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Abstract

The outliers in annual maximum rainfall can play an important role in the frequency analysis that estimates
the probability rainfall. To ensure reliability of the frequency analysis, this study detects the outliers and
conducts a qualitative analysis to investigate the causes of rainfall based on selected outliers. The outliers
in annual maximum 24-hr rainfalls at 57 stations in Korea were analyzed by four different methods, such
as Grubbs and Beck method, IACWD method, modified z-score method and box-plot method. The causes
of the selected rainfall events as high outliers were classified into changma, typhoon, severe rain storm
and frontal rainfall. The comparison of the methods shows that less outliers were found with Grubbs and
Beck method than the other methods. It is found that 51.0% of the outliers occurred due to typhoon,
followed by severe rain storm (35.7%), frontal storm (7.2%) and changma (6.1%). Rainfall events as outliers
were mostly caused by severe rain storm in inland regions while they were caused by typhoon in coastal
regions. The probability rainfall calculated without outliers from the test was compared with that before
the test.

Key words: outlier detection, cause of rainfall occurrence, probability rainfall

. M2 F2 AG0l =3HA A ATEHE st g S0] of
He dgoE IAPHL gloH, Jdaftre FAR

i o F ol B T4 A= B2 3| O S7FskaL Sl o]k o] #r o] 9383t fE
S TN 1o, ol 7|5 Ao Yo F Al Agtets A2 AAHZ FHHA| 2 AL
ol FARY o o] 4 3 EFo] sk 9 Zybel] B2 d3) S Y7L ol oH, AT E o=
o dAetE 718 9 HEd R 2 ALY g AdsE Agedd Ede A 0 E
oA oo ks A3 vEA S7kshs ddol A AFAA A stal e HEsA A s SAA L
St Atk A o] Byert W AFel o] o AHUA FeARE FESH, £ Agole
A& dZ7bssH AT, AT aedsls AN & wE JAE &F B Vet &k

* The Ist author: Ho Geun Son, Tel. +82-54-339-5032, Fax. +82-54-339-5080, E-mail. hgson@ekr.or.kr
“ Corresponding author: Jae Joon Lee, Tel. +82-54-478-7616, Fax. +82-54-478-7859, E-mail. jhb365@kumoh.ac.kr



96 Crisisonomy Vol.15 No.10

oAl WA A OF, E o4y F wel
2eho) gl A Holuh ol g9 gt Sol EAT
Atk AEH FES FHAYNN AR A 54
2 AFA7A B FEFSFS AHT 5 dov,
WALF FoA 1A D AR Ao Arjet
Ash Ae A ST 4T 5 AW AR B
oI419] oAl S Ay e ARl A AgE T
94 gke AAoltk £, o4/t THH BIAR

2 g3t
889 Ay
Els 7§T7]' Uetta ok dAZsEF AL
% (Ministry of Land, Transport and Maritime Affairs,
2012)2] A5, oI AR E st Aol wpe} 7
FARANA ASJste Aoz AAEHA oy, A5
drMe #ASdF R0 FYPHA GV g
IARE FEHIT e ARt

AgEA el glof ol Ao BHE ATEdE A
Hi, o] dA) 9] /gL ARTE o2 AgEol o3
AYEAY 245 0] Sk} Grubbs(1969)= EEALS
A FA olFU e AREEREH Hojd FAEHE A
T} 493k 3L Hawkins(1980)= 71&2] HlolEl &3}

&

Olr

dAo] HolstAl g2} 7129 HolHEd= UE ¥
olA AdE FHEo] w2 HolE Fofsttt =3

Johnson(1992) At EEHE] E2|5 o] E&EE HA
& Hol& Zho|gkal 313 2™, Mendenhall, et. al.(1993)
2 X YA 53] oA Ude gl A8
Harmeling, et. al.(2006)2 AAZ S g&0] v
w2 HoHE oA & Bt | % st oA
Aol tiake] Thompson(1935) FEEALE EFHAMS}
S A2k 2] HlE vl o2 3 AR E Akt
T}, ¢ Dixon(1950-1951)2 # 4 X9} v w3}
Ao W5, 259 Ao ASAE AHEse A A
A S AQFSFATE Bamett & Lewis(1994)= Dixon©]
A AR WA T8t 259 Ho #HSA | it
o] A5 Th Grubbs(1969), Stefansky(1972)= A7

