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Fig. 1 Theoretical framework of talent migration
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Tab. 1 Talent flow evaluation index
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Fig. 2 Conceptual diagram of talent flow data for highly cited Chinese scientists
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Fig. 3 Calculation method of city degree centrality
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SRR RN AME Dk . Inpepdisg  OIMDR—aIDe ) ;
b SR A g T : .
EBEBB N AR, WHRE ) ) .
M, — T AR g ; ; 6
KL AEARRIG B AE H E TSR ST i 3 2 5
TE [ — R Ak v e B A5 B B IR B ie—lee 3 2 5
VRUE . oA S A B, S Al—fk 3 1 4
G AR B3], ffiTxfARlsy M 3 : 4
R VRO M S, prRcdke : .
RS LU AR FHILRICR . b, 2 | T ) ) )
[ — " E R R KA 22760, FHorp N e 0 4 4

7 F N A AR B AT 207 iz

i —E B B, ARG A TN, BRSBTS T ey
BRI LG, SRR 438 0 s MURT I 7= A T A A S AR sl , AR R A A TRA
Moo ARE—EEBL, AR BB R R TR, SRR B 32.87%.
E NN RIS Z A s A Bractl, dbat, KE. Mat, L, P RE | S
(RIS N EB R AL I 5 AR AR I BRI LB, BR800
A B BUR AR, B Bas, eI AR 2R L R SR [ kAT, il
R PR E AN S RIS AR . RO B SRR N AR A I A
X TARE B BB E e, AR SRR A AR, R IR
b Y BERTAE RS Sk R AR S TR, o U P (o] ] P AR 22 70 4% I U IR A B T
Gt Hep JBrBIisl, BRRZSBAER — IR shst, HA RS msh i) 3 200
AT i A2 BIBF[SE) AR N AMEZL IR, R B IR R S A RS
VIRNCT GIK YN = (VS PR RN i 43 e K e Pu kT IR Bt P o
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4.2 B EARZRTIEM ERINFIE

SRR 2R 2 By Be A TAR B B IX AR R R A, 27 2 BB 225 1 2
SERUEVE, M TARNBOE 252 305 ik AT SEm o K m el [ AP TAER B
BN A Gephi, H08 TAEM B sl M4, B8 N 10 % . P45 5 0.008, -1
BRZHCN0.039, MLEHPEEIE R 1,413, MBHENIAEL, ERBERAML. mERSTTUE
W, EREG I AR AR TAER BER S AYRT 1030 3252 b I A i, B e
PEEERS S AL . & ds . SIBR[SE]. AP B | Brind s RN AMZ O/ E R . AR
S e IR TSR T, T R A S AR T A SUATR (36 ST ACE R S B2 1) 22 RO B2 S0
A Z T, oAb RT, R S8 T iyt A, T A BE RN BE ) 22 22
TR, TR B 3G E T S T R AR E RS IR AL, mn AR ER
SEER B FEENZOIRTT . AT, Beeny TAER Bomi sh A E g
(v s e T B A Il o P40 SR AE I b2 2] BT AR D ) 2 22 3B 1 - R i R
MWt astfr, (Hl TXREES . WOTEEE . ORLRESLEARNE R, 5
LY T E IR

F5 B EARSR TN ERIMLEH TS RHH(ET10)

Tab. 5 Node characteristics of the mobility network of highly cited Chinese scientists in their working stage (Top 10)

W/ R A HE A EE22ME BEC E2 3 I LIS R RN
b 26 10 16 36 0.363 0.11
ik 14 6 8 20 0.232 0.041
By 11 4 7 15 1.000 0.007
e 7 1 6 8 0.400 0.014
B2 6 12 -6 18 0.367 0.028
%z 6 11 -5 17 0.388 0.076
&Rl 6 8 -2 14 0.321 0.025
ity 5 6 -1 11 0.276 0.01
B2 5 5 0 10 0.311 0.019
PUAER 4 9 -5 13 0.274 0.016

B AR ER TAER BT A—IE iR 6 fizs . HiR 6 nILIAE T, FER g ERK
PR B R A A R AR SE E S, T E R AA ARSI 67 A, LR T
T NP S IS, SO 1R A S SR A AL TR 3. Rhea K5
TSl KA AT, R AP EAISEE Z 8], E G R A T B AR A,
43 BWSIEARER TEMREN/BEERNHFFIED 2

ARICRIT T RS 1R AR 2 KA E NS AR Sk B, ms | AR AR E N
A SR BC AN E 4 B, =g | e AR A 5CH 41 R AR R A TR R 8, Bl
Il AR 3l = B A AR AR P EARTHR, AUt RO RO A TS E2ZT A, A 160
FHEEZFRA RIS, ElRHALRRESIIAA 2, Aofiftsas. Lik. KiE. &k,
P2 A HER EERR T (K4a) .

