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¥ T AR R ) % R — RS ORI St S8R E M N OB IR SN, i T
TN N RS R RIERERE S0 T4, X FT R AR o8 B AR e i i . (D B
RUE A0 K E R SRy AR (AAMAER) 255, B — RSN HE TR,
O3 FR R AL o A A B ARSI 25 KU . Shen iz I Z2 )2 TAMM T B AR AL S0 HT
T 1985-20004F N FEER AE IR 2R, I N FER AR 3 N o0, 230 62.28%
BRI R A R B AR T AR AL, T 37.72% 38 & R AR S8 A L™ ) BT 4
Wil ETEAEAR AL, MENSRANDTBERSE, MEARTE ., HHlLT
o Lin S0 T EA R AREB AR ARTE AR, KR A EHZ 2
B R A E AR S AR, T A2 SR TR AT RS A X R

BRI — AR, VB A AR S 2 B Sy Y, i e e A B A i
R 85 DX s b AR 0 b 10 2 AR N, o SR IMTZ B 32 3] T — S35 i o e,
Griffith & B, IR T8l R 4h 1) H AT N V8 252 310 A LA A8 8 A 500 1 1)
SEM T ] [R]— H ) H AT I R 2 0 1] B b DX 5 | g g i s, B
T M2 HPAEAE A [A) HAN " FEERTZ T, 25 (8] F A G SR AE S M SR i )
25 FAHOCHUN, (Network Autocorrelation) , #5 HAERIAI AR /G 2R A7 M AL, flit4h
AT, WTEELEA G ]SS R, F28 (B B 0 AR RIEF AT, AAfifS 2
2 [T A B 28 )i A B R SR F 25 (Rl S B T2, it 51 A S Bl S
TGS 2 ) 1 A0 A TAR T, A5 v b Al R PR S 0 A ) S A T IR TR 48 o
T3 — AL BT P EE e AT e AEAREE TP A 4 R CRONE ,  akF A BT
AR Ry 23 A8 Y% (Spatial Filtering) o %5 (M8 7 AN SZ A B (B i i R, 3i et i
UGV AR T, W RE I H R AR ZE T 9 P 2% [ A OGARON o B 112 B I ik
FEALE A PEL ML Getis's G5 FRAE ] 5 25 [8] 38 37 7% (Eigenvector Spatial
Filtering, ESF) 3F, AN, ESFA{CEHRIR G /N, H SR ] T Ab BEAsE AL Py A= % 5]
i, JTJUAE, ESF#%i#E e E AN DR AT Hh o Chun S5 FH 5 BN B/ 3% A7 5
B REE, 2T ESFAEAIRLE [ A LM X MRABRIGE T 32 EMPR A 1 iE
BIRBNAZR, G RRWIXT L A A DG A BT TR B3 & e 1™,

TR EA BRI HERE T KEPIEEE, Pl TEEREANOTR
()2 (B4 Jmy B AR N BB AR R N BB hsem N Z A KA HEB S
i DX 28 0% R R OC R AT T o AR B N A IR O T N TR RS rh s [ g R RO Y
M AN, BRLT T I T A BT B A A SR, KT R L B A E R T
INATEAL G B SRR rh | 32 2 [R) i e AR 23 ()R 22 B [ B N iR I 2R
HEAFAT, B BTV RE AU AT A TR A B e e R, (X A DR A
FHERARAS o Tl B AR T E 2010 4E 5 NI A 8t , a2 )i A0 T Y
P EA PR B R R AT 00T, a2 IS AR T A R R 2 R AR
HIZ RO HLE, RIE A AR | X T K P4 e 2s a) IR —E 1
iRy VAR

WS LR SCER AR IR, [ PIAH CFSY E R A A A se B o ik, LT
23 (S P I 0 bL A R ok, TN kAl (OLS) MfL 4 i J ALy
F, MEETFHRACAAMT (MLE) H5 A 0 EBEEERLA E E S AR (PGM) |
fl IR (NBGM) “5RBEAI s A D . AR SCHET 2015 4F 2 [E 1% A H A I8 A0 4
Wi, RS (MUY s e R i iRl R85 A4l m)ik (Space Syntax) %543
MrF-Bt, X E2010-20154F48 bR A CIERS 0 9K ) B EA TR 9E .
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2.1 HHERR

