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Abstract

Postgraduate human capital has a significant spatial agglomeration effect, which will become the
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core driving force for improving the high-quality development of China’s economy in the new era.
Based on the location entropy index and the layer-by-layer vertical and horizontal scatter degree
method, the postgraduate human capital agglomeration and high-quality economic development level
of 30 provinces in China from 2012 to 2021 are measured respectively. The spatial effect of post-
graduate talent agglomeration on economic development is analyzed by spatial econometric model.
The results show that the agglomeration of postgraduate talents has an “inverted U-shaped” impact
on local economic development, and has a positive spillover effect on neighboring provinces; the
agglomeration of postgraduate talents in the eastern, central and western regions has different in-
fluence trends on economic development. At present, only Shanghai and Beijing have crossed the in-
flection point of the “inverted U-shaped” curve, and 28 provinces are still in the first stage of the “in-
verted U-shaped” curve. This shows that the positive externality of postgraduate talent agglomera-
tion is dominant, which is of great significance to promote the development of postgraduate human
capital cluster and enhance the quality of overall economic development.
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1. 5|

WA N ST A B A B R, ARG BRI AR B BB AR A [1]. KWLk, &
g0 A4 N A3 2 AL 9k 5 o R B T B B R, BT e i 2 BF R AT = 2 IR A 7 3K,
fHE MLy 0y e fl B SR A A 51 EBOR, S X SRR 504 A A sl H 2 S, TR 7 2 A X3 )5
YRR R A ANA ERINGR . 4, WFFCAE N A SR T DX 3 i J R FE A MR R 2 AR G 1) 5 A T 23 A1
1 e B R

BT NIGARER, RIS G AT BT e HESN S PR IG K [1] [2]. N TR ARG N &5 3 %
B, RIS RS N TREARER, R X 5K [3]. AT At nr D@
JRBEA R BT Z BT K AR R (4], IS4 BRI R B pr K= AR R [5]; AN BEA
SRS AR X A G K [6], (B H A ICELH & M 2 BF 8GR L TH[7]. WEETR BN
MR, NITEARERA UL X IR Z G K (8] BRI [9]-[11] Kb 45y i % [12]; A= [a]
Tt BSIAA  HTE TSR N TR AR ARG A BRI K SR HEE IR [13], JFEd E R R BiAE
FEEANBL A BB 28 G = AR AR AR T [14], AR 2386 T A A N R AR R I T AU ORI TR 2 1)
M X 72 57 T 43 A B A [15] o

SINTELE SCHER, K2R T ARG AR B L MR R, HBF AR ANA RS A5 K R
S s 1) S T, 7R A I DR 2R T R 2 i OB A A T 45 AT s R RO IR A AR L g — 2D
BERE T A N A SR AT R SRR . R, RSO A NI R AR IAE L. B2 R P DL
2% [A) ¥ RS A B R, X 2012~2021 AEFRE 30 N8 GATBUX (AN 75 7 i S s I £ 1 X)) P T AR K54 328 A T
23 18] AR SRAR BR A 2 2 R T E B A I AR 0 A N T AR R S v S R R R 25 TR RO, N B I 5
HENTTRARERRRE . Wk S R R KPS %,
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2. fsRigt
2.1 EREE

BT i X @R RK P22 3] | X AE AA RSB EIEMN, FRRA 2N 72 A K%,
SRS ERAL TR A ERIE TR BRI TR A XSH AR a%[16] [17]0%, a0 OLS-
(SEM F1 SAR)-SDM iX — B 2% A AT ¥ e ARG 50, R A (1) ~(4) s 2SR F EAL Y, JRIAHE 5T
A NA SRR 1T 5 K5 5 0 2% R R I AR R P2

HQEit = IBO +ﬂlGHCAﬂ +ﬁ2GHCAf +ﬂ3xcontrol + git (1)
HQE, = S, + BGHCA, + B,GHCA] + B, X o1 + Uy, (uit =AW -y + git) 2
HQE, = S, +5,W -GHCA, + B,GHCA, + 8,GHCA{ + W - GHCA; + 8, X o1 + Uy, ()

