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Abstract

Rainfall-runoff modeling in conjunction with rainfall frequency analysis has been widely used for estimating design floods in South Korea.
However, uncertainties associated with underlying distribution and sampling error have not been properly addressed. This study applied a
Bayesian method to quantify the uncertainties in the rainfall frequency analysis along with Gumbel distribution. For a purpose of comparison,
a probability weighted moment (PWM) was employed to estimate confidence interval. The uncertainties associated with design rainfalls were
quantitatively assessed using both Bayesian and PWM methods. The results showed that the uncertainty ranges with PWM are larger than those
with Bayesian approach. In addition, the Bayesian approach was able to effectively represent asymmetric feature of underlying distribution;
whereas the PWM resulted in symmetric confidence interval due to the normal approximation. The use of long period data provided better
results leading to the reduction of uncertainty in both methods, and the Bayesian approach showed better performance in terms of the reduction
of the uncertainty.
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Table 1. Basic statistics of extreme rainfall for the different duration and periods (seoul station)

Dur Mean (mm) Standard Deviation |Coefficient of Variation Skewness Kurtosis
o I il il I il il I il il I 00 il
1 48.8 51.1 50.9 18.4 18.9 18.3 | 0.378 | 0.369 | 0.359 | 1.157 | 1.064 | 0.998 | 6.156 | 5.250 | 4.964
2 71.8 74.6 74.6 | 245 26.3 269 | 0.342 | 0.352 | 0.360 | 0.050 | 0.456 | 0.597 | 2.600 | 3.523 | 3.772
3 85.6 90.8 91.0 30.2 35.3 37.1 | 0.352 | 0.389 | 0.408 | 0.423 | 0.954 | 1.113 | 3.061 | 4.612 | 4.979
4 94.5 | 100.2 | 1009 | 34.6 | 404 | 42.6 | 0.366 | 0.403 | 0.422 | 0.778 | 1.202 | 1.256 | 3.552 | 5.159 | 5.127
5 102.4 | 108.5 | 1093 | 37.9 | 43.1 45.5 1 0.371 | 0.397 | 0.416 | 0.930 | 1.216 | 1.214 | 3.618 | 4.893 | 4.790
6 112.3 | 118.1 | 1189 | 40.7 | 453 | 47.7 | 0.362 | 0.383 | 0.401 | 0.915 | 1.120 | 1.057 | 3.745 | 4.515 | 4.211
8 1234 | 1299 | 131.3 | 43.5 | 46.1 48.9 | 0.353 | 0.355 | 0.373 | 0.964 | 1.004 | 0.847 | 3.737 | 3.977 | 3.506
9 127.5 | 134.6 | 136.8 | 453 | 47.6 | 51.1 | 0.355 | 0.353 | 0.374 | 0.985 | 0.925 | 0.734 | 3.741 | 3.649 | 3.080
10 130.7 | 138.1 | 140.7 | 46.4 | 49.1 529 | 0.355 | 0.356 | 0.376 | 1.002 | 0.961 | 0.751 | 3.796 | 3.747 | 3.091
12 137.8 | 145.8 | 148.1 | 52.2 54.2 57.3 10379 | 0.372 | 0.387 | 1.163 | 0.977 | 0.720 | 4.275 | 3.621 | 2.927
15 145.7 | 153.7 | 157.3 | 60.1 60.9 64.9 | 0412 | 0.396 | 0.413 | 1.368 | 1.073 | 0.855 | 5.117 | 3.976 | 3.192
18 1514 | 161.4 | 166.6 | 65.1 684 | 74.8 | 0.430 | 0.424 | 0.449 | 1.482 | 1.175 | 1.133 | 5.584 | 4.142 | 4.056
24 1629 | 1754 | 1804 | 79.8 | 83.2 | 873 | 0.490 | 0.474 | 0.484 | 1.888 | 1.387 | 1.330 | 7.306 | 4.867 | 4.594
36 174.2 | 191.0 | 197.1 | 85.0 | 909 | 94.5 | 0.488 | 0.476 | 0.480 | 1.765 | 1.193 | 1.212 | 6.264 | 3.815 | 4.027
48 183.9 | 2069 | 213.5 | 85.6 | 96.6 | 101.9 | 0.465 | 0.467 | 0.477 | 1.623 | 1.001 | 1.162 | 5.618 | 3.236 | 4.065
72 203.2 | 234.1 | 240.6 | 954 | 119.3 | 122.5 | 0.469 | 0.510 | 0.509 | 1.621 | 1.232 | 1.271 | 5.586 | 3.925 | 4.173
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Fig. 1. Goodness-of-fit test based on gumbel probability plot for the different durations



