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Abstract

Recently, due to various climate variabilities, extreme rainfall events have been occurring all over the world.
Extreme rainfall events in Korea mainly result from the summer typhoon storms and the localized convective
storms. In order to estimate appropriate quantiles for extreme rainfall, this study considered the probability
behavior of daily rainfall from the typhoons and the convective storms which compose the annual maximum
rainfalls (AMRs). The conventional rainfall frequency analysis estimates rainfall quantiles based on the
assumption that the AMRs are extracted from an identified single population, whereas this study employed
a mixed distribution function to incorporate the different statistical characteristics of two types of rainfalls
into the hydrologic frequency analysis. Selecting 15 rainfall gauge stations where contain comparatively large
number of measurements of daily rainfall, for various return periods, quantiles of daily rainfalls were estimated
and analyzed in this study. The results indicate that the mixed Gumbel distribution locally results in significant
gains and losses in quantiles. This would provide useful information in designing flood protection systems.
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23 TY, COvVel 7| =8AE

2 gke] COV (2003 7€ 119)7F = 21& Bl
M A9 2003 d] A5, TYSF COV % 2 #4l TY 7}

1578 A4 9] 499(1961 ~2009) FoF #=9 eEt$
(TY)9} "57--(COV)2] Hit(mean), &Y%k (median),

4 Hvariance), 5 75(coefficient of variance),

LA oy
_ =

(skewness), %= (kurtosis)E AH43l31.2™, Table 1
and 201 A&tk TYS COVE] Bkt S9ats vl

2.4 TY=2t AMRel =&4d H™n

TYSh AMRe] 5714 4] the A4

=
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7HA7] wfell, TYSH COV
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sl A giEte] A4 COVzE o 2 3 71 571 f15ke] t-test2} Wilcox Rank sum testE A A13F%
3 AL o]= ZAME 717 T ElEe] Uiso] flo] HiF t}h t-test™ Student’s t-E¥X 2 w2 EAVEAAR W
A57H0R1 el de] dEFE B Aow FAHn W Hor # ATl M= ol 5% two-sample t-test
SAGE TY7F AAH o2 AX, TYS F=HA e} Hat 7} AEH Ak Eq. (1) t-testoll 9] t-SAIFE 4H4
o] zpo|7} mlg- Atk RS & F ATt A% AFE ah= Aolw, wob y= 2 myae] A4, 5,9 5= X
ZARE A R Hgo] vl Am, o= ZF A A% AzxE Yebdth ndt m 2 2] Avjolth
o) ol tld oy Awsk Aele) BAel we e A )
o gekE HeE A5 £d AHER 187} A b=t
7} A9Ame] SEREe] Ho ARt AR tE Zigi’ + S W
Aok S8, BE A0l 49, Ty Bits 29 "
= COovell Hl3) wig- 2Fom TYS] HEATE w2
Table 1. Summary of Statistics for TY
TY
Station Mean Variance Median Coeff. of Variance .
(aum) (mm?) (mm) (mm) Skewness | Kurtosis
Gangneung 122.30 1830831 90.60 14970 354 20.14
Seoul 58.96 3187.37 51.30 54.06 2.01 8.32
Incheon 60.25 3143.84 50.50 52.18 1.39 5.25
Ulleungdo 58.27 2742.18 46.50 47.06 1.47 597
Chupungnyeong 64.28 3141.36 53.90 48.87 1.51 6.23
Pohang 87.13 8549.19 74.70 98.12 243 11.18
Daegu 71.87 3292.36 56.20 45.81 0.80 3.02
Jeonju 54.12 2234.50 37.60 41.28 0.96 3.34
Ulsan 96.29 7064.82 73.80 73.36 1.61 6.42
Gwangju 72.60 4786.91 61.10 65.92 1.39 519
Busan 85.17 6171.69 67.00 72.45 2.01 9.54
Mokpo 69.63 5166.99 55.80 74.19 2.13 9.75
Yeosu 82.21 4660.53 73.20 52.23 0.61 2.79
Jeju 109.69 8116.38 100.50 73.99 0.87 4.00
Seogwipo 79.05 5658.62 62.60 71.58 1.34 4.28
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Table 2. Summary of Statistics for COV

COoV
Station Mean Variance Median Coeff. of Variance .
(mm) () (mm) (mm) Skewness | Kurtosis

Gangneung 111.22 1906.31 100.20 17.14 2.08 9.25
Seoul 146.71 3908.35 131.60 26.64 1.03 3.75
Incheon 126.26 3799.16 105.4 30.09 1.14 3.54
Ulleungdo 83.77 696.96 79.30 8.32 0.66 2.67
Chupungnyeong 93.14 1127.92 89.60 12.11 1.29 5.24
Pohang 83.29 487.24 83.50 5.85 0.16 2.17
Daegu 82.28 931.40 82.20 11.32 1.12 5.07
Jeonju 105.80 1736.05 97.50 16.40 1.49 5.69
Ulsan 100.05 1924.11 93.80 19.23 2.53 12.96
Gwangju 118.06 4001.34 107.80 33.89 2.75 12.09
Busan 131.09 3233.61 107.80 24.66 0.94 3.31
Mokpo 100.76 905.05 97.00 8.98 0.80 3.79
Yeosu 114.23 1394.05 101.80 12.20 0.72 2.81
Jeju 110.32 4415.92 97.50 40.02 2.20 10.81
Seogwipo 141.23 3372.11 121.40 23.87 1.70 6.23

