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SAMUX|FAE Sl =HM2 ==AHXE LHESHLL, CiAl X[ ZO|HX|X| S
od F

42 MED, OX[YOR O/ NBUMY Mol HB5l0] =¥ STE MEF

Uge daals, EM o o

—
J_)
S5, Stettu S A UX|, =ZutSAtUHX|, 28, 7|

H 1o

I me oz rE

sS4 XRO 7|2, MHEE
REIH ALEE.

o 257 BEEE XHY AT BEY =0 259 BUoN $UE LY 255 6Ll
X

(=]
=

s Thermal map MEE &8st =M 2% oF 22 JiHM

2
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2 s e ——- = J— o o ® ¢ o R ——

1 - e o ® ® omnesem.ms o * @ ——

O_ -« S — ==
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8 2-26. 8 2-2012 Z2oo{, 20214 12¢ 222 03A|e] ZHEl oldA ZAujol
2021.12.22 09:00 obs ebefore eafter

2 R — " ——

1 . -

O - e P—

917 1067 1217 1367 1517 1667 1817 1967 2117 2267 2417 2567
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02 2-27. 2 2-207 Zo0f, 2021 128 202 09Al0| HY olHA Hujel
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- Y 3 2F: MX2| Z50lM F=H[st LaE LDAPS MESb AJAE HOo|E{H Ol A0 XMEEOIU
= 50m ZtAe A T2 E2 ME XE(E 2-8)8 FH|5t0] =M 2% o5 S =
20| output(E 2-9)2 Hlo|EHl0|A Cl ER|(TR 2-20)0 LR ME= TS 3

- Xz 25 2 $do| MAXo=z 2AF=EH X2 ZES Web systemoll AIZE MESHZ| Fof
json ZYH =2 WHetsl= |52 s

H 2-7. LDAPS A2 E AlYH =272t XA X™MEE fast =W 25 o5 22 T4 AHAIE oA
of| ZA|ZL 712 AUHs:x FF 7Y Ctobs AL HotsAt 25 siHio: 2o H2E
2021122021 2.979 73.384 3.371 990.575 0.000 -76.033 0.000 200.292 0.000 0.855
2021122022 2,503 78.909  3.110 991.329  0.000 -73.930 0.000 200.292  0.000 1.239
2021122023 2.473 80.276 3.372 991.440 0.000 -68.395 0.000 200.292 0.000 1.457
2021122100 2.369 88.786 1.386 991.357 0.000 -53.883 0.000 200.292 0.000 2.319
2021122101 1.920 91.149  1.216 991.379  0.000 -45.114  0.000 200.292  0.000  2.092
2021122102 1.722 93.428 0.759 991.578 0.000 -44.050 0.000 200.292 0.000 2.024
2021122103 1.699 92.558 1.735 991.839 0.000 -60.518 0.000 200.292 0.000 2.067
2021122104  1.256 93.809  1.760 991.067  0.000 -58.405 0.000 200.292  0.000  1.940
2021122105 1.501 93.626 1.736 990.351 0.000 -51.888 0.000 200.292 0.000 2.110
2021122106 1.495 94.830 0.985 990.443 0.000 -46.556 0.000 200.292 0.000 2.405
2021122107  1.222 96.615  1.113 990.914  0.000 -31.954  0.000 200.292  0.000 2.116
2021122108 1.784 96.819 0.717 991.338 2.637 -20.573 0.000 200.292 0.000 2.236
2021122109 4.320 93.011 0.760 992.039 63.628 -25.817 0.000 200.292 0.000 3.592
2021122110  6.082 90.024  1.065 992.629 132.092 -27.250  0.000 200.292  0.000  4.027
2021122111 7.820 87.344 1.082 992.476 201.864 -33.326 0.000 200.292 0.000 4.335
2021122112 7.686 87.056 1.723 991.284 182.189 -25.193 0.000 200.292 0.000 4.562
2021122113  8.887 82.107  1.764 990.681 236.242 -37.372  0.000 200.292  0.000  4.440
2021122114  8.742 79.112  1.691 990.666 234.675 -41.647  0.000 200.292  0.000  4.325
I 2-8. Al E2 T2 AKX XHE 2 HE AR oAl (998 EIE)

#

Site Number © 99

Road Type A

Road Year : 2000

Slope Angle (E-W) 2 0.0

Slope Angle (S—N) 2 0.0

Type A

#

Latitude (N)
Longitude (E)
Height (m)
Ground1
Ground2
Ground3
Ground4
Groundb
Ground6
Ground7

#

: 37.30123537853332
1 127.97697162702589
1 213.7154762
©A 0.05
0.20
0.40
1.00
99.9
99.9
99.9

N N N ™ — X
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#2-0 AlY Z277h 8 XHe| ki 25 o5 Y AW ofA|

AlZH tH2E 7|2 7|82 &t&E INDEX
2021122009 0.3690 0.3690 -3.9810 62.9963 0
2021122010 1.4326 2.3230 —-3.3630 61.7393 0
2021122011 2.9629 4.8310 -2.9340 57.4463 0
2021122012 4.5662 6.9070 -2.0900 54.2153 0
2021122013 5.9787 7.5070 -1.2420 53.6883 0
2021122014 7.0845 7.2290 0.1630 54.7973 0
2021122015 7.6455 6.5530 3.6490 68.4603 0
2021122016 7.2734 4.6740 1.6680 60.5203 0
2021122017 5.9299 3.8870 0.7640 56.8613 0
2021122018 4.4866 3.1180 1.0180 61.2213 0
2021122019 3.4432 1.8010 1.1380 68.5263 1
2021122020 2.6470 0.7370 0.8290 74.0563 1
2021122021 2.1154 1.0590 0.9020 71.2963 1
2021122022 1.7535 0.8710 0.9800 73.4463 1
2021122023 1.4233 0.2680 0.8250 76.0603 1
2021122100 1.1956 0.3510 1.0050 80.5053 1
2021122101 1.0824 0.1730 0.9810 82.0643 1
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/apps/model-system