MENEIESNIR SE— DR K Y Bl e, A 25 R pis e AR AR E T
E NI E SRS, JERUR R EEAT T, A SRR M AL RAE I A A, 6
£ 2 ISR R & G E VA (N0 8 o A E R B e/ = N ESPAN DR S s o e IR B e LT
REBAW R iR kg, RA IR A 2 R Z iiish (1814b).

E G ARFER EANRIE NS, A SUARER IR T ER, fEREBINF
R, HHEN20% (Blde). BleaRK nIEA SRS, ERE 7 E N0,
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*6 BWIIEARZERTIENEIN—THR®GE20)
Tab. 6 Mobility characteristics of highly cited Chinese scientists in the working stage (Top 20)
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Fig. 4 Classification characteristics of the flow of highly cited Chinese scientists in the working stage
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%7 Heckman ZMi k&R EFLE R

Tab.7 Regression results of Heckman's two-stage selection model

B OLS Heckman
Bzt
Intcdegree Intcdegree

Incitations 0.0546" (0.0277) 0.0634" (0.0285)
Inpapers -0.0232 (0.0680) -0.0315 (0.0619)
samecountry 0.195 (0.153) 0.191 (0.144)
InocdegreexIncitations -5.74¢-05 (0.000122) —-6.26e-05 (0.000111)
Indistance 0.100™ (0.0495) 0.0992" (0.0537)
Inocdegree 0.131 (0.0831) 0.135° (0.0763)
Inocsize -0.0457" (0.0248) -0.0454" (0.0266)
oc ¢ -0.131 (0.154) -0.163 (0.165)
ocuniversitynum 0.00699 (0.0359) 0.00632 (0.0389)
ocresearchcluster -0.315" (0.155) -0.313" (0.156)
Intesize 0.0769" (0.0217) 0.0783" (0.0232)
tc ¢ 1.3427 (0.168) 1.342 (0.133)
teuniversitynum 0.155™" (0.0485) 0.155"" (0.0312)
teresearchcluster 1.290™ (0.158) 1.294™ (0.131)
Constant -0.421 (0.786) -0.492 (0.884)
move
Incitations 0.155™ (0.0493)
Inpapers -0.120 (0.120)
InocdegreexIncitations -4.09¢-05 (0.000194)
circulation 0.911™ (0.281)
Inocdegree -0.2757(0.159)
Inocsize -0.0145 (0.0474)
oc_c -0.270 (0.255)
ocuniversitynum —-0.0624 (0.0778)
ocresearchcluster 0.183 (0.298)
IMR 0.185(0.319)
Constant 1.0397(0.478)
Observations 309
R 0.724

H: Tip<0.01,":p<0.05,":p<0.1,

PR S RS S HAT B35 B IE ()52, RIS SRS | TR 2 Bl 5 S i) T
Bdl, MPHFRIESO™ M A B2, ERFRZ0 1R i LB T 2, Rl
FAFMENA R AL XS BLA R R S AT I [ 520, SRR S ) By Ber Aol BA T4
SRS, Bah R REEE m Ah, I IR AR A AT R S 2 B A
AR RS ST 1) 7 A2 Sk 35 A IR )R035t RS2 X Gy Gy e 5 B A kTl T AR iz )
— 7 MR S SN SR 2 G AR SR L, FFXE H AT T AR A2 ) SRBg AT i i
73 —J7 2 MACD BRI, Bl FAEE MU TR R P E o X H oy B DR 3R
B i, RVAE TR BB A Z A shp nT RETERAR, 7eRb~ R sh BRI BL,
WREERARE , Frge ™ HIER ) T2 B HARHE R 2 A2, B2 BT
Sl T B A R A

Heckman B Bt b PR A28 —Br B TRFA KBS sk #%, HoRaiiikm, &
B BN IR AT X w8 S A AU 8l A9 DX S PR O R B, BRI I R
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BT G DL 2R T8 AR T A4 BE oo P AR TE [ 520, TR 55 | S0 S v O k2 2 B At
Gl povivz = 31 ) A K B i o R e K A CIRESYNGE = o S S 2| W ki Qi i
HORE, BIHARTRLOIRT A Al BEARA A A BT, AR E 2™