o do &

r:i

B

X5 W2 AR5 A o] AAE Ao,
Grubbs & Beck(1972)2 B3} AL, 1831 {2
T tste] A k& o] &3 AAWHE AL
T} Pilon, et. al(1985)2 K, < ol 10%l tist &
Hkzlo 2 spEsiion, H FAY B3| (The US.
Water Resources Council, 1981)= Grubbs & Beck©] A|<F
g AR s tigk AEE F7lste] A
WS Aokt McCormick & Rao(1995)& ©] A4
e g E=2 dARE 7 ol Bt om,
U} 5K o] HAE o] &at] HAPAA T
H(Least Mean Square method, LMS)S A A3} 7]&2)
HES vty
749-0) o4\ Aol B ATZE Choi, e, al2011)
o] =] 7-5-¢] AR AE fdte] A5l g
A5 oA BA T AL7RPE A HAA-F ARE
FZ3to] A=A e ARE TSI Moon, e
al.2014)& AWS 7392k 5.8] FZNAE f1ste] A=A
Ao AARE WO R ASA 9 oA A of
g A4S A EslY 7|& AeARte] HluiM S
=gk Kim, et al(2015)°] & ©
o] AR FAMNE et AeAd AeAsE
o2 44 rAgo w2 AHE Hus 33192
™, Jeong(2016)= 57/ A9 =) Z9AEE Y
O HA o FAEH S A gato] 1 Al e &
EATEFS Al - A8kl B9 Lee, er. al.(2017)
& Ax 78 EAO tig o)A Ao HANIE 9
HslE EAEAT 39U AR AFEE
Song(2012)°] =] &5 AFIIE st =
A5 AR HFH HFE TR BRste] &4
30 M, Lee, et. al(2018)°] U ZF4-5
O EAE I’ SA o] WA TS EA BT
B AFAE 304 o) 71EATE e Ty
5770 AMEE o=, 24771 2449 ¢
TR U 7499 o] A AT
ARl o) dA] Age] 717t mE &E9-F

= ¥
o Wals BAslaa) st o)k By o g

Zu}

1o
¢

R0
=

A4ARES

_l



T oA 2] ZEE+E Grubbs and Beck ',
IACWD W, 4 z-score W3} Box-plot B < &
S, BEASF BAL WIETSF 4Had
(Ministry of Land, Transport and Maritime Affairs, 2012)

= F218ke] Gumbel ZEF S o] &3t} E3L o)A

7F A s e kA 7188l obd =4
I DA Bo] Qlon R o)Ayt WA 7
o e Al BE, ATEs, AP A2 &
Fote =l ARA-7-2 ol g MAEA & defstal
A ek o)A o] A3 el M A
A o] A Ao BAUR] HEE d5351] ofy
= o171 Fe) SFE agstel Ar|How AHE
5318 AFE @ AT 2L A9S o)A
ol W s FH, XA ol wE At A7
AY FH< FEste], FF = Aol FA 5
A E871EE ANE Ao fddEn

Il. 71202t CHXP

1. O]¢x| AHYH
1) Grubbs and Beck 2
[e)

Grubbs and Beck ¥ thoFsl =81

Xp= T+ ky S, 1
X,=x—kyS, @

714, 29 S FEAR S i FFHUAo|H
UAF ke FE 719} o FF] T} Grubbs and
Beckoll &J3 Fo]AT}. Pilon, er. al(1985)0] A3k

