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T2 403z 27kt (Moran's ) Z-score

£ DEAITS 0.1969 6.4283

AR} BRAEE D EAFT 7S 0.0892 2.8924

AZiGE Bito| HRRKGH W.EAII 744 0.1727 6.2867

B2} Gt S EAt A 0.2721 9.3016

70[gt Hido| HbRH WEA DS 0.2074 6.5893
T3t 214 3] BAS Bl 5704 A (Cluster)o] ojH3h gl o=z
UER=A1E B461 =214 3PS 4717 oz FREE=|, AR
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of| F7HS|PEAof| M= BT 5438 1 35)7| Y3l Jacobian matrixE ZHAJ5L

olE Pkl Zgtste] AT =N Y EA U= log-likelihoodgto] 5784

.
LIRS —2(LLg s — LLayy

S 5o} 34, A2 SHF AHEE 71 Ao]

(3) Uuta] PR (OLS)2] 9214 meieD

sl7lael ANE B0 Fare ARfe 4+ QLA Bekeh] Sl sled
24 cj5el 49 0 A2 34 Fasia, AR 4T ITE 2Y A
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M 3 757 5 E‘%Ol ns OLsoﬂ ]l Akt A0 e} Robust IMARS
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<E 4-11> YHEHEH(OLS)2] LM A Zt

2 z|E 7} Tty
[=e} HA [Egy iy

Lagrange Multiplier(lag) 4% 89| 27 |xtR 0| |72 eo| HigH o 25t

- Robust LM(lag) 7% Qo] oFe | A7FAatRTo| SYRYS IHAIERR| 23
ioli 7424 oo

Lagrange Multiplier(error) Z4% T 27toxtagdo| YD eo]| Hish of &gt

- Robust LM(error) 7% 9

Lagrange Multiplier(SARMA) 7324 89 SAMZ} SEM B2 Al ARERE o 2

(4) 29 24 A7 2 g

HEA] TEARE AT AR T A2 SRS, Buid A

CAMYE B4 S HTANSET, (& 4-1D~E 4-16> F1)

24 BY7 APES vasiuE, B 5304 OLS Beh FAARgol,
ARG R F7LeABY) APt e J0E Uehgtt, BE Azt
ARG Hls) £2gES F7kt, Al
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.
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VKT®] g2ido] Z7¥ld=wl, VKT 1% 7] wsAt= OLSOA 12.7%, 37¢
AAFRGOAA 13.7%, SLHLARFNA 15.4% S7Fohe Aoz HEhd
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<H 4-13> MEA| FAIRZA(2010' )0l Cheh 2E 2AY At

BAngy
Z4HA ¢ In(E A7) Qs TR | g7teatey
(OLS) (SLM) (SEM)
. 0.224 %
EnbivN EaSg - -
STARMAR - p (0.058)
. 0.341%
27}0; A e - -
SURAMAIe 1 A (0.066)
cons 1.604 0.655 1426%
- (0.490) (0.521) (0.494)
DETE iy
s 0.127% 0.137% 0.154%
F2GH72
Ln(rEF4e) (0.041) (0.039) (0.040
QPR e
] -0.043% 0,041 % 0,051 %
o O|1H|-S(0
154 ofs} QI7H &%) (0.013) (0.012) (0.013)
0.018% 0.017% 0.018%
C.H o 1-|o|o 7 9 (o,
ol TAz2.2] T Hla () (0.006) (0.006) (0,006
N I R i
0.076% 0.061 1 0.091%
QUMW FFLAE(10ES
$e 7750027 (0.026) (0.025) (0.030)
0.012% 0.012% 0.010%
E5t1/0{2l0|R] 9—
25RO 0.003) 0.003) 0.003)
0,155 0,157t 0,145
oled4 H 0/,0 Ao |04
APT EJOEHAPT Hlgol 70%0rdolH 1) (0.074) (0.071) (0.072)
_ _ 1.62% 1.397% 1373%
SR C2 0 _._ ~ 1:E5F 20
SHEEAIH MU (03 15y 85) (0.280) (0.273) (0.297)
23y I sy
. 0.015% 0.015% 0.015%
HAZ2RF Ol 2 JOIA(CHR D E 7111;}:-!
-I— oTro X |‘G}-E —|_|_[ H—é_ o 22 ) (0002) (0002) (0002]
-1.566 -1.432t -1.345t
HoEA fe) C 204X H|-2(0
= S0kphotete] =2detz() 0.603) (0.582) (0612
i 4808+ 4690 % 4804
RO | AZ{8: 2 [o)
1AR8AI2 iz (1.463) (1.412) (1.49)
0.011% 0.010% 0.010%
7 opel o| Maz|H A
[ek4E xfol7} 30kphoAtel £ 29| | (0.003) (0.003) (0.003
TAZ 7H 423
SHeR| - Contiguity matrix (Rook)
A2 7R (Moran's 1) 0.146 % 0.039 -0,008
AR 0.49 0.51 0.53
ACc 713523 700,845 691,391
A2l | og-Likelihood -344.761 -337.422 -333,696

F TR BEHAOIL, ARG P2 B AR 90%oldolH, T2 95%, £ 99% oFefE 2nfRL.
Froloka] g2 fies 2o 022 HREPALE A==




<HE 4-14> AR F AIZISH BARET744(2010)0f| CHEH 2Es A1 Z4nt

HAoy
B4 ¢ InMY Y A RAMD7IA) Wishl | BRRY | Beated
(oLS) (SLM) (SEM)
. 0.220
_g{l-k|2|-7:”_/|\_r p - (0 05;; -
LAl 1 A - - %3;;
A 0.538 0.163 0.407
oo (0.451) (0.464) (0.455)
SR He
o 0.145% 0.151% 0.164 %
EXGH7{a
(k2742 0.038) 0.036) 0.037)
VFEAR e
0,035 % -0.033% -0.041%
o O|21H|-S(o
15A| ofst Q174 |2{(%) (0.012) (0.011) (0.012)
0.015% 0.013% 0.015%
Ct o| z{oJo|Z1H|-L(o
oifd TAz2.2] 7 Hla () (0.005) (0.005) 0.005)
AP 2 2Rigby HHa
0.073% 0.057 % 0.082%
QUMW FFLAE(10ES
$e 7750027 (0.024) (0.023) (0.027)
0.009 % 0.010% 0.008 %
=517 /0l2l0|R] o] A&
EE/oRloRRA Y 0,002 0,002 0,002
R T A
_ _ 1.393 1.218 1.226
SYUSEAHM0:5Y BE ~ 1198 §5) o | o | oo
Z25 ey
HAYEA L 2[5 0.015% 0.015% 0.015%
(cheus 2EY) (0.002) (0.002) (0.002)
_ _ -1.762 -1.656 -1.698
R4S kool E2osig(0 ooa | ot | o
i 3.888 3.800 3.869
8312 IR0 | e | e
. 0.010% 0.010% 0.009
e 7 ojAfel o] Maz|H 4
HRIRE 2Pt Skpnolyl =2l YA + (0.003) (0.003) (0.003)
TAZ 71 423
7 IERIEE - Contiguity matrix (Rook)
A 7RI (Moran's 1) 0.148% 0.046 -0,007
AR 0.51 0.53 0.54
AlCc 644.072 632.055 622.124
42351 | og-likelihood -310.036 -303.027 -299,062

