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R0 N7 GEAS B4 B A S5O0 s A AT U A R RO (6) (7) (8) , ARG S A\ 3 98 AS B4 0] 4 4 55

’ Coaggliz =

© AR R BRI 32 (2017) ) K BRZG " “ A as AR e M B A il ™ v 7 SOl (5 B A il ™ THEHL B I
PV BTGB S AR RIS ™ S AT A D e B A B B A AT, FeAR gL AT Ml A R R A 5 B )
HA T S X255 (2017) AORIFSE ™ o LR AN < S S5 B £ it AT BOIL ™ < K ) B0 35 0 24 28t 4 ML ™ <
GO S5 M o5l A R IR A e S B A P R 5 Al oK A5 B AR R AR B AR 550l * G fall.” = B2 P MR
W55l VA Ay e B AR S B A P P A5 ATl
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BOVL. AR HE INNO, g i HUIX ¢ AR A9 X BHT8eR " W 542 i EDU, O i MUK ¢ 4R 19 HU XN ) 3%
AACE" o MK AUEACR” R =B Bt DEA BRI e B A GG AR “ R&D A 5y 22 2448 ” F1“ R&D
SRR SCIT 7 I AR AR O T R 52 B R BT A RO BB AR N ML X SE PR GDP” AR H
AT ML B Tolb A ™ o XN BEAKP” SR T 3t IXNE 2 0 AR BRI B AR X80 Al
i, He e NET R T R T RS DA S I 52 OR AR BRI 6 4F 9 4F (12 4F (14 4F (16
R

QUA, =a, +a,Coaggl, + 02 Controls, +A; +u, + &, (3)
INNO,, =B, +B,Coaggl, + 8y, Controls, +\; +u, + &, (4)
QUA, =y, +y,Coaggl, +y,INNO, +8'Y Controls, +X, +, + &, (5)
QUA, =a, +a,Coaggl, +a,EDU, +a;Coaggl, XEDU, + 0 Controls, +X; +u, + &, (6)
INNO,, =B, +B,Coaggl, +B,EDU, +B;Coaggl, XEDU, + 0 Controls, +A, +u, + &, (7)

QUA, =y, +v,Coaggl, +y,INNO, +y;INNO, XEDU, +y,EDU, + 02 Controls, +A; +u, + &, (8)

3. M WERIR G A2

MRAEGETH R B PTAPERNGE T AR ) — B, A SCEE A 2004—2020 4 Hp [ 30 A48 2% DX I T Al £
P WA A (AN B35 P A 6 XA IR S X A% ) o Bl I T E e 4R 58 (s Bk
PG AR P I Tl G it 4R 48 ) (i [ 55 S GE AR 48) O BT THE %) S5 5T BRI R E K 58
THRE W wind B 28 25 A0 R RCE O PR (ELA AN ST o 38 2 D9 BBV RIOMIAPESETH A R . th TR
S T 5 BE RS, DAyt G A AR FRSLAR I S B0 O (B9 )8, 5% ] LLC  Fisher-PP  Fisher-ADF =Ff#5 40
J7 i EEAS PR EEA TR B, AR AN 3 B . R S R 48 IS, AR AR SRR BdE B
Rt

R2 TEMAMST

G5 HAE  FHE iR BUME O RORE
1 R AR BB R R B 510 0.338 0. 131 0. 106 0.774
Mt B A it e IATCIE S St 510 2. 960 1.726 0.689  11.092
Hhg s i H X BIHTRE 510 0.392 0.288 0.012 1. 000
P Hi XN $EAR K- 510 8. 831 1.031 6.378  12.801
B T TR 510 0.219 0. 099 0. 080 0. 643
XA 510 0.303 0. 366 0. 008 1. 640
i A AN AR A 510  63.263  68.441 0.176  284.978
HIH P AR R 510 0.012 0. 024 0. 001 0.175
Tl Ak K 510 0. 653 0.175 0. 230 1.078