ASE TR BB R T (2015 4F4 [ 1% A CHIRR A BORE) TR 240
Py A [ A MR AR R A M N, ER RS2 31 (AR
X, EEETT), SIBRERRAEG 926 5 F R0 O BB IRG HLIX RIS RS ) . %8
FITRE B SEBR LU 5 8 E R gieve i, PR s BN e L (1.55%) b, JfiH
TV A ABCEAN I, 2010-20154F TR EA PR AN HIE# & —H B (Origin-destination,
O-D) Uit M IR (A% Jmy AR M SR B 1 R

a. O-DIiHBEZS [E]H )5 b. O-D¥i#RIMER

BERIB TR

— Wk — B&
——ﬁﬁ——&%osmm\;m A
Hhag —

BT 2010-2015 40 [ 4 bR L RS O-D it HH s [ A% Jm R4+ Mk S ]

Fig. 1 Geographical pattern and topological pattern of Chinese interprovincial migration flows from 2010 to 2015
2.2 TERFERTLE

S [ NAMH IS KSR, N RIS R 3R 246 A RRIE R R
LU AR ESREENER . BEAKPFRER Y e R, 58S
P ] A f S BRI ) A B, L B A SCHR 8 e =2 % LA 2 B Sy 2 A9 5
SRRSO A AT, ASCHE LR N R A LR LN BRI 25 3R, 3k 6 JIRah [N R #EA Tk
Feo MBS B 2 [RUR AR 2 LR VE A TR 0, A AR R T 22K TN T
(VIF) KT 10, WAFLER] A0 2 ekt O8] o o i 2 MG 36 1) 228 SR W R
I A ILPEPEIT A SGT N OSSP S L . B RS EE . ShBER . AT
SR BT T XA P BB L T A ST T T4 GDP -S| G A BT Y
MNPV RE | I A ST s A B AR T A SOT P2 O RR L 1T A
JR RIS . AN R | T AR SRS 18R, BERIR
e & X N TR Y2 el BAT W IS 800, 2 D205 R e/ B Y JH R — Wi s i, [)—
DX D 3t M R A e e AR (R e B i, i M An X 4y (4n POP,. POP) o
AR EAIA . WUNALNY MBARRIRINZR 1 iR, o, B8 P15 208 A7 FRAR DS ] S g 2
HR ST S N I 0 45 BN SR R T 2016 4F SRR b R 5 i ) 0 e R

O PHZHEFR=OCE LT 6+ P B 2480 BN T8O+ g NFTE<6 ) LB TR
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Tab. 1 Descriptions, expected effects and data sources of major explanatory

- . TN
e fiik Tt EAM
UNEESEIASE
N F A (POP) 2015 4E&A ML) + +
P51 H(SEX) 2015 FA MR
oML
LA (FLOW) 2005-2010 4F45 45 N RS AE (N ) + +
TS S (MSTOCK) 2010-2015 4F45 4 1 N AR M AR I L (6
N EFENiOE R s PN RN 0N =S o D 4
SRR SR E
SN B ST L (FDI) 2010 4F45 8 S B e 15 GDP e -
GDP 1434 GDPI 2011-20154E444 F-15 GDP K 3 - +
SRR
N BE(DEN) 2015 AR A IRATN T 2 BE (AN /km?) - +
NIGE B HIFA(AREA) 2015 4F 25 B R I8 b SR AR (my - +
HEKTFHE:
P2 HEFIRASCHO) 2015 AFEEAB VR BT ERAER) - +
YN CE S
JaiFR T FE(C100) 2015 R4 N BRI 451120 Jmy B e i +
42 )Ry BE(C2000) 2015 42544 20 8 I 24514 42 Jr e i +
4B FEATIE (B2000) 20154 AN AT & JRy 2 A T A
RN
25 [A]#E B8 (DIST) TE AT A4S 233 T 22 (8] 18] 1 5 (km) -

