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# 54EE A%, DL 38 £ /N — 3 i (Ordinary
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(1979)F1 Bowman(1984)5| A CV(cross-validation)$f
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ATCLL 2008 A7 H EIRRE 3148 (17 X)) AT
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Bi-square PREL I Gauss PRELT CV I AICIHRELLHY
ZERmE L,

2R A —E A TR A5 A A oG
W, BE B MG, JCHRR B i, 5 R g e, SC KA i
FES . IR BATECRITIIA Z R s A 1
X AU AR Z8 52 M 1 25 ) P AR e, SRR 0 e A bR
B, AR AEL B 45 J 7, B Gauss BRECN N AL R EL
AIC=-20.93; H Bi-square PR HU A AL R 2L, AIC=
—8.79, MAE AICH/MERJFI, H 4% Gauss PRIEL
FEEA TG o A R T AT SE AR T 25 () 22 £ i
P R O P R ) SR 5 T AN [T e P e 4, U
R4 CVAR S /IMEJE N, Bir DAAS SCk 6 DA 98>
405.12 km 1) Gauss PREUH AL PREL
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Tab.1 Simulation results of Bi-square and Gauss functions

RREL HE9E b/km cv AIC PRIEL P98 b/km cv AIC
1268.941 1.238526 1268.941 1.710121
2051.14 1.664622 2051.14 1771332
785.5156 178214 785.5156 1.548611
1453.529 1.342309 486.7422 1.268239
1084.289 1.204603 302.0901 1.369371
1087.015 1.203456 483.4973 1.265378
1148.973 1.196745 429.1745 1.229856
1194.796 1.208774 380.6326 1.231087
Bi-square 1129.203 1.195197 879 Gauss 406.8242 1.225209 -20.93
1130.237 1.195208 406.3277 1.225196
1128.356 1.195195 404.9702 1.225184
1128.47 1.195195 405.1191 1.225184
1128.479 1.195195 405.1228 1.225184
1128.478 1.195195 405.1224 1.225184
1128.478 1.195195 405.1225 1.225184
1128.477 1.195195 405.1224 1.225184
1128.478 1.195195 405.1224 1.225184
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3.1 GWRItELEERE

GWR LRI 45 S PE DL R 2 #RHE (o) e/ IME
h 1.024(F ) , B R AB A 2.437 (L T) s He A S0 1)
S B FRRE B/ MM 2.495(2R e YT, it 95% ) BLA
HKOERG G, Fe KB A 7.598 (1L 74), i 1 99.9% Ay &
(G S & LTS

WA 22 B X A AR R W 52, e/ ME A -0.197 (3L
T, B KAE R 0.206( /) (% 2, 1] 1a) ; tfH A 55 1Y 5

/MEA-2.034(K ), e RAB R 2.3(7078) . 10T
Jb b a REFNL AR R Bk A 5, ELAEE 1 95%
BB K RS 56 5 T T VT SRS YLV L S R
R IONIEA G, ELABME T 95% 1) B 15 /K F A 5K,
HoAh s Oy A A

T XL IE R A 52 7E 31 44 AR R
A 2, B 1b) BRI A . Fe/MA
117 R, B RAE A 3.309(PUJ1), TRl eff 4G
55 e/ IME R 2.183 (M 7 ) , 3 48 95% Y B A7 K- A
555 e K AE R 7.44(P9K) , 38 35 99.9% 19 B 15 7K T-F