R3 BURKWBER

CUIES = LLC Fisher-PP Fisher-ADF Py 2]
ST R R BT -8.422™ 104.701 274.155™ &=
A EE S-S -6.130™ 89.013 ™ 192. 559 =

TE: 7 TR R R A R 10% 5% 1% KT B R E AR
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M. LI ER ST

1R AR B2 45 R

F A BRI (L) MBERL(2) B Bl EE SR . Ik PRI EE RIS R iAo 2R U 25 0 0E, SR W AE 7 P il
55 Ml 5 1 3 I I ) B SR 3 IX. 42 5 i R o A2 e LA S 25 1 LE T S ) 7 Ml P ) AR SR AR Al T R A
g A, R BEE b B[R] 4 2R B AN Wi R, Xk 8 B e e A R IS R AT AE IR R T B s 2
P R IR S SRS R R T B U A AR 55 oMb A 3 i ) 5 SRS M X 5 i o A S e it
YERT, 2% 77 \b DRI A SR8 o T 45 AT A 7 PR R 55 -5 7 32 M PO ] 0% SRRl X 22 35 oo Jo o A e A7
Gl 2, R b RIS 2R 5 280 B A R Z TR A 8] U 5GBTSl H1 A5 20500k, of— 243t
FARENEI RN 5. 200 (2T Mk P[] S SRR O FE P ([ 0. 689, 11.092 ), {HRHR 73 HuIX iy 7
PR RISE SR FE R RIBBNIX — 45 50, OCH U R0 R B RS DR S P, I, BARE,
A PR 55 b5 3 i I B SR v [ R 5 e i A FER A AT A 1) 8RO

R4 EERBIOFER

AR (D (2) (3) (4) (5)
0. 145 0.082 " 0. 065 0. 056" 0.052*
AN GRS Eis e
(25.74) (10.95) (5.59) (5.08) (2.48)
e W A B A ~0-005°
A (-2.80)
~0. 114" 0. 052 0.054  —-0.133"
BT FRE
BT SR (=5.47) (1.59) (1.38)  (-3.95)
N 0.115 0. 026 0. 060" 0.078 "
MIPFBAY (8.67) (1.06) (2.54) (3.87)
0.010* 0.006  —0.057"* 0.011
i 5 BT AR
ShH BB AR (2.58) (1.50) (-5.57) (1.21)
S -0.001 0. 002 0. 006 0. 008
le - (-0.13) (0.17) (0.62) (0.88)
0. 149 -0.022 0.274"" 0.319*
Tl gAY (3.31) (-0.38) (3.68) (4.93)
b DX [ 78 R, ApE AFE A oyl 2
Fisf [] [ 5 %5007 A AEEH P & eyl
st ~1.572 -1.272 ~1.188°  —1.146 ~1.093
(-81.59)  (-17.71)  (-13.01)  (-10.16)  (-11.06)
N 510 510 510 510 510
R? 0. 566 0.743 0. 826 0.871 0.912

T TR R AE 10% (5% 1% KV T 15 B Guit e, AR

2. RAE AT

ARSCAE AL =R 77 3506 S T 1 [ A 25 R A T R PR AG 5 -
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— AL R I S TE S R SR A 2014) Afe R RT AL Y E-G TR ST A 7
H,~(HXW:+HxW?)

e 55 M5 ) M P DI ) 4 3R 4 i (B SR R0, BARTT T 3508 « Coaggl; = LW M=

Y- i FoH W, W, SRR (AN ML A B 5 AP O A B BT ) L H, H, H 5351
k=1

el i b g PP A LR P RE OB TR ARAE S0, Sk D K B IXRE Ik Motk A B3 i A 4 X
b AP A B3 B FEEE e Ry X AN, Coaggl R, WU Il DI ) 416 3R P2 g o SRR AT ALY ] T, il 45
WA B (1) 31,