e BRI a (PESTEY(2016))"; b, (2015 4E 4 [ 1% A HMERTEA ORI . (F E 2010 4E55 7S R 1 3%
BRI

B EIEMAEER, 15 GIS & P A7 e X Ok A AL S R AT 25 IR Ak o, OF
KRR B 2 A I Z R E et

3

3.1 ENEE
3.1.1 HREHEE (PGM)  TEWIRAE R IBLERS IR, B85 T/ kit orik
HEEARNPAREARR™, WA, BT B RS [ AT R AR A OB B
BT, PIMAME R EHE , IFE0IE S e & N DB SEhrfg ol R A
oM i EIARS . (Poisson) A :
P@@=mfy%’,wfaLw (1)
SN p, 55— A B 2 RS SRR

9 L
p;=exp (a,+ Yo, X, + Y a, InX, +a;InD)) 2)
q=1 =1
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A X, I i BE g DR o, MITHHTPES ¢ MERKREG X, NIEAM j
HIE I AR oy, IR AR AR 0 R4
3.1.2 SiZIEAEE (NBGM)  JAFA AR R FEA B 5 25O (Equidispersion) ,
BRI AR 5t (0 7 22 5P YEAAE . SR, AR IE AR A SCPRIE oL, AU AR IE R I R) 22
SER, 1 H R BB AN [ AR B B A OO TR] B HOF i 1 R s A AR A 1
S, M S8 B B (Overdispersion) [l 25V FHIARA ISR RY , DUPRE- S 206 DR il
i AT IAERLE S I ASE o, LA BB HOKFY s R ERIME w1, W] (2) 5,
EARBE SRS IARA A R] AR rh )y 22 N R — T 2RIy, - BRE a 1Y
PRI :
Var(Ml./.) =u,+ au!.fz (3)
R NB M, i RIS —A S (Poisson-Gamma) {45731 :
e e
M) o +p; o +u,
Kb T RRVRUERI N A k% o AR EEEAREL, o MBUEBR, BHUKTE
s Moa=0, RURNFAFERTRERGET, 61 Z AR A A A [ AR A
3.2 FF{Em == ERE (ESF)
ESF i BAEA T E 2 R i 2s A1 28548 (Canrh 4 B N HAERE 4% ) rhi ki s
[ A5 R A5 SRR ) o, 0 07 308 J5 R AR i o s Sy PR 728 6 v I 2% 19 R S g 4 ) A8 2
AR EAT EE . i FARE ) & — e R B TN AR 5 R, RRIEm
AR R A T 8 T ORUR T A [ S5 A I 2% [ A DG R AUAG T s
BRI, et A 0 2 AR
(I-AA" In)S(I - AA" In) (5)
Kb D& nxn Qe A RAEUE LI n < V4ERERE s S o8 noxon 4E25 [MACE AR .
23 (AR A B T TR AE M 26 OC R I, H I8 RNE bR N BT B SEBRECh n® - n 2%,
AR AT ERIA N -
(. —-A. A. "m-mS"U. -A. A. "/In’-n) (6)
Kb 1. 0 —n)x<(n —n) BERAIHERE; AZEUE 1B (0 - n) < V4EFERE ;™ J2geid
ARSI (n® — n)x(n® — n) AR SRR, HRRRIRWT
v L i=kHS,=1;8y=1HS, =1
S &,ﬁm (7)
Arbe S, FBIT M i BIEAM RIS IE R & AN 1 TR RAOCHR
Su(S,) A nxn YEASAIRCERE I S AR DEUE ,, SR BB AR
SV R ] 2 B B N s RE A
S, =SBS=1,85+S®1, (8)
HRHEE PR TR SEFRIE O, JEAR A 28 A E AR BT SR 58 NI A IR
FEIE ) A 25 U R ATARER X I R T S 25 fE R, TS uR iR
FEAE [ 5060 o B B 22 F8 8 (MC)PIRT LUIGIERH X6 I e RAREAE AL A AR i [ £t 2, () B 5% 7
K MC; R HER 58 —FRIEAE AR ) 1 E [RIEEX R HE 44 58 — i MC, DI RIERI E,,
S B A A ) e AT HE P PR Y, Ak, A RRIE I A IE AL (orthogonality)