FEHDORZ BEAI0[D, ARG 22 BE AR 90O dolm, 2 95%, = 99% OFdE 2fofE.
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<E 4-15> 7403t BAKED(2010)0]| CHEH @3ed B4 74t
2oy
F4HI4 ¢ In(HOR SA DY) wieRl | Bmitey | Brestedy
(OLS) (SLM) (SEM)
_ 0.265
TR ) - 0 05; -
27HORPAIA(N) - - ?(foog
A 1.0131 0.027 0815%
ore (0.502) (0.513) (0.503)
DETR e
o 0.131 0.143 0.164
Ln(xaizaiz) 0 04,; 0 043; 0 041”;
Q7 EARr
-0.046 -0.043 0,056
194 olt 7% 0.01 3;: 0.01 2T 0.01 3T
0,020 0,018 0.019
S TAZZO| H2lo1 712 (0 0 00; 0 O%fg 0 Oogf)
AlElEAA 2 225y B
0.073% 0.054 1 0.093%
QUMW JELAS (105
28 7FAS(024) (0.026) (0.026) (0.031)
0013% 0013% 0.011%
S5t /0d2l0]R] o &
25T/l (0.003) (0,003 (0.003)
01521 0150 012871
(] [SEES H 0/,0 Ao |04
APT HBIRISAPT S8l 70%Fdol 1) (0.075) (0.072) 0.073)
_ _ 1.783 1.476 1.414
298 CAAML)0:5Y 85 ~ 1:2¢ 8E) 0 2871; 0 2781; . 30;’;
£ag Pl vis
HAYEA L 2[5 0.015% 0.015% 0.015%
(cheus 2EY) (0.002) (0.002) (0.002)
i i -1.508 1330 -1.164
A= Sphofet] =2WyHIE00) 0 618;r © 590]T 0 622)T
_ 5,390 5,181 5.254
FOMAHEIZ YIS (0 ; 49$ g 43; g 525)
0,012 0,010 0,011
AEHAE 2fol7t Akpholel 20| AR 4 0 00; i 00; 0 00;;
TAZ 7t 423
Al ! - Contiguity matrix (Rook)
o3 A7 (Moran's 1) 0.173% 0.042 -0.011
HAAAIR(R?) 0.50 0,51 0.55
AlCc 734.376 714.806 702,709
4+3E| | og-likelihood -355,188 -344.403 -339.355

F TS BTROLL, AR 32 25

AZF2F 900 folo, 12 9%, 1= 9% obg oo,

Frolola] g2 Hies 2o 022 HREPALE A==t




7P Aget By oz vehd g7k o] Aus Walo] w2 FLHao]
HolE A EY] Qo) ©Ede AESISleH, Hlukgoz OLSS| ZiE 3
AASHAT = Ao EARFL log-levelBE(In(y) = 3, + B, =, + B, + 1)

= (10051 )Azoltt,

Uebgorn, 3711y il At A2 (OLS) 484

ZNEAD 0T NI S 7Z40[st HAMLY 05
et BEBIL 28 | oo ny | PR UMD 23
OLS | a7textmd | OLS | 27teztmy | OLS | A7textny
Ln(zI2534712) iy iy iy iy iy iy
QUTEARIY w4
154 ofst Q182 (%) : 8 . 8 4 4 2 2
sifTAZR S| YUl HIZ(E) | @ iy iy iy
AEPHR o Ralgy wa
UYF 71 LAE(1089) i3 i i il il il
25otp/ofloRYg¥E | { iy iy iy iy iy
APT ciojsis
(APTH[B0| 70% o4fo|e1) A\ I ¥ ¥ $ 4
EH2C 2|4 (ML)
osuss-nzges |0 O |0 0 Tt ¢
3 ks
HAEA 9 2fsol4
CHEaE A iy iy iy iy iy iy
AHfekA L 30kpholstel
c2oiyuig(n 3 ¥ ¥ ¥ 4 M
FYuiAngatE oielg@) | iy i3 ih 1T il
ARH4S305H ko ok
ol AAAEA f f f i i f
F 1 0E BE4e] 271 $E w0 gag oujsis, 29 50% oS Lehd
2. SEA O] TR kim et al.(2007)9] =1 I=



4 =243 FNIARY 24

(1) 28 71826

S B4 ARIolA] FARE Hlolel= TR o= FHA A7V d e A
&, ol 3714 A3 (Spatial Autocorrelation E= Spatial Dependence) 2t 5-7F
2 o]A4J(Spatial Heterogeneity) 0.2 25T}, o)A
FRAARGL Fo AN DEAL WY E4S AQHo AmHsion,
4 B SR) SIS 9 9ok lekeD o OLSmolLt f

THA) B FEAS TR

—

o
¢

5
o
i

.
SEELTESE om z, %@ 0] el e

olgfet ZAIE shdshr| flet =AA RPor 2 AN 7Sl AR
(Geographically Weighted Regression)= HESIIH. 227152 A2 H (GWR)-2
7 S 7ho] A 2ok ST Aleiol A2 tErie B0 ol 4e
AAZ 21982 =24 32D (locally regressed models)& F49tct. o]ef o]
B0 oA Aote Asiele] RYE o] wRe] Ael sy
2 oF 2 (multi-level model) =+ Locally Linear Spatial Modelo|2t
Sk, A2l A o] S dutel At Hlws) = o Axte] 2yt gxl
2 F4AE 2] B B ohfe} mele] RYEL Brht Holrh g
Hol Aglzlo] Q7] wiZof GIS TOOLS T3l A4 W Yx]of| wlzt 2o

sepuse] Aol B4 geldel Aolg AzbHeR 1T 4 9

Al

H

oL OH

s

I/

H
o
i

() GWREH H3}29)
GWRE 4237} Z2}e] TAZS] At g A Stz 2 TAZS =9

rE

26) AH7FSRl AR oA Y B AR AP (FE 5 Ax
27) A9 F7re|RE B4 T APt Breusch-Pagan A% AT AR/HA(H,: T8
o] F|ZHEo 2N oJAs] o]EAA 0] HolgL s oF 2 9le

28) A27ISRl g e EAET] A4 Bd2 (e 9>°ﬂ TENA



2= S AASC] B, AL HUEES (B 4-17)~(E 4-19)9] AAJett) o=
53] Ag FAA]9] HAEL; 22 4RSS Hol= |9e Fajujo] I5gsho 2

El

@A) et eFEE ehie AREale) Wit RE TAZAH 254
= VSt S AAgARst 2L o
ArEe 8 TAZ R B4 5L B0z ekt Qo
REXSELERDEPSEEE RS

-
oAE Mt e d 24, SEeEASs, VKT 2= Yeht o *JZ.‘E

Juf
1N
N
E
N

-
poy
o
u
)
A,
Ko
rL
r}l

1z

0

244 1 i AL ez _413%. s
Yot ESESAS Z|ehigk

ey 0.718 -0.951 2.101

WEPR B

Ln(2|-e87z2) 0.188 0.055 0.344

QUF AR

154| of5t QI & (%) -0.036 -0.091 -0.005

Bl TAZZ9| HUQITHIE(%%0) 0.023 0.009 0.040

ABP3AR Y 2RI B

HYT 7HAS(1029] 0.074 -0.032 0.143

25T /fofRlolRl/fxIH 4 0,014 0.007 0.026

APT C{O[E44(APT H|80| 7000 Ato|H 1) -0.186 -0.337 -0.037

B4 MU)(0:5Y RE ~ 1125 2E) 1.574 0.939 2.222

E23Py e sy

HAKHRA & 25PN (CHE s ZHY) 0.015 0.010 0.018

AfFHEE 30kpho[5iQl & 2 %H|2(%) -2.144 -3.807 -0.732

SYHAMGAR | Z(%) 3614 -1.102 7.155

AHRHEE 2jol7}h 30kphoPe! E2O| HEA|IH 4 0.010 0.005 0.014

ChdZ(Bandwidth) 281,000

A F7Pdd(Moran's 1) 0.187 (Z-value : 6.71)

R? 0.57

£83E| | og-likelihood -306.239

ACc 703.563

A REALS] A7 gesl #4181



GWR 245 &9 42378 TAZE 2|9|4ellA L7 TAZS] L7 Rl dishA=
AR reldol mie- RA Yl 1 ol 7 TAZOA 9] Hleole7t =212 o
AaE]o] AWK Wheeler and Tiefelsdorf, 2005), E32 212 £=45}= GWRY]
I (Hadayeghi et al,, 2010) iz 2 wEct, GWROIA 9] EF 2k TH9]

Z HloeE AARgRte 2 A o7 345 7] miz(Congdon, 2003)°]tt,

<H 4-18> Al I 2R BAA0l et GWR 24172t

e

u

T

F454 1 MY Y AR SARETA) TAZEE RUE AL
Bt ESS Ay Z|ehgt

] -0.170 -1.335 0.820

WEPR B

Ln(zI-3471z2]) 0.190 0.087 0.306

UFSAR tHa

154 of5t QI HIE (%) -0.026 -0.067 0.002

Sl TAZ2.2| HUQITHIE (%) 0.019 0.007 0.033
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AlCc 708,845

(3) GWREA A7jo] e

Aold BHuge 48X

Ao} A5 SAR G
olu} 7} gride] FAA
Sl AEReTE BA oS Stk S eR Zlo@ BaanAs
o} SR EY Wato] Aedd oMol nhEE ASA BE TAZOIA
S oS SHRolIS S oF 4 Ik Hh, 154] ofs} QgL ojnENlE

| 2ol s} ARete aARGAe] 1) mEE,
B2 BRI TAZ A sl mawm,
Sopde TAZER eRlet. 5, (1% 4-Te 344

\_& o

b
e



o ek

=ZA

[s]

4-7> GWR(

<d&l

< ,__.r,%m o, m

.