10%2) frol5el SARE 4 ()% 2k

A Study of the Rainfall in Korea Using Outlier Detections 97

ky= —3.62201 +6.28446 V'~ 2.49835 N/

\ 3
+0.491436 N*/*—0.037911N @

A71A, N& FR29| o], 259 ghol XyHth 2
735 ol F ALOJEA|, X BT 2hg 73§ Aol dAgtaL

o

o

2) IACWD &t
TACWD(Interagency Advisory Committee on Water Data)
e 2EARS JH=ATE ARk oA A%
& e, HE=AT7 045 29 ol dH| ol o
g, 0450 2o Aol Ao ek A AR

ol

il

ok

A%

= HFEATTE 04~ 04 Aolo] EARTHE 10
S|} Aol dAlell theh A R AANske el

Lol g oF Aol A= A (4)9} 4 (5)9F BTt

xS

O

Yu= 3_/+KNSV @)
yngsz\'SY ©)

A7V A, yuSh y & 247} T A Aol RAE =
aelod, aws Hit, S BFAAL Ky T2 4

of & WEAFeIt

3) =X z-score gt

A7VA, 2ok 5= TR B TFHUAO|H, A
AL Az M Y OJBFAE |17} 255 2= AR
£ Yusity. 4 z-score WH(Iglewicz & Hoaglin,
1993 FEAT | Py} TFAUAE FF9H 2%
< o] gstd A - 3t HAXE 28l FE Fels)
+ z-score ‘W T FHH FIE AHAE o

o] oA oJ¥E Berdl

il



98 Crisisonomy Vol.15 No.10

2;= 0.675(x;,— x5) /| MAD (7)

A7|A, MADE FX3 A Aboln ThE Ao
A,

A7VA, 2, = FHROI, -7} 358 233 2

RS OIAIR FIT

4) Box-plot &t

Box-plot > AEEA 9 27] GAol|A 35t
v B HolHEA A EXx9 NEH EAS
gotsty] 9ste] A ARREM, A5 9 A7|HT
= 9 (rank) 2 9 9(quantile)oll A HTHChoi
& Park, 2016). AA AE5E 25%% AHEHE st
£ 44 Z}Eﬂl%% TUE, W, 9 fo

H25~75% BT

ﬂ.lrl

HXIQr e Hlfﬂ%‘ 04 & A 4

IQR= @~ @ W)

A7|M, & AT, @ AARESIFoIH, &
=5k (Upper fence, UF)Z} 31 8+4k(Lower fence,

LF)& o3 2t

UF= Q+ (1.5 <X IQR) (10)
LF= Q,— (15X IQR) (11
2. 22 Lyl

B ATolA 287 A AL FA A,

o 3 Qo Ay EH A changma)T SO
ofo] Ewt AdE | AAsh= AR F=, d&
AN frAkstA G HIZF Al A wol &

AdEEE Eot, fejuetdAe dubdo® 6
steE 7€ T SkezbA 9 713to] SRE Y. HF
e duiA gl A st Hejw
B T, 48 2 v duE vsshe
#7158k 2t sdld gste B

5°~25°, o] ¢ 27C o]l FEHA F

gl EAEtA Aol BAZO R 0]

Faao] ol2w BEZO 2 PG ulio)

(typhoon)&

‘\N
L b e
w L
S oox

off
ol
o)
=

bl
i
rx
= o o

I A FEUetddls F2 795E 92 A4
F3tt HF T F(severe rain storm)= &> A ZF <t
o F& Aol e o) w7t el BAe B

], YukA 0 Z [ A7k 30mmo]AFo] At 3FF-oll 80mm
4] v7E g o, =5 A% ]"TE]:-’] 10% ?@E-‘ﬂ H]

. =
(frontal rainfall)= =218 AL, T3], v,
)0l FHHAN thFH oz AT iR &
Z1Fdelet & & Sl %7]7]%% 558 gAY,
ofdth s FA Y 1 g ofdth SA o £
kil o] A S 2HH o] st o, e F7]7]
o] g&ol= A Foll F99 E71HY 27H A
A HE 397 B BTk B9 A

3. HEYLY My
B APl A8 AHE 49EA0 e 3B
SR PR AATSS Y8 (Ministry of



A Study of the Rainfall in Korea Using Outlier Detections 99

Land, Transport and Maritime Affairs, 2012)S F55F4

GETEYCEE Gumbel £, EFFHTHOE

F(z)=exp|—exp|— (13)