(4)
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PR, RIENTZEDEEAM R (uncorrelatedness) o SLHIA L, A HRAE ) 5 23 7 S B
TEREE 25 [ 2508 T 9 285 B AR SCHE R — M E g nT BB 2 i PR 6 rp i I 28 | RH G
MISENR , FE—EFEEE b A] DIE VR R4 RRAE ] 5 S B ) I 2 | AR OGAR B R & 7E
XA &, TR AR S™ B, REAE )RR PR AR & rh s A I 26 AR DG 1
PR SR 5353 o

3.3 Z[EAlik (Space Syntax)

ARSI A ) AT A A O 0 A B 2R, TR iR 5 5| A iRl
DURGE N B AR X8 B N IR RS B2 o 2 () A A RR R 8 1) A 7 B A A 28
(] NI RE Y CFR , A B AL % 181 % 0 i % £ 2 RN 1 SRS B AR DG, el X 1 Y
BRI, 88 AN13228 BE 2852 R LA A sDNA AL H U 1 25 ) 4] 24
AU, IR 32 S B RN 2R T R AR i R T AT

(D) R (R): ROETFEIR B g PP A8 5 i 25 g 0y 2 R, R
K, VLI B I 285722 o B R N Y B RO A SR o, AR b 45 B A 1
IEFEEE BSRAE, AE 100 km 52000 km M8 ZREAR, DIRAE RO Az R R
YN SOEN TYN BT 5 4:) 2 8

(2) R (C): i BEARILB TR BHE R LR N H RIS N MES R, ik
JEE v 10 B 3 i A s m A, X XGRS I B SR [ g o AR

I I 6))
Closeness(x)= }Z& d0x) (9)
b p(y) FHHEZRERE RN Ay, p(y) [0, 11; d(x,y) 18 x B8 y 15
JHINEES s Closeness(x) AR .

(3) ZATEE (B): ZEATHE I T it % M A R PR NI R i UM, 2747 3k

P A R 0 10 30 e P B, R I (S AR 2 B W PRI A . TR AT
Betweenness(x)= 2 2 OD(y, z, x)% (10)

A OD(y,z,x) WIBRFEE R WM A x WS y 5 z Z 8 & 1R
Betweenness(x) N x IIZATRE ;s Links(y) X TIUR y 2B42 R NAYT RUSAL
3.4 $HEEE R EEE T ZIE 1R EHEZE (ESF NBGM)

TE MATLAB 25 T, IR AN (7) B E SRS (H TR Y
HTRAERE, & X ARANEREAIER) , FET AR RRIE ) SRR, e, A
AT TR ) S (RS Y B I AR AUHESE (ESF NBGM) :

0 L k
= exp[ao + Zalq InX, + Zaz, InX, +a;InD, + Za4kEkj (11)
a=1 =1 k=1

K FIMAR E, NZad PRk 5 EE ) A EE k N A oy, MERIE M) AR P2 k4
2 HAT RN (2) WM.

LAY ) R ) A B LR A 3R . O BEALE S MG, U IE
KFEEET 0.25 (1) MC AR FHIE R &5 @ SRAZAEBIAS (RET), PR 5355 M
26 HAHOCHE AR AR f ik ARBSHEAT MIH AT (p < 0.01) o ASCEEAE 3 4 PR LIRS
HEE PR TSR, 2 5hIAPAE SR ESFYAMAE JjiRT | i I E SR
A ESF i I il
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4.1 FEZRAOQTZRETFEE R E R = 855 H 30

A A3 e B R A B N T S RS AR AT [ i 4 () 0t AR e 3th ) AR B PR 245 A T
FEFE A 4 ARG, FRAR R B o R 2% AR DG E T S B A TR 22 . D BURR IR (5
P AR ) e B AT SR IBORSCHE i 28 1 AR DG P s A 2 A% SR o T 0 A PR R A, AR
Al LB BN 0 5 iR

