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Comparative Analysis of Factors Affecting the Severity of Pedestrian Crash by
Daytime and Nighttime in Seoul, Korea
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Abstract

Although the pedestrian crash in Korea is gradually decreasing, it is still high compared to major developed countries.
The pedestrian crash is known to be more dangerous in the nighttime than in the daytime. However, there have been few
studies on factors affecting the severity of pedestrian crash at various times including daytime and nighttime. Using the
data of the Traffic Accident Analysis System (TAAS) from 2015 to 2017, this study analyzed 16,650 observations including
8,265 cases of daytime accidents and 8,385 cases of nighttime accidents. This study examines the factors affecting the
severity of pedestrian crash during the daytime and nighttime and provides policy implications for pedestrian safety. Anal-
ysis results from logistic regression models confirmed that conventional variables such as demographic characteristics,
weather, and population density showed expected outcomes. In particular, the youth and the elderly drivers are more likely
to be associated with the severity of pedestrian crash. In addition, traffic density is strongly associated with the severity
of pedestrian crash. This outcome indicates that traffic volume and speed are crucial factors to the severity of pedestrian
crash. This study also identified disparate physical factors that affect pedestrian crash severity between the daytime and
nighttime. Road characteristics such as one-way below two lanes, exclusive median bus lane crosswalk showed strong
associations with the severity of pedestrian crash. Finally, this study suggested policy implications to promote pedestrian
safety.
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Figure 1. The extraction method of pedestrian crash samples
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Variable Definition Data Sources
EEES ZH0[5H0), Z4014(1) 5 o AlZE
Dependent Below slight injury(0), g(—:%ﬁit%%ﬁﬂeje:t}i;;aih
variable Above serious injury(1) P
S8R Van X BE7H SEIXICIX| 042 Whether vehicle type is van
B=Xt Truck X2 Z27t 32XIQIX| 042 Whether vehicle type is truck
- A 37t OIEAL AS7 QK| o
0|&x} Motorcycle NE S/l UEAnL TS/
Whether vehicle type is motorcycle pE2c)
AT e HAEHSKHX} SR HAEOIX| 65 (14~194: 1) WEAD EMAAH
EXN Youth driver Whether the driver is a youth (ages 14-19: 1) Traffic Accident
=g Accident . oloxix) SHAPF OI0IKIS] O18X(65K 014 1) vy el
i swr:icijvi dual Elderly driver Whether the driver is an elderly (65+ages: 1)
Ind.
var Character.  Oi{Eg24x} SUA7HORIX| o4 (4RE: 1)
Female driver Whether the driver is a female (female: 1)
e QIm|aHAY LIBHAE7 e QIQIX| O45(65A 04 1)
Elderly pedestrian Whether the pedestrian is an elderly (65+ages: 1)
(N L[aHAtZH O2I0|QIX| 452134 Ofat: 1)
Child pedestrian Whether the pedestrian is a kid (under 13 ages: 1)
714 HMERIUS) A UM GA EM(ES: 0, XIS 1) TAAS
Weather Weather (bad) Weather at the time of the accident (Good: 0, Bad: 1)
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Variable Definition Data Sources
- MEA|
5 2 AL GAQ] FF/FY, MZHTH(24A17HE 1121610 ALK HIf 50mLY 2
oMy EEs= oS IASI MO ARE RSBmOz UEY S 8P
Living pop. density at the time of the accident point Open Data Plaza
e o SHEZRE (M) MDXPE HIH 50mLf TEZE $IHE(m?)
T A Single-family housing Single-family housing use area of the accident point in 50m
S EXI0[E use buffer
Living pop.
Idensnty and 157‘00| ’_‘?(mlz) houst MDA HIH 50mL SSFE HHE(m?) BUCHK
fanf use Multi-family housing Multi-family housing use area of the accident point in 50m buffer ~ National Spatial
actor use Data Infrastructure
SAIAN(m?) AL HT 50mU ZRAIAI SIo1E(m?) Portal (NSDI)
Commercial use Commercial use area of the accident point in 50m buffer
AL AIE(M?) MDA HIf 50mL LA HHE(mM?)
Office Office area of the accident point in 50m buffer
HANRE ATLRRS 611 50mL BABRE 27 Transport operation
: . . . . nformation
Bus station Existence of bus station for the accident point in 50m buffer service (TOPIS)
Kot ADXIE HI 50mL X[sH {5 MEDSSA
Subway Existence of subway for the accident point in 50m buffer Seoul Metro
AL GAQ| FF/FY, AZHTH(24AI12HE 1123 ALLXHS| =29
nEal S '
JTLrgffEicEéZHn/ls(irtn) (DS (cH/h)/AREEA4E (km/h))2t ViewT
y Traffic density at the time of the accident point
ULESMCD(3RIZ 0K)  ARX|HQ| £27} 3RI2 049 YLEHT20| o4&
One-way Whether the road at the accident point is above 3-lanes
(above 3-lanes) one-way
=g UUSHE22AIZ 051  MTIXHO =271 2X}=2 0[5t YYSH=29| (L
A One-way Whether the road at the accident point is below 2-lanes Z7EDB
f"f‘-r' o=
Ind. (below 2-lanes) one-way Korea Transport
o oggasy  BYERM Mg sEn SRS Ot 1
PE:-B];{\?: Median strip Existence of median strip on road for the accident point Seoul Open Data
ublic trans. ~ <op A xio+ Plaza
androad  Sore LN ARAPEO] £ 27t SYHARBRIZOIR| 0}
character. bus lane Existence of exclusive median bus lane for the accident point
TIE2HBANMERIZ MIR[EO| =27t 72 B AMBRIZQIX| 0
Curbside bus lane Existence of Curbside bus lane for the accident point
ST AlD THE N S8 TR0 A LAT AL R TAAS
Crosswalk crash Whether the pedestrian accident occur on crosswalk
MEC2 WR2 NIt MEE 2 DAR0A LEH=X 6E
pommur)ity road Whether the pedestrian accident occur on community road
intersection intersect. 291008,
RYmbas= ADIHUE', 2" 3R LAFZ0| A =X 045 Korea Transport
3-way intersection Whether the pedestrian accident occur on 3-way intersection Database,
MEA| S2Hole 3%
4X| X2 ATHTHR', 'R AX| LRI 20l A L H=X] 05 Seoul Open
4-way intersection Whether the pedestrian accident occur on 4-way intersection Data Plaza
R AMIXEO =29 Xpada
No. of lanes No. of lanes at the time of the accident point
Year 2015 20150] LAisH 28Xt mEAID Pedestrian crashes in 2015
(reference: 2016) LHofl BEAISH EIBHXE T E AL . . c2asac
i 9 A7} 2017 2017'0f L5t 235X} DEAID Pedestrian crashes in 2017 A SAAAH
Year and Weekend - Traffic Accident
time (reference: Weekday) F3(0), FE(1)= 758 Weekend(0), Weekday(1) Analyg_is Ssy)stem
AA

Nighttime
(reference: Daytime)

Z2ZH0), 0RZH(1)2 2 4%} Daytime(0), Nighttime(1)
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2 A7l

7o gE dX HE st @A W4= TAAS Yo
ARl ElolE & &-838le W4E 3 BN F3(8e)
A o 022 FAERL, FAGS (IS )Y XY | 1= 74
ato] G 7E FA] oS W] AL A2 E ERIT 4 Qe E 1)
o|H & 38ttt