TR RS R 1 AR A AR (IR SRXRRAL ) A R v R A RS, AT
Bl AETHER LR 5 19 (2) B @33R AR I 55 ] DEAP2. 1 ({4 DEA-Mlamquist 455 3
AT, MBS T AR S (2011) MOBIFSE ™) BAAE A K S BAF AT FE A EA A ik (L 2003 4F Ay BEH)) st
P AE, 7 A e DAy X 7 R (LA 2003 AR SERIUEAT P00 o

=R RS R G— . G AR IR S AR, vl REATAE B AR . AR SORF 22 T e TR A
JE s o — H O B B A R R A TR A B, ISR IR 5 19(3) 31

EIRFR A IR  A5 AR E 5 AR A [ R 45 R — B L D R R R AR R RO R B Y I,
“ Pl DMFISE AR HC T AT RO N B, RIS D A5 I AR A .

£S5 TEIEHEER
(1) (2) (3)

i T R L
D A7INCIE = %153 0.152%(1.89) 0. 053 *(3.27) 0.0347(1.84)
A EES Sitie -0. 053 **(—4. 94) -0. 006 *(-2.92) -0.003"(-1.73)
BRI -0.950""(~2.79) -0.156(-2.29) -1. 186" (~13.53)
P AL il i il
b X[ R UL i el i
FF I [ 5 500 ] £l i
FEA 510 510 480
R’ 0.933 0.911 0.935

3. F ST

Frr SR AT A R ILZE 6 1Y (1) (2) (3) (4) 510 RIMAZIRIUN:, “ g — M RIS R 520 ROl
FRAUDE N IE, R RO B ATl P ) 4 50k 3t X 28 5 i o i e A . 3 14 T T 52 ) 5 i A Uk T
J& P A R R AT R EOR B3 DRSS A T R B N IE, R
AR BEA T Db ) B SR 2 5 o i A R ) R ) 2 B D I 1) e AR T B0t DX PAY o B3 A 8 BE A oMb 14 3 [
ERAEA e LT m TR A o T IR R £ SR A 2 — URITUR — R T Al T R B A 3%, 3=
FMIRE A  BEAT Ml DI R 3008 3 IX 28 U v i A SRR A 38 32

DS R 23T 4 2R W2 6 18 (S) (6) (7)1, mT LA B, 77 b B [ 4 SRS AN (] 3t IX 28 3 g Jo i e
AR HAT Y35 22 5 A ZR T DX, 77 M DI ) 8 2R 2 35 00 M DX 28 5 o R A o 5 £ s s X, 7=l b )
A TRONS M [X 22 5 o ot A JRE )2 M A S5 5 T DYt DX, 7 v P [ 3 R Ox ot IX 228 35 o Jo ek A i ) s Wi U
EE] U BGE S FR N AT RELE T« ARRMLIX 22 T S S K P e, Mk 5 R LA T o e b, 2B 7
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R 2 RN = B ATy R G 5, DRI ™ b bk ) 6 3R nT LA 2k a3 IX 28 5 i Do A i s 7
HERHLIX, H TR TR AR AR B B BEA T L 56 78 IR B 3 ATl Rl SR R R O e
S P [ SR AR L xl il DX 2 3 v o A R ) 4 A A S 5 TP PG B M X, 7 b A A i
55, 20 iR i R e B RN B EAS (57 Bl D SRR AR AR, HAES L AR R T RE X 5
JoEE A R A SF T S DAY T 77 M P ] 8 3Rl X 22 5 o o Jie 2 [ A B SR ) U TR RS R
ity ahghie , fese i H2 73205k
®o TUMRERRESTER
(1) (2) (3) (4) (5) (6) (7)
R TAER R IRER ORI A YR

0.021"  -0.018
(2.55) (-1.17)

£3

il

i DR R A

0. 004
o — e P R SR R AR R
(3.04)
0. 004 0.018

T % 6
{EE ﬁ&fbﬂ%%*ﬂ}& (0. 40) (0.87)

