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ABSTRACT
The adverse weather is known as a factor that interrupts traffic flow and causes traffic accidents
and traffic congestion by lowering visibility of drivers. Especially, in case of fog unlike any other
weather conditions, traffic accidents lead to serious accidents and the fatality of the accidents is
known to be high. This paper aims to analyze uninterrupted traffic flow characteristics under foggy
conditions among adverse weathers. The traffic volumes and speeds under foggy and normal
conditions were analyzed. Results indicated that fog with low visibility causes the most
Received 9 June 2017 insignificant reduction in traffic volumes. On the other hand, the reduction in the speeds due to
Revised 11 July 2017 low visibility was evident. In addition, the relationship between flow, speed, and density in fog
Accepted 23 August 2017 were analyzed. Analysis results showed that the fog with less than 200m visibility had clear impact

on traffic flow.
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. V5's and VD5's spot

(Fig. 1) Study area
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(Table 1) Overview of the study area

Content

National Highway 77,
study area Jayuro Gusan IC~Isanpo IC,
approximately 4.9km

number of lane

(one way) 4
traffic volume of day up stream 50,342
(veh/day) down stream 40,627
speed limit 90km/h
IC Gusan IC, Isanpo IC
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(Table 2) Analysis of fog frequency by visibility

frequency of fog Visibility(m)
(min) 1,000~500 500~400 400~300 300~200 200~100 below100 total
Jan 348 21 6 0 0 0 375
Feb 436 9 71 45 68 207 926
Mar 154 26 26 63 363 28 660
Apr 27 0 0 0 0 0 27
May 52 17 22 84 156 0 331
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(Table 3) A periods of the analysis

with fog without fog
Feb. 11, 2015(Wed) Feb. 4, 2015(Wed)
Mar. 27, 2015(Fri) Apr. 3, 2015(Fri)
Mar. 30, 2015(Mon) Apr. 6, 2015(Mon)
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(Fig. 2> Result of analysis on daily traffic pattern by foggy conditions
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(Fig. 3> Result of analysis on speed pattern by foggy conditions
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(Fig. 4) Relation of traffic volume and density
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(Table 4) Traffic volume change by density

Density(pcu/km/In)
contents
0~5 5~10 10~15 15~20 20~25
Without fog (2/4) 201 729 996 1,538 -
With fog (2/11) 193 690 960 1,318 1,557
Rate of change(%) -4 -5 -4 -14
Upstream Without fog (4/3) 182 681 985 1,514 -
traffic volume With fog (3/27) 194 674 1,001 1,541 -
(pew/h/In) Rate of change(%) 6 -1 2 2
Without fog (4/6) 193 684 995 1,584 1,768
With fog (3/30) 178 687 979 1,553 1,756
Rate of change(%) -8 0 2 -2 -1
Without fog (2/4) 148 600 908 - -
With fog (2/11) 141 584 897 -
Downstream Rate of change(%) -5 3 -1 -
traffic volutne Without fog (4/6 140 606 9021 1,258
(peu/hyIn) ithout fog (4/%) : -
With fog (3/30) 150 595 927 1,304
Rate of change(%) 7 -2 1 4
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Density(pcu/km/In)
contents
0~5 5~10 10~15 15~20 20~25
Without fog (4/6) 155 607 927 - -
With fog (3/30) 150 602 914 -
Rate of change(%) -3 -1 -1 -
<Table 4> Sl YA v Y] wFF WMslE Hx FFHEE E48 Aotk WA ) LAY

29 1199 B4 Az ol A A U% 28 w5 F Hils A3 4~14%, 39 3~5% TAR JeRdoh
£3], 7FAE 200m 0|31 5ol 4 14%, 3 6% At Q) v FALF} 3 2folE R
29 1Yol = Ho wFge] dAste oA HAFARI A 7FAAE 200m ©]3ke] 7 BAYE S5
I3 B=rt F7hskeE Ao E Yeigth mebA, 4 wE T sied bl v #AY T AR Y
E BASIAS W ) A A wE o] Hastd o, Ao YR} 20~25pew/kmy/ln
7vstal Aol EFol 1,557peu/hinZ Fadhs ASZ EAEATE 39 2799 A, x4
N Y A EE 4%3 wWEFFo] ozt ZHASHA G <Table 4>l A= nFHo] F7lete Aoz
Bt o= 7HAIAE 200m o8] FES7E ZFAIAE 1,000m ©]/Fe] FEFET FiH o g ol Hitgk
o] 3EE ALRE fFFHATE v ORE 39 3099 A, W B Al UE £ uFE WHile Y
0-8% 72, 3H8) 1-3% 4= Yepdth 29 1193 v 2 7FA A 200m o]k A5-oll= 338 8%,
shal) 3% 7hAste] Sl B WAL FEG AfolE HRITh
ANg THANEA, FY& 71E0Z 2¢9 1199 A, o4 AFA 7FAAE 200m o]3ke] A7} A
skl W& 20~25peu/km/ln 4] aLF o] 7HASATE 39 2799 A5, ARl 7HA A2 200m ©]
3le] Q7 HAYSte] W= O0~5peu/km/ln FEoN A nFFo] ZASHTE 3€ 3049 A9, 24 HAFAL of
d AR F2 7R A 200m ©]dke] 7 B o oK HFAlde EHTT 7}/\17%11 200m
ole] 7 WA St WE 20~25peu/km/ln FEANA wFFo] AA WML gle AL FHh
E}EW HAjusF ¥ W=7} Aol % AL N7 A /\lﬂﬂM mma Tl l w}% X}OI a
BAEY & uEE =
—7}0}1 A wFF @m}aaxlw 7}A174ﬂ 200m ©]/de] Sk} H“@FL 735 AEH 15 9 HAuzs
o & x}°l7} R AoE AU =3, wFao] H2 AFAIzE o] 200m N7 RS HE £
WEFO| LASIAT wEFo] B ARG JujF oz o)} HE oz YR