Wilcox rank-sum test= Mann-Whitney U test B2
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S 92 vptolA] F2ke] AA L s WH(Eq. (2)2
2 t-teste} PREIZIAIR ol 5% 2 pvalues A

a3t

nn,

2

z=

o714 1y & w9lel T

n, = 20)°]th.
919 % 714 4

valuegE 3l 54

nan(nl +n,+ 1)

12

AF7HAe] 3 AAS p-
9o p-value:= 03} 1A}o]

o] tgghoz Uehllol Atk o] pvalue #3E fo

Folgns s, pvalued 71F7He] 2

B pvalue’t FS5

= A7l etdsiA
ojm|gt}, &, pvalueZ} 0.06 (25 5%) 20} 22

o

=
%3

- FAETRe] Z1Em 2 AnAde] SHAYE o

.

#5454 H39E 20124F 3J]

5 TYSECOVEl 4uae 245 95 Jas
vl AR Lhe}

i
i
oX,
_orL
32
&
o
)
)
oy
dr rfr
el
2
4
[N

2709l 9l s -
ASole r=00] Hrk Bu () 4% Aol

N
>
=
=
&

SXY

R \/Z(Xf})? \/E(Y*?)Q

Table 3 and 4+ =¥ 7
Aelgk Zlolth. =94 A4S S3te] TYS AMR

oL
Y,
o2l
B
o
n)
oX,
e
1
Lo
Ing
rlo Tﬂ

N
g
N

g A e, TYSF COViE e 524o] vhe wild
ojghal Akt 4= ol7] witell, AMRE shube] EAEe
= 7Heta SRR A S AAlEE 3l Bk F 7l

=
wgwoR Bejste] B4 ast Qv

267



Table 3. p-values for TY and AMR 3. £8f HHe TS

p-value
Station THREREFL sh o] Rlel gJsliA] B AV
T-test Wilcox Rank Test a ~ ° _ ? o °ore
o] BHASI= F3S BAsk=T ofF A sk (Haan,
Gangneung 0.1571 0.0063 1977). £.(X), i=1,2,3,..m 7} SEUEG 0|5, W
Seoul 0.0001 0.0001 A, i=1.2.3m7b A, = 07 31\ =1% wiEsithy,
i=1
Incheon 0.0001 0.0001 &ty o] SEULEIE Fg ()¢ o] g3 HT)
Ulleungdo 0.0001 0.0006
Chupungnyeong | 0.0006 0.0003 Fx(X) = ;*if (X “)
Pohang 0.0735 0.0037 ) )
5 00064 00026 A7IA, B N E 47 (X)) 9] SERxe] Fed ue)
acet ' ' Sen) w3 £, (X) & iHA BE] me FolHE X
Jeonju 0.0001 0.0001 ol g SHEH 0|, olol AR EHSE Ea. (5)% 2
Ulsan 0.0210 0.0022 o] Yeith(Haan, 1977).
Gwangju 0.0002 0.0001 v p
Busan 0.0004 0.0002 Fw= [ BB ACLADIY / a6
Mokpo 0.0003 0.0001
. < 7 R 7Ibe A &
— 0.0002 0.0002 Kedem et al. (1990) & I = 7] : P4 o
. & Nro 7 W -8 (rain rate) S 112l Eke] AR T
Jeu 0.0°18 . B, v B, 7R AIQE BEe) Al 1K) SHERE
Seogwipo | 00001 0.0002 4 Agsle] EFRTRIL AP ol glon, &
3t AR RS o] 83t R WA AA
Table 4. Correlation Coefficients between TY and & FAE S APA17E EAFHYoo et al, 2006
cov Yoo et al, 2007). Z18]3 Sultan et al. (2007)2 2}olE
BIXE o] &3 TR IS st e
Station Coetf, of Corr. (Weibull) 3£8 0] 8¢ EFwEERG S ThIet A
A4z B0l Alerst vt )™ Grego and Yates (2010)
Gangneung +0.043 . o _
2 g ATt EEXRES HEote] SeilEsals
Seoul 0157 281344k Kedem et al. (1990)2 73-9-2- 51l &3
Incheon ~0.030 LEE olg3te] Ea. (6)7 22 A A
Ulleungdo +0.111
G’(z)=(1*p)H(x)+pF(a:) 6)
Chupungnyeong -0.160
Pohang ~0.005 kA 2 Aol e AHNAGTAEE sk
= 1A oAbt = =3 =3 i#®
Dacgu 0150 T 7HA A9V, = COVE Hiz) =, TY F(:r)i_
- dstal, pE TYZF AH WA G A LA BAs= &8
Jeonju -0.081 N . S, o .
2 Aolgla, gt AR InE e £ Hn
Ulsan 0115 wrnge) EUErel AR EEFE Fas (7 and
Gwangju -0.170 (8)3} 7t}
Busan +0.009
(H)—, 1 I_ﬁl I_ﬁ1
Mokpo +0.125 fla)=pxexp|m— = —exp| = —
Yeosu -0.149 2B 2B M
: +(1—p) X —exp|— 2 — exp|— 2)
Jeju +0.411 Q Q Oy
Seogwipo +0.147
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=B &, O, AL A A 9759 AHNAFSAIAE