414

Table 2. Goodness-of-fit test results for the different durations and periods (seoul station)

J. -W. Moon et al. / Journal of Korea Water Resources Association 49(5) 411-422

Case 1 Case II Case III
Dur. 2 KS | CVM | PPCC | 4 KS | CVM | PPCC | 42 KS | CVM | PPCC
(7.810) | (0.160) | (0.460) | (0.970) | (7.810) | (0.160) | (0.460) | (0.970) | (7.810) | (0.160) | (0.460) | (0.970)
1 4.471 | 0.088 | 0.062 | 0.983 | 2.091 | 0.085 | 0.063 | 0.989 | 2.444 | 0.070 | 0.057 | 0.992
2 4.824 | 0.118 | 0.094 | 0.971 [10.000 | 0.099 | 0.061 | 0.988 | 4.444 | 0.085 | 0.064 | 0.991
3 1.647 | 0.064 | 0.033 [ 0.990 | 1.273 | 0.046 | 0.021 | 0.995 | 0.444 | 0.058 | 0.019 | 0.992
4 2.706 | 0.065 | 0.030 | 0.990 | 0.182 | 0.054 | 0.021 | 0.994 | 0.444 | 0.058 | 0.023 | 0.992
5 0.941 | 0.079 | 0.031 | 0.985 | 1.273 | 0.064 | 0.04 | 0.993 | 0.889 | 0.048 | 0.021 | 0.994
6 6.588 | 0.090 | 0.050 | 0.985 | 4.545 | 0.091 | 0.045 [ 0.993 | 2.222 | 0.084 | 0.037 | 0.995
8 6.941 | 0.114 | 0.056 | 0.987 | 1.545 | 0.120 | 0.061 | 0.993 | 1.111 | 0.096 | 0.043 | 0.993
9 3.059 | 0.087 | 0.044 | 0.989 | 5.091 | 0.084 | 0.045 | 0.993 | 2.889 | 0.077 | 0.044 | 0.991
10 | 3.059 | 0.084 | 0.046 | 0.987 | 2.909 | 0.074 | 0.050 | 0.992 | 3.778 | 0.070 | 0.051 | 0.989
12 | 2.000 | 0.107 | 0.047 | 0.986 | 3.182 | 0.089 | 0.042 | 0.988 | 3.111 | 0.088 | 0.046 | 0.987
15 3.412 | 0.098 | 0.063 | 0.989 | 1.818 | 0.087 | 0.052 | 0.993 | 2.000 | 0.090 | 0.062 | 0.991
18 5.176 | 0.111 | 0.073 | 0.986 | 3.455 | 0.103 | 0.072 | 0.991 | 4.222 | 0.100 | 0.075 | 0.992
24 | 4118 | 0.145 | 0.120 | 0.970 | 5.909 | 0.124 | 0.132 | 0.985 | 5.333 | 0.114 | 0.130 | 0.986
36 | 4471 | 0.137 | 0.134 | 0.966 | 5.909 | 0.125 | 0.149 | 0.976 | 3.556 | 0.110 | 0.126 | 0.984
48 | 8.000 | 0.166 | 0.158 | 0.968 | 8.364 | 0.137 | 0.153 | 0.981 |10.222 | 0.127 | 0.136 | 0.989
72 5.882 | 0.149 | 0.133 | 0.967 | 7.000 | 0.140 | 0.151 | 0.980 | 6.222 [ 0.112 | 0.125 | 0.985
3.90H2 A71A g, b, & FEIERE, xi=SFEHE F(X) =
Tt E RS0 H| 28 E, r2 BWHE 22 G4
B oA SFg7 15l E Hof| AT ol #H 4 24wt E + ]= 7192k, ue v 22 F(X) 9] 2| gkgholh H| %
olof| w2 A 7t FAHS Qokelolrt oot B0 Bay  EHES ARSI SEVISRUES T B r 3ol

esian 7|9 7]9te] nf 7 &= =431k &

}toll thsliA Aastalet.

