
0.0819, ZJ5 X FTF% 2016 4E1 0.085 6, fit ) M EREA K WIAY 0.073 0, [X 1725 %
Tk R SR B B R AR U TR R RARAE, ROEEAS IR 22.40% F54E TR
2014 4E17 23.82%, BfiJG XS T B BAEAK N 20.63%, HeA-FEA ] (9734 5Tk %
K 22.77% o DX IR AR B B S WL S A5 A RE AR 22 [ (1 28 XCEE B A AR 22 S ik, EL
HAEAEFELE S P I 5 R BRI, X FBH AN ] DI 14 38 SUE 35 [l B 2 R A Db ] B
25 A) 25 5 (R RS A R BE AR /N e &5 L mT DL i e ) 25 25 25 (i) A ) R 1 DG B2 4/
X I 22 5

0.50 "RiEA CRiEE KSR TEE
0.40
0.30
0.20

0.10

0.00
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

E- 30
(a) sEtfE

EXEA RXEE RSB EEE

N EEEEEREEERAR

SUERER/%

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
5

(b) sk

E4 hEETUREIBEMAENZEZERRERR
(=) 2 ah &Rt
Dagum & BTSSR AEG U Y BAR 22 S i) FLAORIR, FF48 7 DXz [ RH T

99
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ZESE ARG, (R TCTEA R A5 DX Sk 17 B 2 2R R 8 246 % 2 S A A f o A Y
R DR, ASHIFSE (A% A 72 20 i B AN [R) X . S TR B B R A 1
YRR, FEN TR IR AL E . EW TS . A i SR LA R IR H 55
REIEME . S MAX R AL T A5 A 03 4 Al 5.

Lo g

PN TR A= 7 = N ES 3 U NPT TR BT i R e R 1 E2 L NN DA [
EWE S EW A EZM A UREZ R K, REEPOMmFRIFER, WK KIEZ
P R TR0 L o A LA TR D 2 R 1) A R sl B, U A A% DX IR 4 3ok i 0
FRA UM TR, HARTIEE

2. TENH A

4 [ 2R W B AE T R LY R R, R e E A SRS VR R B AR
FE P BT RS, AR B A A PR RN X 22 YT K AN [ X A
r LAl 5 B IR KORAR, B REBE S R AR R 22 5, B3 K
BRI KA . 0. hEB . At X A A% 2 B b 2k 35 0 o 30 58 B AR R bk
Ji e X3 9 38 T B KR A PR O 4 X 22 BE R R R . S AH I, PSR X A A%
5 2 05 W AR /N, U B DX PN 45 3 T O 2R R B R Y 4 X 2 P L A A
£

3. A HE e

SEPURARER . R, PR ARACHLIX AR I R B A RIS, X
MR A A T4 DX P S A B o ) T R S PR 2 1 [ DX Atk T, (R E
3 S5z B 322 DX 3 B RS R B IR 3T o PG s 4 L R 45 IX I 2 TR o 4
AT S JRSC S, 1 3 B Bl 4 3ok T QBT 22 R B DM EE A Rp 84T, ST R 22 R AR,
HE B ity B T B otk g

4. K &% E

4[] R 45 DX A A AR S ) 40 47 7 PRI Bl 00 B 52, 3 X3 P 3k T B 2 R 5 P
VEAPEAF AL NG, ST (0] B BB & S 2505 e H 2359, Bl “BFrmeis” |, i) <o
KA Ak Hep, ARICHX A F 0 Fn s 2 6] O BE 24 K, B A Jb b X 3 i
B 2 Z AV B AR A RS A R B s, (A B BT SEREAR R, R4 X
T BB AR PR A I S A% 22 S 1 R

F4 £ERMNKXEHTEIHERBEHEENTEAFHE

X AENE FIESHRES AR g E
el ] M 7e TR, SRR fftifE, SRS L
ARIRHLIX P Ze. TR, SRR fiftife, SIS LG
X P Ze TR, SEIEARR fttifE, RIS LIS Bl UL
SIS P Ze. e R, SETEA /N fiftife, RIS XU
ALt P Ze I BT SEREARR fitiFE, RIS LIS B UL
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E5 SERENARSMTORERAE A OLEE S
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LB AR 2025 ARG 3 1)