/—\
=
)
of |
i
-
-
P—

_ } M, = EX"F'(z) {1-Fz) }] (14)
o E5Y EE QA 49T o WNE B o
=Ny Hyxo FEU I Al
o i}%w ope 1S SERERTE A A7VA, p, g s& Holx, YuHOE NG B
(st e Ao 27T RHEE 4 (159 4 (1622 Y
W, 2ol e 28tz e] B GEVESEUE
J2) = eap |- ——"—exp(— —2) 19 =473 A 187 2ol BAF 4 ok,
A7IA, a= FrRl FH ZgolH p= HA RS M, = E X F'(z)]= B, (15)
Z At A& TAHA(mode)E FA5HH, W= My,= E X {1-F) ']= B, (16)
wosx< e ol D == e e )
A (D ARHE A )F L PAREGE oo
g 9 > ot K I e i
Table 1. Observation periods of 24hr rainfall for the 57 stations
No. Station Years No. Station Years No. Station Years
1 Sokcho 1971~2017 (47) | 21 Busan 1961~2017 (57) | 41 Jeongeup 1973~2017 (45)
2 Daegwanlyeong | 1972~2017 (46) | 22 Tongyeong 1968~2017 (50) | 42 Namwon 1973~2017 (45)
3 Chuncheon 1966~2017 (52) | 23 Mokpo 1971~2017 (47) | 43 Jangheung 1973~2017 (45)
4 Gangneung 1961~2017 (57) | 24 Yeosu 1961~2017 (57) | 44 Heanam 1973~2017 (45)
5 Seoul 1961~2017 (57) | 25 Wando 1973~2017 (45) | 45 Goheung 1973~2017 (45)
6 Incheon 1961~2017 (57) | 26 Suncheon 1973~2017 (45) | 46 Yeongju 1973~2017 (45)
7 Wonju 1973~2017 (45) | 27 Jinju 1969~2017 (49) | 47 Mungyeong 1973~2017 (45)
8 Suwon 1964~2017 (54) | 28 Ganghwa 1973~2017 (45) | 48 Yeongdeok 1973~2017 (45)
9 Seosan 1968~2017 (50) | 29 Yangpyeong 1973~2017 (45) | 49 Uiseong 1973~2017 (45)
10 Uljin 1972~2017 (46) | 30 Icheon 1973~2017 (45) | 50 Gumi 1973~2017 (45)
11 Cheongju 1967~2017 (51) | 31 Inje 1973~2017 (45) | 51 Yeongcheon 1973~2017 (45)
12 Dagjeon 1969~2017 (49) | 32 Hongcheon 1973~2017 (45) | 52 Geochang 1973~2017 (45)
13 Chupunglyeong 1961~2017 (57) | 33 Jecheon 1973~2017 (45) | 53 Hapcheon 1973~2017 (45)
14 Andong 1983~2017 (35) | 34 Boeun 1973~2017 (45) | 54 Milyang 1973~2017 (45)
15 Pohang 1961~2017 (57) | 35 Cheonan 1973~2017 (45) | 55 Sancheong 1973~2017 (45)
16 Gunsan 1968~2017 (50) | 36 Bolyeong 1973~2017 (45) | 56 Geoje 1973~2017 (45)
17 Daegu 1961~2017 (57) | 37 Buyeo 1973~2017 (45) | 57 Namhae 1973~2017 (45)
18 Jeonju 1961~2017 (57) | 38 Geumsan 1973~2017 (45)
19 Ulsan 1961~2017 (57) | 39 Buan 1973~2017 (45)
20 Gwangju 1961~2017 (57) | 40 Imsil 1973~2017 (45)
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Table 2. Results of four outlier detection tests for 57 stations