R2 GWRITELR
Tab.2 Econometric results of GWR

B X) c . N3] tfE mAAH fH F R
AT 1.742 2.495% 0.012 0.048 1.631 3.146%* 12.420 0.896
e 1.821 3.123 ** -0.009 -0.047 1.568 3.289%* 18.174 0.891

e 2.232 6.156 *** -0.129 -1.121 1.282 2.947%x* 25.869 0.796
K 2.265 6.404 *** -0.143 -1.298 1.289 2.955%% 22.503 0.801
U 2437 7.614 *** -0.197 -2.067* 1.174 2.744%% 25.122 0.730
Hf 2.298 7.427 *x -0.171 -1.852 1.512 3.969%+* 18.421 0.703
tigld 2.423 7.637 *¥* -0.194 -2.053% 1.202 2.862%%* 27.834 0.709
Jex 2.432 7.568 *¥* -0.194 -2.029% 1.170 2.730%* 15.764 0.730
1L 2334 7.598 *x -0.173 -1.887 1.361 3.43]1%* 34.777 0.700
RHE 2431 7.587 #xx -0.194 -2.034* 1.174 2.754%% 29.221 0.719
B 2.248 7.374 *#x -0.157 -1.731 1.600 4.292%%% 17.604 0.710
TH 2.336 7.594 *#x -0.172 -1.881 1.349 3.386%* 30.027 0.699
T 2.134 7.071 *#x -0.130 -1.449 1.850 5.074% %% 24.161 0.728
IIES 2.365 7.527 *#x -0.189 -2.013* 1.381 3.492%% 33.742 0.697
Vi, 1.112 3.655%* 0.159 1.841 3.284 7.440% %% 24771 0.851
TP 1.914 6.34] *#* -0.075 -0.847 2319 6.016%** 30.720 0.774
LI 1.698 5.744 *#x -0.016 -0.188 2.668 6.565%** 33.551 0.809
2R 1.371 4,705 *** 0.078 0.938 3.037 7.189% 29.238 0.830
| 1.070 3.430%* 0.171 1.930 3.309 741455 29.624 0.834
1k 1.197 3.980 *** 0.130 1.525 3.208 7.348% 4% 24912 0.837
R 1.210 4,051 #** 0.133 1.560 3.205 7.029%%% 34.000 0.873
b 1.291 4.390%* 0.104 1238 3.142 7.042%%% 23.523 0.855
WL 1.086 3.550 *** 0.176 2.027% 3.277 7.200%%* 24.209 0.881
i 1.024 3.215%* 0.206 2.283% 3.232 7.363%%% 26.182 0.862
AN 1.025 3.212%% 0.206 2.300% 3.241 7.215%%% 18.641 0.878
P 1219 3.493%%* 0.175 1.769 2.740 5.717%%% 19.311 0.812
el 1.042 3.194%* 0.206 2.218% 3.158 7.306%** 20.865 0.841
Fiyc 1.139 3.349%x* 0.190 1.971%* 2.922 6.505%* 33.579 0.824
i 1.333 3,511k 0.159 1.456 2.517 4,984%%% 22.640 0.869
biaee] 1.795 3.203%* 0.055 0.364 1.674 2.183* 14.607 0.816
S 1.563 3.986%#* 0.105 0.955 2.049 3.184%* 17.130 0.775

1 #p<0.5,%%p<0.01, ***p<0.001
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Fig.1 Spatial relationship between income inequality(a) & floating population(b) and crime rate

5. 37 b dtat ORETFL AR LA 228
HAUAREZ [ ARG A T I 4ELG R BR300
0.73.0.709.0.73.0.719.0.697; MW iL. . i /g L.7G .
T AR LA 221 5B TR R 2 [A] IEAH 1
B O PIE R B M £ 0.881,0.862.,0.878.,0.841 .
0.824,

UL, ZEWTVT R TV SN AR WA
ZERR NGRS 0] DIRG9 e B AR TR 1 & A 5 1T
TG A RERNLAR 0 SR A R e
2, BB U0, A ZE BE RN 3 A X AE AR R 1 52
Ml A XT3 /N o
3.2 OLS #1GWR i+ 2 LL 8