2R

il =

oo &

— —~ 4

R o > K

R o & o i
. ér 8o _nT_ n_AJO H__-._
g = of N

ol
s
o
o

S
i

Al

80%

=
=

00%

o & Zart Sl
il

[ 544 2ia2(5%) ol
[ A4 Rl (65%) 15

>

A
—_l|-Z

FS
H

|

o
[

A
o

2to|7+ 30km/h of

L

40%

B

e
5 imy = e L]

ay o
ny 2 o o
0| M = Ln.wo X°
X B ol
X . Bo ok
N D -
Fo b o Ak &
ou KB
jzel 1__.._ B o=
X q ,.W Mu_u_ ol
o oK "<k
_I,n_ T4

—_—
< ]

o
" ol
g oF —n —
N Wo < o ° T
s —_—
T Tol! B X )
2 o mJ = ° &
= . =] o ﬁT_ _ — 0_0
wes R EEE o X° N X
btz ﬁ%mmmww .ATﬂlw_le.ATmHan
g & & 8w oW eom @ 3 ot B o o
5 = @ L R .w‘mﬂo X v N
£ 53 I o meﬂuﬂﬂ gz
g 0w : i v = = o b
U il N GEL] Aro o a4
5 f ol W omm o T
ey T T
- T OB e - w5
ok WK w0 T




1) 29 Ay vlw

mju

ol

Z10 = woE

THAIA]

mrebA 201049 Al&A] AL

wrt RolHe g o

&

| it =] A

A7
AICs BAIZO] 2lo| 4olito g mgo] 7jAo]

Log likelihood: 714

0|
O

2 BAISE 23

e
Tzoltt. r*3 Log Likelihood%te]

A

[e]
—

22713 A= F(GWR)

L
%:}\t

AICeZk]
Zog veht,

ATt =2

3

Lre AR o] 7}

oL
[€)

oA

uteba] AAjsh o] A4

A=t)
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<HE 4-20>

2|2 tEeH

0.57
-306.239

703.563

0.58

-274.813

639.109

0.62
-297.565

708,845

%

0.53
-333.69

691.391
0.54

-299,062

622.124

0.55
-339,355

702.709

0.51
-337.422

700.845

0.53
-303.027

632.055

0.51

-344.403

714.806

0.49

-344.761

713.523

0.51
-310.036
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0.50

-355,188

734.376
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(1) PSI 7Hd

PSIZ} v]=r AASHTOZ} ¥7FsH HSM(Highway Safety Manual, 2010)f] AJAJH
A w5HA7A2]4=(Potential for Safety Improvement) 24| B]=ol A= WF
FAARAS] 4915 Aokt 85 Qltk 78-S Hlw A Teste] wiEwat
A2 PAE UEbd T1Ef ol A AR Afzdet dlS T AE Hlads)
AL o] olE AR AT Z7]= sl ok 12yt PSIE A4Sl Sfsiile
g A T T2 FolA WA WAL EA4E S0l TEEHE e
(Safety Performance Function)®] 750 AgiE]ejof gttt ml=ioflx= @&l 7|7t
AA FE5H1 BeE 2 9E SPFE F9f PSIE APgshe Ho] Hidate o]
ALt

<33 4-10> PSI JHHE

* Nobserved, T, 8 (Observed Frequency)

PSl

* Nexpected, 7, 8 (EB Expected Frequency) SPF

Crashes/ Year

Npredicteq, 1,8 (Predicted Frequency)

Traffic Volume

Zk& @ Frank Gross, Bhagwant Persaud, and Craig Lyon, 2010. A Guide to Developing Quality Crash
Modification Factors, FWHA, pp.22
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PST;, = wtotalPS]total(Y;_ Y) + wfutalPS[futal<Y;_ 3/)
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B 2( PS[B TOTAL +PS[BFA TAL ) 2
C 2( PS]C’/ OTAL +PS]0&'—1 7 -'lL) 3

F 1) TAZE PSIgre 7€ 1 A4k e BYE 7I5AE fle Aor i dt

ZF ARyt AR 9 A7 BRI S 9 aefst PST AREAT) AeA
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<H 4-23> Y ot T mapt F 2 &9
. a
1 s 900.6262 709.7491 32.9%
2 22123415 800.9456 604.2198 36.5%
3 denk 694.6937 435,053 31.1%
4 ofelz 5 637.6884 1146.092 39.5%
5 Mas 568.799 279.9598 36.8%
6 =FE 521.5963 375.924 32.8%
7 o5 498,9498 2615353 35.0%
8 Al 426867 4335684 45.7%
9 LoHs 388.2946 198.6187 33.3%
10 EARAI 5 386.1657 490.9735 35.8%
11 Hohs 348.0361 355.0241 34.4%
12 s 330.9153 450,287 30.7%
13 BHaA|1 5 311.3917 172.089 31.2%
14 Mz3% 292.5614 487.5835 33.5%
15 1A 290.7529 468811 29.3%
16 2215 279.9749 2527549 41.1%
17 AEE 276.3239 232.6331 30.4%
18 TR 267.4411 428,6509 36.5%
19 |5 266.0108 166,785 43,6%
20 olHE 259.0305 397.9034 31.7%
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<E 51> MEA 2HERHE 221(%)

Az 2009 2010 20114 201244 20134 2014
A 79.403) 77.1(4) 82.8(1) 80.5(2) 75.9(1) 64.3(1)
R 85.7(1) 82.9(1) 77.103) 76.9(3) 70.903) 63.5(2)
T 30.2(24) 30.5(24) 31.5(23) 30.7(22) 28(22) 23(21)
2437 35.3(19) 33.8(21) 29.7(24) 30.9(21) 29.2(21) 22.1(22)
27 37.2(18) 35.9(18) 32.1(21) 30.1(23) 27.6(23) 21.2(23)
A 35(21) 31.7(3) 32.1(22) 29.6(24) 26.2(24) 20.4(24)
T 29.2(25) 27.4(25) 27.7(25) 22.7(25) 22.3(25) 17.2(25)
T L ZF A8 AR A Aol tigt A Qe HigolH %= UEhd
2. BT k2 AEA] 257 AAT F =1
2tz AeA] ARAEE. AP 1 EHo]x](www.lofin.mospa.go.kr). [2014.10.08]
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SAoA o T700] AT e AR HHoR Y FRTY F AL
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35) Ag: HIAEE Coefficient of Variation(CV)E A dEEA o 2 CVZko] 0.5 ofs}o]
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<3&l 5-2> SMW, PSe| 7Ha

Traffic Flow ——

< 5| —

>
Wa=L

w

<Sliding Moving Window &> <Peak Searching> &t
Zk&: Kwon et al,, 2013, Evaluating the performance of network screening method for detecting
high collision concentration location on highways, Accident Analysis & Prevention, Vol. pp.
141-149
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ol B £ Aol o ciE EE ) sl AR
el WMo B FREAALS BEFOT SMW 2 PSe} e o
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7} obd WERS WA 4 9k

oOo=2 o&2

J&! 5-3> CRPe| 7H2
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Frequency
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Cumulative Frequency
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} h “H
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o \ \JA w\w
s
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<Step 1: M8 AL HolF 72> <Step 2: AIRHPOIEE 2|2 £

|
“‘ J' ‘l\HMMH

2500

§

g

g

Cumulative Frequency

Postmile

Postmile

<Step 3: FERZA HE> <Step 4: Jaj=ojM BTt T
T FERAAGE st 7 Aol olgslo] A di5she FdER s B ARk AR

2tz Chung, K. H., Ragland, D. R., 2007. A method for generating a continuous risk profile for
highway collisions, TRB 2007 Annual Meeting, CD-ROM 07-2935
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of ARgsE7] Slote] 7 o= wapdo] B LAPRC] B3t k2 YESTY
2gsh= diofi= SIS Adet dfuetd SMW, PS 2 CRP 2 E2E &
Higko 2ut wlEpyb Al HeRHE Aot watert e EAROl: A8ot
7] o197] %—Cﬂth