Outlier in year Outlier in year
No. tati i No. tati i
0 Station Grubbs TACWD Modified Box-plot 0 Station Grubbs TACWD Modified Box-plot
and Beck Z-score and Beck z-score
1 Sokcho 1984 12002 | 1984 | 1984 12002 | 30 Icheon 1990 1990
2 | Daegwanlyeong | 2002 2002 2002 2002 31 Inje
3 Chuncheon 32 Hongcheon 1990 1990 | 2006
4 Gangneung 2002 2002 2002 2002 33 Jecheon
1980 | 1987
5 Seoul 1972 2011 1972|2011 | 34 Boeun 1998 1998 1997 [ 1998
6 Incheon 1987 1972 | 1987 | 35 Cheonan 1995 1995 | 2002
7 Wonju 1976 1976 12002 | 36 Bolyeong 1995 1995 1995 | 2000
8 Suwon 1972 1 1990 1972 11990 | 37 Buyeo 1987 1987 1987 1987 | 1995
9 Seosan 1999 199511999 | 38 Geumsan
10 Uljin 1991 1991 39 Buan 2007 2007
11 Cheongju 1995 1995 40 Imsil
12 Dacejeon 1987 | 1997 1987 | 1997 | 41 Jeongeup 2011 2011 2011 1998 | 2011
1 1
13 | Chupunglyeong 1995 | 2002 2(9)(9); 99 42 Namwon
1974 | 1981
14 Andong 43 Jangheung 1981 1981 1981 2002 | 2004
1 1
15 Pohang 1998 1998 1998 2(9)(9)2 998 44 Heanam 1981 1981 1981 1981
1979 1 1987 1981 | 1998
16 Gunsan 2000 [ 2011 | 2000 | 2000 | 2005 | 45 Goheung 1981 1981 1981
2011|2012 2002
1994 | 1999
1 *
17 Daegu 46 Yeongju 2015 2002 2002
18 Jeonju 2005 2005 47 | Mungyeong 1987 | 2002
1969 | 1991 1991 | 1998
19 Ulsan 1969 | 1991 | 1969 1991 2005 48 Yeongdeok 1991 | 1991 | 2001 1991 001
20 Gwangju 1989 | 1989|2004 | 1989 | 1989|2004 | 49 Uiseong 2015*% | 1984 | 2004 1984 | 2004
21 Busan 1991 1991 1991 50 Gumi 1998 | 2004
2012
1969 | 1979
22 Tongyeong 1999 119791999 | 1999 | 1982 |1985| 51 | Yeongcheon 1994*
1999
23 Mokpo 1981 1981 1981 | 1981 | 1985 | 52 Geochang 2004 2004
24 Yeosu 2012 2012 53 Hapcheon
1979 | 1981
25 Wando 1981 1981 | 1985|1998 | 54 Milyang 1979 1979
2002 | 2004
26 Suncheon 55 Sancheong 1982 1982
. . 1985 | 1991
27 Jinju 2011 2011 56 Geoje 1985 11999 | 1985 | 1999 1998 [ 1999
28 Ganghwa 1997 | 1998 1997 [ 1998 | 57 Namhae
29 Yangpyeong Total 15 55 22 98
*: Low outlier detected in the tests
T GEATFO] 64%E Aot om, Ad7IzE 100 AMER AWEY, TRl 341%% 7 E A
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Table 3. Comparative of rainfall quantiles in 24hr rainfall duration