VRS, S HH A T 5 3 AR T 1 5 e PR 3R X 2 G A X e e AR AR, 3 s ekt
AT DM SR BB A DG OC R, A B RO PR A e B o ) AR B o S 2 4
B 220 TARRI= I WLy o T 3 T A8 SO A H 3l T O IF S AR AR DU 22 060 2 A
YR O PR AR U 2R, O ST BRI TR s, B g SN Sl 4 AT R
/N, P T E R U B WE SRR MRAE T R BT | B 2, R 50 ARt b
FHAT LI AME 8l o S AT B9 PRI, X AT 18 SO R 20 B e 4%
YT A 3 B IR [ SEE,  ASR T RS R R R, S RIR TR ARAL T A
B, Bl e T LR AR SUbRE, i AR A ES . PA S AT
500 58 e AL MILELAT B3 i O AT ST SR AR 3 23 XA 2 SR 438 B2 P o A vy AR A R T 772 A B 3
MUIERSM, A TAMERIER, AR GO T EMTA R Ao, T RO
ST S R R BRI, P HEA SR AT R SA AR SN Bl B S A ) T 32k
PRI . MR R S R b BB R, RV R ST 5 AT 9 B AR A
FONIE, FMWIAE H T AT AT B BT, R SN A i) T B A O I AT AT
¥, AT B A ORI A R/ N R

OLS AR Xt Heckman — [ BEEFR R (U AEER SR, Bloe g0 BRI AR
AR SRR L S AT D TP T I AT B9 B A T S HE 44 I 500 B R A KR
I AR A A R RO WS AR I 0] R 3E T R A R SRR R A AT
HAF B SE AERER T 3%, GIEW] Heckman — i Bt [l ISR I 28 SRR fakt
52 BHSIEARERTENREN/BEEBHERES X

Probit 584 S Z5 /AN 8 7, AR 1 S 1 i [ AR 502 R 7E N B sy
0L, FagsO™ I R BUEMSCIC R, ARkA 5T 3 1 B O AR5 | A 52
W BLAIOCIC AR, RN A Hh e Rk SR s T RE PR, (LR T I A AR iR

%8 Probit @A EFLLR

Tab. 8 Regression results of Probit regression model

. [Exip| T 2 L 3
et
EHN—E N [ N —TE5h ESh—FE KN
Incitations ~0.0940 (0.0842) ~0.0567 (0.117) 0.0285 (0.0682)
Inpapers 0.301" (0.159) 0.287 (0.246) 0.0505 (0.187)

InocdegreexIncitations

-0.000870" (0.000447)

7.52¢-05 (0.000994)

—-0.000633 (0.000457)

Indistance ~1.024" (0.161) 1.456™ (0.293) 14117 (0.183)
Inocdegree 1.389" (0.324) 1.812" (0.504) -0.360 (0.189)
Inocsize -0.0349 (0.0755) 0.0916 (0.118) 0.133° (0.0782)

ocuniversitynum

0.101 (0.102)

0.446™ (0.114)

-0.0733 (0.116)

ocresearchcluster -2.589" (0.641) —-4.487" (0.994) 0.470 (0.382)
Intedegree 1.032" (0.285) ~1.149™ (0.286) 1.246™ (0.245)
Intcsize -0.0643 (0.0662) 0.688™ (0.260) -0.119" (0.0562)

tcuniversitynum

0.223°(0.119)

-0.0167 (0.182)

0.209"" (0.0613)

teresearchcluster -2.645" (0.642) -0.283 (0.588) -2.944 (0.729)
Constant 8363 (2.045) ~32.08" (6.461) ~25.39" (3.116)
Observations 255 255 255

U p<0.01,"p<0.05

,'p<0.1,
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MR RGBS SRS, e AR ER, EETAESETRE, AEE
Moo, MHAFRIAFFSLE ™ IR, S TR Sh BRI, LAME RIS 2 h) %
U PR B S UM OCOC R, UEWIRL = S [ P I 352 3 i RIS B A R, e 22 RVl
PREBITPEXSRL 2= G E I S A E s, MR B, A TR AR S . AT
IR RN R, BT R O PR R BTG AR, R AL R
MR AR BRI EE . T T RS ITA R 2K TR R BN R, B
PR DT RE R T MU D AR, e B A A2 0 L P 1 U A 44 25
&, MR SRR 32 2R AR O D BT BN, B AL AR [R5 SR A )
XHIBR A AR B o X ASRTT B2 DA R AT 0T, & B A A HE v 0o 06
NEIBFAZZ R S IE B RYSER, I T RO s | g s ASRTT BT A 5 HE 4
HiT 500 = KRR SR Z BB S R IEASC R, IR T AT 1920 i e it
THEZHRTT, A 80.6% M7 KA BB Be TAR AL AR R, IF HAL TR B,
PR bt 5 HE 44 T 500 BY s A Tl g e HEBAR A AR SRz . T8 AT B A HR IR B T o2 B
EEAMSERR, POMAHFEIMBETEERE, Sl th S HER AT 100 gL, FIRHA K AAT
HEMF R, NS HAR AR,

