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Quantitative Analysis of Flood Risk using Flood Index over Korea

Yu-Jin Kim

Department of Environmental Atmospheric Sciences, Graduate School,

Pukyong National University

Abstract

This study investigated the characteristics of flash flood risk of 57 stations and 6 groups
in Korea, using Flood Index (FI; Byun and Lee, 2002) which was calculated from the daily
precipitation data from 1973 to 2012. The days of FI greater than 1 mean.flood risk days.

In 57 stations, Gangneung (31th. Aug., 4.88), Pohang (30th Sep.; 4.39), Sokcho (2nd Sep.,
3.97), Icheon (11th Sep., 3.71), and Busan (23th Aug., 3.56) had the biggest flood risk in
each of the top five years (2002, 1998, 1984, 1990, 1991) at the ranking of flood risk in the
top five years. All the trends of the yearly maximum FI in 57 stations were positive. The
trend of yearly maximum FI was the highest in Seoul at the rate of 0.48 decade’, and the
lowest trend was in Miryang at 0.04 decade™. Also, the flood risk days in the 57 stations
appeared in 24th July~29th Oct., and the mean duration of flood risk was 5.75 days. The

earliest mean onset date of flood risk among each of 57 stations was 5th Aug. at Busan, and

vi



the latest was in 7th Sep. at Gangneung. The earliest mean end date was 21th Aug. at
Suwon, and the latest was 23th Sep. at Buan.

In groups of flood risk, Korea was divided into six clusters along monthly maximum FI.
The trend of the yearly maximum FT in each of 6 groups was positive. The trends of groups
in the west of Korea were higher than those of the groups in east of Korea. The maximum
flood risk among each of 6 groups was the highest in 31th Aug. 2002 (3.36) at G1. The
highest mean frequency of flood risk was in G6 (27.8 times) and the lowest was in G5 (1.1
times). In flood risk map, all groups had flood risk in 2003.

Key words: Flood Index (FI), Flood Risk
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Fig. 1. Distribution of 57 weather stations with WMO number (47 is omitted in the

head of each number). Shaded contours denote topography (m).
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Table 1. The classification of the FI.

Flood Index Classification
1<FI<2 Moderate flood risk
2<FI<3 Severe flood risk
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Fig. 4. Time-series of the yearly maximum FI in (a) Seoul, and (b) Miryang from 1974

to 2012.
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Table 2. The ranking of 5 maximum FI cases (1% row) and other station dates of the year.

2002 1998 1984 1990 1991
Station Date  FI Station  Date  FI Station Date  FI Station Date FI Station Date  FI
1 Gangneung 8/31 4.88 Pohang 9/30 4.39 Sokcho 9/2-.. 3.97 Icheon 9/11 3.71 Busan 8/23  3.56
2" Daegwallyeong  8/31 3.22 Seoul 8/8  3.52 Inje 9/2° 196 Hongcheon 9/11 3.24 Ulsan 8/23 345
3 Chupungnyeong 8/31 221 Boeun 8/12 -3.49 Hongcheon 9/2 1.57 Suwon 9/11 3.16 Pohang 8/23 2.47
4" Goheung 8/31 2 Ganghwa 8/6 2.82  Uiseong 9/3 1.4 Seoul 9/11 3.16 Yeongdeok 8/23 1.93
5 Hapcheon 8/31 195 Daejeon = 8/12 ;2.65 Chuncheon 9/2 1.33 Incheon 9/11 3.11 Uljin 824 1.7
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(a) .Jan

(b)
Nov i ’ Mar
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Fig. 5. Scatter plot of (a) flood risk dates (FI>1) against FI and (b) flood risk onset
dates against duration from 1974 to 2012 in 57 stations. Flood risk date was defined as

the day of FI greater than 1. Each radial axis denotes the first day of the month.

_15_



200
175
150

Frequency
o
N L4y ~l [=] N
wn o [3)] o (4]

i)
T

o

0 5 10152025 3035 40 45 50 55 60 65 70 75 80 85 90

Duration-of flood risk
Fig. 6. Histogram of the flood risk duration that is the successive days of flood risk

days.

_16_



‘\% O# J
o~
RN R
.MU Be ” mﬂ B vA_-_ O# J Ot 1
w ORI G K
= 2 ol N = XX = ol
* = o & a mw + <ooE W 9 mm 7 Ab
p o _~
o g : 2 on F S o e Y
= & x W ol E RT o B o
<3 o I~ - e ~ _ o) Ho
e v = © K = O 3 3 ol _
- o e T JIK = o o IH =
w2 < W 3 S wo oD ~ X % S
< 5 4 p/ed y = EIgs
o < 4 = S N c o, B oo )
5 xR A N/ o o 2T Loom I
o P ok Wyl P S yr A ; = 5
— 0 L L ol lolo ity < mﬂl =
il b= = ° o e A= oy )] N ﬂm ~ wx =
m P o — T £ 5 w5 ca
=~ ~ B R olo = e = = H
N X ;OU ﬂ_Dl ;OU i o Jva < N H_v
S = oF oo™ N A~ o T
DI LR L. = = S q
o = S A o\ ¢ :ﬂm_. - = mu )
e} o . N K- ! -
gmﬂwg_gﬂmios.gﬂm b/ S E s O
ks = T W N\ s s g o
AW 4o T - . ) W/ iolo T Y
‘Aluﬂ .Eo ,UI ﬁl ,UrM <) Ot ME 7e) mc ,Eo ﬂ
B CIC 2 J m/ o ® = F 0
ol I moT S o7 Mo TR J;w ZMO '3 = X no < i
. Il g ® B e T e =
o 9 m u.u = ol ol H g 5= M WF o N i
Mo X oo w@_; ol ML A o s MM 3
SO Ho w2 = ~ X
Z.o T \._L/l_._ N . = o
Mo % ﬁl ! -
= T B
F X

pis

(¢}

]