Return periods

Return periods

Noj  Station Sortaion ¥ car [ 30Year | S0Year [ 100Year | | Station Sortation 5 ear | 30Year [ 50Year | 100Year
| Sokeho before rejection| 448.7 | 4954 | 553.6 | 632.2 30 Ieheon before rejection | 417.2 | 460.7 | 515.0 | 588.4
after rejection | 412.8 | 454.2 | 505.9 | 575.7 after rejection | 417.2 | 460.7 | 515.0 | 588.4
2 | Dacgwanlyeong before rc?jecFion 553.9 | 6162 | 694.0 | 798.9 3 Inje before réjec'tion 380.2 | 419.5 | 468.6 | 5347
after rejection | 4252 | 467.1 | 519.6 | 590.3 after rejection | 380.2 | 419.5 | 468.6 | 534.7
31 Chuncheon before rejection| 386.9 | 425.8 | 4743 | 539.8 32| Hongcheon before rejection | 397.7 | 439.3 | 491.2 | 561.3
after rejection | 386.9 | 425.8 | 4743 | 539.8 after rejection | 397.7 | 4393 | 4912 | 561.3
4| Gangneung before re.jecFion 584.1 | 654.1 | 741.7 | 859.7 3 Techeon before rf.:jec.tion 365.6 | 402.1 | 4478 | 5094
after rejection | 406.7 | 4483 | 500.2 | 5703 after rejection | 365.6 | 402.1 | 4478 | 509.4
before rejection| 477.0 | 528.3 | 592.5 | 679.1 before rejection | 395.0 | 4384 | 492.6 | 565.8
5 Seoul — 34 Boeun ——
after rejection | 477.0 | 5283 | 592.5 | 679.1 after rejection | 347.5 | 383.8 | 429.1 | 490.2
6 Incheon before rejection| 411.9 | 456.6 | 512.6 | 588.0 35 Cheonan before rejection | 329.6 | 360.7 | 399.7 | 452.2
after rejection | 411.9 | 456.6 | 512.6 | 588.0 after rejection | 329.6 | 360.7 | 399.7 | 4522
7 Woniu before réject.ion 397.0 | 4378 | 488.7 | 5574 36| Bolyeong before n?jec.tion 389.9 | 432.7 | 486.1 | 558.1
after rejection | 397.0 | 437.8 | 488.7 | 5574 after rejection | 343.0 | 378.7 | 4233 | 483.5
8 Suwon before rejection| 456.7 | 506.1 | 567.8 | 651.1 37 Buyeo before rejection | 393.7 | 436.2 | 489.2 | 560.8
after rejection | 456.7 | 506.1 | 567.8 | 651.1 after rejection | 276.2 | 299.9 | 3295 | 3694
9 Seosan before rejection| 365.0 | 402.3 | 4489 | 511.7 38| Geumsan before rejection | 279.9 | 303.8 | 333.6 | 373.8
after rejection | 365.0 | 4023 | 4489 | 511.7 after rejection | 279.9 | 303.8 | 333.6 | 373.8
10 Uliin before re'jecFion 297.1 | 3259 | 361.7 | 410.2 39 Buan before rc?jecFion 298.0 | 3259 | 360.8 | 407.9
after rejection | 297.1 | 3259 | 361.7 | 410.2 after rejection | 298.0 | 325.9 | 360.8 | 407.9
1" Cheongju before re'jecFion 291.1 | 3182 | 352.0 | 397.6 40 Tmsil before rc?jecFion 291.1 | 318.5 | 352.8 | 399.0
after rejection | 291.1 | 3182 | 352.0 | 397.6 after rejection | 291.1 | 318.5 | 352.8 | 399.0
1 Dacjeon before re'jecFion 364.0 | 4013 | 447.8 | 510.6 4 Jeongeup before rc?jecFion 3483 | 385.0 | 430.9 | 492.7
after rejection | 364.0 | 401.3 | 447.8 | 510.6 after rejection | 280.9 | 307.0 | 339.7 | 383.8
13 | Chupunglyeong before rc?jecFion 284.5 | 312.1 | 346.6 | 393.1 0! Namwon before réjec'tion 261.3 | 283.6 | 311.6 | 3493
after rejection | 284.5 | 312.1 | 346.6 | 393.1 after rejection | 261.3 | 283.6 | 311.6 | 349.3
14 Andong before rc?jecFion 203.0 | 2194 | 239.8 | 2673 43| Jangheung before réjec'tion 468.9 | 519.1 | 581.9 | 666.5
after rejection | 203.0 | 2194 | 239.8 | 2673 after rejection | 367.6 | 401.9 | 444.7 | 502.5
