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Climate change impacts on railway operations: Spatial risk assessment based on rail
temperature and operation frequency under SSP scenarios
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ABSTRACT

Climate change is expected to have significant impacts on the operational safety and reliability of railway systems. As
extreme heat events become more frequent and intense, elevated rail temperatures can lead to speed restrictions or service
suspensions, posing challenges to the stability and efficiency of rail operations. In this context, this study quantifies the
impacts of climate change on rail operations in South Korea by simulating rail temperature changes and assessing abnormal
operation days under two climate scenarios: SSP 126 and SSP 585. Specifically, daily maximum air temperature data (2021
~2100) were obtained from the Korea Meteorological Administration, and rail temperatures were derived using an empirical
linear function. Based on these estimates, and according to rail operation guidelines, days with restricted operations (= 55°C)
and service suspensions (= 64°C) were identified for each rail line and segment. Under SSP585, operational restrictions are
projected to increase significantly after the 2050s, with some segments experiencing more than 80 restricted days annually.
Moreover, vulnerable areas include inland cities such as Daegu and Gwangju, while metropolitan corridors like the Gyeongbu
Line face considerable risk due to high train frequencies. By integrating thermal exposure and train operation density, this
study provides a comprehensive assessment of railway climate vulnerability. Overall, the findings underscore the necessity for
targeted adaptation strategies, including thermal mitigation measures, real-time temperature monitoring, and region-specific
maintenance planning.
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717} 3119, 24448 o5 Fo
UEFHTHKMA, 2024). o3t 7]|$H3l P2 et
A A2 Hol ZAl H AR A[AEH S 24 A3 F
84 AAFSHH, 715-917] Aldiell ARl ZH9] &
4A AG A o] Algsiths HS HolEth
7MA= 71597 = Pt HAasH 4%
w3 o Wt 71991719 d8st] Sl =7t 7199171
SHAS FHstL Jlon, Bl 71387 gAaE
5510l o] & A7sly] gt AR FALAES T2t
ULk A3 =7F 71D} AT (2021 ~2025) R
A3ZF =7 7199171 G A= s 2Tt
S4nE #A" 23zt A= ok AR H§
oA = £, FAHAR QT SAUE &P T L A
I F7HL06), EFOoZ Qg A Y Wy 9 24T
S7HL08) YATE AAISHIL 9o, -G 7ot ol A
£ °|F Yot ol AR QAT SN E(EE,
T2) Adake, 2350 9 AR 98 S7HL05) FAT
£ AAISkAL Qlth o]H§ fAF0] g5 s =&
A FEAEY fRIEE 2 JF-ARE ASste
W AFRIAE F5k= 59 48 d¥8S skl
Qlth(Government of the Republic of Korea (Joint
Ministries), 2020, 2023).
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el R 2d#st, 53] d¥ 229 452 @4 &
T AR 9 &9 S¢9 ¥lo]l E 4 UtK(Choi et al,
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2011). HHEAQD A= 2018 FFA HA2AFEH A A
dhgst SHEIA g4 Alil(Aviation and  Railway
Accident Investigation Board, 2019)7} Qlt}. o] Alil=g g
d, AE, AEF, Asdr] 5o] EHoH, KTXE
Lt A AR} 61 SF=EAF 9ol FHf 3514% A
He 5 A 2 ARt Apdo] TAStA. AR
A, 20149 TG AE ~ 2 AN TR 2A A
2 (Aviation and Railway Accident Investigation Board,
2015)0M= Y, A=, AlolE S0l TEHAL, AL F
kol At 2ol oF 15AI% 5 FHEHUH. FF 712
d5ol A& A olet ARl T Wlwrt FUkd
7Fs/dol At wEkA 715 #skE Qe Ak Akl F7t
7Fed= et AAA dis# migdo] sttt