S ~0.001
(R—fI IR 4 SR Fe %k (-0.72)
I — 0.103%  0.498  0.261°
s AV G 7
8 (2.47)  (1.55)  (1.76)
e ~0.006  -0.087 —0.049°
A BrIeI SRR (-1.61) (-1.53) (-1.72)
A 0,945 —0.947 —0.868°" —-0.885"" —-0.532° ~—1.846"" —1.708""
B
(-8.99)  (=9.09) (-8.50) (-8.49) (-2.50) (-3.86) (-6.26)
PRI AR R P 4 P 4 P P P
i [X [ 5 SN a4l a4l a4l a4 a4l il a4l
FIsF [1] [ 5 5007 P21l P& P 1l P& P il 5 1l P il
Bt 510 510 510 510 170 102 187
R? 0.865  0.868  0.864  0.864  0.868  0.484  0.687

3. BT RCE A PRI

AR (3) (4) (5) AR IR R LA 7 19 (1) (2) (3) 81l 7= all Hip ) S SR 407 Xt 3t IX BB
BER” WAL R BB, ) FIEAEA 3, 107 i X AR AR " X 25 o B R R AR R0 WAl R B (y,) B
FNIE, 5 B f ] Bootstrap YA HE Hy 2B, y, =0, K50 25 5 L 7 (A ROV 2. 2% 5 [R] I, A 3 [X 1)
BRI AR e, Pl BRI S SRR R R G e TR A AR R RIS R R (y, ) 3 O B, R AT REAT
FEFLA R A0, T 3 DX RIS AR AR A IR 25 ,2014) ) L Sl 7 S A
RONL, T 4l KRB AR 5 G i i A R AR R0 3 IE A OGO SIS, nl A5 21 2R =l Py [ 2 2R g
A A vl DX BT Ak, DRG] e o2 A 5 e 1 M IX 22 5 o B R e TS . it , BT iR
Ut H3 FEARS 2k
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R A « — T T, I 3t XR8Pl b ) A SRS 0 o 35 oo o A
B0 Bl AR R TR O, R BTSRRI 5 i o A R A S B DN R 2 — TR AR S ] 7l P
[R5 SR AT 5 BB AR e 25 6] 73 Af_E T REAFHR B BE L, PRI Hu DX BB AR S 1 Ml D[R] 4R SR 4
B0 X 2 U v TR A SRR T 1) B2 5 575 — T3 T, 3 BT S s LA A 30 )7 i ) 4 3RO R A 2 e it
31 DX BB AR B 7, FLJ P AT RS vl Ml Bk ) SRk Aol (7l ) 9 G5 R AR ik RO R RiE 8
PR, AT RB IS t Tl Ol ) BT L X8 4 S S B35 . BRI, 4% b DX, 35 ) a4 e
DU RCR e IR 2 T v o A B, FHAE T o0 AR L B RIS B A Al (=l ) BB s 3 At A5 R 1) ) sf, AR
AR o B AR B2 A7 U W) P 1 )™ PO, , 328 T A AR o X0 R PR RGBT A8

xR7T PAYEMBATHHEEBER
(D (2) (3) (4) (5) (6)

Sy SyEiE WX SFERE SFsiE WX ks
RIBIEEC  BIFECR RIBEE REEH AR KR
e 0. 056 0.017 —0.4427"  —0.494™  0.455" 0.043 *
PEAL B IR A (5.08) (1.45)  (=3.57)  (-2.21)  (3.58) (3.73)
R Ee— 0.167" 0.017
7 (3.73) (1.45)
-0.229"  1.022*" -0.394"
HLIX N B AIK -
(-2.09) (4.00) (-1.76)
AT EE S E e 8 0. 115  =0.196**
XA ) B AR (2.29) (-3.51)
X BB X 1. 002
XA ) BEAIK - (3.83)
—1. 146 0.820"" —1.283"" -0.224  -1.418™ -0.360
RO
(-10.16) (7.06) (-10.95) (-0.45)  (-2.48) (-0.72)
P AR i il £ il Pt £ il
HiL DX [ 58 S50 il £ il il £ il
I i) ] 3% Pl Pl ckil £y Pl il
A& 510 510 510 510 510 510
R’ 0. 871 0. 821 0. 875 0. 950 0. 827 0. 879