3o AT W EXolgo R AEIFUE(Y/
km?) Bl 95 FEY 2AGIAA, AFAA 59
EZolg ¥iE nesigle). WAl AUAFUE(Y/km’) My
£ A& G- dlolE FRel| A Algahz 20179 Al AERIHW
290 ARE &3}, A= KToA] Algdh= LTE Al
g dolgE 7IEeR ALt KT7F st AR A&9)
EAQAY, EAAH EAeh= BE AF-E E3i) o) 3T
A Qo] AR Al Gl AFAet s A 9S Wtk
FERATE AR Zqsl= Amolt), ANt o R f52et 4
FRAFE Zshe A7 Brhe A Bariso] weAt
atof le&E 7hsAdo] ks ArlE B 4 gl

AR AR dlofE 9 oFo] W& gol2017d% 14 7]
AAARE 25 7F5ehA] 9l 29, 64, 1049] U9 o€ &
7ksste] ARgateict, ®3L, 3G wlolEE aE (v /km)
50| YA} vjSEEHA 7] Y8l 5 FUE Uiro] 2 AlZE
H(hour)& L2fet A7t RIS 8ho] AAbsigict, 1
A3, AAE F53 78 223 Al (houn) & AR A
=5 A, SARpoA T FHE Edt ol f= F
Fo| FUEY F1EW 5 USSR oR At Alggo] o 2}
F ol Feal 7HYahy| wzoltt, 1 ¥ g dHoleE Haga}
AFALIL Hlo]Efe] Spatial Joing 3HIC,

Ao B2 E wet BeEo] s JAe) 54& st
7] 913 E3gA} WFARIL Point Hlo|Elo]| Buffer S0mE F3t &
7HsAdS Agste], AT A YA dize] B 4=
%A= Point H|oE 9] ¥+ ZAIE s A3ttt

th2o g Exolg W sgets dEFE(m’), 3559
(m?), A (m?), AFAEmM)S] 2= A7H R
EZE(NSDDOIA Algdhs GISHETERE ARE o|-851%it,
H5-0]5271(2018)] AollAlE= Daum Roadviews 53
2014~2016' 34 F2F 224 70| Wkt F5-& AjAste il
AL B4 AR AEAYE w2 ARZE ot 2 Ak A
At APAA T E2F S0l dia) 3d7ke] wslet Fi
Awg AASH: Al 2 Aol sk 524 84 WesE +
Z31oict, wetA] & Aks EXolE BSE 37 A AR
GISAES A E(2015.12.24., 2016.11.05., 2017.12.02. ) A= E
283lo] d5FY, 355, AN, PFAIAER B}
o] HolHE #5315t 229 AlEE GISUETEALE o]
g Aol 7)€ AEFEE AYRE o] &3] 4}, dEFET}

76 "2EAHE, M54 HM7E (2019)

Sod 223 AL shte] fie HEE FAIE O] glof,
olF 7]&9] $rtl2 L7t AN, TAFUAIEL 2
AREA AT ANF LAYEAA, AF THYGAIA, BofjA]
AR 0] el 7HA $ ZRE SR sl 73l
3 dlojgofA] efR diEe g AR WET - s
), ol FEA BEEAH Aol Elhttp://kras.seoul.go.kr/)
& Farste] £ 4 Qe S AL, 29A] o2 &
w2 Alejste] Asigict,

& A B aFARL 21 F ] AlRA Il E24 873
A4S 15317] 918 50om HH (buffer) s 283130}, Bzt
WFARILE] 21 HolEE 243ke dlofl o]7]&: ©]471(2016)
o] Ao A = 50m HHE AL F3E Hlo[EE Ao R 24
I ARZE o, AR vt ARt FH Exjold Mg
& FA8k= ol 3ol 50m ## 7} Agtsfkal wkskgict, w2t
A Ex|o]§ W] 739- dig wime} QR 7 AEQ] 7P
AR 215 ok o2 Altsto] Jasict.

fFias W E2EY2 HARYRE A5 e diFis
At sl Bzt A AL 21 2l PYFTY R, T
2t} 59 28134 &% 89S MR A HA diFa
T FEoR AR AsPdE aefsiict. MARATL
AL 42 A wEHE ALRTOPIS)ONA AlE8h=
2016 HARTA 912 wlojEjeh A&alFFAtelA AlF2>
Askd 914 dlofElE ol83te] B & At WA E
A|olg W AT e} niRix] o] Wi o8 HHE AR A]
Aot F098}7] 913} 50m H#HE AMg3to] B Ujof EA)s}
© AY] EA o2 WaE R

E=REAY] B9 AEFURE(H/km) et AFFH =2 (37
2 o4, 222 o3, Fed, FIHAMEAR, 7tERH
A2AgaR dR e Al A wAlR, 3R WALE, 4|1
Az, AR AR A Haee AL A B2 54
o|7]ef, AL 2|32} 54& T2 Hhgsiictal & 4= ek

WFUE(H/km) W A=A aFugole d+
&(ViewT)2] dlo[8E B85t A7k ARt A7t o] ngaf
(H/h)3} A8t (km/h)oll izt dloJElE 8131, ol &
ol g3to] WFF(/h)E AP S (km/h)E Wro] AFE3)
At & HojEE B2 oA T UELR ', ‘='o AR
tto 2 S5 dlojeo]7]of ARl e it A= 5
3k dlll AI7E Ak, wekA ol & Ate] EAENE W'
oF' =8 AR 7P 2 ol froltt

R F A AF OB A (ViewT)= 20159 =7}
AeoflA] =31€ 4,5701 79 o] FH R Hlo|EE 7Hke R Flof
A L2 HAAS 7IEoR FHNTHN A ST glo]
EE 53710 i AR S AlEd 4= ok, 253 (/b7
g B4 (km/h) HolE e 5304 £, ARIHEE 257}



MEA| F=- 0t AIZHH 2K} nEAD HZE 201 Hlw 24

TEEo] lo] AFARLe] WA A7) (FF/F, AR Azt
t)ell @3=of Hlo|e & 1538 4= L3l

3RAR wEFT AFHAEEE AT UHE BA0)7)e o
T ReE RE et H 7H WA EAIZEEAske] Ao
Q77 HAYE 70l Aok, Wb B AT 1A SRR
3 FF(/h) AF B4 (km/h) BEE LEFolE9
WEY, 45 Uk FAPE At REF HLE SR e
o} FUE(H/km)E T-3t0] EA41-& 2P May, 1990).

theo 2 YT RERGAE o), 2212 o]3)), FEe,
FTANAAGAR, 7IR2HHAREAIR, JURE ALl B
2 AR, 3R AR, 42 WA, LR AR B2 a0l
et BEe Exjolg 9 Eeld 7 a1t FUH 201549,
20164, 2017419] ARE EHs] 453190 ol w7klE
DB(KTDB)IA Algah= 20164120154 715), 201790164
71%8), 2018920174 71%) =2 dlolelE o]83te] i},
=7LEDBAA AlFdhe =2 dlolgE AR dEds
B, T, FYHALEAR, 7R H AL AR, A4S
S, =20 B84 &4 dizt R/ A it 3 diofE=
Bz} wEARLe] A7k 991E sk Hlof Wasteet A
Zslgl7) ol R 3319t