HQE, = f, + W -GHC, + B,GHC,, + B,GHC + SW -GHC + B;X oo + Uy (Ui = AW - Uy + &) 4

ih: HQE FoRGH B i R IEK T s GHOA it/ AT RSB T s W N7 AR s u, A1
e R MR 4 5 IR EN T Xeonwol A5 R

22. TEIENSHAH

221 HEBTE

KU R ERE. 5% B AHAEDL(2020) [18]. JE/NEFI 3 K(2022) [19] I FFRbR A R, RN
FEEIFEREFRFR AR E . R T PE LR 20, DG R E 2 5 i R R SR FE AR ) N AT R R B AR TH
FF KR B TRBORATING, BRI 1o RALEZ UM R R i g AT, ASE R 57
IR FEARAE, B RbREE B R 22 T [20] [21], SEBUSE AR A VPN .

Table 1. Evaluation index system of high-quality economic development
= 1 &FaREARTENERER

AL — kb &=y &7 2
GBLER Pl e & H AL RIRIEH(-)
fte Pl s A B E ()
R E A P2 GDP/ 4t 23 ] 12 ¥ = #% E A1 (+)
R [ L GDP/ Mk 51 % (+)
BT G R P GBI ()
% PR H N PRI R TR )
fasE ER e N e L Jo B B e FE R )
Jolk g WL IO (-)
R RN R&D % 3% A #i52 H/GDP(+)
IR TES PN WERN BN FE R&D A 4K Y (+)
B S EE b EHAR S BB H (+)
BIBTR NBLF A & =MERERES AN
ED BAR AT B4 b AR 3% B #IGDP(+)
P STEA BT (+)
BT 1R B b A Ml S BN R E LSS U (+)
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gk
o Hi [X B\ 0 %4 NI GDP/4H (+)
HB X i o :
Hb [ 315 3% N HII B3 4 (+)
R R 30 2 B SR T SN A ()
I % Wi R R 02 W A ALY B IR ()
Ik 4K IR (+)
PREHRAP R L TR S /B H (+)
PTG 1 b3 5 S T3 BTG S AL AL B (+)
AR G4 2 X AT R (4)
s R I VR Hfz GDP HLFE Akl 42 i L8 E/IGDP ()
THFE HA7 GDP 7K¥E At /K S &/GDP (-)
B P K HE 17Kt 2 7 SRR HE R IGDP ()
V5 IR SR PR B R Tl — A AL B R IGDP (-)
1 A0 H R P Tl P P 5 A P R (4)
%otk HRHITIRUE BEH S FU/GDP (+)
— i TP Y1 BT A B AUGDP (+)
S 4 W R IKAT 2V TR B LA/GDP (+)
i P R H PR LL(+)
3 i 5 2 P R P 5 B BB SR/ 4 [ S LR ()
BEST it 55 2 A TN LR B85 (+)
LR B D YL e 3 77 NI 2 S T 5 (+)
- LK HUH i e B RO A E R ()
A B 5 3 1 AL AV BRI (4)
FL£35 i 5 2 Ba AR A A AT (+)
¥ RS B AEEEO)
IR IN SRR 5 LE(+)

222 BbERZE

S K SR STHRAT N 77 R ARG K (R0 B 77 V5 [15] [22], 38 FH XA A4 Bk SR 0 A2 N ) B A 2R

K, B AR
GER, ) /(GEP
CHCA, :(TEPk J/(TEPJ ©)

. GEPW I k B IRA T S IR A DS 3G TEP S k A bl N LS GEP R R W74
P A E b N CUEHEG TEP fa 4 E bl A B .