A8tz stk <Fig. 5> 7 AL 9] THAA
yehdch 29 1199 A$, A 15F 43 200~1,800pcu/h/ln, 543
100~700pcu/hjin® = <AA7F HAYS Ao = FerAT) ) dAY Y v HAYY £ wFHF BAVE FH
g zpolE Kol 3t 2 422 800~1,800pcu/hyln, 3+38 200~600pcu/h/ln +F O 2 7HAI 72 200m
=t}
)3y

o
>,
0%
FJ
i

WA 200m ©lske] QBN A Ao &7t FA3] Hadhe A
o7 urEMI:} 39 2799 ¢ A3 15 F F 0~1,000pcu/h/ln, 3+ 0~350pcu/hyin® w <HA7} A
Ao otent Q) EAY I v WYL £x-alsF FATE FHE Aol E Hole e wEF TF
oF 0~400pcu/h/In©. =, 7FAAE] 200m ©]3ke] Af7F HAYSE Ao 2 YERdT.

»
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(Fig. 5> Relation of speed and traffic volume

39 27%99] A5 Adl 7 B He 1HT o wEEF FFEo] e w ) v #AL I Zfolvt
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(Table 5) Speed change by traffic volume

Traffic volume(pcu/h/In)
(peu/hyln) 0~ 200~ | 400~ | 600~ | 800~ | 1,000~ | 1,200~ | 1,400~ | 1,600~
200 400 600 800 1,000 1,200 1,400 1,600 1,800
Without fog
89 90 89 89 89 89 90 90 89
2/4)
With fog
Q1 89 90 89 89 87 84 77 74 72
Rate of change(%) 0 0 -1 -1 2 -5 -14 -17 -19
Wi fi
ithout fog 88 88 87 87 87 87 89 88 88
Upstream @3)
speed With fog
86 88 89 88 87 87 89 89 88
(kmy/h) (3/27)
Rate of change(%) -1 0 2 1 0 0 0 1 0
Without fog
87 89 87 87 87 87 88 88 86
(4/6)
With fog
(3/30) 83 86 86 87 87 87 89 85 84
Rate of change(%) -4 -3 -1 -1 0 0 1 -4 2
Without fog
81 82 82 81 81 79 - - -
(2/4)
With fog
Q1) 80 78 78 80 80 79 - - -
Rate of change(%) 0 -4 -5 -2 0 0 - - -
Wi
ithout fog 80 83 83 83 82 82 81 - -
Downstream @/3)
speed With fog
79 82 82 82 82 81 80 - -
(km/h) (3/27)
Rate of change(%) -1 2 -1 -1 0 0 -1 - -
Without fog
82 83 83 83 83 82 - - -
(4/6)
With fog
(3/30) 78 81 83 83 83 82 - - -
Rate of change(%) -5 -3 -1 0 0 0 - - -
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(Table 6) Method of the T-test

Contents Verification variable(traffic volume, speed)
Group 1 With fog
(without, VD > 1,000m) Without fog
Group 2 With fog
(light fog, 200m < VD < 1,000m) Without fog
Group 3 With fog
(dense fog, VD < 200m) Without fog
Arbas) dgse Best 2

HO(AF71H) « ol &gl
HI(HHE7H) « o) &gl

37} ok

Hat gitka @ 4 gk

>

(O ¥

hE WEY &=
hE WEY &=

>

=
of
o
3
)
_?L
of

A 7% Az, hEe] fe)5zo] 005 o402 e} fRel WAL LE
Geha 39 279 sHale] @ bl Al Al frolfEe] 00042 EEH e, of

% Walh gl o=

L EEY NEE gl A e AL dgdel @e ol e BEST A7) MRl Ao B
Atk Sxol @ $AL A3 A3k, D W WS frolsEe] BEF 005 ok et AT/HES
F2kstel Qo) Hl MU S40] debA Ao Uehth € izt BAR = e BF 4
oj4Eo] 005 ol$H2 Ueht £E Wabh gl Aos Uehdth bl ] BAelE A, S ZF g
G0l 005 o402 UEht £5 WE7E gl 20 AR, old Ak ik wAsY e
222 94 AR $EE 4

FAIZITE Oh(2005)2] HEZAF Aol gk =3 7FAIAR Y}
3atel 5 Fagol A Sk oz dodn:

0

=

e
o

200m olstd 73 +RAT} }

iy I
N A W] L] wEFH &£ AjolE TAXNCE HFH A, wEFE Wt A gle
il A A W37 e, £3] 7FAAE7E 200m o)t - FEE WEis)

Ao® et £ ) B
) 7
pos

104 QTSR =27 TH163, M42(20174 8K)



o Mo

FF A7

)

K
)

Z2

_MO_

RS

A&

o

el

A

WME 2RAe] A9
WFARILE o]ojF ThsA ol

Bo
oH
il
E]

o
xr
guid

wr

EoRts

R RMEES
al

ttest £4S 53 FAFOZ

L

fu

st} AAANT HESE S50}

° 2 Yegt &5 A AE 100~200mel A$- ¢F 5~15% 4, 7}A1 A2 100m ©|

S

bl WEY 52 9 AIAY SE o

ate] ) LA Aol

S

g

BT BT A3 A Gl e

L

folAl 4= 72 B4o] 3
L

o

28ty th £3), 7k A8 200m ©]

]_

bt a5

5] 7HA1 72 200m ©]
gl oot vt & A7 A

9

E
=

b

[

o,

3

o

AdTe FEuEte] AA =2 ] Aol Zut 7N AY gl w

3lol] 7)o
A Zra

[e]
=k
R

=

3

A

o

z:yl_

b, 6 vt ez <l

9

P

A

AT

=
-

p=h
=

o A
h

o

=

=

3= 7|

SHA T B AFoA = B2 7|5

S

xr
i

. R

1

g

105

stz

S

REFERENCES

The Journal of The Korea Institute of Intelligent Transport Systems

ACKNOWLEDGEMENTS

conditions and two speeds tested with a driving simulator,” Accident Analysis and Prevention,

and Prediction of Reduced Visibility Events on Florida’s Highways,” University of Central
vol. 39, pp.106-116.

Florida Report.
Broughton K. L. M., Switzer F. and Scott D.(2007), “Car following decisions under three visibility

A5 AR A 28 ) EA6TBIP-C111209-01)” A A Uo2 43

Abdel-Aty. M. A., Oloufa A., Peng Y., Shen T. S., Yang X. and Lee J.(2014), “Real Time Monitoring
Vol.16 No.4 (2017. 8)




o WMol wE uE 54 Wit 24

Camacho F. J., Garcia A. and Belda E.(2010), “Analysis of Impact of Adverse Weather on Freeway
Free-Flow Speed in Spain,” Transportation Research Record, vol. 2169, pp.150-159.

Chin S. M., Franzese O., Greene D. L. and Hwang H. L.(2002), Temporary Losses of Highway
Capacity and Impacts on Performance. Report, Oak Ridge National Laboratory.

Cho H. J. and Yoon S.(2002), “Effects of reduced visibility due to fog on traffic flow,” Conference
of Korean Society of Civil Engineers, vol. 11, pp.81-84.

Gyeonggi-Do  Transportation Information Center, http://gits.gg.go.kr/board.do?command
=listPage&boardld=1001&menuld=050100, 2015.09.03.

Kim S.(2016), “An analysis of uninterrupted traffic flow characteristics and development of a risk
index under foggy conditions,” Mater’s thesis, University of science and technology.

Korea  Meteorological = Administration,  http://web.kma.go.kr/communication/encyclopedia/list.
jsp?encyc_id=558&page=1&schLang=&schGroup=&schType=&schText=%BE%C8%B0%B3,
2015.07.21.

Korea Road Traffic Authority(2015), 2014 Road Traffic Accidents Statistical Analysis in Korea.

Kyte M., Khatib Z., Shannon P. and Kitchener F.(2000), “Effects of Environmental factors on Free-
Flow Speed,” Transportation Research Circular E-C0I8 : the Fourth National Symposium on
Highway Capacity, pp.108-119.

Lim C. H.(2007), “A Study on the safe speed estimation on fog-bound roads,” Master’s thesis,
Graduate school, University of Seoul.

Ministry of Land, Infrastructure and Transport(2013), Explanation of rules about the structure and
facility standards of roads.

Ministry of Land, Infrastructure and Transport(2015), 2014 Annual report on road traffic statistics.

Oh J. S., Cho D. S., Cho Y. and Chung J. H.(2002), “A Study on the Variability of Driver's Speed
in the Foggy Weather,” Korean Society of Civil Engineers, vol. 22, no. 4, pp.677-685.

Oh S. 0.(2005), “A study on safety enhancement for roads with high frequency of fog,” Master’s
thesis, Graduate school, University of Seoul.

Samsung traffic safety research institute(2015), Travel Speed and Traffic Accident Analysis in fog
road.

Son Y. and Jeon J. S.(2013), “A Study on Traffic-Flow Characteristic Changes on Expressway by
Visibility,” The Journal of The Korea Institute of Intelligent Transport Systems, vol. 12, no. 6,
pp.116-126.

Transportation Research Board(2010), Highway Capacity Manual, National Research Council.

106 PR TSYUZ| =27 TH163, M42(20174 8K)