OF PSP o] 79 322 oAl s} 22}
Z o]l AT HERF HeEjsle] bR 153l dEE
P A AR} BE5ER, AR, Aodz 53t
2 3R oo g2t YA} 722 3P 7|1 Qe
L& J23 RAR W iFA AR AU B2 T8 AAH
o] QL= 2212 ]3] R FOoR o|Fo|A Qi o] ARE F
NE e ol frs W8-89 A2 Frof ulet HPAE0] w2 e
& Awet 7ol 27| wio|ct, ZAEA oA At wE--
AA ARS}; A-te] Ay &4 W S gete] digh WE-2
et SFA ] PYSH(FEAR, SeeR)T o=
o] hEY(ed 2, I3 2) 22 A= 71 W2 IEE
PR Lol §asy wFALY Fo S anrt
o9 F2 ARG og Frpka QIrHZAFAE 2, 2010), ¥HH
F A5 sgsh= FAMRS} AR W LEH Aol
Ae B2 52 FUYTS v2e gAY 9184l gl
£ A7 42 Hie] $7HE WAL e dUE YRR E EE
HH|2l A2 5 7|50 3R o HA 2 5 ZH Y FS-
o} 222 o|HAANR T Y Z4$-2 o] ¥R digist
et chyo® Yuhr i ALl #ig] 9 TAAS HloJg|e) A4
5 Bg3lo] ALh AR Ao FuE ol fo) 9l AR
7F o™ 0, Slod 12 XAt ©GR 533t

YR AR E Y& ‘2 4520 dolgrt 458 w7k
SDBO w29 Ajre} del AgA| AA w27F AN gA Qs
20169 AjF4DB =827 AR E ol§8le] 75319t o] ¥

€ AT YR, B Wgs RS VE0R 4ot olF
Point® FE3Ion =, = Te|7)e] o] Atz P22 A9
Pk, & At A oldER AuAR] A 2= A
279 (30) A 712 UAE Farste], ARE=2(30+1%)
A7 o] A ao] F& 3FE 12~15m) VTS 312iaiqict,

3A AR, 42| W2ALR HpE F/REDRY B2 7]E
o2 HolEE 53t AR} nR| o Ao R =
2o} w7t g FEE AR Points FE3RAL o]
BufferS ©]-83o] 513t AR Ao E vl=A] A9 a2}
25 0.05mile(%F 80m), EA] HAZE 0.02mile(%F 30m)Z 2]
Zate] HA3E A 7E AcHGreen and Agent, 2003), 12|11 A
SAS =, ' fiAle] nARE R FAS 5071 5
&, A AlE SAUL wjoll Fetgko] 30m HrE F4bE
k. wEha] 2 s W2, 2 9A1Y) AR Buffers
30m3E )AL B4 Aegatgict? 7t o8 AP wat
2, 2231 37 WAR, 44| WAR WE 5T glof QGIsel
A AR 7} obgote aapRtal QAR Fito] dhsfA] 42t
O 8 $AE AYsto, HlolEF & v AUsHA 48kt

npxuko g A W AIZHESE 20154, 20164, 20174 ¢n)
Bt 5/, F/oRE WiSE ANl B e A
A B3R} WFARLE] ARAL HZHeo] iRt A=td 2o} tEof
FTLOR QA FHol g2 FFH, o7kR A FHo| & F
o) ZjojE Alofslal npAto R i AtoA FFH R ¢l
A} 3R F2H/ ok Aol & AJofs}7] fisto] ARGSHItE,

2, gy YHE

B Ae] FEHE dAolsHo)e Tl (DR st
HFE dojgolt. FEU7L WEYY o] AR & Qe
WHES 2AAY A 0] diEAoltt, RAAE 39EY
2 W5 HolE7t 271 wf ANgBhs o1 2A14E 3
A3, 37 o3 W) ARSShs &AM ALY AT TR}
RALHE HHRA R =] Ut

B A7 e BAdolsHo)e S Nes H4H
7100 A FAHAIAL, A, B4 AP R F R TR 2R
Eo} A3iet. wekA WE7E o2 Y of ARgShe AR 24
28 M-S T 4 vk 29 B3R aSARL A
=Rl AL, A, $8 ARPE Be] RlitofA] g
Aolg Hol &MY RAAE RGOl oy 22| AE 3
2L AehA] o2 A0 bt

whEbA] & A SR} S 73eIsH0)E FaL, F4
T AREE SOV NERE 72 ¥ ol 2A4H g e
B 24E A o= Aa7hA] AL A4 24 ¥

2 Aol B0 go) F8E Wol7| st
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V. 24 Zat
1. 7IZ8AEN
¥ A ASEUNIA WAEHe B REALE A2

At B4 mejste] AR TRt RS TEoka
S AP A7) /R EATE he (2% (E )

8,26571, oftel WAYSH FALIL= 8,385 0]¢},

7|ZEAEA Axt, 210 73/4go18ke] ApaLzt A WAYataL
ozl St Alazt A WS e Holal 9lt,
Fole SHEAF AR =Q1uEALE AQ)SH RE WA
Z%rolske] AL vlgo] ¢ gut, BHA, ozt AjZidjoll= F4d
SAZL, =AY, wluleal, G, FR e bl FoEe
d, FYHLALAR, 7IZHANAHEAR, 47 AR § B

2 At & A-to)A] BAT Regal wFAaLe] FiE 4
= % 15k 6,650710]H, o] F 7o WHAYg ®egz} wFAalE

wigeol ) ZAfo|suTt FAPol4He] AR vl&e] 7 Uehb
A% Beld 4 9k,

B2 J|=SHEA
Table 2, Descriptive analysis

i FZt Daytime OfZ} Nighttime
% Variable HxI(100%) = =
T All(100%) BYolst Yol ZHolst 4014
Below slight  Above serious Below slight  Above serious
Fauia -0t AL A2t
Dependent  Severity of daytime and 16650 4486(26.9%) 3779 (22.7%) 4111(24.7%) 4274(25.7%)
variable nighttime
A 1797 520(289%)  516(28.7%) 364(20.3%) 397(22.1%)
812X} Truck 1462 449(30.7%)  537(36.7%) 190(13.0%) 286(19.6%)
A 0|&xt Motorcycle 1913 501(26.2%)  364(19.0%) 499(26.1%) 549(28.7%)
Zﬂ'ﬁié ; HAUSFA Youth driver 596 127213%)  111(18.6%) 160(26.8%) 198(33.2%)
ccident an
individual =SS} Elderly driver 1975 501(254%)  473(23.9%) 434(22.0%) 567(28.7%)
character. oioxixt Female driver 2204 753(34.2%)  628(28.5%) 418(19.0%)  405(18.4%)
LOIN3Xt Elderly pedestrian 3631 866(23.9%) 1473 (40.6%) 368(10.1%) 924(25.4%)
Of240[Z[3H} Child pedestrian 759 427(56.3%)  171(22.5%) 118(15.5%) 43(5.7%)
714 SHMEXIALZ) o o o o
Woather Weather (bad) 2340 403(17.2%)  339(14.5%) 738(31.5%) 860(36.8%)
HAKRA Bus station 9159 2488(27.2%)  2088(22.8%) 2236(24.4%)  2347(25.6%)
51 Subway 737 173(235%)  152(20.6%) 223(30.3%) 189(25.6%)
YLSHT2(3XIZ 0]4) o o o o
One-way (above 3-anes) 926 252(27.2%)  219(23.7%) 236(25.5%) 219(23.7%)
YUY 2 (2RI 0[5f) o 0 0 0
One-way (below 2-anes) 3432 875(25.5%)  810(23.6%) 869(25.3%) 878(25.6%)
Z0H=2|r Median strip 3522 866(24.6%)  708(20.1%) 938(26.6%)  1010(28.7%)
tEus & SUHATERZ o o N 0
coex S lLaive median bus lane 2493 501(23.7%)  556(22.3%) 589(23.6%) 757(30.4%)
Public trans. N
droad | JIREHATERR N N % %
iﬂarﬁet Cirteide s o 1649 429(26.0%)  307(18.6%) 412(25.0%) 501(30.4%)
%BE y\an o o o 9
S sswalkorash 3028 781(258%) 663 (21.9%) 745(24.6%) 839(27.7%)
MEe 2 WXt o o 0 o
Community road intersection 5973 1672(263%)  1404(23.5%) 1457(24.4%)  1540(25.8%)
le Ejl'g 0, 0, 0, 0,
3 way intersection 1421 371(26.1%)  324(22.8%) 360(25.3%) 366(25.8%)
4%| uAtE 1481 374(253%)  291(19.6%) 414(280%)  402(27.1%)