OLS J&—Ff 4 JA R A | DB i~ 2 (AR
B 578 2 (A Y56 2 1 GWR & —Ff R s B Y | ml
Pt mi g R S AR 2 RN LR,
15 T A X TR — ) R R 5 SR AT LU B (3R 3),
Al LU 3 AR A A 7 OLS AR >y 1,695, T 7E
GWR HE I H U 2 1.024~2.437 () —A 284K X 1] 5 0
A ZE AR 81 SR 1 52 I 7E OLS A1 ok 0.022, 7
it B R P EE, W7E GWR AR th 5/ ME
$9-0.197, Fe KAE M 0.206, WNZE 2 FIi /R, W& # 2 H
THeit by A A O AU R R 5 e 7
OLS #iflrfi 2 2.168, fE 4L 1T LRI 3, 7/E GWR
RS B /INME R 1,170, B RAE K 3.309, 7E 4L 1T I
EEEESTITE N

HH L OLS A7, GWR 25 AUl & R4 0.570
FFE 0.812; [H B AIC 1 {5 M 0.0934 %
£-20.9274,%F T AICTI 7 , — ANy, i HEEAH
223 Db AT O TR ROR A B A 2 (Fother-

#3 OLSTIGWRItELRILER
Tab.3 Comparison of results from OLS and GWR

OLS GWR
mix max mean
c 1.695 1.024 2437 1.742
t 6.554
A 2280 0.022 -0.197 0.206 0.118
t 0.283
mah A 2.168 1.170 3.309 2.049
t 5.990
R 0.570 0.812
AIC 0.093 -20.927
ingham et al, 2002),

33 TEEFRNEEHERE

35 GWR BT 45 5, 10 75 2 X0 A ]
HEF TR - D AH L OLS , GWR R AU 2 75 5 Sy i 5
AR TURAZE0E i sl A CVRIAR SRR Z 0] i & R 2
@ WA Fish A O RIAR IR R 2 A (0 96 R 2T
HERPATHATC E R T 25 [0 28 572

T 58 —A- A @, A F Brusdon 45 (1999) #2 {1t
(1) ANOVA R B vEIEA TAG 36 (25 1 WL 4) s X F28 —
A1) 18, B FH Leung 25:(2000) 42 H (1) 77 35 HEA 74656
(&5 W2 5), Brusdon 1 Leung £ 56 5 i 8B T
FERG IR | AN TR) A 2 T X AN AR R A R
DLk AR 2 [ AT Toge it 022 555 5 2 B X AR
W AH B R AEAN A 28 [B) 1 H A, DA B DX dk ]
BIGT EiESE,

ANOVA Fi 5 25 3R W1, #H b T OLS,, GWR £
RITF 25 R 5% 2517 FIRRAG 50% LA L, AICTHAH



1164 oo R

=i 32%:

4 ITOLSFIGWRITEL R ANOVA I8
Tab.4 ANOVA test of results from OLS and GWR

FEETE FRZ -7 Al AIC Ffi
OLS 1.406 0.0934
GWR 0.658 -20.927 3.1015%*

H:#p<0.5,%*p<0.01, ***p<0.001

5 TETHTRWKREER
Tab.5 Statistical test results of spatial varying
ittt Fd SFHBE  SEABE PreF)
c 3.039 13.333 20.858 0.011311%
WA 2.665 11.747 20.858 0.024472%
WA 5108 8.969 20.858 0.001029%*

H:*p<0.5,%#p<0.01, ***p<0.001

220 L4 b, Uil GWR A B XTI A 2518 sl A H
XA AR R AL G R AT AOR R OLS A AL
G . A5 AL B R IR A5 UL A I
2B T BN X J0 8 238 (4 5% 1 7 25 ] b A7 AE
EI 23 (8] 5 0T 5 28 (] AR AR M s 1 T R i G R AR
23] AN — B

4 45iE

WA 22 BE I 3 A 12 5 e v A0 R R 1 7
ANEEF R A H BT 28 Y OLS AR %
HIHE A8 T2 18], O 22 BE A0 5 A %R R
R S R AN A (R AR fR I AR, R S 302
IR 2% . FIFH GWR BRI -4 2008 4F [ Ok
Biti 31448 0 B 25 1E 3 sh N 1 R R %6 2 ]
F 52, AR T ARG X6 2 [ 2 3 A %, mT L)
REILUT Z5L -