Fla)=pxexp —exp(— ) R ) '
4 S BT, 77t §l S92 TY, 34U COVE
Fmp)xexp —exp(— ;ﬂﬂ B e ol W Tye) wasEe Sedt 54

A AA AR5717ke] HlE=2 o] Fo 7).
A7 oy, BT a,, e A MR EXT F HA 2y Eq 89 244= Eaq. (10002 FA== 29-=H(Method
o] ZZ|(scale) 29} 91 A (location) 20|t} =, A of Maximum Likelihood, MLE)&- ©]-&-&}o] 2Fg ¥ %o,

& poll AEEETTE H83 TYS FHLEdTE 1 AE AMRe) sk 252} 37 Table 59 425+
Fotal 35 1—pol] AEEELIE X871 COVY F+ th A&7 o1 AA 2] COVEF AMRE] S22, 9 o)
A eers Feowyn 23 72 =k (mixed = 9 Bl 3 7, o) A1 L] AMRe] BlE
Gumbel cumulative distribution function)& A4 sht}, o7 213t ek th= COVe 98-S v 9rial & 4
AX WA F¢ALE o]-83t] FERIESA S HAE Ak

), A7 T M2 EE Fr) 9 Eq. (99 22 3
AZE 7F2t Em exp(——)—(n Zz —a

i=1 i=1

Eexp(— _): 0 (10a)

i=1

(10b)
T zl
4. M2y Sesl 2|

41 25 ¥ dn

B ATt $A-E 19613d5E 200937112 d73-$-

Z 1o H 51§l ST g
o AHNAFSARE o 7k BAEI} TYA TYSE COVEl AuAGe] AuRLHS 4sieh
= =] hva [e) p =4 =) 3= 8 35T 52~
COVRIAE -4 T34 Fig. 32 U4 Ql o=, A 7HA-E& A A8 o testE o]-8dte] EERET
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Fig. 3. Examples of Annual Maximum Time Series of Daily Rainfall for Selected Stations
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Table 5. Parameters for Probability Distributions

Mixed Gumbel Gumbel
Station TY COV AMR D
¥y By O By e B
Gangneung 72.98 83.01 28.46 93.65 54.52 121.71 0.388
Seoul 34.77 45.42 46.85 118.99 46.92 125.81 0.143
Incheon 38.19 43.65 42.09 99.64 44.72 106.76 0.204
Ulleungdo 35.57 43.26 20.83 71.64 26.37 78.85 0.245
Chupungnyeong 37.84 46.84 24.21 78.51 31.14 88.33 0.306
Pohang 55.53 57.24 19.71 72.57 36.93 92.98 0.469
Daegu 41.84 53.14 23.80 68.65 33.61 80.82 0.388
Jeonju 33.99 38.33 29.19 88.14 32.92 94.69 0.184
Ulsan 54.35 70.75 27152 82.86 42.99 105.40 0.429
Gwangju 46.86 49.79 36.44 94.94 42.54 108.19 0.265
Busan 50.54 61.31 40.75 105.79 48.02 120.15 0.306
Mokpo 45.14 47.13 24.86 86.94 30.80 97.39 0.245
Yeosu 53.13 64.19 28.45 97.18 43.72 112.54 0.326
Jeju 68.28 79.51 44.38 83.48 54.21 116.21 0.449
Seogwipo 49.96 54.54 36.51 117.51 41.47 126.71 0.224
A S AASAE 2 tests Eq. 112 o] 1 $(PDF)E 748kl en, txAQl o= 47) A3l
iy 54 FEdadrdd fd Ad=s 7 A ek 23S Fig. 40 =AT8IATE A& A3 TYS Al
gz oWl FER ] il n7fe] W55k =L7]0l o8 9]skaL ¥]sz3k PDFE Kol COVeF AMR®] PDF9] &
k7o Agagre s vraL Zh bl gk ot ol wig- frAksit tio # el A= RE=gho] COV, &
oJ2H E4E THE ¢ WAL b} o 9 % AuPEEY AMR TY £o% U Rae)
(AFESh 484, 2007, 2] 3ol 4= AMRE] PDF7} 74 52 7ke =ith, of
1 ) = el Agehs WaCESe g F oF 200mm o
-t ;;pi) AD 9 gEel B ghEel sl Bk 2 ¢ 5 g
'l B A3} 4E AN E P v R meg
o714, n; ok np;= FEARS] A Rt &a) o] YEPAIRE 75 A3 €] 300 mm o]de] el A=
= WSS Aot o] B4 =g, np, A T s Btk o= AT A HEol W
Z A5 noll o] BAQ BAEE p,E W A oE A & W, 300mm o’de] B2 A-HFE et As
Uk ¢ W2 AR o o] £ o = Ak
l 2
]
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