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Abstract

This paper aims to find out the statistical characteristics of the weather related railroad accidents and incidents. Data from
Korea Railroad Operation Information System(KROIS) and Korea Railroad Accidents reports during 1996-2008 were used to
investigate the occurrence frequency of railroad accidents and operation obstacles and their association with weather
phenomena. The results are as follows; The occurrence frequency of railroad accidents and operation obstacles decrease
gradually, and most of railroad accidents is a railroad traffic accidents. The amount of damages by a railroad weather-related
accidents is higher than those of the railroad accidents and operation obstacles. It was also found that weather events
influencing the railroad weather-related accidents and incidents are rainfall, snowfall, lightning, winds. And they caused a
railroad weather-related accidents and incidents, such as railway obstruction, signal failure, and power supply failure.
Therefore we need research about threshold review and a quantitative and qualitative analysis of a railroad weather-related
accidents and incidents according to climate change.

Key Words : Ailroad accidents, Operation obstacles, A railroad weather-related accidents and incidents, Railway obstruction,
Signal failure, Rainfall, Wind, Climate change
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Table 1. Railroad accident classification

Train Collisions

T, AR Higto 7 BRTo] Qlo] 7jAke g o]
St "af| g mhetslr] o ol Ak v =R
W RAE EARIRE A=A 2 23 Aojjet
Aol 7I4EAH - = - T B R o
sfo] WAISE A ajsol] A=2E 1985 UK E Al5s
3 Qlo], & At ME 7R QIg Ax ol
7RG EAE S 23d7E BSAAE(1985~2007
)& &7 0|83tk

0

Table 2. 2008's operation obstacle classification standard

Classification Kinds of Failure

Train Train derailment
Accident Train Fire
Railroad Others
Traffic Level-crossing accident
Accident . Passenger Traffic
Traffic .
Public Traffic
. Death and
Railroad Iniu In dut _ Workers
Accidents Jury = Staffs
Fire Accident
Facilities Damage Accident
Railroad Passenger Safet
artroa Safety ‘g Y
Safety death and Public Safety
Accident ¢S 2" Workers

injury Job Safety Staffs

Other Railroad Safety Accident

Data source : Korail Railroad Accident Report and Investigation
Management Indicator

22, XE ¥ 24

B Aol AR HEARL B AhRe HEE
A1}, Korea railroad operation information system
(KROIS) SA7 20} ArAl A4 9 HwAis
A5 A2 1996 HE] 2008 F712] A EE ARG
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NS A% 7]|AFALal(railroad weather-related accidents
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No Permit Operation

Wrong Display of Clear Signal

Operational Violation of Stop Signal

Derailed to Sidings

Train Operation in the Working Section

Hazards Rolling Stock Derailment impeding Main

Line

Facility Failure impeding Safety

Rolling Stock Failure impeding safety

Dangerous Article Exposure

Others

Rolling Stock Derailment

Rolling Stock Breakage

Rolling Stock Fire

Train Uncoupling

Rolling Stock Movement by Brake Release
Violation of Rules

Delayed
operation

Railway Obstruction
Power Supply Failure
Signal Failure

Car Trouble

Train Disturbance
Others

3. Znt H n¥

n

3.1, AT dAiss

1996 €] 2008 714] 1317 KROIS ¥ $H=+-4
Aol A T ALALE R o] Ut Sl A =ARL
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Table 3. Annual occurrence frequency of railroad accidents from 1996 to 2008 in Korea