(—) o Mot

5 25 T AxTE 246 AT LUK IO R DX BIH B A DR R o I SUG IR A5 R
A 2 TR DR, LA 2 3 & D B S R MO B R e, RIITrAE
o WCBURFIE . Hh - PU P X A8 BT 2 SR 5 DRI B S RN B R %, R BRAR BT,
P TR, HUURME/NTIPIME, S o SRR 7RI DX BT 23R8 5 1
PR S R B MR B B TS, ARETE o WWBURHIE

®5 ZERNAXEHHEIHEZIBEMEAE o WEKIRER

&Fn £EEH FREBHIIR HERi X AEERX FALHX
2009 0.966 1 0.891 6 0.443 0 0.866 3 0.658 4
2010 0.921 4 0.848 3 0.4254 0.8017 0.645 2
2011 0.888 1 0.808 5 0.420 5 0.780 3 0.634 8
2012 0.865 1 0.7811 0.418 3 0.755 6 0.633 4
2013 0.837 5 0.753 9 0.411 1 0.757 1 0.6317
2014 0.828 5 0.743 7 0.410 6 0.752 3 0.644 4
2015 0.829 1 0.7337 0.418 2 0.770 1 0.663 0
2016 0.8175 0.718 5 0.4222 0.762 9 0.6659
2017 0.804 5 0.703 1 0.414 4 0.757 8 0.665 0
2018 0.796 1 0.688 9 0.4106 0.765 1 0.6929
2019 0.796 5 0.688 6 0.409 9 0.756 9 0.703 7
2020 0.787 4 0.672 2 0.4109 0.751 8 0.705 0
2021 0.773 0 0.659 7 0.418 8 0.7199 0.706 8

(=) B s HT

1 23t p kst

RO T 4x[E 246 I S VYR XA 2 2R DA L A 4 X B WSS S04t 2R
5 JEBIAN ] DI R AR S R B P R S AN RIS 2 1R800, AFTE i YR LM
g R 4 ) 246 A3 e DU R DX IS B 2 S G bR B 4 X B WSSO A A7 A 25 1] F A
KIGNL, SRIGRHT Wald K50 LR A I PR R0 2 AL, 28R T . 26—,
AR B DU R X IS BT 28 S DM BE B AE AR 2 0] pless, Forpr, Al R DU R X B 7
A USRS AE 1% HIKF T RE N, XRVIIEAEE— RN 22N
FON QU B VIR RE AR I, IR 4 [ e DU R XA B M 5 DA 2l
SRS ARREKE, a1 hAETEFE S PR EEAE BT RS, RV A
TN G AL S R BT PR, (BRTH S SRS PR L A BT R KR lsim a2
RIS UK S B B S A bR R SO B A e 25 5 Ao
JE5 0.030 7, ALPGHRHL X AR i T4z [PPSR, ARER . AR X I T
R B =, A R U DR T A A U B S B N R A A (AR . A
] 00 PG 0t X ] 7 A A R R R A B A 2 AV i, LA MUY p 7 1% 7K
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*6 ZERMNAREBWMTEIHRERBESHAELS L BSREER

X1 e REBHEX Rl X PRI X Fici X
HREIZER SDM SEM SEM SDM SEM
5 ~0.308 3w ~0.097 9 —0.139 3 —0.385 7w ~0.299 gk
(0.0105) (0.0117) (0.0156) (0.019 1) (0.0319)
0.591 7% 0.609 0 0.458 sk 0.412 4% 0.545 3k
A (0.0370) (0.0527) (0.061 8) (0.059 3) (0.074 1)
0.314 6 0.235 785
’ (0.019 4) - - (0.0572) -
) 0.030 7 0.008 6 0.0125 0.040 6 0.029 7
X ERUSR R A 4590.4522 1765.6139 1428.565 1153.4842 617.348 0
N 2952 888 744 912 408
R’ 0.149 4 0.2256 0.1122 0.311 4 0.145 8
2% [0 ] 5 25507 42 82 125.54%%% 61.56%% 24 3wk 18.63#*
FiF ] ] 5 2550 1 086.68# 268.34k 242 .20k 382.90% 104.09% 5
Hausman 656 63.907#% 47,185 418285 32,37 37.16%%5
LR- SAR 577.48% 61. 44555 33,93 70,98 39,675
LR- SEM 100.96%5 103.65%# 65.63% 224,285 5.92
R-LM-SLM 6722k 85.645%% 2.464 6.439% 0.451
R-LM-SEM 113.064% 15.640%%% 82.26]1% 2073255 11.695% 5
Wald £ 55 72.88 %k 2.57 24,92 4882 5.59%

Tie k] e A3 F0R ZRE 10% . 5% F1 1% BT 2.