223 HHTE

S FH I I 45 8 [23]-[26], & 5F Ak ek X N5 GDP X HCk R BHIKE A HLIX
[E] Py 1 H i 2 B AR Ok B s A2 S B 15 i Hh 7 2 B R R DA DX S B OR s UM T
Hb TR H o5 %4 GDP LLE KRR R: PSS LSS =P b= M8 %4 GDP [LLE R FoR: #E KT
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FH XS s A A 2 A 5 5 M DR N T R BB R R

2.3. BERFESHEA ST

22 0% e TR R R FEAR I B AA B RVR T (P E S (2012~2022)) K AR GHES, HARRBE
%%%Fﬂ%@ﬁ@%pﬂ,%:ﬂ;ﬁié%{r/g,uﬁi(um%&$§ﬁ@§m%ﬁﬁ%
Wi 2Bk Eh 2 [28], K H DEA-Malmquist $6500%, X 4B P Rt AT 5 [28]: WT9E N IR AR
KT A EEE KI5 T (P EZ 38 %(2012~2022)) (T E#E Gt 4E %(2012~2022) ) A1 E R ;
A B 1 A HORRIE T (h E S 1HE%(2012~2022)) o &ATE RS 2 iR,

Table 2. Variables descriptive statistics

2. TEmAMRIT

ZFR A Sl Ji % e/ ME YN[}
S E iR R HQE 1.705 0.095 1.547 2.041
WA N TR AL R GHCA 1.244 2.003 0.117 14.309
BT REKTF GDP 4721 0.189 4278 5.273
RBHE K SCI 4.475 0.615 2.701 5.941

A8 8 AL it TRA 38.855 30.377 1.341 128.906
B PR B2 Gov 0.263 0.113 0.105 0.758
Pk IND 1.374 0.738 0.611 5.244
HEKF EL 0.021 0.005 0.009 0.042

2.4. FEEHEXKE
K B2 IR HOCRAT IO 70 A N A B2 JRFH s i B e IR s i) E A O, R AR

iiw, (HQE HQE)
Global Moran's | = ——=I= (6)
W, (HQE HQE)

ij

Ma

[N

j=

VR
it e

w; (GHCA ~GHCA)

ij

,_‘
N

i=1 j=

3> w, > (GHCA-GHCA)’

i=1 j=1 j=1

Global Moran's | =

U]

A m AFTFR A AL HQE, . GHCA AMIIME, HQE . GHCA NP, Wi A4 AL 4 .
3. SLIEE RS54
3.1. =EEXMLE T

i T b DX i 5T AR N A SRR R R R R S B SRR AR, 3 I 2X(6) FN(7) k474 = 23 ) 1 A ek
(W7 3). H# 3 Al A 7 E A A SRR A T2 8 50E 5% /K LR ONIE, BB shal LT, B
WERANA T B B2 18 A A D, B X e A A A S T AT [X ek = A B 2B 5 T

SRR BT IR RS 2012 F1 2015 41, HAFEMABED 10% ) &R, RHAFAKRA RFENIE
Ii) 2 (AR 2 R
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Table 3. Moran index of human capital agglomeration and high-quality economic development of graduate students
#=3 AREANEXEREEFeSRELRE=H

i WHFRAE N AR Zut R R R
Moran’s | z P Moran’s | 4 P

2012 0.077 2.078 0.019 0.114 1.259 0.104
2013 0.071 1.905 0.028 0.158 1.650 0.049
2014 0.064 1.721 0.043 0.169 1.747 0.040
2015 0.156 1.957 0.025 0.102 1.178 0.119
2016 0.149 1.979 0.024 0.139 1.502 0.067
2017 0.148 1.988 0.023 0.156 1.672 0.047
2018 0.155 2.092 0.018 0.159 1.684 0.046
2019 0.184 2.433 0.007 0.195 1.973 0.024
2020 0.149 2.142 0.016 0.230 2.223 0.013
2021 0.135 1.926 0.027 0.243 2.338 0.010

3.2. B+ EEYASH

3.2.1. HEKIE

Moran’s | &£ 5645 F R IR 2 [ F EAAL R A H Y, (EON Tk B, RREHT 7 LM &
I . Robust-LM k5. Hausman #:36. LR A58 AT Wald K56 (W, 7 4), 45 53¢ B3k B 1] [ 52 f 225 Ta) 72
R AR . R, Ll SDM KRy F 3 Hraf % .