Year

96 97 '98 '99 '00 '01 '02 '03 '04 '05 '06 '07 '08 Total
Items
Collisions - - I - - 1 1 1 - - - 2 1 7
Train  Derailments 5 4 7 6 5 3 1 3 2 4 6 4 4 54
Accident Fires - - - - - - -
Railroad Others - 1 - - - - - - - - - - - 1
rafiic Level Crossing 172 116 116 95 75 60 57 61 39 37 26 26 24 904
accidents  Traffic ;’?Z;E’;ger 562 511 477 298 250 234 74 126 225 123 101 68 65 3,114
Deaéh Public Traffic 312 305 308 308 250 214 220 192 162 120 102 115 104 2,712
Railroad hfj’i"y I Workes - - - - - - 4 8 8§ 2 3 4 3 3
Accidents Duty Staff 100 79 77 54 56 64 13 16 15 6 7 2 14 503
Fire Accident - - - - - - - -
Facilities Damage
. Accident ) ) ) ) ) ) )
Railroad Passenger
safety . - - - - 180 245 106 4 3 10 29 577
accidents Railroad  Safety
Safety  Public Safety - - - - 307 8 1 7 12 49
Accident Job Workers - - - - 1 1 3 8 1 - 16
Safety Staff - - - - - . 39 54 51 53 52 70 68 387
Total 1,151 1,016 986 761 636 576 596 710 616 360 315 309 324 8356
Qon, 71 ojF gadte] AYHOR HE A= 7 FARIECE Adede] BgNEst o g e
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Table 4. Annual occurrence frequency of railroad operation obstacle from 1996 to 2008 in Korea

Year 96 97 98 99 00 ‘01 02 03 04 <05 <06 ‘07 ‘08 Total

Items

No permit Operation - - - - - - - - - - - - - -
H Wrong Display of Clear Signal - - - - - - - - - 1 - - - 1
a  Stop Signal Violation Operation - - - - - - - - 4 2 1 2 1 10
; Derailed to Siding 1 - - - 1 1 - - - - 1 - 5
¢ Train Operation in the Working ) ) ) ) ) } ) ) ) ) ) ) ) )
d Section
E }}r‘l’;{;gfnztﬁ/f;ffﬁgmem 44 59 41 46 37 28 29 36 6 T 5 5 2 345
Z Facility Failure impeding Safety - - - - - - - - - - - - - -
n Rolling Stock Failure impeding ) ) } ) ) } ) ) ) } ) ) } )
t  Safety

Dangerous Article Exposure - - - - - - - - - - - - - -

Others - - - - - - - - - - - - - -
D Rolling Stock Derailment - - - - - - - - 22 30 23 11 5 91
T Rolling Stock Breakage 7 8 10 7 12 10 7 7 1 9 6 - 103
a Rolling Stock Fire 1 5 5 7 2 1 - 4 - 43
Y Train Uncoupling 9 5 6 6 4 2 3 3 4 5 1 2 53
fi Rolling Stock Movement by Brake ) B R R B B B ) B R ) B B

Release
O Violation of Rules 10 10 9 11 8 7 16 15 16 21 28 30 7 188
P Railway Obstruction 129 101 87 8 71 8 84 67 65 26 23 24 15 859
fr: Power supply Failure 26 32 14 17 13 28 18 23 22 36 23 12 18 282
a Signal Failure 43 28 Il 32 31 75 57 56 73 57 38 29 25 555
t  Car Trouble 449 337 234 222 198 156 161 151 194 177 170 138 143 2,730
i Train Disturbance 1 3 4 4 3 11 3 7 3 - - 1 2 42
ﬁ Others 41 37 29 39 63 53 49 53 65 68 46 63 54 660

Total 761 625 450 476 442 465 433 419 483 431 369 329 274 5967
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Table 5. The amount of damages by the railroad accidents and weather events, such as, heavy rain, typhoon, storm, and
snowfall during period from 1985 to 2007 in the Korean Peninsula (unit : 1000won)