FE ol E AR B AR Eg o] EeobddS o wetAos FA
4 Q)= Highway Safety Manual(HSM)-= 71360519 S LHAASHTO, 2010), %2
Litel] A7el B H M= 715k | Sfolide B2 Bl 8t ARte] 81w, -eut
2te] TAlof| dddom 28 7Hsh Wik rAlle] I Qs

32 5-5> HSM(AASHTO, 2010)2| 7H2

— 5 oPF

2) AUHE AE

TAR 2o wEAR FHeRREE Ao $siAl GIS(Geographic
Information Systems) 7]5Fe] T B-8oIQIet wEAtle A4 9 224 E4(&
29| 7|5x, EXol] 5) Fo| Her o= ARgsto] Yl dAo|Bg GIS
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V= 7] 2ol ol= Qlsf wEATE WEF vRIZIA|R A5 siEs

o=
At 28 25 olefoll 7l &, 714, 2 2dH 59 9=
@)

AubAQl AL X (KDE: Ordinary Kernel Density Estimation)= 27 Zo]
o] AKerne)oto] Q= AbA(event)S FHHo2HE 9l 21478 (euclidean
distance) & ©]-83t 7IsA 2 WE AktshH, thS A(Xie and Yan, 2008)1} o]
Erach=

= 1 dis
A(s) =Y — k(=)
i=1TT r

A7 A(s)= $1A] sollAe] Fis ook, 12 KDES] 17 (band width).2
2 bandwidtht] 17] 2)3d7te] A(s)F4o] ARSHTE k= 912 soll tigh A=zt
d, 1 A 9] 7SR 2A AdeE oujRitt. ofuf Adleke+= Holg A=
AEste] AAstH, KDEE 287t 27] Afd+E2 7Adeds Hobe r
(bandwidth)gte] 2|4 Alelo] Fasirtyl F4st3ith

KDE= 22419 F7tollA] dofup= Aol s A
E& YEAA dojuh= 12H9] Ao 28oh= 2 FA9d
e} dojibs WEANLY] G AR k20| Wert £1, ke 745
7a%ke] g7 wizel, YRbAQl KDEE A8 7% diglo] vrhsrgslo] 2%
AE &% o] =rHXie and Yan, 2008; Okabe et al., 2009).

oo Histe], YEYI AdUE FHNKDE : Network Kernel Density
Estimation)2 Kernel-& YE YT o] stAgHo 2 AFAS SAH o2 HE YEYT
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2008)1} Zo] Yepdr},
=Y %k

i=1

(1™ 5-602 5L 744-0] AtH|o]8E 7H 79 Uehd= KDE?F NKDE9]

712291 7 Aol vrehdet. A, 22419] KDECA= ¥EA o] <1 H(area)

FQE 7|Eor ULyt AT YEY T KDEOA+= network®] A3 (line)
DS a2 o] gste] Wyl A ER KDEo|AE Wrgho] w4 Hot
=4, KDEA= Adgt gho] 2471 (euclidean Distance)of] ©]sf A= Lt
NKDEA& UZY3E T12iet et 2] (Shortest—path Distance)o]l 2l5fl 4=
ok AR, NKDEOA Mk 97 Zolo] gelgigo s F=4Het

5-6> KDE2} NKDEQ| %fof

®
\

Planar KDE Network KDE

2t& : Xie, Z., Yan, J., 2008. Kernel Density Estimation of Traffic Accidents in a Network Space.
Computers, Environment and Urban Systems, Vol. 32, pp. 396-406

3t KDE®F NKDE®] 27 Hlwshd, YEYS 40| Wi sjgls FEolkeh=t|
KDF= NKDE Ht} Adlsh:o] 9&do) o we ok whir} T3t L7k
(bandwidth)o] Fotd45E =529 FaF(ocal effect)o] o & vpehtar, F7H4
HSI lA He 2§ F7HE0] Hold4s HPYHOT SPOTe] B4 o

151517 Lrehdth KDEQF NKDE 2% 9 wel-g S45h=d| ul$- -85kt
NKDE®] 9ol vEQ04 A AFae] WEg 348 4 glrks 3ol
e
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2 5-7)-> KDE®F NKDEZ} a-3ALS] 37H sfehe ehdie 2olE ARt
Zoltt. a= AA| AR AES HIEH | =AIRE Zi0]al, be 10m 8 E
AASE UERd Zlolth o= 10m M4 0= w-5o1A| HilEs A(raster cel)<

]Z O & KDE®] FAHZYE AR Z0]4, di= 10m 3F9]= 25 NKDE
JAVE HERH Zoloh ouf ¢} di= S Ut ek FHl(Gaussian) 9} 5Lt
T+7F=Z(bandwidth, 100m)& AA = o}t

<Ja] 5-7> WEAtDo| 27H :HEd H|w :KDE vs, NKDE

=~

a .' b P
‘~ .' ~\/
/ e - . / “~.-- -
o
'4
[ 4 #° e oo P e
] ] N
K . A / P
c. Meters l’
[ ] Ps 0 2550 100] ’ p
c d

W st 1676
N 8772041

2@ : Xie, Z., Yan, ]. AAA. pp. 396-406

3) FAHAHE B4 44 BY

WEARL FFAHE wotely] A Axbe ohaat Zrh

(STEP 1) Al Bt AuE 4kl GIS HlolHE =3t

2 AFoNE WAL 37 Jga’] BAA] 53t GIS HlolEE 018513
ot SR E25E B2 YELS HlojHE okl Six|HoleE Z3ktt Ak
AT (AIAZLE, AR 5 EIDE S35t GIS HlolH 56t k2
HEIFS}E ALHlolEE F3A1717] $Iet 2844 BAZAS FaYslSirt.

(STEP 2) SANET3?) X2 J#8 gh8slo] NKDE 248 Sasict,
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%41 NKDE 42 1ol 77+2(band width) % 82 (cell width)& A5,



FRHELS AGUES AR TR0l ofulehi AB S WEATASE ThEs
L 473) 700]2 Ofujstol, 7% B 5P H0= 2HTrkXie and Yan,
2009). olT FUFo] Aold4F WEAT HAAHS ol AFen], AEL
U145 S} olzlek. 5, TUFL ARL 247 BEATY Gt

HUEE ofnlshe A0 WEAL FAE A Slstel 4G B2 Aol

Qi

(a) 77+E: 50m, AdIZ: 20m (o) 7EE: 100m, A4Z: 20m

- —

<\ -

L e
«.—__—e_, -

.

—

(©) 725+ 200m, A4Z: 100m (d) T7HE: 400m, A4Z: 100m

F1 S FordaE /1 B BA

37) SANET. A Spatial Analysis along Networks (Ver.4.1). Atsu Okabe, Kei-ichi Okunuki
and SANET Team, Tokyo, Japan

3) BEAT 2L APIE(GS 1D FDL BE 2B PIESE 12 o 9
HIEZ= 30mol], A7k 9] B2 ¥HE 100m oW, T4 T2 ¥H3 200m oUE A4t
ok AR ERWEEHE 2008, wEAAL 22 3 7E/AIAIE B a vk
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(STEP 3) wSAL A7 B4 (Hot Spot Analysis)2 4~3§3tct.
WAL Fokgt HOT SPOTE BAR & AmE 7] 9fsto] GISe| S AR:
A £ % Getis-Ord Gi* 91877 248 2-85199.00, NKDE 27 2|7 (poin)
o= ekt & ﬁok?qﬂ A& st 047101]/\1 95%°] Al=| = WAl
1,]01:7\114 ) ‘=’

O %
(STEP 4) J%‘— oz WEAL FFAHE *dxéﬁiﬁ}.

— = L O
\ HE DEAD 4 QB |
DEAD Fofp7t
(114} 1% 24 38
o4 0,0 0,1 0,2 0,3
18 1,0 1,1 i 1,3
ol ng- e 13
24 2,0 2,1 ) “"E”J'zf,';':'l?')
34 3,0 3,1 50 3,3

2= 1 -1t 2014. 7. 17. “Development of Virginia's HSIP Using Safety Performance Functions”.
FTEATY. Infra2l Alvuh g @ =S

(STEP 5) w5 AMaAde] e daei.
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Wdsh7] et Abed M elE gdshedl 88 7Hssitt. 5, HOT SPOT 242
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FHE 2595t AAdshs Zlo] meARIxE Bdd
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IERC R R S
SUMMARY

Keywords: spatial crash analysis, traffic crashes

In this study, it is identified the effects of spatial characteristics on
traffic crashes in Seoul with spatial regression models: global spatial

regression models and local spatial regression models

This study has important and direct implications for policy. The largest
marginal effect to increase the number of crashes of all severity types
was the increasing ratio of a central bus—only lane. This has important
implications, since these lanes are being installed in Seoul to improve
bus transit in congested corridors. The implication is that these installments
need to be locally investigated and mitigation strategies developed to

reduce the number of crashes in these areas.