4-way intersection

CHS THOIX|of Al

78 "IEAE, M54H H7E (2019)



MEBA| Z-0ZF AIZICH B3K TEAIT A2t 201 H|m 24

FZtDaytime OFZ} Nighttime
14 Variable F#(100%)
= All(100%) ZHOo[5t S0y ZHo[5t Yol
Below slight  Above serious Below slight  Above serious
2015 6206 1653(26.6%)  1423(22.9%) 1535(24.7%)  1595(25.7%)
Year 2016 5533 1499(27.1%)  1234(22.3%) 1367(24.7%)  1433(25.9%)
G H AR 9 o % ¥
Cear and time 2017 4911 1334(27.2%)  1122(22.8%) 1209(24.6%)  1246(25.4%)
ek % Weekday 12411 3517(28.3%)  3039(24.5%) 2859(23.0%)  2996(24.1%)
ee
Z9% Weekend 4239 969(22.9%) 740(17.5%) 1252(29.5%)  1278(30.1%)
H 3. 7| =EAZA(SEHL)
Table 3. Descriptive analysis (Continuous variable)
Variable Obs. Mean Std. Dev. Min. Max.
Moo (H/km?)
Living pop. density 16650 34918.5 24839.5 311.1 2517555
HEZE(mM?)
J— Single-family housing use 16650 866.6 1284.7 0.0 9253.1
EX0[8 SSFH(M?)
Living pop. density  Multi-family housing use 16660 6767.2 16526.0 0.0 3850443
and land use factor
AN (M?)
Commercial use 16650 6652.8 13070.7 0.0 402460.3
o)A
GrA() 16650 5985.0 181754 0.0 32627738
Office
IELUE(TH/m?)
T2EN Traffic density 16650 309 231 0.0 250.5
Road o
characteristics () 16650 44 20 10 14,0

No. of lanes

A& R AL UE(Y/km?) 2] HAZ 257
1,755.570] dj@ahs i 9, 2044, oFhell A&A] 7
A& i sheAlA ] AR Vet vhE Hag)k 311,18
of) BFah= A T, 00A1(4Y, oDl A&A] F& &
ol YIXgH A entg A o] AF2 2 Vet

F714 08 HESE(m?)ollA] H9HEE 9253, 1m™7} 1Ak &
A 2016610 A&A] 4] AR SRRl AoR BRI 9]
o FE5E(m?)of| A gk 387 5,944.3m’ 7} $1A|FR= Akl
A2 2015417} 2016 o] WAIGE A&A] FG B0l o5F
o A 9] Bt wFALE vepdt, FRAA ()2
HZE 409k 2,460.3m™ = 20169 9] A&A] FEET FHAHE 171]
et Aol FAR Yepton, AFAIE(m)Y Hugh 325
6,277.8m™= 20179 0]) WAITE AA] Zhe G4ks His=E &
o] BEPA WFARLE Vet S SRIF 4 ik 2F
= (d/km)2) 735 A 250,590 Aot 55, 144190 A[&A]
BE A5 FAERE TAR e vhE 2382191 0.0
2 AAIgke] 0.0235019, 3T A FF, 0140 ASEEA|
QT A 2 UE TAR el niRjute g 2449
9k 142127} YR8 3 AA| P R EollA R E

AREIIA) ololA Sl ABUER UeRt e, H4atel 14RE
HEA GAE AABOIN BREA ololA e BRYRE
Hlzalo] AgA] Fol SIAe EERe YNz o
3 7H SollA] et

2, EX|AE| 32N Za}

& A ASEEAE dPde R F/oRte] B R} aFAL
AL AARF FESH, ARl ko] g Akl EEE 71EEA
Zog RIF § RAAY SRS FE3to] £AEIGH =
A28 BHEA S T8l A0 EYHs ajlo] F7t/oRt By
A stFALLe]| w2 gkl el opi ko ofof gt FA
A= Ao F/oRto R BRdte] (& 49 (G 5y AA|
3t3ict.

222 3|7 ng o] A AL ZA AICS} Pearson HH
¥, 12]31 Hosmer-Lemeshow(HL) A4 0] Qlt}, o] - Pear-
son A8 AL SHH7L Endsd o] AR ZAY
olgial URkAo® AR Qirk, & A9 dlojg ] 4L o]
NS w= wn]s Ao giiio| Rz Hlolel Ao tof
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W2 o= HL A4WE AR HL A4l oJsha dAet 5
7k 3|3t oRgte] RAAE BHRFO] p-valueZ} 22} 0.304,
0.927, 0.751% ©l= {+2J2H8 0,055t} FA 7] wfof 53t
Al 74 12y R Agleichal AFE A, B3 Al ZE] VIF
W& 44 ALE woll 5 o149 gho] EA8HA] ot tg84l
4o EAIE= gle A o8 Vet

A QA Bz} A FARL ARl 2] FEFE vAlE 89
of theff RA|AE B]HRAE HABIHAL (R 99} ol A3}
Gk, WA ARSI = S, 3HEAL, BadeAA),
=Rl &AA, eRlufsfat, ofglo]u|ajzl} f-o)akA| Lt

SYUAReL BLEA} 22 Tl FAL: A2 BPA} wFARL
Ao glo] A SkEA} obd BEA) wFAfaL 7}
7} 114140, 1.44940 & ol By} wFARLE WA=
2o Yetytt, ol A1 Sl weh gzt agAtarh Ay
e o ARt Baat agAhrh aAE 7Hs4do] okickE A
& T U Ao}, AAR vEeAE FFol & Suv
gt Ego] S g Asial UA 27t Bazt aEAkaLe]
0] oF 40% S7FHiv= A+ 23He th(Rosekind, 2015).