A 2k s 2AE geks] At vd 71eF
8ol AHAL Atk 7H HEA R INAH R 1
20 = Qg HZI} GAHAILE WA5H] ¢ HY 2=
g0l A S=A 4S5 AASL ATHKim et al,
2013). T3 AHE =25 Ao Agst] =& Aot
< Ytol AEH Y, =8 =X T OE Ad &
W 242 S AR v A 9 He 29 584
gFAyol 71 E L th(Park and Kang, 2021). ESE, 1]
715 AYE 28 &8 dFoA= W7l 2= Aol &
d 2= 2 AL kgl vAle FF= BUIekL
AeH, @A A AL 2% 7ol vl 7% 249
M= FagtA] 48D "aio] A7EHaL Ark(Park et
al,, 2024). 1Y 7|E AFES FE T A = A
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JAA] AL, AA A' 2900 o= ' JFS VA
, 13 ojF H3ko] 53] JFg Aol Ut &
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ojo] &
Astal, o]& 7]§te
oz BristaA} ek £3], 7|15 ¥Hel AluhE] 2. (SSP126
o SSP585)E A-g3ko] 2021 EEE 21006742 1l
71% W3 gy, ol mE HE Y 2= 9 Ia
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[yZI,xSZO 1
y=2x—20,x> 20

(x: Air Temperature, y: Rail Temperature)

Ax Y 2% HYE A= ti7] =8 ofdzt
Sk, QA AE B4 5 ot 7152 dRE 1
Hot= o] viggsitt. Ju B A= SSP AluE e
715ke] mlef 7|2 AwgE Esto] FV|IZHH= Rl
g 2% ¥skE dYohs AS HH0= ofH, A= 7t
|43 nd EXEE 1Hs) EHAGES HAsT H8
7F St} olof wheh & o7 229t #Y 229 A
ATrS Tdet e AY FRAIQL Park et al. (2024)9]

Ag 28513t FE9 A2 A Y 2= A
£ o] &3] vt Y S Aotes =ET
Aoz Y Hr Autol HyHo R H8 7hssitt
Ao e g TAAS v o g 7F SSP AL 2

sl 2021 dRE 2100971A]2] vlf HY =& &
Skt

>

o

Fu
€
(o)

Ra.

)
o

o0 2 rjg d

xR

2.2.2. SSP AUE|0] ME HIYY 2L+ X 2H S

OoIA H
Cols 24

S uigoR 49 LRt U 2
SESACK(Table 1). T4419] 3§ A L7} 55T olakel

o
o3
Ruj
1o
r
)
il

I A

o X

B9 JAF ooz How, 55T oA 60T Ty
© &1 Aslo] FLE o] 230 km/hE 35}A Hr}.
C ud A9 4271 70 kmhE A|SHEH,
64C oY Afoles o] FTETh Yvhde B¢
gd 2%7} 55C oJstd B¢ B +FS HAlsH, 5
5C o] 60T PRt AL 9] 237, 60T o4 64T 7]
Tl A9 £:7F 60 km/hZ ASHEH, 64T oY HS-
o= 1&AT IR 30| FHET
b 23 AdEe] HIkE EA5h] Asl BAA 7
t}. WA, Z} SSP AlUg|oEZ Jxd¥ H|A
o} 3 FHLFE ARSI HFY &
E7F 55T oldel ge 2 oM,
T o]4Ql g9 2 Fo= et o]F,
2, Az B 3Lt

¢
6

ok

oo g rl

p Mo o

e o |
me ok

)

rfo

Ho

N

Ho

T e
it
> ol
i3
_>|44
o)
Mo it mo o

E R o
i

ME #2322 Hr H1 of

N,
B
- ojt
o

© W

HU

rE .

& oX,

o

o> jlc—>‘ Fl}

=

E‘ 091'.

fo ton

=

{

1

o o> oy

lo 2 N o L
I ol O ok mo R o% mo o fio

oy
o,

uu)
e
HT
19
e
o
=2
=)
rir
o=
=
)
of
ook
o
o,
ofd
)

4%
_o|_ig
pach
o

N
N
w
H

X

o
el
[
NE
AT
1=

HE&
H
ol
tlo
i
i)
=y
=hs
ol
o
f
)
o
=
T
)
o)
S
at
Fo
o

oN
)
),

it

M

>

_?L

pach

tr

o

o
ol
¥ ) i
rx
(RO
)
fu
v
4
i°)
N
l_{_4
o
2
S
1o
e

3

o2 2 1o
i
= 1 ouE
A=)

N
o ol

)
- = q

_,d
ol
i,
rr
ol
)
o)
3 L
o)
i
of
:?é’s
N
Lo
KR Ho o

tr of fo
r_>|: ol
S b
o OEL
— N

At

o

Mo & ki lok
Fl'O ok
HT 44 ox

e
filo
H1
e
ot
ol
o
i
Ehs
2
]
o2
=
2
rir
iR
H_:
X,
e

)
ol

r
e o M

ox -
=
e

w

o
o2
4 2

_L‘_IE
S~
7o
> L
o >
4o 2
el
=
to njo
5N
LTN
> |0
x
o g
%5
o, T
NN
i&i
ﬂ‘]l
ol
4 R