The effect of road length with speed limit below 30 km/h was also
important and reduced the number of crashes as could be expected.
This supports the use of 30 km/h zones for traffic crash frequency
reduction. The mixed land use was linked with a larger number of crashes
and this may be linked to the type of mixed use in Seoul and the increased
points of conflict between various vehicles, bicycles, and pedestrians.
This suggests that in the mixed use areas, additional local-level research

is needed to develop treatments to improve safety.

SUMMARY 197



Assigning risk to areas based on the number of traffic crashes alone
will lead to error in policy decision making. A variable that has an overall
effect on a large region may be negligible at a local level. The spatial
environment and its interaction may vary significantly within local regions.
In other words, although the number of crashes may be the same in
two areas, their potential risk may differ depending on the environment.
Therefore, to determine high—risk regions, it is necessary to capture local
effects using a multivariate approach and to account for the spatial
heterogeneity of traffic crashes in addition to the number of crashes that

occurred.

Spatial analysis of traffic safety is still in its early stages and it will
be more actively applied with further developments in data collection
and computer technology. As methods advance, it will be helpful to
achieve institutional standardization of the unit of analysis in order to
harmonize traffic safety analysis and transportation planning. Recent
studies have focused on optimizing the spatial aggregation unit with the
aim to not only address traffic safety policy in a retrospective manner
but to establish a system that integrates safety analysis with the
transportation planning stage in order to provide proactive guidance.
To this end, this work has analyzed traffic crashes at the TAZ level,
which is the spatial unit used in transportation planning. Further study
is required to identify the optimal aggregation unit for analyzing the
characteristics of traffic crashes in Seoul and elsewhere, and how this

unit can be integrated with transportation planning,.
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oA 351 (90.29%) 38 (9.8%0) | 389  (40.0%)
2z}
LhA 541 (92.8%) 4 (7.299 | 583  (60.0%)
ot 2009+ ojgt 59 (83.1%) 12 (169%) | 7 (7.3%)
2
YUY 200~5008 H 612 (91.1%) 60 89%) | 672  (69.1%)
a5
5009t oAt 21 (96.5%) 8 (35%) | 229  (23.6%)
34 ojat 135 (93.1%) 10 (69%) | 145  (14.9%)
O {7424 3 oAt 753 (91.5% 70 85%) | 823  (84.7%)
ma 145  (11.879 15 (11.534)
79| of 310 (93.9%) 20 (6.19%) | 330  (34.0%)
292 33 Yz 178 (88.6%) 23 (1.4%) | 201 (20.7%)
A=z _
of Lél ’ ; Z 13| Mg 252 (90.6% 26 94%) | 278  (28.6%)
42 335 Mz 131 (93.6%) 9 (6.4% | 140  (14.4%)
2l 13 ofst 21 (91.3%) 2 (8.7%) 23 (2.4%)
kel ImE A=, 512 (92.4% 42 (7.6%) | 554  (57.0%)
HHAG Al % (90.6%) 10 94% | 106  (10.9%)
DEHAE
outaA oF | BT, T 294 (92.29%) 25 (7.8%) | 319  (32.8%)
2 |-—7-” 20
Gt 100 84.79 18 15,39% 118 (12.1%
Az D312) (84.79%, (15.3%) (12.1%)
54) B F=of AHE dloJeuhe 7H 1 SR el 7|2 BARA 58 (A 59
A2 AH Hee 712 FARY WS V1SS ). (O 4 M4 REE &
(tow)71E0 2 %S AARE grolm, 3ol A= W(column) 7|FO0 2 A&



2) AzSR B4

T+ £ QS 1~23d) | B33/ o) b

molt] | 378 @L1%) | 37 (8% | 415 (42.7%)

HALEA 2l
00m 2af | 514 (923%) | 43 (77%) | 557 (57.3%)
CHeipsosmpd | 0mol | 219 (830% | 30 (120%) | 249  (25.6%
(OIS, SU4YES) | 300m 22t | 673 (9319%) | 50  (6.9%) | 723 (74.4%)
10moltf | 6 (8520 | 12 (148%) | 81  (8.3%)

258tuete| 7z
100m ofAf | 823  (924%) | 68  (7.6%) | 891  (91.7%)
ofatE 523 (90.8%) | 53  (9.2%) | 576  (59.3%)

2 8

ofmfEsfol) | 369 (932%) | 27  (6.8%) | 396  (40.7%)
0molh | 8  (835% | 17  (165%) | 103  (10.6%)

AR5t 72|
00m 22b | 806  (928%) | 63  (7.2%) | 869  (89.4%)

3) E2 EA

T+ 2 MG, 1~28ld) | EH23E/d ol g
oii7) of 168 (90.8%) 17 929 | 185  (19.0%)
A Y of|e 72 (92.2%) 61 (7.8%) | 783  (80.6%)
o) of 567 (90.9%) 57 91% | 624  (64.20%)
g 2al ot 324 (93.4%) 23 ©6.6% | 347  (35.7%)
742204 of 571 (92.1%) 49 (79%) | 620  (63.8%)
"E ofLlQ 317 (91.19%) 31 89%) | 38  (35.8%)
Zotda ole 233 (92.19%) 20 (7.9%) 253 (26.0%)
o /7 olo 652 (91.6%) 60 84%) | 712 (73.3%)
clolzla 25 (95.1%) 13 49% | 268  (27.6%)
ok 2xj2 a3 (91.29% 40 (88%) | 453  (46.6%)
EIER

o Anpaf2 175 (93.6%) 12 64% | 187  (19.20%)
ops gal@ ot | 47 (75.8%) 5 (420 | 62  (6.4%

Bz 913



T 2 @i g | HeGe/d ol) g
sj23} 282 Bre of| 266 (65.8%) | 44 (1420 | 310  (31.9%)
oo rm Fowe | 66 (@4 | 36 (4% | 662  (68.1%)
st oo o 638 91.7%) | 58 83%) | 6%  (71.6%)
e of|e 254 (92.0%) 2 (8.0%) 276 (28.4%)
27| 0|82 te o 448 (88.7%%) 57 (M.3%) | 505  (52.00%)
ofL|9 444 (95.1%) 23 (4.9%%) 467  (48.0%)
A o 532 ©88% | 67  (11.29%) | 59  (61.6%)
ofle | 360 96.5%) | 13 35% | 373 (384%)

5 At £4

+ 2 22, 1~28)/4) e (38l o) gt
QHTA|NOA| 144 (90.6%) 15 Q4% | 159  (16.4%)
OHIA|~Q.TBA| 321 (92.0%) 2 8.0%) | 349  (35.9%)
i% OBBA|NQTBA| 197 (90.8%) 20 920 | 217 (22.3%)
QTBAI~QTN0A| %8 (94.2%) 6 (5.8%) 104 (10.7%)
OTNOA|~OHTA| 129 (92.1%) 1 (7.9%) | 140 (14.4%)
ake 229 (95.49%) 1 4.6%) | 240  (24.7%)
™ 53 37 (89.49%) 44 (10.6%) | 415  (42.7%)
= H| 210 (91.7%) 19 83% | 229  (23.6%)
= 77 (92.8%) 6 (7.2%) 83 (8.5%)