RO IE, 3 MR DX P A 30 TR R T R B ) AR A 2 (] A 37 1 A T
BB ZAR A PR B R0 1T B 2 B b 2 AR A 109 1 1) 25 (]S 1 50 o 4368
HRER A AR b X AR 2 (R 25 i ) o

2. 51 B st

FT U T A 246 NI B DU R XIS B B A UM BE B S5 BRSO Bt R
23 (AR () S PR RR R 4 X B ST, AN . S5 SR AT nT  BR—, 2Rk
VUK IR AEAE 5 BUREI, FFAE 1% WK T B3 b, XRAEZIR T AT REK
L TELEER . ARl R AT L XPAMTEOKE . BUMN SRR BERAGFHSETIRNE)G,
] J DU R XA BT M S DR AR R AT BT IO 45 ARSI a4 55—
BT X pURSI, A X3 2514 p skt B 34 A BT hin bl R BH T 43 A8 i e B A
SEPERA I 55, A DU X R i 2 [A)on R BAS S , (HS 45T B i L,
AN DX 8 2 T RN 28 R e A T AR, A FRER AR b b IX 1 2 R R0 2 B &
A, p B ATE 1% 7K B A IE . AR IX A7 A A SGTE Ui SEM #7458 SDM,
H p 1 1% WK T BE0E . VI X A2 ARl SDM $674858 SEM, H A 7E 1%
7K T 3R IE
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LB AR 2025 ARG 3 1)

®7 ZERNAREBETEIHEZBESMAESRG L BUSREER

Xig £F RERHX FEBHEX FaERH X HibX
AR SDM SDM SEM SEM SEM
5 —0.330 4k —0.224 Qs —0.164 —0.407 2 —0.301 L
(0.0106) (0.017 4) (0.016 6) (0.019 1) (0.0324)
e 0.567 7 0.191 4k 0.399 2k 0.43] Pk 0.534 Fowk
e (0.0390) (0.065 3) (0.068 8) (0.0599) (0.0770)
0.285 G 0.001 9k - . .
4 (0.0303) (0.0606)
v 0.033 4 0.021 1 0.0149 0.043 6 0.029 9
10 PGDP 0.070 L 0.021 4 0.082 [## 0.093 gk 0.0200
(0.011 8) (0.0153) (0.0176) (0.027 4) (0.0257)
InTodus -0.009 0.004 8 0.015 5% 0.003 1 —0.030 8**
(0.060 1) (0.0090) (0.008 7) (0.0129) (0.014 8)
InGov 0.008 6 0.002 1 0.036 5* -0.0458 0.051 9
(0.0124) (0.0158) (0.0213) (0.0311) (0.0275)
- 0.017 6 -0.004 9 0.034 5 0.028 7 -0.0243
(0.0107) (0.0152) (0.0125) (0.0292) (0.0255)
InEDI 0.004 3%k 0.001 2 -0.0025 0.004 2k 0.001 2
(0.000 6) (0.0022) (0.002 8) (0.0009) (0.002 1)
\nEduca -0.003 8 -0.0202 -0.039 6* 0.055 6%* —0.045 5%*
(0.0120) (0.0162) (0.0212) (0.0259) (0.026 3)
XFEASR R B 4645.322 1 1 842.406 4 1443.129 5 1176.296 0 622.792 2
N 2952 888 744 912 408
R’ 0.149 4 0.222 6 0.174 1 0.303 4 0.147 7
25 ] i1 2 2507 46.33 % 62.40%5% 38.25% 0k 50,84k 17.19%
Fisf ) [ 2 A7 1 100.59% 267775 236.28% 390.33%k 104,015
Hausman f6756 63.90%* 80,28k 110,793 24,69 134,51k
LR- SAR 90.89 61.44%5% 2220k 61.08%: 29205k
LR- SEM 281.79%k 103.65%** 31.73%%% 9891k 30.36%%
R-LM-SLM 60.095% .27k 2.246 1.175 0.972
R-LM-SEM 32785k 29.045%# 73.054% 19.94 k5 1247
Wald ¥5:56 60.14% 42.10%* 20327 44 145 25.55%k

Te k] e A3 FR ZRE 10% . 5% F1 1% WK T 2.