AL I &L oox
nE oX
e
1
=2
>
v
N
N
Ha
>
1o
=
i3
4
o)
o
=
o
o
HU
K
i)
ro

o
i
Shs

Hota, g 721 712 WEHo] 9% &

Table 1. Train operation standards by rail temperature (Ministry of Land, Infrastructure and Transport, Korea)

Type of Railway Below 55T 55C ~60T 60T ~ 64T Above 64T
X . . Speed Limit Speed Limit
High-Speed Railway Line
) (230 km/h) (70 km/h) . )
Normal Operation — Service Suspension
. . . L Speed Limit
Standard Railway Line Cautious Driving
(60 km/h)
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Table 2. Datasets constructed for the study

gk SSP AR J[Hh Y 2= 2 BTl M2 S 2AT Bt 819

Data Type Railway Network Data Climate Data Train Operation Frequency
. KMA CMIP6 Ensemble . . L
Source National Transport DB Korail, Korean Railway Statistics
(SSP126 and SSP585)

Period 2024 2021 ~2100 2023
Resolution Line / Section between stations 1 km grid Annual, by section
Variables Line name, type, length (km) Daily maximum temprerature Train frequency per section

Records/Scale 47 lines 365 days x 80 years x number of grids 47 lines

AZE et A= P2 ALE £8 Moy AR
2 AF HE, 221 5% § 2= Heet 2
2ol 22y @ Al A= o]
2ot AlEstd AA=e] 7ol AdHeleg, £ A=
SR FFole ALE-ARHE 23
A4S AA 9 H232E

whet gebd 4

B A2g T

=2 = 0

HeS vhget Al

A7

Climate Data (SSP126/585, 1km Grid)

Rail Network-based Rail Temperature Extraction

Daily Train Operation Status Estimation (Normal, Restricted, Suspended)

Annual Abnormal Operation Days & Suspension Days Calculation

Impact Assessment at Line, Section, and Regional Levels

Fig. 1. Methodological framework for assessing railway operational risks

wrh gush B7kg "ast gk

Hotskedc. a5k, 71 wsto] upE
59 7hsAo] B 71HS EE3)
s AAA g P ANtk
78 9% 29 f% ARg B8
| w2 99 Algto] A W= Lo vl

3. g+ Zit

3.1. SSP A|LI2|20f M2 H|MA 234 al

= A H
SHs 24

A

Ho

B 3= SSP1267} SSPS85 F 7HA] 71F AvE e

oA WEstH TR S7F AFS YEAl & wE
H, SSP585 ALt oA = 2050 o] FRE HIHA &
FYLr7 F40] S7FsH] AlAStleH, 214171 4t
(2080 ~ 21000l = A7 50¥8S zIol= H97t |l
SHA WEEAL, o 87Y0] o2& AxE YEhgTh
(Fig. 1). o]t Ail= Aetd AU ox= Hxe 3
ARt Yol A7t F3gt S71 glol F-A1== Bhd, 1L
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Days with Operational Restrictions
100
o0
80 y=0.9208x - 1868

R”=0.766

70
G0

50

y=0.006x-3.9783
R*=0.0005

2020 2030 2040 2050 2060 2070 2080 2090 2100

—8— SSP126  —8—SB8P585  sesesswis Lincar(SSP126)  «:e:e+o+: Lincar({SSP585)

Fig. 2. Annual days with operational restrictions under climate scenarios (2021 ~2100)

Days with Service Suspension

25

20

10

y=0.1324«-269.86
5 R?=0.4215

& v=0.0024x+5,0517

) e AL I
2020 2030 2040 2050 2060 2070 2080 2090 2100
—@—SSP126  —@— SSP585  ---«---- Linear(SSP126)  --------- Linear(SSP585)

Fig. 3. Annual days with service suspensions under climate scenarios (2021 ~2100)

i AlgEolbE 7] F4% S UEde A= F7HH o, B A IS S AvEeE &
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i, SSPi26 Aol A RE GO £ o I 0.0005 L EHTTUL 001072 eht B