Table 4. Model test results
4. BARRINER

gt & it PE
LM-error 1.687 0.144
Robust LM-error 2.137 0.000
LM-lag 7.187 0.007
Robust LM-lag 20.845 0.000
LR-lag 138.60 0.000
LR-error 158.27 0.000
Wald-lag 73.78 0.000
Wald-error 25.45 0.001
Hausman 34.63 0.000

322. AREANFERMERE LRIV EHN 54

M 5 HISE R AT RN, 725 (R QAL AERE T, BT FUAE N A SR 0T i A Joe S 48 Jm iy “ £ U AL
FRLRMERFIE . VIO FCAE N A SR TR ™ A B RIR R HH RN, 5 AR 28 5 2 AE AT AR i BOR FE 5 R 1R A B
TER, (R TE R e EBEE BT TUE N A B R AN WG Kt 2 7 A 1A BN, AT AN T X
R TR -
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Table 5. Model regression results
Fz 5. HBIE|FER

A IS (1) oLS (2) SEM (3) SAR (4) SDM
GHCA 0.049" (10.43) 0.028" (5.04) 0.029" (5.56) 0.030 ™™ (6.92)
GHCA? -0.002"" (-5.62) -0.001™" (-3.65) -0.001"" (-4.35) -0.002"" (=6.62)

GDP 0.1717 (7.11) 0.276™ (9.47) 0.289" (10.97) 0.348" (15.17)
SCI 0.045™" (5.66) 0.069™" (7.30) 0.060™" (8.05) 0.060™" (8.42)
TRA —0.001"" (—4.84) —0.0004™" (=3.48) —0.001™" (=5.14) —0.001"" (=5.34)
GOV 0.126™" (2.90) 0.245™" (5.36) 0.207" (5.19) 0.301™ (7.81)
IND -0.019™ (-3.30) 0.006 (0.85) 0.005 (0.87) 0.008 (1.55)
EL -3.046™" (—6.14) -2.083" (-3.81) —1.480"" (-2.99) -1.896"" (—4.08)
rho - -0.210"" (-4.62) 0.074 (0.96)
lambda - 0.138(1.01) -

R-squared 0.828 0.779 0.812 0.866

Log-likelihood - 578.003 587.703 656.626
Observations 300 300 300 300

e TN TTRIR 10%. 5% 1%HIRE VR, $5 S AONSETHE, -Romizuic s, T IE .

T SR B R A BHOKF FIBUR 0 R 2R /DA 1% 2 35 KPS Al [X e BT 2K JR A i
HEERT, B g B A JR KT B O M X AR TR AR AR AR AR L BB AR S AL 3 A A T
Bifg VTR WHLS TUREERM, ONRTFUE AN RS OR b . S BB S A KT R R
e ELAFIAERT, 7T RE 0 Ji R 2 S 38 BTt ) A Fi& 2 I DRATE 78 25 N B ASLE N A 4% i A 72 B [ 42
DEROIEIIX, & A X DF G AT RE 2 DLUHAR XS 2 5F 2 18 AR, Hif v i X 22 5% 1 1 [29]
[30]. BAENABARARIGE, HAERKMAE, HITEHRH X A0 A AA KEIEFERA PR EA
TIE AT B A8 3, IR T 4 B 8 7 22 Bl gL, 3™ B oK 1 X 3] s o o R e /K P ) 22 L
FNb SR R SN B3, U SRR B AR R TR R SR AR EE . T H NS =k
R AR AT, RIMA e 2 A 12 A DL FE < Rk 45 17 R [25]

3.3. F[aElitH BN

HT A AEAA RO EIARBEEANE, ARG ENA SR E T B R vt KR4
M, [REZ75 LeSage i Pace [3111¥4ii%, X SDM H#E47 2% [ 2 M. 73 il (WL 55 6).