PR VE NSt Gl YN = it NS I By N G ESP B R R o 2 M LR N e
BTIEMSR AR, XM A K, G E AR ER RS RO EH | K
26 5 ] B R B T, SRR SR e I 5 X LI H Sl ) S g PR 2
Froeir, G Sl 9 B PO L I SR 1 T S HE A I S00 R R R R K Y
Fosh A IR w20, SRR T N Zo B 0 M DX S AT ) T A2 sh B [ A1, AR R OIS
MBI COCR o ML AR A2 [N 3R 5 [ N RS s A B AR, T A B3 B2 v
PERBLAISCOC R, R A SO R BIEANSC AR, X EE PN AT wEse, kil
MELLGE—brift, FESMTIRZ I PIA L B IR, B pBE™ e e p) &1
BRTT, JHA R BT 2 g A D DI SR TR e e, (ELR G DAy S I ) — A+ 25 i
B, ANJE T ORAR T DRI ST O L, DR 5 | AR 5 A [l A 21 [ A1 8 3 3
BRI RIS GE3O™ IMB0E) BRI .

B 3 7R T 5 | e A2 R A e % DR SN T 4% sl 80 [l A ks, b R 2 52
BLUEMSCRAR, PRSI A2 — 5 [ i e, Hieshos, NIt BIEAR I SC
F, TR R O R BUAAROCOCR , IEIIAL T R SMZ IR TT AR 5 0] 1 7 g
PN BHFR E R AT R O 2 BEA COC R, UEMARME R Wl J5 59K 45
TEFE NIRRT, S AT TH 5 HE A 500 A28t R BLEMIDCC R, HF Y
IE S S Wi PSS

6

6.1 it

ARSCNFAS ERAA, BT 20142015 4E2ER @ 155 1R AR AR D gds, it g
ST, XHEPETR A B2 [ sh il AT 5%, 7 FFH Heckman — By B BE BB X = 4% 5 |
e NPFEZR TAEN BOi s s i R R AT 00, FEIRFERR AR R R H X A 35
PRI, WF9E KN .

(1) RIEEBEEI AR AR ANA TN PE I, B4R slid A 32 22 [ Py
AMNPAZ O D HERGR IR ) o BEERFAZR T L DIMER, PR 2 i
PR TENBORs R A A P EMEEZ N, PETTZ M AA T AR, EE
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WA AR, 75 TAERT B, Pl 5 0 e 26 vl 2] B N AZ O3 T

(2) EAMN AT &5 4 AR R TAERY B XA e B A T A &
SIS RA R BB RE, s AR R BB A O R ), Bl
KIS g JE 2 052 BN HARRHE 2, MR ER R sk, fefshl TRAK W
AMEFHIESG, RIE AR P VE R B3

(3) FE#EE R AR AR A E N/ E BB R R AN BlER 0 E N/ E
S HAARRHIE R A R, BRES G E A 3 T 22 a7 31 M B B R AT
PP sgm s E N BIESMORE ), B RHERNY LR, R R O B R
YERT, Bl E 22 2T RIS ) R SR s m ;T [ 4 N Rk
FIWVAEAT R, BheE S T 1] 20 [ Y et A i KT, e AR B4k
FHBA S, WiaE IR AR 2R
6.2 itig

AR ANA N FARIE VT A —E R R L ma AR AN Eim A A
B, HBsh 5 NI ANE, A N2 2 =T A Ag R S, g AR
O AR A ) TR A O IR T o TR X A AT [ P/ A sh A A A T T A A
5%, xR LR ARRER A E NS . EN—EINE S EAM—E )8 sh AT TR
5%, AT HE I P 2R A AR S DT RS i B, IR AL G A A i shif 52 1
TR M . BT S I PN/ [ A R T R R A R AR E AN B3, E N ST
HUHE I VE IR, 3B AMBROR S/ E O &, M g S b 3 B sl . (HR S T
B gl b M BRI B ) B E AN B, B4R E N —ESME S, 1T SRRSO,
AT P ERBCN S B R ESN—E B8, AW H I EHE,
SPEPEE N DIRT . A 28BE5E T, EA RN DB AIE R A 0 [ N sl o
W, ST HEEES, BN REEFAAR L, PIAE I B0 O RS R S A [
— I (RERSFE R —EZ) NMAA BV, HEhiBm s & 5 EE .