4. A FE 0GR RO A B

HERL(6) (7) (8) MKEIRZE R ILE 7 19 (4) (5) (6) 5o S HIF =l bip RIS SR i Bt XN 1 54K
SR 2 T R A AR R A T AR B O IE, SR DN T BEASK P (4 5 g Al g Ak b P [R] 5
X2 B R R A AR P 5 S8 I 7 Ml B [ B R A B B DX N Ty BEAR K7 3 sl X BT R
At T 28 R0 2 D 0, R I XN T3 A K 48 1o 2 55 A ™ M DI ) 88 2R X i X33 S8R 1) I 1) 520 5
ACHI 3t DX AR XN T BEAS IR R 5% i i A AR B0 A TH R BCRF O IE , SR W X
NFTGEA IRV 3 5 ] LS AL BB 8GR AR TR 225 oo A S S EVR T ol e m] DL, © i XN 7 B8 A
IRV AR B A R RS IR AT P AN AR T PR I i 40 F AT 03 PRI 000, BN T BEAR 21X 7l iy )
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=)

SRS 3t DX 22 v T Fk A R ) L 2 080 0 2880 W 42 30 Y SO A7 A, BT B HA ARG BB,
KT BEARKE 7 I 4 2R 8 a0 X B o3 AT G i 1 1 P B 45 RS 0 5 U AN A, HL R R ] g
TET N (S) FIRIMETTEE AT, H DTGRP A0 Pl D[R] HE SRR K0 X 3 DX BT 203 HY32 e) FL
AR 117 (2) 51 B2 2R SR Pl B R SR SR AR A 5 i X B aseR ™ 2 18] BT 3 A G
BRI L D RIS SRS BB 57 80 1) B sKAN R I, 258 N T AR 577l A e K 1 22 [) 14 725 1) 4
PiC, 3 Bt XN AT BEAS TR 2R MR K

A ERERBTR

FEBURAL = M A AL st Rt e, St ol 2 ol A B AR 55 oMb TR B2 i A R S B 7l R Al AR A
P EE AL B R AR . AR BRI Ml A E A R O, AR IR 5 M AR T ) S N R
JRAR SR S B AR TT S5 b A AR AR 1) IR AR A Al 2R 7 PR 5 M- o b A s ]
P FIER R AEREA R ER B B 7k K R i HL AT LA RO 5 SR A PR SR R B IR AR HE
S IX 5T A SRR R AR T o ARSI FEHE AR Ik S MDA 28 B 3 I AR P AR A st A
AT BE R FTR A ZSIREE A5 S AN T7 P X 22 T R i, LAAE 7= P 55 ol -5 i 3 ol D[R] 5 5%
11, 5% Fi1 2004—2020 4 30 AMEASAE {73 14 ThIAR RS , S UEAS 367 Ml DI ) 48 SRS M IX. 228 5 o i i e g 19 A4
LR B AL, o M2 2R s -