Table 6. Decomposition of the effect of postgraduate human capital agglomeration on high-quality economic development

6. MREANERERINEFSRELROBL S #E

TEIBH B Zs |84 AU BN
GHCA 0.031"" (6.96) 0.024" (2.28) 0.055"" (4.84)
GHCA? ~0.002"* (~6.93) ~0.001 (~1.49) ~0.003™* (3.68)

GDP 0.347" (15.58) ~0.170™ (-3.11) 0.177" (2.73)
scCl 0.059"* (7.59) ~0.082" (—4.50) ~0.023 (~1.05)
TRA ~0.001"* (~4.94) ~0.001™* (~4.26) ~0.002"* (~5.43)
GOV 0.300"* (7.36) ~0.303" (-3.50) ~0.003 (—0.03)
IND 0.007 (1.15) ~0.101"* (~5.58) ~0.094"" (4.83)
EL ~1.959" (~4.48) ~0.661 (—0.49) ~2.620" (~1.83)
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M 6 HIRON S R A IR, W TCAE N A SR TR v o B A e ) EL R RNV AN S RN AR B A {8 U AL
SRS AL, 0 QRIS 251 A e By 25 A IR 108 AN, R “f8) U 287 S2mRRIE. W RE T T3
R 2 08 03 BT T A2 A A B SRR IR, (AT 7842 A A B SRR e s X T A3t O SRR AR
T OSSR RON AR RO, Bl X (B R e . INEIRBCR RN R S 42 B i H 2N 2
NTEHR . ATRER IR R 0 FE2E N A 4R TRl B AR BB QIR e A 2 58 K, (HX a5
ST A B0 2 TR H N BT e 1k, X BARRE TG oy il 5 N A BUR S HERT SR DL s A
WAR[15]. Jioh, MIEHIZRERE, BREE KA, QK BHOK SSlBERE . BURF TR
M S5 FRAE 19 ) 25 7K1 0 &R X 285 e Fie B 1 2 ] i HE 8OM

3.4. HEMSH

NI DX 5 B A B0 SR LA 7) 5 AR S0 R 16 5 DX RO IE 0 A N A SR 0o A e sy o R e 1 U B
SUMREAE, T R X AR X i R R SR R “U B SRR . AT RE 0 R DR A AR X R R
THFRAENA R, Wb m mi A L e A A A R Ol 7, AT B, B
R S S G R BT B 2 S A S 4 T S PR X AR B E S, AR
ANAGFEAR, BEEEst “f U 87 (45 OB Rz, PRI Rh AN S 3 3 b X F 90 A B0E ARSI K AT 2
HIHECE TR, BEBOE T e N A B 4% P B X 22 B K R dE s o b [X ORIE T 2R 1 R s M U 5 2
RIEIKFRFALZERIAILES, P AR A AA RO TSR, B “EREAZE AR,

AN]SR 36 ok, 2012~2021 AR AE N A SRR A B R R R “fF U B S2mRHE. AR
RN KA, 2012~2016 4F “f8] U BL” S2m (143 S 7E 8.25 AL E, 1fj 2017~2021 4 “f8] U %47 SLmi 45 55
1E 4.63 Kb MEFENKRE, 2012~2016 4 “f5 U B1” g2 (47 ffE 8.75 &b 3, T 2017~2021 4
“ff] U BL” N4 s 7E 5.88 ARt I AAS (R HE N R, 2012~2016 4F 18] U B4 S2mE 45 A AR
6.30 AL HIL, M 2017~2021 4F “f5] U A4 f2m ¥4 f7E 4.18 Ab B BN L 2 [A)VAR H 2500 L 25
FIRIEFEAE N AR R A S 181 U AL S5m0 sS 3R Al 1, R R R A0} X I B
s EETP22, SO I AENA I GG, AT N A SR JE w2 R R
FEE B, B U 87 s RN ih 2645 s A AR AT