(—) AR
FLT 20002021 AFEFPIE 246 AT AEE , ASBEFERI IR B IE EERE I T 3
QU E R MRS S MR, IR Dagum JEJE R A, BB BEAG TN A USSR 55 5 %

X FE] B DU R X Il o B 2 3R A DR JEE 1 DX 2 57 5
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FEAFH LT 458

H—, INIXIZE Tk, 4 UK DU i BT 22 2 5 PR B 1 S I a3
SR I B AR 1 P R 2 (R AL RRAE o DX 2 S AR 2O Ik T BB SRR A PR
WS FEERIE, Hib, KSR X 2 E A 22 AR, AR5 TR IX 22 ]
22 5 B B TGS AT I DX RN AR L i X308 T B 2 2R R RN B DX Bl ) 2 S A R
TR, T S DX P S b X 3 T 1) DX 3R N 2 S AR X AN o

B, MhBEIERE, 4 R DU DS T ) 52 R R A PR B 0 o0 o A 3
MiZe, HA-Ai i A /INE AR S, WA DX T 67 2 A5 UM R T B
G218 Al K DU R DX Ik T OB 2 G B R B A% 2 B i I A B A M R
SR GAT HE RS, R DX N T B 2 A D R B A IR 3k i o B R AR
HR L ARACHE X 5 A 2T A R TR RGO, R4 I T BT R RS R Y
R I B R, FLARSRIU AN PR R S 2 P4 % 22 S S R M R

5L MWIRSHRRIER R, 4 246 DI AR . i, U B Hb X3 T B8 28 %
A UMRBE A AE o WB, 4 R DU K XIS AE AL 4% B USSR 254 B URS ., e 4 X
BUWSh, PURRHL XS S b, B SR ARl R AREBHLIX . AEI AT T AR Y
S g, A K DO R DX A I B A AT AN R R B Y B T RS TN 5 AL
LR bl e N T D = B 7 N SR 113 W VA o =5 S e A P e g 11 P =SS g |
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The Spatiotemporal Evolution, Regional Differences and Convergence of

the Coupling Coordination Degree of Urban Innovation Elements
CHEN Qiuling, LIU Wei

Abstract: Analysing the degree of coupled coordination of urban Innovation elements
is of great significance for innovation-driven development. The development level, spatial
and temporal evolution and convergence effect of the degree of coupling and coordination of
innovation elements in the country and the four regions from 2009 to 2021 are investigated
by using the coupling coordination degree model, Dagum’s Gini coefficient, kernel density
estimation and convergence model. The results show that, firstly, the degree of coupling and
coordination of urban innovation elements in the whole country and the four regions shows
an upward trend, with a spatial pattern of high in the east and low in the west. Secondly, the
differences between and within groups in the country and the four regions show a decreasing
trend, and the net difference between regions is the main reason for the spatial imbalance. The
proportion of cities with low coupling and coordination of urban innovation elements is large
across the country and in the four regions, and the characteristics of imbalance are highlighted
and absolute differences are widening. Thirdly, there is o-convergence and f-convergence
in the coupling and coordination degree of urban innovation elements in the whole country,
the Eastern, Central and Western China, with different spatial effects and convergence cycles
in different regions, and there is significant heterogeneity in the influence of economic level,
industrial structure, financial development, opening up, government support and education

investment on the rate of change of the coupling and coordination degree of urban innovation
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elements. This study provide support for promoting the coordinated advancement of innovation

development in the whole country and the four regions, taking precise measures to promote the

rational layout of innovation elements, and advancing the national innovation-driven strategy.
Keywords: innovation element; coupling coordination degree; regional difference;

dynamic evolution; spatial convergence
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