214

WEARO| G 2 £ A




2. 714 o= olfols k=2 FY F

D AIEAR

Atz g

4%

T & MR 1~28/d) | HEEE/E ok gt
294| ofst 124 (8.2 | 15  (10.8%) | 139 (14.0%)
ofzy 30~644] 577 8820 | 77 (11.8%) | 654  (65.9%)
B5M| ofAf 176 (884%) | 23 (11.6%) | 19  (20.1%)
oxi ofAd 36 (8720 | 51 (128%) | 397 (40.0%)
o LhAg 531 (89.20) | 64 (10.8%) | 595  (60.0%)
2009+ ojat 57 (80.3%) 14 (19.7%) 71 (7.2%)
mjié 005009 | 595 (87.9%) | & (1219 | 67  (68.2%
500594 of4t 08 (0% | 18 (80% | 226  (22.8%)
34 ofgt 141 (@4%) | 10  (66% | 151  (15.2%)
o 247424 34 oAt 736 (875%) | 105  (1250%) | 841  (84.8%)
3 142 (10713 | 147 (009632
74o| afe 07 @149 | 29  (B6% | 336 (33.9%)
- 2238 XMz | 170 (8250 | 36  (175% | 206  (20.8%)
ol %‘;LE Z 18| Mg 241 (86199 | 39 (139%) | 280  (28.29%)
4238 XMz | 136 (9440 | 8  (56% | 144 (14.5%)
o 13| ofst 23 885%) | 3 (5% | 26  (2.6%
gl pate 505  (90.00%) | 56  (10.0%) | 561  (56.6%)
. ﬁﬂgﬂ% TMH 9 (87.9%) | 13 (121%) | 107  (10.8%)
sufergr| HTAE WM | 8 @70 | 7 (13| 326 (29
s 106 82| 17 (30| 123 (124%
HR S w|2)
Hz3t 4
2p SIS 18l | BE(GE) ok %

of 170 (89.0%) | 21 (11.0%) | 191 (19.3%)

ofglo] &7
ofle | 705 (820 | ¥ (1180 | 79  (80.5%)
AlGE olo| Magl= o 143 (71.99%) 56 (28.1%) 199 (20.19%)
OfHER BE | ople | 73 @26%) | 59 (74%) | 793 (79.9%)
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3)

xz2 £4
T+ 2 ARG el | BEEGE)E o g

CCTV-ChA7 |2t o 426 (89.3%) | 51 (10.7%) | 477  (48.1%)
a3 ofL|e 448 (875%) | 64 (125%) | 512  (51.6%)
St2ze we o 573 (905%) | 60  (9.5%) | 633 (63.8%)
of|e 304 (847%) | 55 (153%) | 359  (36.2%)
sopmap o8 o2 402 (87.8%) | 56 (12.200) | 458  (46.2%)
%L 474 (839%) | 59  (11.1%) | 533  (53.7%)
2312 o 322 (90.2%) | 35 (9.8%) | 357 (36.0%)
of|Q 541 (88.1%) | 73 (11.9%) | 614  (61.9%)
cllztz 175 (93.1%) | 13 (6.9%) | 188  (19.0%)
caup of8 22 | 312 (89.4%) | 37 (10.6%) | 349  (35.2%)
AR | 300 (84.7%) | 54 (15.3%) | 354  (35.7%)
s gRokt | 87 (838%) | 11 (11.2%) | 98  (9.9%)

nE 54

T+ & MBS 1~28)/) | H3EE)/HE ol g

a2z} pEaf o 415 (85.2%) | 72 (14.8%) | 487  (49.1%)
e ofL|Q 462 (915%) | 43 (8.5%) | 505  (50.9%)
Cr ST LT o 551 (85.4%) | 94  (146%) | 645  (65.0%)
e ofL|Q 326 (93.9%) 21 (6.1%) | 347  (35.0%)

Atal B4

T+ 2 AHZ @IS 1~28)) | B3B8/ o) K

22k 60km/h O[3t 26  (911%) | 26 (89%) | 292  (29.4%)
e 60km/h oAt 611 87.3%) | 8  (127%) | 700  (70.6%)
QHTA|NA| 10 (902%) | 12 (98%) | 12  (12.3%)
QHMIA|~Q.TBA| 305  (884%) | 40  (11.6%) | 345  (34.8%)
iré QTEA~O.TBA| 215 (86.7%) | 33  (133%) | 248  (25.0%)
QTBANOTI0A| 139 (85.8%) | 23 (1420 | 162  (16.3%)
STIOA|~QHTA| 107 (939%) | 7 6.19% | 114 (11.5%)
e 252 (B | 19 (7.0%) | 271 (27.3%)
™ &2 354 (839%) | 68  (16.1%) | 422  (42.5%)
H| 21 925%) | 17  (7.5%) | 228  (23.0%)
= 59 ®4.3% | 11 (157%) | 70  (7.1%)




ofd
O

]
o A AFHE wSARLS T oot SRS AL Sl
=]

1 =
A77L S8 Aolnt A B9le] 27)9h PG L BEES WEALT

ol dE WS 7= A= YT £2 Qe wE i HaE11T
dlg &9, AADT(Venkataraman et al., 2013), VMT(de Guevara et al., 2004;

Augero—Valverde and Jovanis, 2006; Hadayeghi et al., 2003; Karlaftis and Tarko,
1998; Quddus, 2008)= Ataze]l thet LERIEE Ui, sAtale] HEE
F7M7le Ao vehiel

EQ Erdfe] Fkohs Aol Al Aol Frkoks Aom uEry
t}.(Levine et al., 1995; de Guevara et al., 2004; Augero—Valverde and Jovanis,
2006; Hadayeghi et al., 2003; Karlaftis and Tarko, 1998; Quddus, 2008;
Venkataraman et al., 2014).

ey A7 Bl diE e YA e, wEEste] dizHal
TP (Noland and Quddus, 2004)2}F V/CH|(Hadayeghi et al., 2003)2] 73
WEAE FAaAT = AeR e Shefer and Rietveld (1997)= w8847
A7gA0] WIS Ho M= RISk o2 AVE WERZ| = fttal 2145
o o]9] W2 AFoME EET|SHFE o] WEAIALL AFFARALe] Pk

o

[2+= Aoz vrerdt (Noland, 2003; Noland and Quddus, 2004; Noland and
Oh, 2004; Venkataraman et al., 2011)

E2t Siddiqui et al.(2012)+= =2 AFEEIF WEARLL A4E 7RI
A5t

AN FARHA TAOfA JAFEE =2 AHoA o e AR EASH=(de
Guevara et al., 2004; Levine et al., 1995; Hadayeghi et al., 2003) ¥H, Q151 =7}
W3 Aqolis AR BALR oAl WEARLS] HIEo] & YEh
t}.(Noland and Quddus, 2004) o] 3= olsfiot7| oA AL, W5,
WSATIZE] PAef gt ofsl7t Waskt dulog JIPERT} 2R e

< WorH, ole 2= WSS S7MIA 2R WEAILE ST

=

sz 217



o

D 3 DEFE B AL BRE AP SEA0lE FAAA

APAE 442 4 Ik, TR} BEego] A A A9 TEATASE
AL g, AR 2R B B AT 5 ], of QU ER 15 Wit

= |
&
E
Y
?
rir
i?::
T
kl
re
rz, M
2=
K}
il
e

Fol= o] Azt 7leitn
AA5FALE. (Karim et al., 20135 Huang et al., 20105 Noland and Quddus, 2004;
Augero—Valverde and Jovanis, 2006)

FH ARt PR W] e ArEE TRt AaE AAskL 9loH,
S} Pl s ZF FATSE SR i YA foF Hes
3of Z3=| 9tk (Naderan and Shahi, 2010) =L} 2= oAkl G-aFA

7t 4 AFALE STHTIE BEeR Yehte A2 ot

AT AER 705 ASAAA WERE AS4E, AS BAH
oFe 7H7 I, g Solr). T A|AA4E WEAT WANET} S v
e} IE A o] Higo] e AeelA B wo] wsky, 454
Fol 7L 1880 B MM ArhHoR @ WSk Aoz ekt

Noland(2003)= 7jQle] AE4ZF0] 22 2| HA42 AP} EL AR 7L 27}
Sithal 374t 9hH, Loukaitou—Sideris et al. (2007)= THE $1888lo] SA1E
o Hox P WEARLY] 9l AESEe] W AolA STRIAL TStk

Augero—Valverde and Jovanis (2000) FFI7IAR =2 HI25 &2 WBAIL
7F B Ykl AE2aL AASHT ot of=et =
¢Jo] Noland and Quddus (20042} Quddus (2008)= ST EA Al A T
(ward)}E AF&SI.2H, Noland 2003)= =12 5071 5 A= ARESIGE
= g davt .