24

A=

R EE Egs. (2a) ~(2d)2F 2t}

3.1 $E[ZERHEY S 4235 Gumbel 22| O§7H
e 2

U= Gumbel 2} wl| 7] g R O 2= 8}
E7FsEHIEH o] UHbA o 2 SE8.E| 37 Q)T Ministry of La
nd, Transport and Maritime Affairs, 2012). &7 EHE
He HHEHN 7 RR] 2 BT SHE7MS R E=
AR 0| SETS R EL k= 7ol SHE R 20| I
TE FATH M-S LB e B FEekaL, A2 ol
22 75215 2 ole 2 7A1E Folste] 45 4
SheWlo R ERAR ) 271k 2t e A2 A
of & v A P AN A¥E & 4 AltH(Lee, 2006). 7
G 2ol 7 A oA ALE 59 X - F(X)
52 olgoto SEVSRHES APt R ERE
& F(X) S ZH=gEHe) xof digh B3] steris
HIE= Eq. (1)¥ 2ol 2.

M=, =0, = BXF00) = [ Xwa

M, = ElX] = X= %in (2a)
My = BXFO0) = L3y @)
My, = ELXFHX)] = %;%x (2¢)
M, 5, = BIXF(X)]

1§h ((=1)(i—=2)(i—3) (2d)

- ”i; (n—1)(n—2)(n—3) X

Aq71A, M o,00 My 100 My 906 [Wl,s,o% BEO SETFR
WE, - HEARO| 4, X Q80 R A
Ao c}. ofof A, H el 4] 2 §5H Gumbel H2] 3
FUE P40} /U E A4 Egs. (3a), (3b)9h 2] 1
Epd 4= 9lek.

(3a)

F(z) = eXp{— exp[—M”

g

(3b)



J. -W. Moon et al. / Journal of Korea Water Resources Association 49(5) 411-422 415

7)A, x= 7+ AFHEE Case 1,1,110] 797 &
e FEEM, = 912 W7H¥H4(location parameter)
9} o= R 74 (scale parameter)S UERACE 2
7HERHEHe] ot vjAH S -2 Gumbel £ O]
7 42}t 09 Bgs. (4a)@t (4b)yE 83 H(Greenwoo

d et al.,, 1979; Hosking and Wallis, 1986a).
2b, —b L
_ % e (4a)
log2 log2
u=by—eoc=1L —eo (4b)

I71 A, by} by SHE7HEREI E(Eq, (2a)2 (2b) T
o, L} L= 12}, 22 L-RH E O]E'il 2 Euler’s &2
0.5772157 °|t}. FE7I5 R ER-S g-g-to] A of
7H H 4= Gumbel Tﬁ-wﬂ Zmﬂtﬂ E‘r%lﬂ el FELS

S

(1—a) confidence interval=xz,+t,/, * 9, (%)

A7, w e SHERE HYol A-8stod HE Ad7]
7H ol Tt SHEF, 1, e t BAFOR o 5 °ll atgst

L xE RS oujeiy, §,= BF QX]-(standard error) &
LieRict Af@s17 7o) T EE 97 5% Eqs. 60t
(6b)E &-gslo] AXtEth(Hamed and Rao, 1999).

52 = ”—(1.1128+0.4574 Y+ 0.8046 ¥2) (6a)
o 1
Y= %——log[ log(1 7)] (6b)

A7V, o= HollA APg e 5 mi7R S, gﬂ% 7S
A= 0] 0|8, Y= Gumbel £-3 2] xof| of
7= v et ZEO 2 Eq. (6b)°l] Zﬂ/‘]g}cﬁﬂr. A==
o, FETFRHUER o = 4Pt AT 10 o] FHEH

2] 95% Al Z]| S AH st & 7§~‘?—, a =57} =™
10 AHA717e] 74-9-=Fat} o] of| s 6= B2 AHEq. (6a),
(6b)F ) E A5 Eq. (5)°ll -85 thaak 2ol vet

4 ok

e
2
ool o
Y
i
=
H

95% Cl=y, £ ty5 * S, 7

HP=EAdE A HERHA] ol A= S
o ke & Hhe A 291 2242 21U 11 9t Hamed an
d Rao, 1999).