Table 7. Regional and time heterogeneity test
g2 7. bl ANRTE] & B AT

A IEEZ 3N 25 ()i HH AL R
GHCA 0.065™" (10.59) 0.004 (0.38) 0.070"" (6.59)
GHCA? A ~0.003™* (=6.92) -0.002" (-1.75) ~0.005"* (—5.45)
GHCA ~0.128 (~1.24) ~0.483" (-3.45) ~0.611" (-3.22)
GHCA? i 0.339™ (2.44) 0.339" (3.83) 0.492" (4.30)
GHCA 0.135"" (3.77) 0.140™ (2.33) 0.275"" (4.01)
GHCA? w ~0.043™ (-2.08) ~0.002 (~0.07) ~0.045 (-1.12)
GHCA 2012-2016 0.070"" (9.84) 0.063"" (3.47) 0.132"" (7.75)
GHCA? ~0.004™* (~7.09) ~0.005™* (~3.56) ~0.008™* (~6.12)
GHCA "017-2001 0.094"* (9.04) 0.184™" (8.40) 0.278"" (12.81)
GHCA? ~0.008™* (~6.92) ~0.022"* (-8.67) ~0.030"" (~10.84)

URESHE DRSS JbRt. REE. Wb, 10T B ILOR. WRL. AEEE. LR TR, BRI 1L AMESATEUX hEX A L
Vi WA BRI 2. ITVE. R Wb, WIEIt 8 MEUT X R IX AR NS VR EIRL I 5t M. =B
B BRPE. HOR. i TE. Bt 10 MR RTHIX.
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3.5. REMRE

ISR T MR A [LTIRE05, B e A E AR R AT AR A MR IR (L35 8). AT RI(E =ML ELAE
METR, HAREZESR “ff U R ML, RUIHTA R AR T 5 .

Table 8. Effect decomposition of different types of weight matrix

= 8. NEIRBMNERE PRI 5 %

A 4 Y B B A R
GHCA — 0.077*** (14.65) 0.021% (1.76) 0.098™** (8.04)
)
GHCA? —0.004™" (-9.32) -0.002™ (-2.07) —0.006™" (—5.66)
GHCA 0.070™* (13.41) 0.068™*" (4.92) 0.138™* (10.44)
A " » "
GHCA?2 -0.004"* (-8.89) -0.006™" (—5.05) -0.010™" (-7.91)
GHCA ‘ 0.078™ (15.48) 0.037 (1.63) 0.116™" (4.45)
LA - . -
GHCA? ~0.004™" (9.39) ~0.003" (~1.76) ~0.007"" (-3.39)
4. 4B

M AR A 7RI AR N B AR SO 8 v L R R SR, DL 2012~2021 43R [EH 30 4>
B GAT X (AN PO S PR £ 3t D) P TR AR 3R AT 22 R RN SR UEAR 36, 49 3 PR 458

(1) WEFCLENA R IR ot B A J [ B RN AL N AR AT “ 18] U AL SUmRRRAE, X <RI A 4
A SR BT IR AN, H R U R ML AN B (2) ARHRANTE AR IX AR AN A R
B AMGE RS “B U L7 BMARE, T Hh s DO SR I X s A FE 5 “U B SR RFALE 5
(3) HuErfbstiim L caisd “f u 7 ihek P s, JRAE 2017 SR riERT, (EFE 28 M
PATEX (AN TR SR & X)) AR ALAE “ 8] U 2”7 SR AR ISR IR B

i A (] T R ARG 7T FUE AN RIS R R R A AR M 5 R S RN Y R, AR ]
AN (B AN EFEHEAT 1 R BTPEAR IR, A BAN R M DX PRV BT FE 2 N A B B0 e Jo A JR S AR (I A AE 22 5
RENS 5 S IRIE TEAE N A 4R SRS 205 A e 1) 2 1B H S8R AH SR FL 3R (255 o (B AR FE A 22 D ol
NBORM BT FUE NS EROKT, RIG A F ORI BE /1B EAEN,  ARORWE T AT LLES &0t Fe AR IO AR
B AT E WA T AT ER G M, XS B X e B R R SRR L I 22 5, IR BRI T AT
FEA N4 B ot o R A PR ) 2 1) 8B R A B R 3

S Hk
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