T Hado] SA-she AFgel sl WSk aFARALE B
A} WFARL 7t 7o skt F/dol 4ol 1.288u) ¢ WA
ke 2 RIF 4= Qi ol HadEe] A<} w0
Qctar & 4 ?‘lq(Doherty et al., 1998; Clarke et al, 2006). ©]
O} 2 A= 10t a5 4] o3 ARt aFALE

£ AR AL 7Tt A2shche A ARt

Aozt v R eQlo] S-H3k= xhegel| digiAE vl
g AnE 2o} =919] A9-olle H4E(0R = 1.288)3 H|S:
e 1221009 o' o E Aol vl Fdoldel B
YA} WFALE o WA= AoR vy}, 3t Bzt
WFARLE Fohz el o AR thel vls] 7Z/dolste] Akl
Hp FAolde] AlLE 3 7Rs/dol 2,617 2 A o= UEt
W}, AAF R =Q15S AT B glo] Yo7t 555
AZRIA S (A )T BESAIRE 5 ARLE AT & A= &
o] ZEFtAL AA7F k= AsiHAl -2 E o] ulsfo] Fofs]
A7) whEoe BIchuEe 2, 2010). ojolu]sfate] 7S-,
AA Aol A TR, ‘R'o] e iAo A] ARaLe] HzHdo] W
A vebgtt, o= &, =eh 22 F4E o] 88 o] B3z}
7} &R 7971 difolal o5 gol 7]&0)7] el A
o7 HE,

2o AEAFUE 9 EX|o]gola Aelu=(y/
km?), GEFH(m’), TAFAAE(mY)o] Fog A7t U
& 1% 4= Qlek, AFJIFUE(Y/km’) 4= Odds Ratio
ko] 0.999% F(-)9 WS 7HAl= A oE Uyt o= A%
AT} 3ol Afgo] A3 &3y8HA] Hof AfaL A B
A} ALY HALTt Holx= A& Sjuljitt, 0]7]&- o]

80 "=EAHE, M54 X7 (2019)

471(2016)2] A2} Guerra et al.(2019)2] Ao A= Q4
w7t ERRE Aol A AfaLe] HzHdo] Rolrl= fARE ARHE
ASRE ARY7E ek, 9EFE(m?) 2] 4-9-ell = Odds Ratio #tol
0.99% H(-)2] W o5t Lepdtt, o= g=d &
#] o] ‘djz'et ‘Riof A WAYSH= B} AFALIL Akl AZHgol
Wohz oujojt}, dEFE 24 FAA] LA E27t B3]
ufizol] 2pFe] &b w2 z] ofoh Afalzh WAE 79- Byt
WFARLEY] HZAwrE @ A0 R & = Aok, E=3 RIAEA
A(m®)= "RIZIAE 232} AL Azteet 1(-)] BAS
7 Ao Ve, FAAEAELE AT A 9S HEshe
MRSl Bal AE WEI 28 A Fol, o) A=
(B/km’)2t FU3HA 47 A HU4E AfaLe] AzHdo] ot
A= AR 34T 4= Qi

dFiE U E254A s 25 UE(H/km), dYEH =R
QA= ojah)e}, FYEE N, TYHALAEAR, JIRE AR
R AA27F fo3t A7 B, WA ngU=
(OR=0.993)7} §(-)9] WaFo = fojatA Aapt 2 AL
A &= ), wFFo|EB| HEY Ukel £7t AR Hhijg)
WAE 2= A& 3RIF & 2™ (May, 1990), o1& 3l 3lF
A3 0] apg Wizof thgh A} A gt eo] digt A4S F
Aol & 4= Qi REUE(H/km)E 8= 415 2 Fa)E
AR SRS /h)]o] 1€ Aol A ErghRb
& (km/h)lE AaA719 HFA o R F U (H/km)7t
Bt HER, AFPAEEE B 2 B AL aFAL
18] HzHdo] A wolrhal A E 4= Qlrt, ol= vhA] e
5t Zpgo] ol URE A HoflA] ko] £t Zol54E B
3L AFARLE] ARAL A2/ o] R RolHirh= 2 oulgitt,

PR =RQAE ofah)ol| A WS ARaLe] - F7H Al
ZHloll sl A4 o]@of| A WA HaPa} AFAaLe] 1.1654)
FEOR TN} B aFgAhL WA Ao R Yepd
o YT ERQAR olFh)z E& Fo] wl$- Fof EHFA
2} 2pgo] Qlow SRR Aol WAste] gt Afalrt Ay
4 ok, E=3E wAR ff 15 ARl E AU Y EdER
QAR olgh)e] 9= st A3 A, -3 As7] HelsHA
TR0l ERo|t}, o] HiH O R AL/l JUREE o) §
8t7] aliAl A o' Ao sl mRo|7]of BRI} e2
o =&E7] U 43, & AYFR LR/l A G Bt
A Fol HelElo] QlA] 92 Sto] Wol Hayzte] qhAo] 9i¥
WAL Qi

T 9 - ¢l Wiet Blad of Odds Ratio €Ol
0.9065 iRt} ol2jdt Ail= QHHAAe] shuREA AxE
TN AS o Tl AL E SHES 9.4% E01F
T U YuRit, tEor FPuAH AR - At
HeP7} wFARLTH RS 7o) S AH AR A WA
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H 4, 2X|AE 3| HZAM ZIHFH| Al7ICH)
Table 4. Result of logistic regression (All time)

Bt DEAMDT MZT(H) AlZH)

¥4 Variable Severity of ped. crash (All time)
odds ratio coef. z
&84t Van 1.138** 0.129 2.39
SHE At Truck 1.434%* 0.360 6.07
0|2} Motorcycle 1.024 0.024 0.43
AN S .
Accident and HAERHX Youth driver 1.256** 0.228 2.45
icnhd;\r/;dcl::'ristics L-QISFIX} Elderly driver 1.213%% 0.193 3.85
HA2FXL Female driver 1.053 0.052 1.05
= QIm|aHXt Elderly pedestrian 2.600%+* 0.956 23.29
o{2l0|m|ah At Child pedestrian 0.562%* -0.576 -6.80
7|4 Weather SM|(EX|ZE) Weather (bad) 1.073 0.070 1.51
MO (BH/km?) Living pop. density 0.999*** -3.5e-06 -4.82
MEOIRAIE 3l £X/0[2 =78 (m?) Single-family housing use 0.999* -2.4e-05 -1.66
Living pop. density SSZE(m? Multi-family housing use 1.000 5.5e-07 0.55
andland use factor "o o1k () Commercial use 0.999** 41606 307
YFAIA(m?) Office 0.999 -1.9e-07 -0.21
HAZZE Bus station 0.963 -0.038 -1.13
X5 Subway 0.960 -0.040 -0.51
WEUE(C/km) Traffic density 0.993*** -0.007 -8.03
USSI=2(3XI2 0|A) One-way (above 3-lanes) 0.985 -0.015 -0.20
QdtEslic: 2(2X}2 05}) One-way (below 2-lanes) 1.166%** 0.153 3.40
EDE 9 c2EN SYE2[0i Median strip 0.929% -0.073 -1.74
Public trans. and SYHATERZ Exclusive median bus lane 1.2271%+* 0.200 3.85
road character. JIZHHIAMEAIZ Curbside bus lane 1037 0.036 063
22 e A Crosswalk crash 1.100%* 0.095 2.27
MEC2 WRFZ2 Community road intersection 1.048 0.047 1.28
3%| A2 3-way intersection 0.968 -0.033 -0.55
4X| IXIZ 4-way intersection 0.910 -0.094 -1.59
AH44= No. of lanes 1.096%* 0.091 8.94
Year (reference: 2016) 201 1018 el 045
o4 9l Azt 2017 1.007 0.006 0.16
Year and time Weekend (reference: Weekday) 0.915% -0.089 -2.38
Nighttime (reference: Daytime) 1.2071%* 0.183 5.05
Constant 0.621%* -0.476 -6.48
Obs. 16650
Hosmer-Lemeshow (HL)_chi® 9.48
Prob>chi (HL) 0.304
Log_likelihood -10995.90
AIC 22055.80
BIC 22302.84