3.2 Bayesian
e

Bayesiane 53t WI7HR 87192 7|E IS

S mHEd SErERdER) M= 27 i

2 At 2, et Bl

2ol ol SR Pelz Rojus FHo upj

9] AFE B3 (posterior distribution)E FA5k=t] &
14—% T, Bayes’ J2|(Eq. (8))E 7I¥te= gt

oI71A, p(Olz) & AFF Bz 24 AAE 739t
27} Gumbel E3E(Gumbel (j,0) Y& W=kl 715,
6 = [,0] ©& Gumbel E3Eo] gt A uj A H5E©
Aot Urepdich p( )= TE5AE x9] TL*v—i(margm
al distribution), p(@)+= HIZHSLES] AR
plz | ©) = AR x9 ¢-=<(likelihood funct1on)
omste R Eq. (9)9F 2ol Urehd 4 ik

N
= H Gumbel (z

n=1

plz | ©) o) Q)

A7|A, N ZFAALe] At daeE Herdeh o7y

FEY AR E(p(0) )= ARE 7IFFO=E Sh=  Infor
mative APAEZS} Zpzof] T AJ51HA] 9= Noninform
ative AFAE 7} 91 © ™, Noninformative AFAE X2 =
AEE, dYRE, A5y jgd o=z S8EATHG
elman et al., 2004, Lee et al, 2010). AHHEEE AAsl=
o] QoA FHEE, = APIRE} AR R} FUSH]
AR = AHEEE 8ot Zo| w7 4 ¢F
A End J\QL]' 2 Aot Zo] FHER F7go]
ol A, HIFHAREZE AEoh= Ao] URFA oIt Ge
Iman et al., 2004, Lee et al., 2010). ©]3t oA 2
AfoNM = APAREER 7o) /B AR Ee}
Gamma EXZ 7 7} tHEgs. (10a)~(10b) FT). thA]



416 J. -W. Moon et al. / Journal of Korea Water Resources Association 49(5) 411-422

@, Ao dieh APdZ 22 A 24kl 2 Diffu
e EE E8sten, it diside 52 ae
FAsH7] st Gamma EE E-85HH

p(,u) ~ Normal(u#, O’Z) (10a)
plo) ~ G’amma(ko, s(,) (10b)

A7|A, ARG pe p, ot o B 2
w2, o} of = SHIEAICA ThA] g W AR et
Gamma X5 M2 L= 2TA 9] A5 Bayesian 2P
o7 sISlek. TUH AR o= K, s, B
2= Gamma X5 TEH, k9 s, = SHISA A
BT Gamma w25 TEEE St & dAtolA=
Gumbel 39| 27]19] w747} B 284S 7HA]

3 Qlth= 7ot &E4 FE(statistical inference)s
Fefstlom, 2719] miZffpe] gt A SHEE T
(joint distribution)= Eq. (11)x ZT}.

p(ﬂaa)ocl (11)
B O-(11e B RS A

2 Eq. (8)°] HYNZ 0 ZA w7 ASE ] A}
Eq. (12)9 Zo] 248 & 9ot

B

N
p(O | z)oc [ [ Gumbel(z, | p,0) (12)

n=1

o Normal (u, o, ) . F(k s )

Eq (12)°1A4 H= 7ol oigt A&-2 Bl 21544
S5 FYol= AL E7Fs0M, & dAtels A da

3+ Markov Chain Monte Carlo (MCMC)HHS T <¢l5}o]
7S] AFERE 40 "ot & dAfelA=
MCMC ® 5 AAFEH(gibbs sampling)S ©]-&5}F]

AFRES FHoAT,

Gl

3.3 Bayesian Markov Chain Monte Carlo 22|

Bayesian MCMC7| -2 *P?—Eri—é— FA k=t 2o
Al ik diet Bt AiE floiA A== Ao
A 7l o= w7 280k oHo R EEET Qi
(Kwon and Moon, 2008). &%+2 <] Monte Carlo”] <
SFEHSE 7] 5H4S 7SR o|FojA= MEH

Heolehd, MCMC7 |92 th skl oA F544< 7]

oz AR MELo] 7t Wiolet & 4 Uk
T L7} BASEA did (independent
Lt Al Markov Chain®f] &3St
= ?%’EH—:—W Z9}stet. Markov Chaine 53l THH
BE Adsh] FeAL
‘:1

30, mlo

o
a
=1
o
9_’.
Q.
g
(on
=%
a
&
L
3 e
=“.=

- - 1

A7I el sl el
B0 7o e &
& g 2 4 glov) oW 2to) 2 9

T

ﬂJ

1

MCMCﬂmﬂ q1rudo] l:ﬂ-l:H oz uﬂEg—ﬁ—ﬂ/\_sﬂ/\

g ¢ 11 2]E(Metropolis-Hastings algorithm)¥} 7} AZE
H 50l dor, & AoMe AATERS o8kt
Arriye Yoks oty SER XA iid
FEohe Zo] B o Abgsh= Ho M 2719
HyE Zhe e S EREE o|-8oto] AYystd oh
v gk 2709 g 2 o SEUETESE
f (o) 2t st AR EHe SEUEdrrRE 4
W ERS 23T 21 glout 24710 WS dai
Ohe 7 Heso] Foifle weol 245 E27F deA
9 olzEe] LERE0] PE Ao A8
et gmelEe ke Ao et 2
[1] Gumbel wEo F UH7H‘?E—’T—°1] et =71 &t

