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ZMEIE R T NS i 25 Bl T RO i
Tt AN X B B R SXRT RE S O RIS S K R TR AN
IH AT RE S T AR DI X TR
BB, UIRFE LR R M T R A R R K
PR R A X, AT 38 ol 1) A 3 DX 380 A B
A PN, sRAL T AR B AR REE o A ST
A Bl 2t DX (10 225 18] 20 I8 A1 5 3 K - 4 7 P 2 KT
LA XURSE v 1 1 O RESR thA LB, B I
DX 45k 2 TR 0 2 ZRAIE P AE R AR WUz /s HAS K
T REAFAE A (A BRI R - IX AT RERE RN KR T
A Bl X 388 3l 2 T A R b X, LN AR SR A
XA 5 TSR it ot it e A0 A AN W7 5 3 X I R
FAT N VB AT D 7o A S 06 it I s 20> s
AR ARE B 7E 2 ) L S JRANY B A ANGi
R4, b T3k i P DX X X A AT A A%
G 2 AR s, Has () Y FELE W RO, XA R
T BT, AR S A AR ELFE A B, IX AT RE B2 i
JoR A 320 X3 2 ) A I A A ) 2 i A o
3.3 WSS

I [0 205 82 00 5 R 22 St A B T 22, L e e
A 2 25 X3 15 8 AR () 8 34 22 S R P FR K/ o
Xt 22 S AL I E) RN AT 4 B AL, B el L RALE

FRIARDS USRI AR I T AFR AR R4S S (K 4a)

v B DX = S0 A A SR T b X, AR AR DX = 2
Gy AT AE ST B A X RN, 22 S A I T R

) i e M 36 2 300+ 5 2 () 200 R AR ABL PR R R, BDAH
XS R X, K E R LR S, e 2,
AT TR A 2 oK, HnTE R (] 4b) .
KSR, T 32 X3 ) A0 R X RS (1 95 A
AL L A TSP 37K 5 B0, R 1A B AR K
AR, R KETN R R L5 ER
FER X #AFFRIX, PLE ARG E R KT8
X A IX P 42 X (1 22 S A B T R0 82 Ak B8 v 7K T
KT X A DX T[] 50 RE e R AE PR ARG RS 1 i
56 BIME L B T 6.32095%CI: 3.89,10.08) « AXfEK
I IR 6 X3 LT R A T SR 1) R R X
AE A, WE 4a JLEAIR I 4 A mEE X S
oAl T KEWEIFIX. 5 H XA E#db X
PIAZ 0 X 38 Sz, 3T Hh O DX 38k ER IS ) 208 i
SRR B 0 R ARG IR B2 B 4 TSP 347 v A e 3 o
“SPeg”, B AR KA, KRR A SR K E
vl W CBD. R AR S5l X i 121
DX AT 5 22 X AR Ko PR 0 2 B o
3.4  ZEEZRRAE RIPLLEE ST

o bl 25 T 28508 R B 2850 I 11 2 () 4 S 4 i
R IR e [X 5 [ B 7 25 ] 2850 22 S A B ) 28092
b R IR HE R v PR ARG RS CREL S BB 3 K F 1D
R R M R MR KT 95%), AR 70K 3
i 44 N s SRR KU X o J T b A bR,
Bl 5 a3 AN X [F R B A B R A



826 3 H

B 42 %

a ZEFRZRARR RS )5 R 8

b ZEBSEHERREAT 1 KRR

o KEY
* ANRITH N
— XA
JEHIRE%
mw 0~12
13~37
~138~90
I 91~95
. 96~100

1, FEMRIEG R T 2, BRI 05 B s 3, RO S23% 75 18 4, WF R KT 3%
Kl 4 2008—2018 7 T 0 25 7 AL I A] RS AR % KU 1 5 S S B AR T 1 R IR

Fig.4 Posterior mean and posterior probability of the differential time effect for relative risks of crime in Changchun in 2008-2018
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Table 1 Parameters for the regions with higher spatio-temporal relative risks
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Bayesian Modeling for Analyzing Spatial and Temporal Pattern of Crimes:
A Case Study in Changchun, China

Liu Dagian', Song Wei’, Xiu Chunliang’

(1. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, Jilin, China;
2. Department of Geographic and Environmental Sciences, University of Louisville, Louisville, K Y 40292, USA;
3. Jangho Architecture College, Northeastern University, Shenyang 110169, Liaoning, China)

Abstract: This study firstly compares and analyzes the changes in terms of the spatial and temporal patterns of
crimes in Changchun between 2008 and 2018. A Bayesian spatio-temporal model integrating the fixed effects,
the spatial random effects and the temporal random effects is built and fitted using the R-INLA package in R
program. Combining with the maps of different effects of the model which are made used the software of Arc-
GIS 10.5, we identify the areas with higher relative risks of crime different from the general level or trend and
further analyze the process and spatio-temporal patterns of crimes in Changchun. The study shows that the total
amount of crimes displayed an obvious decreasing trend and the numbers of police precincts with higher crimes
declined apparently. The crime rates showed an obvious increasing trend in the peripheral areas of the city
while it went down dramatically in the inner city during the two years. The results of the Bayesian spatio-tem-
poral model shows that the average trend of relative risk of crimes shows a significant increase in spite of the
lower basic average relative risk of crimes. The police precincts with higher spatial effects were predominantly
concentrated in the core area of the inner city. Especially, the highest spatial effects were mostly located in the
precincts with those major traditional commercial area or the intensive economic activities. The higher differ-
ential time effects were mainly located in the peripheral areas. Particularly, those precincts where the three ma-
jor national development zones located possess the higher relative risks represented by the differential time ef-
fects. After integrating the spatial and differential time effects, several higher relative risks regions are identi-
fied through both spatial and temporal effects within the inner city, deserving more attentions in the work of
crime control and countermeasures in the future. Bayesian method show obvious advantages on data integra-
tion, area-specific heterogeneity identification and degree of flexibility and can provide more insights into the
formation and evolution of the crime pattern.

Key words: crime; Bayesian models; INLA; Changchun
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