Year forond, Amountgf “TCEC dumageof, - damageof dumage of  CNIEEY - damage of -y e NG NS
accidents damage event heavy rain typhoon Storm typhoon* Snowfall logical factors
1985 4,237 - - 9,110 3,160 - - - - 12,270
1986 3,591 - - 324 200 - - - - 524
1987 3,170 - - 749,897 308,500 - - - - 1,058,397
1988 3,092 - - 279,998 - - 308,500 - - 279,998
1989 3,166 - - 1,157,704 80,673 - - - - 1,238,377
1990 3,520 - - 2,933,137 - - - 2,457 - 2,935,594
1991 3,613 - - 652,680 674,589 - - - - 1,327,269
1992 3,086 - - 53,527 - - - - - 53,527
1993 1,439 3,336,620 2,319 348,097 579,802 - - - - 927,899
1994 3,007 1914590 633 276,812 15,000 - ; ) . 291,812
1995 2,680 1,279,230 477 223,432 1,477,107 - - - - 1,700,539
1996 1,882 970,260 516 1,197,195 - - - - - 1,197,195
1997 1,641 2,122,730 1,294 454,567 - 11,000 - 3,972 - 469,539
1998 1,436 1,001,094 697 - - - - - 11,533,380 11,533,380
1999 1,237 1,823,169 1,474 2,153,112 647,290 - - - - 2,800,402
2000 1,081 690,338 639 1,482,439 182,901 - - - - 1,665,340
2001 1,041 1,337,632 1,285 293,656 - - - - - 293,656
2002 1,029 4,814,247 4,679 977,279 93,579,703 - - - - 94,556,982
2003 1,129 5,166,429 4,576 50,000 55,878,775 - - - - 55,928,775
2004 1,100 1,764,193 1,604 3,172,237 1,476432 - - - - 4,648,669
2005 801 1,515,882 1,892 426,550 142,609 - - - - 569,159
2006 684 3,771,562 5,514 4,245,682 - - - - - 4,245,682
2007 636 8,504,802 13,372 104,182 475,172 - - - - 579,354
Total 48,318 40,012,778 40,971 21,241,617 155,521,913 11,000 308,500 6,429 11,533,380 188,314,339
% - - - 11.3 82.4 0.0 0.2 0.0 6.1 100
mean 2,100.783 2,667,518.5 2,731.4 923,548.6 6,761,822.3 478.3 13,413 279.5 501,451.3 8,187,580
¥ AHEASIAR Ee A EARLEA R A
A G RATE AR A
X 590} g Fof| T3k o] o] o] o x| X] 9k 7L 7|EhE HRsls
kA P\l ofgt HEATIS) @RS Ak 341 BEIIMADY HEY Ly
7] $18te] vl wA A= o] AZ|ET) =2 1996 A E 7)1 Akz ZA(weather conditions)2 & 23 T
2008W714] 139 E<F KROIS AR} HEALTL U HEAD 9 5203 320 o el 93 vl
AR W A EAEA T ] AT el A gelA]  Aleh 24t blfogrs B 1S AHE 4 gl
7ol AFEe] Y A dg A W e AR A4S 2T 4 dlom, SUE(flash
3) AJofl FAFS F==3to] 7|4 | QB AR B ﬂood)% jE A1-S, ZH(extreme heat or excessive
S5kaL 12 QI3) WSk 231291 YI7HA] BE8% heat)2 HZE 37 & 4= Qlch & gigt =%
t}. & &9 gtakcold wave)Z QI3+ E]]O‘?H" &og (crosswmd)t 7|2 railcar) 2] QFAAL 7HAA] 7] A
HEAol/h wstelrietn 7158 9 ol sl U AAARE ZAElE Wk o 3
Aoz BREAY, & °4%L°ﬂHL ke (ice) FAA Y IAA A} LPFHS oD
71788l olgt A=Al s AL, A=ols Ak L A AL HY 5 de 22 ARG
90712744 1S AU L0 7 Basigr 7VgARre] et ol ol EAIE = ko olalA
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Table 6. A kind of railroad accidents due to the heavy rain
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to heavy rain

A - S58E 5 - A - $HE

I - o] s E2 5y - AT - Track Burying

Edetod 5]

WO AL« HEOA] - EAROAL . A

- gl‘; o = eTr= Collapsed Track
A - SR

WA . mEFOARA L gl

oo ) °jj ey =2 Flooded Track

= KBRS - sl E

AAHE - 7| Z2AIE - =) - 5

SAE - gHEY - oHE - 5 Others

Table 7. Annual occurrence frequency of railroad accidents by weather events from 1996 to 2008 in Korea