15 Pohang before rc?jecFion 412.5 | 460.0 | 519.5 | 599.7 m Heanam before réjec.tion 4242 | 469.7 | 526.5 | 603.1
after rejection | 3154 | 347.6 | 387.8 | 442.0 after rejection | 350.7 | 384.7 | 4273 | 484.8
16 Gunsan before rejection| 355.5 | 393.1 | 440.1 | 503.5 45| Goheung before rejection | 514.5 | 5714 | 6424 | 738.2
after rejection | 326.2 | 359.5 | 401.1 | 4572 after rejection | 427.3 | 470.7 | 5249 | 598.1
17 Dacgu before rejection| 275.2 | 301.4 | 334.1 | 3783 46 Yeongju before rejection | 332.6 | 367.2 | 4104 | 468.8
after rejection | 2752 | 301.4 | 334.1 | 3783 after rejection | 332.6 | 367.2 | 4104 | 468.8
18 Jeoniu before rejection| 293.7 | 321.8 | 357.0 | 404.5 47| Mungyeong before rejection | 247.9 | 269.1 | 295.7 | 3315
after rejection | 293.7 | 321.8 | 357.0 | 404.5 after rejection | 247.9 | 269.1 | 295.7 | 331.5
19 Ulsan before rejection| 432.5 | 480.0 | 5394 | 619.6 48| Yeongdeok before rejection | 297.6 | 327.9 | 365.8 | 416.9
after rejection | 337.2 | 3702 | 411.5 | 467.1 after rejection | 265.9 | 2914 | 3233 | 3664
20 Gwangju before rejection| 347.2 | 382.3 | 426.1 | 4853 49 Uiseong before rejection | 239.7 | 262.2 | 290.3 | 3282
after rejection | 3122 | 342.0 | 3792 | 4294 after rejection | 239.7 | 262.2 | 290.3 | 328.2
’1 Busan before rejection| 426.1 | 469.9 | 524.5 | 5983 50 Gumi before rejection | 254.2 | 277.8 | 307.3 | 347.1
after rejection | 384.1 | 4214 | 468.1 | 531.1 after rejection | 254.2 | 277.8 | 307.3 | 347.1
2| Tongyeong before rejection| 380.1 | 418.7 | 466.9 | 532.0 51| Yeongcheon before rejection | 228.8 | 2474 | 270.8 | 302.2
after rejection | 343.5 | 376.6 | 418.0 | 473.8 after rejection | 228.8 | 2474 | 270.8 | 302.2
23 Mokpo before rejection| 321.9 | 355.0 | 396.3 | 452.1 52| Geochang before rejection | 2952 | 321.8 | 355.0 | 399.8
after rejection | 253.8 | 276.1 | 304.0 | 341.7 after rejection | 295.2 | 321.8 | 355.0 | 399.8
2 YVeosu before rejection| 392.1 | 431.1 | 479.8 | 5454 53| Hapcheon before rejection | 353.2 | 387.9 | 431.2 | 489.7
after rejection | 392.1 | 431.1 | 479.8 | 5454 after rejection | 353.2 | 387.9 | 4312 | 489.7
2 Wando before rejection| 483.7 | 536.5 | 602.5 | 691.5 54 Milyang before rejection | 337.6 | 370.9 | 412.5 | 468.6
after rejection | 441.5 | 488.1 | 5464 | 625.0 after rejection | 337.6 | 370.9 | 412.5 | 468.6
2% | Suncheon before rejection| 370.0 | 404.2 | 446.8 | 504.4 55| Sancheong before rejection | 466.9 | 5152 | 575.6 | 657.1
after rejection | 370.0 | 404.2 | 446.8 | 504.4 after rejection | 466.9 | 515.2 | 575.6 | 657.1
.. before rejection| 356.5 | 389.4 | 430.5 | 485.9 . before rejection | 546.0 | 605.1 | 678.9 | 7784
27 Jinju — 56 Geoje P
after rejection | 356.5 | 389.4 | 430.5 | 485.9 after rejection | 430.8 | 472.5 | 524.8 | 595.2
before rejection| 481.0 | 531.0 | 593.6 | 677.9 before rejection | 489.1 | 536.8 | 596.5 | 677.0
28| Ganghwa 1 rejection | 4810 | 5310 | 593.6 | 6779 | 0| M I e rejection | 489.1 | 5368 | 596.5 | 6770
29| Yangpyeong before rf.:jecFion 4444 | 491.1 | 5494 | 628.1
after rejection | 444.4 | 491.1 | 5494 | 628.1