(1) BRIl D) e R R B fle ik 1 Ml X 28 5 o o i 6 i (AP e e Sl {3 U BUSG &R
FW =l BER AN T AT e S AR 5 (2) B A BEAT M I [F] £8 SR REAT A fie 1 3 [X 28 5 i it A
JE , TR A 85 BEA T Ml P [ HE SRO0T il X 22 5 v o R R B0 AT 0 35 2 Wi, R WD et 7K1 1877 M P [ 4 R 3
DX 22 B0 R R Jo i (B TH B DA 285 (3) AR X1 77 Ml DIy [R) 5 5 -5 2 5 o oK R A 3 IE A O, PPt b X
8 7l DI T) £ 3R 5 5 o o A e AT (0 R SR, G T DX ) 7 o P [ 4R R 5 2 5 o o i e 2
B U BICAR  RWITEA R A AR (0T A SR K 23 BLRES A LU K™ b SR SRR YA ) 1, 7l Dy ]
SR ML IX 22 T oy o At K S Y S WA AN RO 2B 5 (4) i DX RUBTRICR AR b D ) 4 SR BE Wi 285 oo o it
JE& vp HAT RN, , 2 W7 Ml DI R] 4 2R T L 3 i s DX B3R R0 19 A ke o 2 U v o A g, (ELAE AR
SCREAR F = B ) G 5 00 3 DX AR ) e it A F R BB IR A5 (5) HUIX N TS BEAR K1 X 77 Ml B ) £
RMAVH RS TH e 28 T w8 T R i B A TE 1) 98135 A0, 2 W 3t XNy BEAS /K P i 48 g B b
A= Ml P Il S 2R Xkl DX 2 5 v i i SRR R R A

BT BRGNS ASHR I LUN JE 7R 25—, 2R B E A" I D[R] 56 3R 1) & Bl 5 i Ok B8 A SR X 22
i i TR A JR P A SR TSN o % M IBORE I fhl R AR B, 51 A 7 e 55 o -5 0 i ol 8 A 3t X B
B PRFRIAE R, 20 B R 4 R A 3t DX AR A Sl 25 7 M i O ZS A T o 28—, B SO
A=l BRI SRR SE Bl B R S R e Al o A A AF R HBIX., SRy A Ji v v A 7= 1 R 55 oM A 56
FERTE M, T B B BEAT . 2Z 1) 64 D3 [ 4 58 5 45 3 0 78 A0 I BRBEA L HOR N A 55 2R AE X (8] A7
b Bl R, 2 R SGE AR 7 T AR 2 () L BEAR SR 2 A S S 2t e s A BACIR 5 ML TR R
JE o S =, e R\ H RIS IR IE SN R, A 5 K Sl 3 X R AR S T, AR 2 DX 22 5 s o
AR AMHETE G AL PR S 2R AR, SR T L D R R SR A o . AR IR Bl (Al ) Z [
TR I RBUH A A AESE BT BN H 9 [R] I 51 o BB R0 5 4% Ml X 2258 38 7 M K SR i
& iR BUR AR 55 7K, At 6877 Ml D13 ] 4 3R 140 T Ao i) At 7= b AT 1, 70 A1) R R et A A 4R
RGP B DRI BIHTRCR o S, ZFE s A BEARER , 35 7 Il P [ e SRS Ml X 22 5 g Jt
AR A HURE IR BRI R o S R AP B B8O et N AR AL 30 5 [R5, o [
e NAFNZ5 B S 558 557 R ARG A, S Ml il 2 Ji A % 77 M B ) 4 2R S800E ) A 280 4 S 16 AT T
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BEAI NI BT o 27 T, % M I DR 3t o) e 9 ™ M 2 ) A g , 3 i B8 47 M ol ) 4 SR Ay s A e 35 BA
P77 Ml AR 2R MU A SR A S , R T AR o DX 2 5 o SO B A

ARSI T A PR S5 b4 3 o i 1) B RO 2 5 e it A R ) Al AR M2 iy B AT Ml R X S 5 o
P, FFERTE 17l P [ H SR AR i b X 28 5% i R A R A8 BB AR B AR R T A 1 1 1, e 177
A PR R 2 BB AT TE , R IRAL 196 T 25 m i R M N R AT o (EAR ST S B rE Ak
JSE R 5 BN 73 M AN AN EC, X455 BE BUW AT I SRS 1S R AT IR AR BRI R TS . R
WFFE ATt — 2 AN TR A BE AL S e Al o A ol AR R AE BT 355 ) 204, IR 5 Ho Al T BE Y5 1
FEAR (CANZE R O0AL A PRBE BIGE55 ) LA BRI 52800 (A s Ak K1 (BUR IR 55 45) o
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Research on the Mechanism of Industrial Collaborative
Agglomeration Promoting High-quality Economic
Development: Nonlinear Relationship, Innovation