2010-2015 FH EA PR AN FERE I MCES R B, HEA PR ITIEB ML) MCIE R
0.378 (p < 0.001), H¥EHA77E & 1025 [A] 3 AN . X Eb iy — 301 & J 454 5 BSF i —
T SR P 255, A fE BEN (AIC) 5 D15 BaEN] (BIC) /R MALHI R 4% H
A S HRICRE 1 (R FIBIHE bR o IO FATE SRR A i A Y 148 ASRREAE [ 1 B2 B — 151 B g AR
IR 10N REIE I &, B BRI F ) AICH R FE T 11627195 70, BIC{HI
TRET 1162633515, RN, BERE o FREZE0.137, KL, 25038 aeR - IR
HR 2 AR, AT PR A DG R A 115 2% .

FIH ESF 2o 38 500 (0 IR 28 1 AH G, R BRI SR 119 930 AR AIE i) 2 44 IR AIE (B 1Y)
KN RZIATHEY . B MC 5 MC FEEZ N 1, 075, 0.5, 025 WFFfEm & (idh
Ei. Es. Ess. Ew), HAREFAER SRS HEWEENITER, U 9 08” 3%
(Quantile) HEATHHMEIZEIR, FSAFAE ] HPOR R XA A2 [T 25445 S8 nT A 0% RRAE
[ B X T () 285 R DA% Ry o PRI 2 W, BB (0 2k B I 5 B A 4 B 45 F 75 J8 1 O-D
Wi, OB E A BARS RIZAE B O-Dif. K 2affiih T E . Es. Es. Ewll
AR (] H 6 A RO 26 AR DCAS Jar, Herf, B IO GRS Jey LA e i A R 48 A OG M, MC
HiRF) 1,108, Bl MC 5 MCou FLIE T BE, ARRAIE 1] 52 X0 I 45 11 FH DG 1) F R sk 55
X T Ero 025 ()46 Jry, H MCEFF 2 0.282 Ay S35 W it UL B ARRAIF 1] X6 10 119 2 () 4% Jiy
W24 A CAS EBYIRES , ME . En. Ess. Eiwo PUANRAE ) P 075 56 4 48 1] Bk 75 4% F07T g
BNz Z5FE B O-DL, FEXT TR /R ik, WK 2b, 2c Fion, HERP 38 I RRAE 1)
T E O A a3 [l S, B B R ] L 2 H A AR A O-D A8 8 e, 28 AH G
e, WA RN A R I BT A A0 A (R 5 RS BBUEAR A HEFP B A R AE [ i
E\oo ¥R B 23 [aIA% SR, B A HAR R H0 S & HARAR ) O-D i 22 SRk, 4% [ AR e tEde
ik, W) AR M BEVE A 1Y 2 R 25 (5 B BUE BN, mibm AR . IWIE 2 ] EE
H, TEZS R (AR ) e Eol T, @t SRR m &, Gk 2R M
ZKAFAEREMER,

R YRG0 A5 AR )Xo R0 4% AN B R R 4% AR AR R R IR 2 57, K MCIMC Y
(B 5 X R Y RRIE A HE P A T AL — B AT, angk 2. B3, HEA ZI7ERT 20% 14
HE [y 1 HAT — RE A BRI 28 A OG5 BB RE ST, HER I7ERT 1.4% R0 HRAE ) B AE R /R
LS B AR R DA 2 SRR, A BCHE B A R ) i BT SR EORICHE R 1Y)
W26 A AHOGAR L, TR X FR A R AIE ) A by il AR B AR IEAT [l AR AN S 2
RN 2 R . RS PR R, R AR B R ) N, EBER BN
AR ECR, SXM— ML T ESF 2% 18] 8 ik 1) R G 1
42 ZEITESHOATIMA—NENEREEERN