, Year 06 97 98 99 00 01 02 03 04 05 06 07 08 Total
Sorting

Train Collisions - - - - - - 1 - - - - - - 1

Train Derailment - 1 1 1 1 - - 1 - - 1 - - 6

Accident Train Fire - - - - - - - - - - - - - -

Others - - - - - - - - - - - -

RTari;?%acd Level Crossing 1 - 2 - - 2 1 -« « =« « < . 6

Accident Traffic Passenger Traffic - - - - - - - - - - - - - -

Railroad Death and _ Public Traffic e -

Accident Injury In Workers - - - - - - - - - - - - - -

Duty  Staffs - - - - - - - - - - - - - -

Fire Accident . -

Facilities Damage Accident - - - - - - - - - - - - - -

Rs;lfre(@d Railroad Passenger Safety - - - - - - - - - - - - - -

Accident  gafery  PublicSafety - - - - - - - . . . . .

Accident  Job  Workers - - - - - - - - - - - - - -

Safety  Staffs - -2 - - 1 - - - - - - 3

Total 1 1 5 1 1 2 3 1 - - 1 - - 16
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Table 8. Annual occurrence frequency of railroad operation obstacle by weather events from 1996 to 2008 in Korea

Classification

Year 95 97 93 99

00 01

02 03 04 05 06 07 08 Total

No permit Operation - - - -

Wrong Display of Clear Signal - - - -

Stop Signal Violation Operation - - - -

Derailed to Siding - - - -

Train Operation in the Working
Section

Rolling Stock Derailment
impeding Main Line

Facility Failure impeding Safety - - - -

Rolling Stock Failure impeding
Safety

~D o< m o= o N T

Dangerous Article Exposure - - - -

Others - - - -

Rolling Stock Derailment - 1 - -

Rolling Stock breakage - - - -

Rolling Stock Fire - - - -

Train Uncoupling - - - -

RollingStock Movement by
Brake Release

Violation of Rules - - - -

Railway Obstruction 13 26 36 17

217

Power supply Failure 1 2 -

Signal Failure 1 6 3 5

6 6
3 4 2 7 4 1 1 44
5 2 102

Car Trouble - - - -

So—~emmrooc O o< —aold

Train Disturbance - - - -

Others 1 7 - 3

N9
o]

8 4 8 4 3 3 2 53

Total 16 42 39 34

3%
Nel
[=)}
—

39 27 47 23 31 24 11 423
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3.4.2 HEZJ|gALOl €E LdHY
7)ol o3t AT} 93 ol Bl A
APAfare] g ERAIHI =S A E H(Fig. 1, Table 9
Fx), s 6~9YU Afolo] WAYRE Zlo] A9
54%E AXste 1 % 790] 744 ol Hhysigla
10€o] 7 2] LAYt =1 1holl= shAof
Hls) A oL} tha o) WAl ofo] H]s) ulhe
SHA Rt Ao A7 | A7} wo] 2RAsEe] o
H(Rossetti, 2009; Changnon, 2006), oL} =5
G-oF 2 gyt 71dSEAd o] A mAfaLe] HHG E]
of LhehbTt 9182 oF 4= Slek AR B v =
= Afo|= glony, thEE AR Aol 7| oF 50%= A
SIAL Qo] 11 The o] AlBAl, Aol ul 7lebg
ol FFwo] 2lck
whepA -2lueh A7) dakale Aol BARLo)

ox M
RN

o o
b+

m

oX

]
=
N
=~

N
)
(e}
ngi&lil—lﬂl
éﬂdb—t
oM

2
o =
ks
o
off &
i“-:
FTF
Ostl

¢
T

N

N,

x
é
L
2

2 T

Frequency

Fig. 1.

Distribution of monthly occurrence frequency of
railroad weather-related accidents and incidents
from 1996 to 2008 in Korea.
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Table 9. Monthly occurrence frequency and kinds of railroad weather-related accidents and incidents from 1996 to 2008 in Korea