SA7E 0~29 2F o SV AF ES wi- mv] 2 foigo] A9 glee ERlstien, ols A= A
o}%} 9hE SSPS8S AL 20]H: 2060 o] TR % 2% Zvlo] e AT o] 2 o] gleg A
AR A0l Z7l7F BAEQ o, AR ArofA= 20 o] glc}, b SSP5850) A= H]ZVP P YS(R>=0. 766)9}
A 0] FUEE AHIE UehidthFig 2). ol 7158 LABTARR=04215)7F BE 3 571 A4S

71 Aol A 23 ARt ‘ﬂE o ot o°<}—e—
171& AFHor FAusigint
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S7F A%t 59 ojst o] HEF oW, 23 FHt
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) wo o
S8 V1S3 mHL R4, ARAEH(T88)
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o Y LB/t £ A% B 9 7150 EdsHe
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HFH SSP385 AUE] Qo= A L AoA v A
Are o8 FUASTL FsH Bl 4
(28.84%), AR TEHE8 ), PTH27.25Y), FAA

O
E
e A LA G Y B 28 AT
=

b

o=
23
H

A
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JHA £ 4 Atk AA, A B9 B 2529 A
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olof e}, tha oA Het AledbdE @9l 43t
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ol B4 739 @aF 2390 vlA= 9T 1L
= g5 B7rstaat gt

0l

Table 3. Average annual days with operational restrictions and service suspensions by rail line under SSP126

and SSP585 scenarios (2021 ~2100)

SSP126 SSP585
Line Name Days with Operational Days with Days with Operational Days with
Restrictions Service Suspension Restrictions Service Suspension
Gaya Line 0.34 - 9.31 0.03
Geoncheon Connecting Junction 2.56 0.01 16.09 0.75
Gyeonggang Line 1.78 0.01 17.99 0.80
Gyeongbu High-Speed 7.88 0.09 28.83 2.79
Gyeongbu Line 7.94 0.13 28.84 2.85
Gyeongbuk Line 4.05 0.01 21.89 1.41
Gyeongwon Line 1.95 0.04 19.23 0.94
Gyeongui Line 1.76 0.04 18.58 0.78
Gyeongin Line 1.53 - 17.09 0.55
Gyeongjeon Line 4.43 - 23.45 1.48
Gyeongju Triangle Line 2.34 0.01 15.20 0.66
Gyeongchun Line 1.73 0.03 18.34 0.81
Gwacheon Line 1.60 0.03 17.64 0.59
Gwangyang Jecheol Line 1.89 - 17.93 0.63
Gwangyanghang Line 0.75 - 12.36 0.21
Gwangju Line 3.71 - 22.21 1.08
Goedong Line 0.90 - 8.74 0.21
Gunsan Port Line 0.75 - 13.18 0.16
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SSP126 SSP585
Line Name Days with Operational Days with Days with Operational Days with
Restrictions Service Suspension Restrictions Service Suspension

Nambu Hwamulgiji Line 1.05 - 15.34 0.35
Daegu Line 7.23 0.06 27.25 2.51
Donghae Line 2.63 0.01 16.15 0.83
Mangu Line 1.64 0.04 18.04 0.74
Mijeon Line 2.29 - 17.25 0.64
Busansinhang Line 2.04 - 17.06 0.56

Bujeon Line 0.15 - 7.06 -
Buksongjeong Triangular Junction 2.95 - 20.60 0.84
Suseo-Pyeongtaek High-Speed 2.38 0.03 20.93 1.06

Singwangyanghang Line - - - -
Ansan Line 0.91 - 13.85 0.25
Yeocheon Line 0.59 - 11.39 0.15
Yeongdong Line 1.50 - 15.19 0.45
Yeongcheon Triangular Junction 333 0.03 18.64 1.14
Osong Line 1.24 - 15.51 0.46

Onsan Line 0.05 - 4.05 -
Iksan Triangular Junction 1.65 - 16.71 0.43
Ilsan Line 1.54 0.04 17.55 0.73
Janghang Line 2.01 - 18.18 0.66
Jeolla Line 3.95 - 23.64 1.34
Jeongseon Line 0.46 - 7.98 0.15
Jungbunaeryuk Line 2.26 0.01 19.95 1.03
Jungang Line 5.95 0.05 24.54 2.08
Chungbuk Line 2.18 0.01 19.33 0.86
Taebaek Triangular Junction 0.04 - 1.68 0.01
Taebaek Line 1.01 0.01 13.05 0.26
Hambaek Line 0.13 - 3.63 0.03
Honam High-Speed 3.95 0.01 22.68 1.25
Honam Line 4.03 0.01 22.99 1.29