AR RS I 2 (B A7 76 B S p e B B O S, B35 1 IA b B A5 R0 w o fig R AR
J7 = 5YEARSE R IABE, 5 RS E B ORI IR E A PR A
TR H T
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R2 FHE[EE X WAL ERERE P 4% B X R IRENBE S

Tab. 2 ESF's ability of capturing network autocorrelation in the space weight matrix

45 B A OG5 B EUE MC/IMC,, B H G FFAE ] N4 He (%)
] MCIMC,, €(0.75,0.1] 13 1.398
Hts MCIMC,, €(0.5,0.75] 44 4732
BT MCIMC,, €(0.25, 0.5] 134 14.408
WA {E=MCIMC,,|E<0.25} 739 79.462
ST SRR o
HURHO 25 UG DR R B 2 B (F3). '\ i
WL, RS H G Ty 2 L (1Y 40 T | i
G AR I s SR R © \. 075, SIS
HAE=0.50, 13 556

~ﬁoﬁ:ﬁﬁﬂ%%ﬁ%ﬁa%M%,E(§
LRIGIAE T2 — AV L%, BAUEAR I O
Ol 0 B, [FIREIER SR T fp et B gy =
o ARSCIESE Hilbe™ B 74k, M — B 051
iit & D ( Pearsonchi’/ A HE ) DA EEIAHA
BN 50 R B R R A, R 1.0 , , , : ,
AT, 257 DAL 1.05 WA E G 1Y 251 0 200 g%m%% 8001000
BRI, SRR, NEJIER (R
1) K% ESFI[FATE ARz (Kl 2) oh D (g 4> %3 %?EWEEEN@E‘JW?% FARC M
%IJ $92907.653 . 1809.796 ’ %t ﬁ‘% I 32 Fig.3“ Ordeiégiizjiﬁolzlfeigenvectors
B, ZkSaiy FAMA IR 2 S8 R B T and its autocorrelation
WERS, A IWE SR (8E4813) FIESF
T I AR (BN 4) f DAEIAT I 0.164, 0.146, FERH G TR Y AL AR - i £
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Fig. 4 Results of C100 C2000 and B2000 in 2015
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Driving mechanism of interprovincial population migration
flows in China based on spatial filtering

GU Hengyu', SHEN Tiyan', LIU Ziliang’, MENG Xin'
(1. School of Government, Peking University, Beijing 100871, China; 2. School of Economics and
Management, South China Normal University, Guangzhou 510006, China)

Abstract: According to previous studies, not only does the conditional gravity model based on
ordinary least squares often bring about poor fitting of migration flows in reality, but also there
exists overdispersion in the extended Poisson gravity model. Simultaneously, network
autocorrelation usually exists in population migration data (e.g., the spatial interaction among
migration flows). The problems mentioned above result in biased estimation. In order to
capture network autocorrelation and deal with the issue of overdispersion, we build an
eigenvector spatial filtering negative binomial gravity model (ESF NBGM) based on the data
of 1% national population sample survey in 2015, to analyze the driving mechanism of
interprovincial population migration flows in China. The results are as follows: (1) Positive
spatial spillover effect exists in interprovincial population migration flows, and ESF can
capture network autocorrelation in data, so as to reduce the estimated deviation of the model.
Furthermore, eigenvectors ranking top 1.4% can properly interpret the spatial pattern of high
network autocorrelation in data. (2) There exists overdispersion in China's interprovincial
migration flows. Considering this problem, a negative binomial regression model is more
suitable for the estimation of driving mechanism for population migration, together with
statistical enhancement. (3) Network autocorrelation leads to overestimation of distance
variables and underestimation of non- distance variables. The results of the improved model
reveal that: chief factors the affect driving mechanism are regional population characters, social
network, economic development and education level. Meanwhile, living environment and road
network gradually become one of the most crucial pulling factors that influence migration
flows. (4) Compared to previous studies, social network (i.e. migration stock) plays a more
significant role in population migration flows, while the impact of spatial distance keeps
weakening.

Keywords: interprovincial population migration flows; spatial filtering; negative binomial
gravity model; driving mechanism; China