=

* Jexec/model_{version}

/pid} /site_info.dat

| 2o d=eE AR 2y =AY

Ct=2] = 22 7t0f Cjfst P S ola g e KA A = ol
E_é S /site_input.dat | DN oML s KE J|AAE SatnrY
/site_out_temp.dat | Deof gess XE e 2" Bt
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> CdE? 3E o
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R Jstatic/site_info /IROADSECTION_ID} Do gEEs AEe E2EY
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MIRAE

CLIMATE ( Road Weather Forecast Service dojw Rwis B v BV R R0 v

> RWIS

RWIS X| & Azt 3 AlZk el B M

M3gounsstzz E4IC 22(8.. - 12 v 1A1ZE v 2022/01/19 11:01 i)

B AIZH(KST) Lasi e Z -2 15) E(mls) ) M TS (%)

2022-01-19 11:01 5.304 3.522 2.153 118.1 70.6
2022-01-19 11:00 5.307 3.521 1.475 128.2 70.55
2022-01-19 10:59 5.32 3517 1.389 145.3 70.55
2022-01-19 10:58 5.356 3.502 1.301 113.4 70.49
2022-01-19 10:57 5418 3.501 1.823 120.1 70.51
2022-01-19 10:56 5482 35 1.85 139.8 70.59
2022-01-19 10:55 5:552 3.492 2.142 118.4 70.72
2022-01-19 10:54 5616 3.468 1.486 142.5 70.73
2022-01-19 10:53 5.685 3.449 1.808 121.2 70.64
2022-01-19 10:52 5.751 3.431 1.521 111.8 70.59

1-10 of 60 >
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Abstract Black ices on road surfices in Winter tend 1o causé severe and terrible accidents. It is
very difficult to detect black ice events in advance due to their localifies as well as sensitivities
o surface and upper meteorological variables. This study develops 3 methodology to detect the
road seetions vulnerable w black ice with the use of road surface temperatune dita cbtained
from a mobile road weather observation yehicle. The 7 experiments were conducted on the route
from Nam-Worju IC to Nam-Andong IC (1325 km) on the Junging Expressway during the
period fram December 2020 0 February Firstly, temporal road surface temperature dita
were converted (0 the spaial data with a 50 m resolution. Then, the spatial road surface tem-
‘perature was normalized with zero mean and one standard deviation using a simple normaliza-
tion, a linear de-trend and normalization, and a low-pass filier and nomalizaon. The resulting
road thermal map was caleulated in terms of road surfce temperature differences. A road ice
index was suggested using the normalized road temperatires and their horizontal differer
Road sections yulnerable to black ice were darived from road ice indices and verified with
respect 10 road geometry and sky view, ete, 1t was found that black ice could occur not only over
bridges, but also roads with a low sky view factor. These results wre expected to be applicable to
the alarm service for black ice to drivers,

Key words: Black ice, road ice index, mad ice vulnerability, road surface temperature, road
thermal map.
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Estimation of Road Sections Vulnerable to Black lce Using Road Surface
Temperatures Obtained by a Mobile Road Weather Observation Vehicle

Moon-Soo Park'"*, Minsoo Kal:lg1 ', Sang-Teon Kim”, Hyun-Chae Jung”,
Seong-Been Jang”, Dong-Gill You", and Seong-Hyen Ryu”
I'Ek'pmnﬁfrn’ of Climaie and Environmert, Sejong University, Seoul Korea
UClimate Change & Environmental Research Center. Sejong University, Seoul, Korea
IMirae Climate Co., Ltd, Seoul, Korea

{Manuserpt received 7 August 2021; revised 22 September 2021 sccepted 1 October 2021)

Abstract  Black ices on road surfaces in wmnter tend to cause severe and ternble acedents, It
very difficudt to detect black ce events m advance due to ther localibes as well as sensibvities
to surface and upper meteorological vanables. This study develops a methodology to detect the
road sections vulnerable o black ice with the use of road surface temperature data obtamed
from a mobile road weather observation vehicle, The 7 experiments were conducted on the route
from Mam-Wonu IC to Nam-Andong IC (13235 km) on the Jungang Expressway durng the
peniod from December 2020 o February 2021, Farstly, temporal road surface tempemture data
were converted to the spabal data wiath a 50 m resolution. Then, the spatial road surface tan-
perature was nomalized with zero mean and one stundard deviation using a simple normaliza-
tion, a linear de-trend and nomalizanon, and a low-pass filer and nomalizabon. The resulting
road thermal map was caleulated in terms of mad surface temperature differences. A road ice
index was suggested using the normaleed road temperatures and their honzontal differences.
Road sections vulnemble to black ice were derived from moad ice ndices and venified with
respect 1o road geometry and sky view, ete. [t was found that black ice could oceur not only over
bridges, but also roads with a low sky view factor. These results are expected to be applicable to
the alarm service for black jce to dnvers,

Key words: Black ice, road ice index, mad ice vulnerabality, road surface temperature, road
thermal map.

*Cil'l'l:‘i}'l.. rrl.llru_E.' Auithor: Moon-500 Park, Depanimant of Chmae ad
Ervimnment, Sejone Universite, 209 MNeanedong-m, Gawingjin-g,
Seoul 05006, Kones,
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Estimation of Road Sections Vulnerable to Black Ice Using a Road Thermal Mapping -
An Example of Jungbu Expressway
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Development of Real-Time Prediction System of Road Sections Vulnerable to Black
Ice Usinga Combined Thermal Mapping-Road Surface Temperature Prediction Model
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