*p<0.1, *p<0.05, **p<0.01
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812 oF2- B3Pz} wEARLECH 1 2218) A ehd AL elE
T A%}, FYHAEEAR Y ARl H o] & o= FY
HARGAE 7S vl w8 T ¥IjsH dojul=
FoEda Aye Belo] glrkal ErkEMA, 2016; &5
o271, 2018). Eg, FTUHAHEAIRE o] §3h= B4 i,
FTANEREAE LA A AT BTl A= Azt
E 4 Qo thgo & R eAtollA HAsHs Bega} agAkal
£ F9EET} opd A AofA] AR Hegat wFAbaLe] B3]
LA A 2RgE Bz} At WAsh= 2o ' vebdtt,
npAU O & 247 B R UGS 2R AR} 1.096u] At
o sk ake] gl AS FR1E 4= ol

Ao R Ak 9 Ao R FUWEA: F£5)1} oRHEA:
) A AL I AR AR 4 BAE BAoR
TR #igpolt}, WA 53 Tl JlojA] Hazt wFAkaLe]
AZHAL- Fate] 0,9152] Odds Ratio 22 f-2)3t 235 |
ehfjo] o] B 4zt WA Yehuds 2 ER1E 4 U
th, ol FFH; FHof| /ol B3R Akt E $E0)
8.5% 4= AL oujgit}, o= B s4etd TR
QIgE F8o] W FFol, o7t= QIjt F3Po] W FHEL} A
I AHZAA0] H 5-S ojmidit,

FhH | F7he o) ofzke] Haa} wEAbAL AZbe Odds Ratio
kol 1.201% yreh ofzbo] F7kR ) 12014 5 AR e}
U ofZh B3R wFAkaLe] o] & Ao eyttt otk Al
Zri7h =20 AP R AR 2Hd0] & o] fii= ot A
o= AhF FaTo] Ao Fasdsly] i, AR} At
AlQ1do] WobA ARaL A] ¥hg&1er} 2)7] izl Ao dth
e},

3. ZX|AE] 3|72 ZaKF-0kzZh

o HA ez}l wFARL RS ) oI R
ol FASIAHEE 5)). AA ARNEEA T s8] F9=
T B 11978 ROt Avkg Bl ol SEAE
Qe WS HaPA}F iFgAILe] HZMe ok AR R 5
ZH AR Sk SRAbe] St o] 9= AR 3
A ek, vbd SREAe] A9 ) ogE Adglo] B of
L4¥f} 02 A%t Ba} wFAU s AR v
gt

B QA Azt A folRt AvkE BAAT F
¥} ofzk B ol A= ofZk AlZbeollgt 1.24u 9] -o)7t Ak
Hojz Ao yepdt, ol= F4uEo] ety A
EA= Alzko] ozt AlZkdje]7] wiZola} Hei s Ak
o WA= &, S5 Fol Yol B 4 Ak &
HEEE- Y- 2011).

82 "=EAE, M54 H7E (2019)

Rl AR ] 79 71} ot Y R {013t AE Kol
A9k of7ke] 913 Ado] 1.287u= Fto]l WAYSH= 1.136uR Xt
o §gs Zog vehdt, ol =919 AlLEoiArt =)
A3} FAlo] ofzhe] 1=l B ey} wFARIL 7k ¢ 3
AL olngict, elulsjrie} ofoluslzte] 7= HA| Azt
oS4} v wate] 24 o ol gl At &=l

o ® AU W Ex|o]goA] Al =(g/
km?)3 SEFE(m’) 283 FAPFAH(mY)o] feldt W
2 =EEQt WA AEAFUE(Y/kmd)E - oRE BE
0.999% H5 K(-)o] Wake 7Hx = A o& Ve Ag, Alg g
o] A4S ne3HAH 7k AR ok AlZkcell A gl
FUE7 2 AGULE AL A 23§ A vehhes
A& 31T 4= Qi

HEF8(m?) 9] A$- F7HOR =0,999) AlZFholgh H(-)]
o fofatA vehgon, THUYFAIL (M) B9 oftt
(OR=0.999) AlZFehollg F(-)2] gho= f-oJHA viebyet, ©
E5E ZABA WHe7E 24 otk Alztdjef thEA] U
ERHE o] f= el €R1o] & 4= 9U7] wiiel) 35 Aol A
FAZH o AbwE W e} et

7Vdol A R 2] 9= AA Azt ] ATl frelshA] ¢
< ANE =&E0A 2eu F0a ozt BYo R Wil
o, ozt oA F7t FA) oFS off B wEARL A2t
71,1084 328 A& vpepydtt, oot 22 ATk okt AlZi)
AE AlQldo] vhwbdat Aol dHukA] 2] ofoH FAolAt
O] Akt Ala e 7o) ol nijit,

HFnE W E2EAA FUE(H/km)e] 7S AA| A7t
e} 7k A7kl 2]l ofzk AjZhe R R glo] FUe A
I Hol= AR Yepyt, gt 270 AIZHH(OR =0.995)%
o} oRZE AIZHH(OR =0.991)0l] 35 U=} 358 A ol A] Hata}
FE Zhad g2 At o 34 Yehhs A& #RIEI
o g AUEPERQAR ofah)e AL 7t Azt
1.1964 & 42kt AR E AN 4= ok Aapp Ui,
ZE Aol SR QAR oJshellA Fdol i Azt AL
27h o A HAERE o]z 2A1R o3k F& dWNER LR
oA BT} BA9t AR f AFFHERe| o] Al
3 YR e 9 Royy £4) gl 2o wrhEd

FANAAGAR O] 79- AA| At} HEe] FF AlTke}
ofzb Azt mF foldt AE BRI, FH Azt
(OR =1.165)3t} oZF AIZHH(OR = 1.271)9]] ARaL AzHAde] o
2 Ao& eyt olgjet Axh= 7k Al R} ok A
o] Fgu|aAgazgA WA A&y} Foagdo R Qg
B2} AL} WA-E 7HAkAL & 4= gl

Zt2AM A GRR 0] A9 AA| A7 H4 02 {olahA
.2 koo, ofzk Alzktiel] 1.178u) ¢ Azet B} i
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B 5, 2XAE SN ZoH(F-0RF AIZICH)
Table 5. Result of logistic regreSS|on (Daytime and nighttime)