Efficiency Path and the Moderating Role of Human Capital

ZHANG Hong-xia, LI Jia-qi, LI Yu-zhe
(School of Economics, Shandong University of Technology, Zibo 255000, Shandong, China)

Abstract; Industrial collaborative agglomeration is an internal requirement and an important way to build a
modern industrial system and a new development pattern, as well as an effective way to promote the high-
quality development of the regional economy. However, the existing literature is not in-depth on the mechanism
of industrial collaborative agglomeration affecting the high-quality economic development of the region, and
there is no consensus on the empirical analysis of the nonlinear relationship between the two. The evaluation
method for high-quality economic development in the empirical test also needs to be improved.

This paper argues that industrial collaborative agglomeration will generate positive externalities such as
specialized division of labor, economies of scale, factor sharing, and knowledge spillovers, thereby promoting
the high-quality development of the regional economy. However, the congestion effect and competition effect
caused by excessive agglomeration will also damage the quality of economic development. Therefore, there is an
inverted U-shaped nonlinear relationship between industrial collaborative agglomeration and high-quality
economic development, and it shows regional heterogeneity due to differences in regional economic development
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levels and factor endowments. Meanwhile, high-level industrial collaborative agglomeration ( such as the
collaborative agglomeration of high-tech intensive industry) has a more significant role in promoting the high-
quality development of the regional economy ;industrial collaborative agglomeration can promote high-quality
economic development by improving the efficiency of regional innovation, and the improvement of regional
human capital levels will strengthen the promotion effect of industrial collaborative agglomeration on high-quality
economic development. Using the panel data of 30 sample provinces from 2004 to 2020 and based on five
dimensions including economic growth efficiency, industrial structure optimization, economic growth stability,
welfare improvement and income distribution, resource utilization and ecological environment, the high-quality
development level of the regional economy is evaluated and the impact of the collaborative agglomeration of
producer services and manufacturing on the high-quality economic development is analyzed. The results show
that industrial collaborative agglomeration promotes the high-quality development of regional economy on the
whole, but there is an inverted U-shaped relationship between them. It also shows the regional heterogeneity of
“significant promotion in the eastern region, insignificant impact in the central region, and a U-shaped
relationship in the western region” and the industry heterogeneity of “significant promotion in the collaborative
agglomeration of high-technology intensive industries, insignificant influence in the collaborative agglomeration

of low-technology intensive industries” ;

; regional innovation efficiency has a mediating effect on the promotion of

high-quality economic development by industrial collaborative agglomeration, but the promoting effect of
innovation efficiency by industrial collaborative agglomeration is not significant during the sample period; the
improvement of regional human capital level will strengthen the promotion effect of high-quality economic
development of industrial collaborative agglomeration, and play a regulating role in its innovation efficiency
path.

Compared with the existing literature, on the basis of optimizing the evaluation indicators of high-quality
economic development, this paper empirically tests the nonlinear relationship between industrial collaborative
agglomeration affecting high-quality economic development and its regional and industry heterogeneity, explores
the intermediary mechanism of innovation efficiency and the regulating role of human capital, and deepens and
expands relevant theoretical research and empirical analysis.

Based on the research conclusions of this paper, we should pay attention to the reasonable boundaries of
industrial collaborative agglomeration, focus on supporting high-level industrial collaborative agglomeration,
improve the quality of industrial collaborative agglomeration, strengthen the accumulation of human capital and
its matching with industrial integration and development, and effectively promote the high-quality development
of regional economy through appropriate industrial collaborative agglomeration according to local conditions.
Key words: industrial collaborative agglomeration ; high-quality economic development; innovation efficiency;

human capital ; producer services; manufacturing
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