Huang et al. (2010)= ¢J43] w5ekdo] stHE]7] Rl o4 s



AEx) oheha wlEslEA QnHo R Begt 2)0lo] AFAL ArjHoR
NET B 57 B 7Ps Aol W] TR e Ao vs) o s B
A ek dEshact
<#> FtHe| Afefoite| YA | ohE e F 29 H|
u AR I ICES 79 HMDY
R EECEET 29| | 24 29 [ 3
| | E23 (Network) L2 7[5z e Sofgt
Al TS, ZopiE, | A2E, 224, o | =
- _ - EI_' G|
M |-gapt B R | ade o sz | o8 E':é'
SuAlE | -watE WEEA P 5 nH',‘:.j’
8 -7 2 N =% E
. sl AADT, SR, - Reacls 054
A ' ' ADT Z3I2H|S = 23
a VKT % O |'ao |'E E%i

Z(Geographical zone) | TEARIA B

. HAES Hig & ST e 271

}\l A|-f|7°d7;”1:"_::54\_ A 5 LE A i|:|'—| i

o |- T ] 7IRAS, BARPL | 58AISST: aw | 5%
gt - M@ |, BUgE, | 73Eo| o, we | 2

s |-8g - TAZ | BSAEE QTHIE iRy oy | 2%

o £2 Y pEEy s

¥

AAE Y £25 3| E2o, gURcA
E2U%, AADT, VKT, | ofzlo|2 o494,
3 Hlg 5 DR, TR
) TAZ : Traffic Analysis Zone, CT : Census Tract, BG : Block Group

AADT : ABur4 53 Annual Average Daily Traffic)

ADT : 4w F=F(Average Daily Traffic)

VKT : 22538 7]2](Vehicle Kilometer Traveled)
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1) General Spatial Model

ol

‘I_

Ho

o,

=
s

V9ol SpeRs)7) o
§ 31508 ARG =F L ol
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S 27249 7]

AFZAlRIA 334 AP

=Ic}, 370 g 27 A ol
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Haofeh] 4
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S7RAL 92

t}.(Anselin and Griffith, 1988; Lesage, 1998, 1999)
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At 2t} (Anselin and Griffith, 1988)
where € MVN(0, 61, )

T} (Lesage, 1998)

i
o

=

s

o
where 1 =1, ..

o]

where 1, j=1,--
FHl= o
pM Y + XB+u,
w=AMWu+e

Y, = XB +¢

Y

error model)©] 't}



(ATl E4 9] Yok 3 ol v o] Sl el Sl
AZ] o] ot FF2 S AE () FH= AZete.
FTEHT Y (0 xDAF, A7 X= (0 xE)3E, pot A= 37134
7, W Wos (n X)) SV EEIH, MVNS tHiE “gaits ouleith,
SHEAL GeoDal.5.37beta T2 IS ARSI oM, Z7 S-S Anselin
and Griffith(1988)0] At Q1418 (spatial contiguity matrix) 5 ROOK®
As 5ol E=okeinh
ROOK "W4JoflA = TAZZ} Q1%sks 7% W= 10] Hal, I35k o= 35

ij
09] gkZ 71t

=] Yehb=2] o= Moran(1950)0] AJAIRE
A5 5ol TestSith. Moran's Ii= 294 (global) -57Fe Al =24 (local)
SAFCRE FREE, A9 AR AR AAE dVdoE FARY
7 A99) F7ERE AFA A BE Qo] Usil= AEEA o

P I— E(I)
1=1j=1 _
= Z -
z non n — I:> Se (_[)

( wy;) ), (Y, = Y)

i=1j=1 ~ i=1
of7l, N ¢ feiEtYl 4, v, ¢ iAlode] 44 of7 1A

v, AR &4, Y WAL w,t 7REA| E(I) = —1/(n—1)

SF
=
Tejt 1994 Moran's e E42|o] 2A)o] o) 24 A7 1404 shtel

w2 221



Fo= yehfl7] mize] AR F7HA Aol dieh =214 F2= el
gl

olofl Anselin(1995)-2 =22 2F¢o] 714 e Uetli= LISA(Local
Indicator of Spatial Autocorrelation)& 7HsHAT}. =214 Moran's = &% A9 9]
At 29 0] ghe 7Bt gro] Al Uehd Al A Vg, widiel
AL BAA Z7A e 2 moksit)

ukzlo] OLSe] THee FE517] YJsf| 2187t F7HAIA A (spatial lag model) 7}
R AR (spatial error model) oAl F7HA 27|14 do] Gt oz A AR Q]
L2158 A%35] 95l 2H19A] 5 (Lagrange Multlpher) e 2-8stih ol

FRIRIH)S p=0(E2 XA} SIER) HE A= 0F 24 231 2iehole,
8% BAFE A5 1909 # BB 2,

Wy
lag:[ee’W]Q/D NXQ(]-)v

where D=[(WXB) ( (XX)( ,)/(WXB)OQ}'f‘tT(WQ'F WVV)7

[ We/(e'e/ V)P ~2(1)
= (e (WE + W)

3) Geographically Weighted Regression
OLSE A%l B7A47H B0 mE Aolold FYsicta Fgsht
o] o] ¥4 SE5 711 Alold 374 Thoile] WAl
T 4 S5 ATl i 210 daskat
L uhy % shpt el el Geographically
Weighted Regression, Fotheringham et al., 2002)°]c}.

GWRE] 42 ATl whet FURt Arihs 7PIHA] 9aL TAZ iof] diet
AARr= TRtk ot &, 34| TAZE =R offoix TAZRRY sl
o] =T EetAA o



GWRE The: AJ3} Zo] Uehd 4 glow, o}7]4 i TAZE ojnjsh), GWRE
245 Aszro] ol TAZOIARE ojn|S ZH=rhe AoAE 2t 87147} Ho)7}
Q.

Y, =0, + kz: BroiXii T €
=1
BZ' :(ﬁ/;()v ,82‘1’ ﬁiga ...... 5 ﬁim) :(X VV;X>71(XVV;YY>

TAZ o] w2 $i4: ko] tisl] 72t TAZH R WAL S7AR(5,)E 745,

AR A g 7HR AR sl AFEE: ofs 7 TAZZ ARz
2795 AN ATE] o] TAZ 0] o 717k TAZSS] o] wc}
TAZO] JFHt 37 125t
I 9 TAZS} T BE TAZ g71e] ARlS wiglehe B 9
TAZS| Aelel] 7z 7454 d, 9EkE BSRE nn thzigold),

GWR 21 A= 7541 kerneloll whet ALFEH, kernel:2 ThFet FEIE
7HA 4 Qo) et o7 Gaussian FE|Z}F o]-&FICh
—0.5(d; (u)/h)?

re2

GWR- Kernelehs Hth= bandwidthol] o B2 J Tertal 424 it
(Fotheringham et al., 2002).

7H 2743 bandwidthE 2= WO 2 Cross Validation 45 #|A8Fok= HiHo|
A=, o714, CVEES TSR]} ASA|7E Zpol & oJulohy, = A viHoz
AICcE F|Asfsh= HiHo] Ql=t, o] A% Bt By I 4= Qlrf= FHo]

O"Ir/].
DS .
OLSe} Hlxrsto] A o= GWROAE Z27F 2R oA, 3742 &

B2z )93



A e, Amete] Byt o Aol qlok ESE 2 GIS 719 s

5ol GWR 2421}l tigt 57H] Hol& Azt o w AT o ith(DeMers
2004; LeGates 2005: Lo and Yeung, 2002). £ dFo]A= GWREAS 9]
GWR 4.0 software package(Nakaya, 2009)& ©]-&s}%itt.

s

4) P9 Al

2 Aol Al EARE AREAQl SR, $EAREY, GWR B2 AdE
H|wsE7] 9ol AICc(Hurvich et al,, 1998)E AFESF.0H, AlCeE t 412 Fall
AP}

AICe=2nIn(6)+nln(2n)+n( n+tr(S) ), hereS=Y/Y
n—2—tr(S)
714 e BEA A%, Y- %é‘?i# ¥

2972 et AlCcE 593
RS vk $Le] 46t 2} B4 2 v 489

Er

nJE
ofN
J}:>'
rE
>
o2
=
Fu
)
r
o}
oH,
reE
"
N
>~
rlr

dtH o F B HwE o F 2P AlCcghe] Zfo|7} 4Ht 22 7
EAA o2 Golat 2oz} §l= Ao =2 7EEsit} (Charlton and Fotheringham,