HYx} AT HZZ(F2H 2¥x aEAT A2I=(0RY

. Severity of ped. crash Severity of ped. crash
#< Variable (Daytime) (Nighttime)
odds ratio  coef. z odds ratio  coef. z
&8IXtVan 1.197% 0179 246 1.094 0.089 1.09
Sk=2x} Truck 1.440%* 0.365 494 1.477%%* 0349 345
0|ZX} Motorcycle 0948 -0.053 -0.66 1.100 0.095 1.21
Al i E4 - .
Accident and HAASTIR Youth driver 1.247 0220 1.56  1.240* 0215 172
individual L-QI2%4x} Elderly driver 1136* 0127 178 12877 0252 356
characteristics
AETX Female driver 1.072 0.069 1.08 1.039 0.038 0.49
=9ln|5{X} Elderly pedestrian 2.5077** 0919 17.65 2.788%* 1025 15.21
O{2I0|m[3HXt Child pedestrian 0.607** -0509 -5.29 0.452*%** 0794 -4.35
7|4 Weather HM(EX|S) Weather (bad) 0.993 -0.007 -0.08 1.7 0110 191
M=ol 19l (2 /km?) Living pop. density 0.999** -2.4e-06 -2.44 0.999*** -55e-06 -4.77
CIEZENM?) Si fami i * . B . . N
MEomas 9l £x0j2 CH=Z=El(m?) Single-family housing use 0.999 3.7e-05 -1.87 0.999 3.2e-06 -0.15
Living pop. density SEZE(m?) Multi-family housing use 1.000 7.7e-07 0.59 1.000 5.7e-07 0.36
| f
andland use factor ZRINYIAIAE(M?) Commercial use 0999  -2.2e06 -1.08 0.999*** -54e-06 -3.00
HFAIN(m?) Office 0.999 9.6e-07 0.69 0999  -1.2e-06 -0.93
HANZA Bus station 0.938 -0.064 -1.36 0.992 -0.008 -0.17
X[5tE Subway 1.067 0.065 0.55 0.906 -0.099 -0.92
WSY=(C/km) Traffic density 0.995%**  -0.005 -4.47 0.991%* -0.009 -6.14
U= 2(3XI2 0|4} One-way (above 3-lanes)  1.003 0.003 0.03 0.969 -0.032 -0.30
USHE 2 (242 0/6f) One-way (below 2-lanes)  1.212*** 0192 3.01 1.107 0102 160
EDE U c2EN ZYE2| Median strip 0.929 -0.074 -1.18 0.929 -0.073 -1.28
Public trans. and FYHAMEXIZ Exclusive median bus lane 1.165%* 0152 197 1.27177*% 0240 3.40
road character.
712HHAMEXIZ Curbside bus lane 0.873 -0.136 -1.57 1.178% 0164 209
glctg e AL Crosswalk crash 1.072 0.069 1.14 1.130** 0122 210
Mete2 WAFZ Community road intersection 1.084 0.081 154 1.018 0.018 035
3X| WXlZ 3-way intersection 0.972 -0.028 -0.33 0.975 -0.025 -0.29
4X| X2 4-way intersection 0.900 -0.105 -1.20 0.919 -0.084 -1.04
A4+ No. of lanes 1.075%*  0.073 483 1.108** 0102 7.28
2015 1.040 0.039 072 0.998 -0.002 -0.04
oI 9l A7t Year (reference: 2016)
Year and time 2017 1.009 0.008 0.15 1.002 0.002 0.03
Weekend (reference: Weekday) 0.863**  -0.147 -2.58 0.952 -0.049 -0.99
Constant 0618 -0.481 -4.83 0.747 -0.292 -2.96
Obs. 8265 8385
Hosmer-Lemeshow (HL)_chi? 279 11.79
Prob>chi? (HL) 0.946 0.161
Log_likelihood -5428.5 -5530.3
AIC 10919.0 11151.6
BIC 11136.7 11368.7

*p<0.1, **p<0.05, **p<0.01
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ARLE AN AL =EEQ VIR AE AR s
FTAHAHGAR(AFTTH 24417 &9)¢ F2] Fd 741
2A7HA] S3ERaL AR AT} FFH-U-L A QJtaL let, whehA] of
2t ARt o] -3Yo] FREE 7tEHHAN AR TR B
A AFARILE AL HZEe 7t 7] diigo] o) 2Rt elef ot 4
AA QL Aot A A3 o o) Aol W @ shrkal wkelth

Yo = AR AA A 2404 ARl Zde] f-2fst
A depgen, F71 ot BP0 R HokE u ozt A7kt
7o) 1,130 o= 21& BRIkt ot At o Btk
Hig 2429 AjQAdo] WobA RazolA vl 1A skt
(Polus and Katz, 1978; Olszewski et al., 2015). WEbA] oFE A]
2] FohE oA o] A]Q1YE S| Slafl 24 R
S Z-e 227 g skl wekE

AA=0] 78- A AZEet HEo] F7F AIZFH(OR = 1.075)
oF ozh AIZH(OR = 1.108) W25 2R USRS A9 Alart
o WS 2R Ueiyy, 53 o] 49 Fue] 27t
AlZtehel] A= o 75 B(OR =0.863) e 830 W
T T Aol ol ARt ARt gol WA¥sh=
A& o Qlk

& A 5 o HaAE iEARILe] A2 891 EA3]
9130 2015~20174) A2A] HEPA} AFARLE PR BAA
g SRS Al 2AAY 92 A0S wigeR
- oRgte] Hagal wFARIL H2teo] & vlA= 820E AN
Ha ohe 2 AR YA S =ES

AR, WA 08 A7} e Alo] AFgE SAsHAY &
2 ApLE g o) 2Rt AL WA 7Rs Aol ik etk
ARLE S 4= Qlek, o) 7 YR} ofzk molA vlErt |
EoME AR Yehdth, =52 ofzhel AR tigh AJlA
o] FA| AL, AR I A dAS T = A 5 olfr =
AR BYA} wgARaLe] Zhsfat wsjabrt 2 7hsAgel
ujeha 317 AR 17 HYAE et wEehd st o
B2t ofzk AZbeh o] chgh mF A 738} 52 o]
Pasich, AHHORE 1Y FAANE dFoR WS E AAL
A AL 5& T =E0] ASH R LHF 5= Y=t
& B7RelE L WS Z3Alshe Al g 7kt Wast gl

QO] 49 19987 P & AR 13l Qs
oA AeFE A&H R whdsHA Sk Al=E &gt e
o, o]2jdt NP2 LAAY uid YL UAR 1A L A
39t R QR APRAL 5 Fole dlof =Rl He Aer Y

84 r=EXE, M54 M7 (2019)

et REAFTRAAAE TAASOA Algshs FAH| L
TAASE] & OECD 7 A=g sk U Wi 654 o)
AREAL 4271 19981 3,856, 20064 3,307, 201641 2,645'8
o7 Azt A% RS AT & Uk, Syt E FAR
ol 2018 7EHE 654 ol =S R SHHEE A+
A ¥hgabd wEHlE AFlTE AYE AAEHHEA =9 &4
Aol it A2 E sfal glom, o] - o] HAA o R o
Sf=]ojof 3 Wart Qokal Eof, 3 A7 H o i AF
o] A-g3t=]o] o] FA AlulA7E FFE - ALY &4 8
& o= A A% = 9 AR woEy AF FHAuA
© =50l fFRFE o8| f3l olFshs AlIhE EoiF
oA 1=QiE0] E& ki A7 AAE AT £ Q7)o =2 1)
BRZ2) ARaL oo rego] Hejet T

A, QA AEL oft AjZtdjol| B3R} aFAILE
BN Z$- Aare] o] w8 AFE Bld 59 M4
WUE2 Th 1640 " E T & Y ol &XF &4 vlR3ko] F
AHIA TS 283 JllE 7} v]2Y A 5-& o] gA &4
ol k=EFd 4 Aot olof whet e-Ao] migdt A 42}
of o3t Bz} wFALTL o AR @A 7HsAdo] Qlet, ol
g 24 A AE Asire @Al 2A Al AHo] ad 4= Q)
on FAUSNA BY&AAe] 5 AAR SAE 5= A
3t 2ARSAHS A 55 1T Yart JrHAY S - &9
2, 2011).