Yz

o

L

(Fig. 8b)

=
T=Y

A%

ExS war)
- 17 -

27
0302l0]lon =
[}



el

7t 1.7 days year"©] T},

3

1
s

(Fig. 9)

ot

0.44 days year' =

1
s

=7 ol A

0|/

a
O
B/
ol
Hlo

T

o
A

ol

B3R

el
_foo
o
ol

H

pu—

jant

il

Ao A4

23.58Y o]t}

(63), -t

o)
=

Btk 9 AA (84Y), A

7ol &

717ko] AA WEbRtaL, 7

oA Ao A%

=
[e)

(55¢), A3t (449)

_18_



o W= (Fig. 9)¢F Hol A% 7I1%F (Fig. 10)

,.EO

)

0

o)
TR

,mﬂ
i+

71y wa e Ao

Mz

ARkt (2 HAAD.

i

asfe] 4

H]

e

4=
==

flofll A ]

S

o7
o

_19_



39N 39N
247 264
245 262
38N 24338N 260
241 258
239 256
237 254
37N 53537N 252
233 250
231 248
36N 22935N 246
227 244
225 242
223 240
35N 22135N 938
219 236
217 234
34N 34N
125 126E  127€  128E  129E~ 130 125F  126E 127E  128F  129E  130F

Fig. 7. Same as figure 3, but for the mean (a) onset date, and (b).end date of the flood

risk duration. The points indicate station locations. The values denote Julian day.
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Fig. 8. Same as figure 7, but for the (a) onset date, and (b) end date of the flood risk

duration.
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Fig. 13. The variation of 15-day running mean (line) of the averaged precipitation per

date from 1974 to 2012 along the group of (a) G1, (b) G2, (c) G3, (d) G4, (e) G5, and

(f) G6. The bars denote monthly mean of the daily precipitation.
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Table 3. Cluster classification results along the monthly maximum FI.

Group Location
Gl NE coast
G2 North region
G3 Middle region
G4 SE coast
G5 South region
G6 South coast

_26_



12 A Ao 5 PYE] ug
T A=Y WstE AyET] s HE FIo A HUg wskE

o] 1 4
AALR et Fig 14). & A T4 dHEE RE R4 F7}

i

S HeEbdlleh 58] Golld S7F 4 &0l 038 decade’ = 7HE A
G694 0.15 decade'® =7} AdFo] 714 Hgrl. G ALo] 23w

THOEAM SM Ae AGelM FI HAREt S7F B, Wk, AW AE

71Zke]l B5F e Frol - yEEd Zlo] FAHAG. I G1S UL
AR A2 HolAR AR FHulgte] 2002 7HE 2 3= 71E5H3ITh

T3 Aoz AE A9l (G2, G3, G5°] st XA (Gl, G4,
Go)Eot A Al TF AFEY F7F BFol A dEhe SAS
Bt

T Fl T HFEE Table 40 Besiith Mg 2
Adx= 3.36)= GlolA] 200299 8¢ 310l ERRTE. o]+ Table 29}
w=old A o] HF ‘FAPE - Ad-FFoltt. GollA = 1990 9
1ol &5 9% G137 7HE #=A deston o we SR
Asos2 s8] st a7t AJL Al7]olth G3 TFolA= 19874
7€ 31l 2 5 F¥EE (2.09)7F YEEEHE, o= 19871 7~8Y 400

mm ©°]/ge] T2 %t dgoz IFHAT GaolA= 19981 9

w
o

o
=
riu
ofol

T fEE (2497t YEREH ol "I dy'R AT

AF5 9o o3Folth. GsolAE 20039 99 12dd] & 5 93

H

_27_



(1.96)5 71=st=d ol& 2003 9¢ 12 AA™ BF ‘win]’9

dgelrk. GeolME 1991 89 23U & 5 9¥E=

71Z&F T o= 1991 8¥Y 22~26¥ 9 HIE ‘F¥yx’Y

=

A7k Aol

_28_



(a) (b)

G1 y=0.0182x-36.3014 G2 y=0.0377x-75.2136
3 3
2 2
o 1 o 1
0 0
1 1
2 2

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012
Year Year

(c) (d)

¢ G3 y=0.0322x-64.1038] ¢ G4 y=0.0234x-46.5488
3 3
2 2
o1 [
0 0
1 -1
2 2

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012
Year Year

(e) ®

‘1G5 y=0.0274x.54.7064 “Ge y=0.0152x-30.3700)
3 3]
2
”
1
[ o 1
0
1 0
2 11
3 -2

1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012
Year Year

Fig. 14. Same as figure 4, but for (a) G1, (b) G2, (c) G3, (d) G4, (¢) G5, and (f) G6.
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Table 4. The maximum FI and its date for each group.

Gl G2 G3 G4 G5 Go6

Date FI Date FI Date FI Date FI Date FI Date FI

2002/8/31 3.36  1990/9/11 3.13  1987/8/31 - 2.09 1998/9/30 ~2.49  2003/9/12 196 1991/8/23  2.70
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