Table 4. Results of outlier analysis by the cause of rainfall occurrence
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No. Station Year Cause of rainfall occurrence | No. Station Year Cause of rainfall occurrence
1984 severe rain storm 2002 typhoon
1 Sokcho 25 Wando
2002 typhoon 2004 typhoon
Daegwanlyeong 2002 typhoon 27 Jinju 2011 severe rain storm
Gangneung 2002 typhoon 1997 severe rain storm
28 Ganghwa -
5 Seol 1972 typhoon 1998 severe rain storm
€0
! 2011 severe rain storm 30 Icheon 1990 severe rain storm
1972 typhoon 1990 severe rain storm
6 Incheon - 32 Hongcheon -
1987 severe rain storm 2006 severe rain storm
. 1976 severe rain storm 1980 severe rain storm
7 Wonju -
2002 typhoon 1987 severe rain storm
34 Boeun
1972 typhoon 1997 changma
8 Suwon - -
1990 severe rain storm 1998 frontal rainfall
1995 severe rain storm 1995 typhoon
9 Seosan 35 Cheonan
1999 typhoon 2002 typhoon
10 Uljin 1991 typhoon 1995 typhoon
- 36 Bolyeong
11 Cheongju 1995 typhoon 2000 changma
. 1987 changma 1987 changma
12 Daejeon - 37 Buyeo -
1997 severe rain storm 1995 severe rain storm
1995 severe rain storm 39 Buan 2007 changma
13 | Chupunglyeong 1996 severe rain storm 1998 typhoon
41 Jeongeup -
2002 typhoon 2011 severe rain storm
1997 severe rain storm 1974 severe rain storm
15 Pohang 1998 typhoon 1981 typhoon
43 Jangheung
2005 typhoon 2002 typhoon
1979 typhoon 2004 typhoon
1987 severe rain storm 44 Heanam 1981 typhoon
2000 severe rain storm 1981 typhoon
16 Gunsan -
2005 frontal rainfall 45 Goheung 1998 typhoon
2011 severe rain storm 2002 typhoon
2012 severe rain storm 1994 severe rain storm
18 Jeonju 2005 frontal rainfall 46 Yeongju 1999 severe rain storm
1969 frontal rainfall 2002 typhoon
19 Ulsan 1991 typhoon 1987 severe rain storm
47 Mungyeong
2005 typhoon 2002 typhoon
. 1989 changma 1991 typhoon
20 Gwangju
2004 typhoon 48 Yeongdeok 1998 typhoon
21 Busan 1991 typhoon 2001 frontal rainfall
1969 frontal rainfall ) 1984 severe rain storm
49 Uiseong
1979 typhoon 2004 typhoon
22 Tongyeong 1982 typhoon 1998 typhoon
1985 severe rain storm 50 Gumi 2004 typhoon
1999 severe rain storm 2012 severe rain storm
1981 typhoon 52 Geochang 2004 typhoon
23 Mokpo ; -
1985 severe rain storm 54 Milyang 1979 typhoon
24 Yeosu 2012 typhoon 55 Sancheong 1982 typhoon
1979 typhoon 1985 frontal rainfall
1981 typhoon 1991 typhoon
25 Wando s - 56 Gyeoje yp
1985 severe rain storm 1998 typhoon
1998 typhoon 1999 severe rain storm
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Figure 1. Comparative of average rainfall quantile for return periods
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Table 6. The classification of outliers by the occurrence year

Year No. of Outliers Ratio (%)
Before 1979 11 112
1980~1989 21 214
1990~1999 33 33.7
2000~2009 26 26.5
After 2010 7 72
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