204 agAta) ozt 28 7o



<HZ 6> EAolo|elo] 7|2 EARF Y B 2T Y
D 7128A%
Ha (ZIREZ 20105 o ESES Ay 2cf | BEHa
e £ D74 93.96 1 544 67.18
f& Al U AZIGH BAF AR A4 34.95 0 179 23.9%
730[G BAf Afn7ds 59.01 1 365 44.32
2101 2 (k) 143 0.23 12.69 1.59
& 2RFEH|(WKT) 208,878 2,302 | 3,003,142 | 267,285
25 | AP o F HAKRA & 23 1 83 13
| 27He SAERHCY) 12,575 1,631 112,025 10,99
gotee 4 76 1 359 49
oftlo| Eo4% & 2.36 0 8 1.56
£ 25(%) 2.74 0.06 7.54 1.37
AT 30 o]l E224%Hm) 2,461 0 13,521 1,915
AHraE 50 ofpil £ 291RKm) 1,054 0 11,828 2,010
ARHEEE 60 o]l =2 (m) 3,020 0 18,340 2,314
BFYHAHEAIR H(m) 627 0 4,302 804
a2 | 3z 29Hm) 1,342 0 10,458 1,592
4 | & 2t2992H(|ane-meter) 24,757 3,756 91,726 12,793
Azt 27 HiekA D of % o
:SEZL;LE Pf =8 Atobt Sk o 4 0 85 1
37| Alzpaz & 10 87 10
42| AT URIE S 4 25 4
52| Alzwatz 4 0 3 0
Q) 23,139 809 49,837 8,596
7R 8,277 274 18,924 3,104
olp | 282 10,629 700 141,960 | 16,154
E 7| | 15M| ofst QI H|E(%) 13.68 5.41 21,73 2.83
S | 65M| oAt ol7H|g (%) 10,00 5.11 17.79 2.25
ECNIPTEERVETS 1.68 0 19.54 215
=PI (%) 49,14 42.37 60.52 1.69
TAZ QI3 Che| QUQIT HIE(%) 17.97 10.52 62.66 5.00
apg| | 7 £5(1029) 436 2.50 8.74 1.28
7 A | ORIoR, fAIY 258 & 19 0 101 12
Y | B3E[0|22|40 to 1) 0.33 0.05 0.63 0.10
;L:L' ZEHOT 2 APT H|g(0%) 52.24 0 100,00 30,50
SO | ma BARPHEHYE/M) 2,638 40 16,512 1,805
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2) F8 W] 3 2X I

20108 BEAD BEE

ES1Dot=7
« crash10

20104 MEA| BFAD
244219 (6Quantile)
[ 1r:401 700
[ 191581 (65)
0 srrmas
@ teon o2
B os1aa ()
W a7saa ()

L
s ¥ R
- ']'

7

S

p
f\;\"‘ ;‘Q’.‘»
i

"»v

A8
AR
“s;ﬁg 'P‘ig"

G W

BT
1,:,,@)

FEHRT B APTZH 700 Ol X[ARE
x Allo| 2I5{24 APT H|g0| &2 2|

HFBARP P ASA| HRECE 52 2oiEE
x Ao 2efH APt 52 2|

Mixed Landuse Index

I0.094491 - 0340233
[ 0.340234 - 0.479923
[10.479924 - 0.580774
[ 0.580775 - 0.668829
I 0.668830 - 0.840537
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110517299 - 15.930988
[ 15.930989 - 19.879386
[£119.879387 - 26.010607
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YRNFLS(1089)
(12500000 - 3451613
3451614 - 4131579
4131580 - 5.107527
5107528 - 6.763889
6763890 - 8.740741

2128V BT (%)
[10.000000 - 1.168575
[11.168576 - 3.021883
3021884 - 5.504954
I 5.504955 - 11519200
I 11519201 - 25.295540
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5 0 5 1 -4 -2 0 2 4 -5 0
e(d_lp|X) e( rlimit30 | X ) e( Inaccess | X )
coef = 22444798, se = 06508455, t = 3.4 coef =-.38603269, se = .15092965, t = -2. coef =-.01810966, se = 0090363, t=-2
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coef = 18782158, se = 04662741, t=4.0 coef = -.30697533, se = .06055261, t = -5.! coef = 52674892, se = 18017229, t = 2.92
-~ ~ —_
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coef = 8.561e-06, se = 2.398e-06, t = 3.57 coef = 73844353, se = 21545212, t = 3.4 coef = 50364005, se = 05428747, = 9.28
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VIF(Variance Inflation Factor)
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F WEARLof| theh OLS BA4127HE B, RElo] AiE(Rr?)2 49%=4 S5
- O] 4997} =] ofsl] AHEL Gl A os et tha W2 ot
FRATTY B FoE 5%04 SAALCE FOfsHA L.

AlCc(corrected Akaike Information Criterion: AICc)+= R g7F v U AEh-&
et FARIC = Flo] A2 £ Bgoltt. AlCex Al S==A4 ghe] 27]
ARG 5 Bt deute e Aot Fastrt(Carlton and
fotheringham, 2008) ¥¥FAQl Fsfiof what = BTt AICcgto] 4Het & Apol&
UERd o Yol AU Tt (EE7], 2009).

Joint F Statistic(JES)2} Joint Wald Statistic (JWS)

JESE 29 AA2] -Go)A(Significance), JWSE 2 A1) oF4A (Stationary)-
Wkl Z|3o|eh & Aol A AAGH SARY O] F SAFY pilo] FARCE
FolotHE Ry HAZE fofsittal & 4 Qlrh

F $A% Koenker (BP) SAFe] BAX = fofokx] o= o 7127+
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S84 (Independence)o gt A2 ThE X0l Ul @aF50] 4% Tto] 594
olojof Fth= 7MY, &, B4 X gl thdske viatel dist @a7h 11 3970
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SEATO TAE Aok Aol 2etaidS onttt

T RheF o]t 7|7 E0] S5EA] Aok B¢ AuHao dFEE
A= 4= glom, 25E oI5 0F/E T 71e/0] =t Eo| W] TS
LSHY Sl 7ol RIEA] 3419 7127Hg o] tigh 55055 Seldfof
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Jarque—Bera HA (#H,: 249 A+ (Normality))

Jarque—Bera A2 22| H7|Bias)E B7lole A C= o] FAFC] FAXL

= fFrofsirhs e ealef| ol Z4iHdo] EAlskE = robust 0] B asttiE A
olmfett), 2 YoM Jarque-Bera HAFTO| SAH LR FolotER @4fof o]
AMgo] ARk & 4= §lom, o5 EA(Y hat)@t ZHaH(Residual, v; — ¥;)3t
AALE Es) slolsielrt.

Ther T133 o] ool FE4AMo] o] = e &

d %
7h 2 79 ake) Wolrt 2] vl Oﬂléilﬂ AU4E 27h0] Holi= Mol

Residuals

LJ

5
Fitted values

Moran's I (F=}e] 27V 7144 B2
SIAEAN Ayt FAY At AEEREE dup o]AE o] QlEA]E 59
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o: O|HAI 22 =224 T|O
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1) BE494 A4

(Kernel)= 217, E230] APTA] TAZO A= AE (Kernel)& AXA =4
AvpHor Hyo] Agtert F7keHA "ot

Adaptive A2 o3 A(ZF7], 2009)& o]&ste] RE 2AHC] FY 7]
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2) GWR 2423} Alzts}
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& ook,
<Jd&> 2|27b52H (GWR) A1 ZAat
AR Ea[o7t 30km/holy L £2o| A4 £ C 292 | ML 30km/hel
2|4 (noaccess30)2| Z2[A gk £X L 201 |(Mimit30)2] =21 9% 22

X R[03 AWZEQ ATHEHAT| 7|21 2j03 S| A | x AHBHAE 0kmyhQl ER2ORH|O| SRAKL| T

UL 2| 7t-22| Zo|a2 25k A BEO AREEET | kmh
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o 2 e olRls Aok

est_noacce
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0019389 - 0.026598
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10846901 - -0.573437
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FEISH F ofmfEH|Z{d_apt70)] Ci32E ol 7hsT 2R B, A
22|A ofgk Hi HEA) transit)e| IR JFF 2L

est d_apt7
[1-0697915 - -0.498294
[£1-0498293 - -0.379803
0379802 - -0.271391
1 -0.271390 - -0.144701
0144700 - 0019846

[]0.009601 - 0.016533
[910.016534 - 0.020715
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Local R?

localR2
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<E.E 12> Highway Safety Manual(HSM)

1) 71a

thatz el EAIR 29 obdA B7E B oA StHE ol UXtEgle
(AASHTO, 2010), tfofet 559 25 o=z TS B7Iet 4 qlom,
wEAe] tiR E2AE], A, 293, fA1Ee Al RE AgRlet], A
OF AL AZYEE Fol=dl S0l Qi
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