3.3. #¢E B4
7708 2L Aoz w4 23 4 29 B9
HIE7} =& SSP585 AU o5 tido g #3=glomH,
Amwo] Az 37 B2 AWF WP LPUSY &
Q FHLFE AT &4 A, 47 54 710
A e 2 a0 2 AT 9 SELTE ERIFA
o, 7|2 5ol e A &3 a7t IAF R
ASEE Aol Uehdth(Fig. 3a).
A S

HAY @3L57t 7P A Uit #02 AR IS
A AR ~ SO F28.64Y), ARA HF~ ST
(28.53%), A ~thH(28.31¢), S~ ILE(27.439),

d
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BAEIEA ST~ AFFE7](27.019), A 7H ~
F7F(26.689Y), St ~ F2(26.64%), FFA 7 ~ A4t
(26.649), I ~7HH(26.59Y) 522 YERTE o] F-
7He o8 s 7202 E JHAF 2319004 2.71
A Ao]9] =2 3 7SS ol @714 ol @4
N0 w2 A&HHo|u LA 3 fAa

i

AR, BRAEA, g4, S9A
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Fig. 4. Average annual days with operational restrictions by rail section under SSP585 scenarios (2021 ~2100)
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woltt. 59| AWl 27 F7HolA 9] &3 A2 Al
g Astet =& && Astz olofd s/l & ol
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Table 4. Average annual days with operational restrictions by rail section under SSP585 scenarios
(2021 ~ 2100, Top 30)

. . Days with
No. Line Section . o
Operational Restrictions
1 Gyeongbu HSR Sindong JCT - Dongdaegu 28.64
2 Gyeongbu Line Daegu - Dongdaegu 28.53
3 Gyeongbu Line Jicheon - Daegu 28.31
4 Gyeongbu Line Dongdaegu - Gacheon 27.43
5 Gyeongbu HSR Dongdaegu — Daegu South JCT 27.43
6 Gyeongbu HSR Daegu South JCT — Singyeongju JCT 27.01
7 Daegu Line Gacheon - Geumgang 26.68
8 Gyeongbu Line Gacheon - Gyeongsan 26.64
9 Daegu Line Hayang - Geumho 26.64
10 Gyeongbu Line Gomo - Gacheon 26.59
11 Gyeongbu Line Daegu South JCT - Daegu South JCT 26.28
12 Gyeongbu Line Daegu South JCT - Gomo 26.26
13 Gyeongbu Line Gyeongsan - Samseong 25.53
14 Gyeongbu Line Daegu North JCT - Jicheon 25.48
15 Daegu Line Cheongcheon - Hayang 25.45
16 Daegu Line Geumgang - Cheongcheon 2543
17 Gyeongbu HSR Gimcheongumi — Daegu North JCT 24.30
18 Jungang Line Hwasan - Sinnyeong 23.93
19 Daegu Line Geumho — Yeongcheon JCT 23.93
20 Gyeongbu Line Sindong — Daegu North JCT 23.88
21 Gyeongbu Line Yakmok - Waegwan 23.81
22 Gyeongbu Line Waegwan - Yeonhwa 23.60
23 Gyeongbu Line Yeonhwa - Sindong 23.46
24 Jungang Line Sinnyeong - Gaphyeon 23.19
25 Gyeongjeon Line Seogwangju - Hyocheon 22.99
26 Gyeongjeon Line Dongsongjeong - Seogwangju 2291
27 Jeolla Line Dongsan - Jeonju 22.69
28 Gyeongbu Line Gimcheon - Daesin 22.38
29 Gwangju Line Gwangju Line JCT - Geugnakgang 2221
30 Gyeongbu HSR Daejeon South JCT - Gimcheongumi 22.00
20 A7} B 5 AL A B9, @4 e 7 AR-ujFe ASol® A7 AT 4410188,
Heol 7)1 ATyt Ao B2 7oA &3 Agt 2,167.90%, 2,151.75H] HZgA & HpTE ERIEGC
o A% A9, B, ©F TR A 5 FUAR A2 H, ol Y Tl L LBEY 29 YE LA
A e FU TisAol A £e 2238 MU0 3L AN W, SU5