Kinds Train Train Level Rs(igicrll(g Railway ;?W?r Signal Job Others  Total
Month Collisions Derailment Crossing Derailment Obstruction Faﬁﬁ r}e/ Failure  Injury
Jan - - 2 1 12 5 11 1 12 44
Feb 1 - 3 2 12 1 8 - 1 28
Mar - - - - 14 4 8 - 4 30
Apr - - - - 10 2 6 - 5 23
May - 1 - - 11 1 4 - 1 18
Jun - 1 - - 21 7 9 - 3 41
Jul - - - 1 50 11 16 3 81
Aug - - - 1 39 7 16 2 6 71
Sep - 3 - 1 24 4 7 - 5 44
Oct - - - - 6 1 4 - 3 14
Nov - - - 1 7 - 1 - 7 16
Dec - 1 1 - 11 1 12 - 3 29
Total 1 6 6 7 217 44 102 3 53 439
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3.4.3.1. 7|AFaAL] HEA
Aw7larae] ¢

33}

170
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Ao oo
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il

}E 39
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2009), Tha: Aol GLOLE, 790} 24T e 7
HAo] 22 o211 9)8-0 Eolatark
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Table 10. Annual occurrence frequency and type of weather events related to railroad accidents and operation obstacle during
period from 1996 to 2008 in Korea

Cause Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Total
Gale - 4 1 5 - 10 3 - 3 7 3 3 - 39
Drop in temp. - 2 1 1 3 11 5 2 3 4 - 2 1 35
Rise in temp. - 1 - 1 1 2 1 - 1 1 1 1 - 10
Lightning 1 6 2 5 4 13 8 - 6 2 8 5 3 63
Snowfall 4 2 6 3 5 12 3 5 11 3 6 1 - 61
Rainfall 12 27 32 18 14 11 20 14 19 5 11 12 5 200
Fog - - - - - 1 - - - - - - 1
Dew - - - 1 - 1 1 - 2 - - - 1 6
Thawing ice - - 1 1 1 - - 5 2 1 - - - 11
Surge - 1 - - - - - - - - 1 - - 2
Others - - 1 - 2 3 - 2 - - 3 - - 11
Total 17 43 43 35 28 60 42 26 47 23 30 24 10 439
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Table 11. Type of weather events and occurrence frequency of railroad weather-related accidents and incidents during period

from 1996 to 2008 in Korea

Accident Train Level Rolling Railway ;’lj)w?r Signal = Job o Total

Weather collisions ~ derailment ~ crossing ;.- obstruction faﬁg r}e/ failure injury

Gale - - - 16 19 1 - 3 39
Rise in temp. - - - 7 - - - 10
Drop in temp. - - - 17 4 4 - 7 35
Lightning - - - - 6 57 - - 63
Snowfall - 1 6 11 3 31 1 7 61
Rainfall - 4 - 147 11 4 2 29 200
Fog 1 - - - - - - - 1
Dew - - - - - - - 6 6
Thawing ice - - - 11 - - - - 11
Surge - - - 2 - - - - 2
Others - 1 - 6 1 2 - 1 11
Total 1 6 6 217 44 102 3 53 439




928 HEZ - 94 - ol -

Table 12. Occurrence frequency and ratio of the second cause related to railroad line obstacle during period from 1996 to 2008

in Korea
Failure Frequency Ratio Failure Frequency Ratio
Track burying 16 7.4  Tree falling 20 9.2
Falling rocks 53 244  Landslide 13 6.0
Collapsed roadbed 42 19.4  Rail buckling 7 3.2
Rail break 17 7.8 Others 24 11.1
Flooded track 25 11.5

o|2fgt 7|/g@ el wet A2l s dorl= 22k
2 Qlol-e ArE H(Table 12 2h=), YA 53F], wdt
frd 423], A3 253], AEAE 203, A YEE
173], Al=mli= 163, ARAFe 133], S Y2t= 73], 7]
B 2433 bt AT kg Alo] thEES 244
Skl s= & S Atk
weha] A2l S dorls 13444 A2 of 2 7}
A 7V 7l et Aol 5 ol 1o
o, 1= I8 Uehs 2204 1918 YA Rk
o] thF-ES RSk Qlof Zpdd/dol thgt B
l A ef Aol leRkRAlo] BhEe 4= Gl
Folu AlFEat & 7w dARE
Xéﬁkﬁ U 0] 27|22 HA| AR} Zho] AR
LE7VARLE v 4 Q=R Shojof & Aot
(Rossetti, 2009).
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