AR, 74 ofgt A7 1 glo] P HURET} olAE AL
18] HzHdo] AgtEE Al® et iFUEE dEFol
£ gt 3FFE £E2 e Ho]7] giie] i) B
FoA HieF Fole AAS A& 739 AaLe] 42Hdo] Askd
4 A2 9ujgtct, A2AE 20184 6% AEF0] B E4l9
AARt T2 R0 A ZHAER HZEE AJE 60kmolA] Al
% 50kmE 31 24 8Ll ol B3P} wEAPRARL
Ao 2 AE AT YRS, 2019). EF,
Hu&w shgrxAol digt avtel gt Aol W= R4
AFEEE A4 60kmoA A4 S0kmE 10km W5=H 2wt
BP0 FE A] AR OF 50% RE 4 A= AR Yepgtt
(YA £, 2017). olol| wet g UH Ao il £ F 23
3= AL A7 SisiA] Agetctd Baat wEAkLe] Az
wE W5 e ol A Zolet wotEd,

A, 2212 ojste] YRR R Y i T4 A7
ol Hztet Afah A s 78] Qlof olof Bajghy FjAie]
gasirtal @}, 2212 oste] UPFHLERE Birt v F
A HERE0] mRof kFE7] #& x| Hol7]of Fad, B
TR o] vf9- FoFsle] QbHgt Hayghy xAdo] vig- Fagt A
dog geher), HA 24R o]ate] AFHER Ao &4
A8} AloFs 7kl ERFAA) ElE LA SRt HAIE 7
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spelAU B o] Fab P E AR FFFALE AR
g gazt ot theo® WAR Y wFA Alelef] EREk= o
ez 79 Baage] wFH vr YPREE olf
37] 9J3te] WA o8 AR ok sh= ol LAAEE FH-
-8 43}7] QIAl & o] &3fjof sz Ao 7]of HegAte} AF
2o A o] wf9- RIM3HA dojuh= Faoct, E3F HAjt B
A} WAL WA 7o) & A F ol uel
Al A2 w50l diste] BaE ZjAe] dagtt FAlof
ARL7E WIEEHA] Yofuhs e AlASK: ke 1efd 9
27+ 9t

AR, FAHAHGRRTE s ERoA] 24 AlZidie} of
7k A7die} EAIglo] Fdol e Azt B} Akt vt
Ashe Aol e AR Uerytl sEA|g oRgh Al e] AL
I AZEE 22 ARG 68y 52 AoR SRIFI
ol FUHAAEARE AUt HAE] £ X F
PHAHEARE JFA W T A 0] Fodd et 7 2
f9lo|akar FHETHIIA, 2016; S35 0]427], 2018), $-41
AR S w92 gL 1 AUAE BA] - AR
ol W& o]t g1l $55 ol AT T3k A9t
olel, 18 QIf Akl HZtert ol 4= Qlot, EjE, FdHA
HEALRE FRoA WS Tl s BZE|RE 23
o] YAREE AUz ff FIAAEAE RS A4
gE|A Y o83t R st AR wEALLE Fek=
A5 ok S WA Azte] o} 7 o] Fo] FYHAHE
A2 AR TGS AEshr| o ufe- A@et wgide] |
ot mEkA] FAHAHEGARE o] §3h= vAd] digjA Ag:
5 GHAE 4 Qe AR A vikte] Basict, E3t $AE0 F
FHAAGAR RS AT Aot FAYTE A=dhe
P& u}7] Sl Fehddo] Brhs3t MIAE AR]sks WRtol
Pasts, Yoyt 53y ARAEG He2g FAE A=
A& neg Yat 9ot

oA, e Al ozt AZtdjellA] Azet Beyt wE
ARL7E AR o] e Ao Ut oft A7t
AREE AR ZHAA Z BolR] b7 ufie] Xl K3
e Rk &3] A, SEdt] A4 #AE de 2L
2 Belct ZAAeAE ofte] WA TR E WFALRE
HE BPAE BEEL] 93] At o] 22 TR wo] o3
7Hi|t, LED 35S AHA|5lo] Seki eitol| A A= ofzt
B2 WFARLE Bk 9l & ZIE AT dchHA
Al 2015). webA] TR e A s BaAt gAY
AR AZEE Fol7] SJalA oo 22 24 YR T SOl o
o] Y @ dhr}ar ek,

2, f712| 2lojo B

B At ASA] F- o At BagA} aFARALY] ARL 4
2t 9Q1E v 41517 918 LR aF T AEARLEA Al
2HQl TAAS AR (2015-2017)014 E3PA} wFALL glo|gE
FE0to] 240l B-gaHgict, w3, v Ak YRR AFAL
0] A ARE HADRE HAste] F-oft B3z} AL
Mg 245 Bz} PdE A% A A AAREE Alsst
3L Qlek= oA A-9] oJof7t gl shR|Tt o] 2Rt o] A}
Ao o] A B 7HA] FHAIEE 7HAI AL Qi

$A, o] Aot TV APYaE 22 AZRE B3R; alFAt
3L 8Q1E 7 of ko R Wi BAIEIGIT, HR; mFARaL
A= Abs FFA R AL AAE £o)7] S13 A7t ofd
oln| YhARE Alale] gkato AkaLe] Q13 AL 42k &) 7} Wit
o 23& FaL Qi) wahA] Ega}t AL WA A tef o
g Aelk= bl 7k Qiek, &% AR 22 w]A1A A
1ol HaP} alFApaLe] HHAIRGE ofug}l ARl HZAEE FA
of a12{¥ 4= = A+7F BRshal dr,

o8 B wgAbaLe] =EHEE HERt AJURIF b
o] 2] Aol FHAI7} QUrt,  A-FollA] ARG BRI b
O]} SKT, KT, LGE °|F0]A Q&= f-Eluzt S4IAL 715
£ % KT LTEA 1Y dio|Eghs o]-§3te] 55 d|ojg o]ty
E3E AT HlE|o]E 27 o] 79 AnPEZS] [TEA L
ol E HA IR AAFE Amo]7] WiZel| fEHETto]
opd ARltie F2A|71 o] AR o) ARt §-5 U= A
§3171¢l §HAE 71}, o)= - SKT, KT, LGEAIA] Al
4 Hlo|HE S A=t AjRo] THEofA| AL v g} FAof
A& Woll $1x1% Al 2 dlojejet dE 2ol fix|gt Al o]

£ 7 = A Hol {52 vldlofE o] #-8o] 7Hs3lA]
A 23 0] FjAlo] 7Fsd Ao R ke,

Ao R A ALAANeL Abald]sfRte] sPe Q]
ZHo| tiafA] 2tz o] REo® FAAQ HeE ar2fshA] 2s)
ek, A& 59 AL AHEAF SR BEE PAY S5
Ag A o ARLujsiaRRl Baart HEoEa] ki
FARTS WA o= ALl e & S A £ 9L
© $83% g ¥pold, ERIFTITE AFARLEAA|AE
(TAAS) dlofefollA] ALl W-8-& A H R Algal FiL UA|
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Table 6. Monthly data of sunrise and sunset
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Class Sunrise (hour) Sunset (hour)
18(Jan) 7:46 (8) 17:37(18)
28(Feb) 7:23(7) 1810 (18)
3€(Mar) 6:43(7) 18:39 (19)
48(Apr) 5:57 (6) 19:07 (19)
52 (May) 5:23(5) 19:35 (20)
6&(Jun) 510 (5) 1955 (20)
7€(Jul) 5:23 (5) 19:53 (20)
88 (Aug) 5:48 (6) 19:25(19)
9%(Sep) 6:14 (6) 18:40 (19)
10¥(0ct) 6:40 (7) 17:55(18)
11€(Nov) 712(7) 1721 (17)
128(Dec) 7:40 (8) 17:15(17)
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