e A AR X R R A R, R S AL A & R SR XA R R A
WA TRANAER SR HAE, A B T3kl =G B A A BOR™, Jbat i ik
YRR E S KA, HAAWEIRE A TS, Jeat Rl TN A A 5] 6
J1, ANAHhZ, ERE R S IR, g AP EGEPRMORHETT, 2
HIAF SR IR 95 sl i R B AL, MAEA SCRIRF S AL S T A A b, A
gy B AL T A AT o PR AR B DA AR 251848 DL R I BOR & . O #xd b
HENA AT, NIRRT S S, MO TT AR SE 7 QT A8 38 SO H A A
HIALE SRR SR R AT, iR mim b LRI B It ise, W AA A3 R
WP, DMRERESAA IS J7; @ LWAER FZMAA R, 25 FRHISE 0
FEhk b, ROMSRIERIEE, KA B AA RGN, DaREIAA SR E K, @ £XfE
WA 23T, DOz AEE T A ORISR, a5 G 2, WAL R
ST, AT LA A S AR BB AR, T AA SRS WS | IR A

ASABAFAEVA T ILEA R O AR T S5 [ NBL2E RIS shie B, e
TAMRR R SR E A2, BT erse, )2 m 2R BUE T 50E
ARILRMEA B ke, Ak T LR 2 125 R T e 05 e ) M B W RS I R s ;. ) X
ANAN RGBT A 5 i, (R 2 3 [l R ke B m i 1A, A —EfF S
ANATEIR S BB I, SRSk AT DL 2% R 45 & DR B ST R T 2 ZHIRFsT, A
AN BE A EA T o0 s B FF RGO A 3 ik 52 9 53 — K BELAS 2 38t U 725 i 119 1)
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Abstract: As an important innovation resource, top world talents play a vital role in promoting
regional innovation and competitiveness. Among all kinds of top world talents, highly cited
scientists, whose achievements are highly original and subversive, form a crucial scientific and
technological force determining the direction of future scientific development. The
geographical structure and influencing factors of their immigration are important and are being
investigated within the field of geography. According to previous studies, different population
types have different location choices. Despite existing research on the mobility of the general
labor force, the question of which model is suitable for the movement of highly cited scientists
has not yet been settled. This paper integrates the world city theory into population mobility
studies and investigates the mobility of highly cited Chinese scientists. We compiled the list of
highly cited Chinese scientists based on the 2014-2015 global list of highly cited scientists on
the Web of Science as well as a background and resume information search. We proceeded with
the research in the following ways: We firstly constructed a composite talent migration theory
on the basis of the population migration theory in order to explore which factors affect
scientists' location choice in their working periods; we secondly described their mobility
characteristics during their education and working periods, including a detailed analysis of
domestic and transnational migration during the working period; we thirdly applied the
Heckman two- stage selection model to explore the applicability of compound population
migration theory in high-end talent flow; and we finally conducted a classification study from
the perspective of domestic/transnational mobility of talents and used the Probit regression
model to explore the influencing factors of scientists' willingness to return to China or go
abroad along with the factors that influence scientists' domestic mobility. The main conclusions
can be drawn as follows: (1) The talent flow trajectory of highly cited Chinese scientists
showed that the target places of scientists are mainly core cities (measured by degree centrality)
at home and abroad. (2) The transnational flow direction of highly cited Chinese scientists in
the working stage is mainly from American cities to Chinese cities. (3) The composite
population migration model has an obvious role in explaining the location selection of highly
cited Chinese scientists in their working stage. Scientists mainly choose to move to core cities
and their willingness to move is largely affected by their individual characteristics. (4) The
factors influencing the choice of movement of highly cited Chinese scientists at home and
abroad are different. The domestic mobility of scientists is limited by geographical distance,
and highly cited Chinese scientists' transnational movement is mainly affected by the pull of
the destination cities. We demonstrated that the composite population migration model was
more suitable for the study of talents' movement inside the region (globally or within a
country), while the push-pull model was more suitable for transnational movement.
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