£9], =i 7Y B gutdaret xd HHol e 2F Ja3art veigd dAd 7P~ 37 #3E
& *YEY, AL AL A4 F8 I gF (26.68Y) 9 31 ~ 2T 17H26.64Y) 7H7F 613.53H,
ol o 7S ARty WEel, &3 Agto] AAE 61266WHOE HwWH F2 23 HFF 7|ESIAH o=
RS A Hr AAH ARte] vAs o 83 2 12 GAFT EHYE @Y YiET B2 27 AA
Ao g didgct A A" v A= AEA Jgo] AFAA & AZS v
S, 712 BEAoA w2 H8A FLSE EE Eii=g
BRIEA AFE7] ~ S+ 22t AR i+~ 5 TEHOoR AMEY, 7|2 Aol OE 3 Aol
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Fig. 5. Average annual number of trains affected by operational restrictions by rail section under SSP585

scenarios (2021 ~2100)
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Table 5. Average annual number of trains affected by operational restrictions by rail section under SSP585
scenarios (2021 ~ 2100, Top 30)

. . Average Annual Number of Trains
No. Line Section
Affected
1 Gyeongbu Line Yeongdeungpo - Singil 9,733.05
2 Gyeongbu Line Singil - Daebang 9,713.70
3 Gyeongbu Line Sindorim - Yeongdeungpo 9,675.00
4 Gyeongbu Line Daebang - Noryangjin 9,526.65
5 Gyeongbu Line Guro - Sindorim 9,268.65
6 Gyeongbu Line Noryangjin — Yongsan JCT 8,939.70
7 Gyeongbu Line Yongsan JCT - Yongsan 8,578.50
8 Gyeongbu Line Yongsan- Namyeong 7,115.50
9 Gyeongbu Line Namyeong - Seoul 6,211.35
10 Gyeongbu Line Guro JCT - Guro 5,741.64
11 Gyeongbu Line Gasan Digital Complex — Guro JCT 5,375.15
12 Gyeongbu Line Doksan — Gasan Digital Complex 5,274.05
13 Gyeongbu Line Geumcheongu Office - Doksan 4,966.54
14 Gyeongbu Line Siheung JCT — Geumcheongu Office 4,890.71
15 Gyeongbu HSR Sindong JCT - Dongdaegu 4,410.18
16 Gyeongui Line Gangmae - Hwajeon 4,195.13
17 Gyeongui Line Hwajeong — Susaek JCT 4,124.50
18 Gyeongbu HSR SR JCT - Cheonanasan 4,101.96
19 Gyeongbu Line Byeongjeom - Seryu 4,038.56
20 Gyeongui Line Neunggok - Haengsin 3,926.75
21 Gyeongbu HSR Dongdaegu — Daegu South JCT 3,896.93
22 Gyeongui Line Haengsin - Gangmae 3,813.75
23 Gyeongbu HSR Daegu South JCT — Singyeongju JCT 3,808.76
24 Gyeongbu HSR Gimcheongumi — Daegu North JCT 3,742.20
25 Gyeongbu HSR Cheonanasan - Osong 3,735.56
26 Gyeongbu Line Seonkyunkwan University - Uiwang 3,732.56
27 Gyeongui Line Susaek JCT - Susaek 3,723.35
28 Gyeongbu Line Hwaseo — Seongkyunkwan University 3,649.69
29 Gyeongbu Line Suwon - Hwaseo 3,649.69
30 Gyeongbu Line Dujeong - Jiksan 3,602.55
3.6.3. Z¥ X4 3.5.4. 3 XY
UL R0 Y ol A Ueko ey syEe %Z%Oﬂﬂlﬂ} ZA ATelH FFol IF
L BUATH A7) A YRA] AN AUFE -~ =Ytk AL 4 mu 554~ YR 77
Aot AUF ~WE 7ol 247} 1788, *“J~A1% © 717 299934 22019, eS| At AT FE
F 7200l 1012 M 2 £ ATE wh0d, DU AT A SHon, 324 B4 0
AR 2= Ao FF Ha JA Ululﬁ}oq, T d o]FZ 7SS 1y 5E dWHEo SeA
S AHo] o LWHE ARA U PO B RS, AAAL euel Ho| A Bes AuHeE
~FRA 11208, R~ 11038, WY~ ok TRlE BRL SUTEH) P~ B
& 1,080 $Eo2 YEE E, OhE AL T3 9 &7 A2 o 13078, BSE RV TS G 1,236
F= EolA| Ut H, 9J4b~AF2 1,169%Ho] HAY P02 A = o]
20 7Hd PrHoIN9] FRke FASH Yebgtt
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