(D) WEAZERE s N EFIJR IR R Z [A] i) 6 &R
rEas ] LAFfE AR R . P A4 (T LX) &
SR I 25 S T A 25 8E s N O 5 AR gE
2 A OC R AEAS (] LI ARTE AN, BRI LA R
HZEY OLS [BIA /BT EA TR

(2) 7E OLS BRI | it A 251 540 9E R 2 (8] Jf:
WA I 3 AR DG  (H A GWR BRI o sy
I T HHOCHE o T8l A 0 A1 S 1 5 i 7
OLSHHY SR 3 i 22, (4545 (T L DX FR) S e e g
A

(3) OLS B 5 L) 4 Jy A% 1t 5l ~F- P {E hy i 5 4K
P, ANRE R BLIC A Z 1 i sh A AR IR R 2

EOCHAR . L GWRABHL 5 ] DLYHER S B 52 0 5C
RAEFAE (17 D) I 2 BE B H Rt 5 1] A2 Ak 19 i 7
AR B A X AR AR R AR SC R T
PRFRIRRER R B T 2 A, B s 6] o7 AR A Y
JERG TR B /0N 5 TS 22 BE AL AR A 2 ] B
)7 B AR A ) R E A A TG

S WA ZE AR BN 10 RT AR G 1 fige e o
[ RATBURTTAL IR A A 22 57 (H —BE B AT YA B
TR FC A 8 B o AL AR A A2 R BE [ AR 22 ] 4
PR MBE Ao WA ZE MG A AR
4 (T D) YA [R) 2 BRAG 2455 H A i P 3R A
O3 AT MBS R] USRS Y D AF 5 2 ] AR P AR 1 4R
BT ARG R TR 28 18] 56 AR A AR AR o St 2
SEHCRAR U TARGF LA . TR 31 (T
D) A 2 [1) 53 o P, 90— R AL R4 ) R R il
AN (T IX), 5 ZAR AR A (T DOR) A 2 &
P il % A 38 A R UK, A RENCER S 4 4%
AR ARAIRICR o
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Spatial non—stationarity of the factors affecting crime rate
at province scale in China

YAN Xiaobing'?
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Abstract: Income inequality and floating population are two important factors affecting crime rate. One major
problem of the previous studies is that they were all based on ordinary least squares (OLS) estimation with con-
stant coefficients. OLS estimation presumes that the individuals are homogeneous and the relationship between
the crime rate and the two affecting factors do not change over spatial units, which contradicts the fact that sig-
nificant differences exist among the 31 provinces of China. In other words, the relationship between crime and
income inequality and floating population is too complicated to be explained by ordinary least squares estima-
tion with constant coefficients. Geographically weighted regression (GWR) is a powerful tool for exploring spa-
tial heterogeneity. GWR recognizes that relationships between variables are likely to vary across space. Instead
of estimating one parameter for each independent variable, GWR estimates local parameters. A parameter is esti-
mated for each data location in the study area. In a GWR model, parameters are estimated using a weighting
function based on distance so that locations closest to the estimation point have more influence on the estimate.
Using geographically weighted regression model, this paper analyzes the local relationship between crime rate
and income inequality and floating population in 31 provinces of China. The results show that: (1) The effects
on crime rate are spatially non-stationary. The correlation between crime rate and income inequality is signifi-
cant in some provinces, but not significant in some other provinces. The correlation between crime rate and float-
ing population is significant in all provinces, but not with the same degree. (2) GWR model is more suited than
OLS model, the AIC and R square are both improved in GWR model. This study demonstrates the usefulness of
GWR for exploring local processes that drive crime rates and for examining the misspecifications of a global
model of crime rate. The practical implication of GWR analysis is that different crime prevention policies should
be implemented in different regions of China. Because of such a heterogeneity, criminal policy needs to suit the
local situations.

Key words: spatial heterogeneity; crime rate; GWR; floating population; at province scale; China