2] zﬂw w e (u“),o(” b FoRE o i+ 1w
A i WES g} 2 2R Buold &

gt

1 u' ~ f(ula®)
@) ot~ flolptY)

[3] 919 #HE F&o] vHER & 279
HrE AAR o] %0 YrES
A A4S Burning®| 2kl 51 Bayesian
A dibzor @ EE TAlO|H
(George and Mcculloch, 1993)

] oA HATEHL AR O] w7 RS
o > AesHA vz o] FEH ghEol AHgEA
o, webd 235 22N FEE dese] o AH
off EEshe Zo] Foldl this SEREE Aes| =
= &7t He AR HY fganEWe FAst=T
7V Fasdh FEo] Hrh

©

oo

ol

ol

M

S
o
=2 Ao

el

i

o

AL
H
H



J. -W. Moon et al. / Journal of Korea Water Resources Association 49(5) 411-422

4. HISHHA 2 S T} 2} B(uRH )2 R 4 glom, M7kl A S AR
9] O]'%}:(Median)% LFeERAIC} Bayesian W O 2 FASH
2 AFolAE 714 A7) A= (Case 1,1, o7 Rg-= T ghol obd AR ioluﬂ] T 7] 7 A
1)E Gumbel B B&o] Hgoto] vz a)a2 2dote] o] Z5H/dS otk Qe AR O TS 7S
o AASRUEN 02 S A Bayesin S £ SIS = 987 R B ok w55
B 24 E S87}oarS vl walelth ;(Hod Jlzva e AESer, SEVRSEMER ) vl ot A, -2~3 #jo]
%7;%%94 Bl 94, 271K el oA wlaste) VAT LRI RPN o R S Fe =
Figs. 2~39] A5} o] A ARH B, -1~ 11 ol7h ek} 98- 3]
Fies 230 B4 AR e g e BASISIch olold, AR S Mo 218
W o @ A E uj/H4s gaste] A sFEfoako S AAISE AT Fig, 49 Table 391 LFERA It
2,9 3to 2 TAET Bayesian -2 ti7/fHSE AR
02 Duration-1Hr 02 Duration-2Hr o1 Duration-3Hr o1 Duration-4Hr
Zoa Zol1 2 0.05 Z00s
0 \ 0 m 0 H 0
30 40 50 60 40 80 40 60 80 100 60 80 100 120
Location Parameter mu Location Parameter mu Location Parameter mu Location Parameter mu
o1 Duration-5Hr o1 Duration-6Hr o1 Duration-8Hr o1 Duration-9Hr
Z00s /I\ Z 005 /K Z 00 ﬂ!\ Zoos A
0 0 0
« XO g I‘O‘Qﬂ]u 0 “ cation Qramil.l:.l:mu 0 % ()Cdll(:)(:l ﬁmm«]:i(r)mu 0 80 Cﬂll(:)(:] ammkl:zclr)mu 0
e ehew e e
Z 005 Z00s 2 0.05 Z00s
, AN , ﬂ\ A2 N e 4 DN
80 100 120 140 160 80 100 120 160 80 100 120 140 160 100 120 140 160 180
Do i “’”Sﬁlﬁif.?gﬁi Dt  Dumon o
0.0 0.05 0.04 0.04
z z Z0.02 \ Z0.02 H
0 0 0
100 150 200 100 150 200 100 150 200 250 100 150 200 250

Fig. 2. A comparison of location parameter(u) for the different durations using PWM and hierarchical bayesian model (1961 ~2014)
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Fig. 3. A comparison of scale parameter(c) for the different durations using PWM and hierarchical bayesian model (1961~2014)
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Fig. 4. Design rainfalls for the different durations using PWM and hierarchical bayesian model

Table 3. Design rainfalls for the different durations using PWM and hierachical bayesian model (mm)

Duration

KB s 1 2 3 6 8 10 2 15 24 36 43 7
PWM(A) 750 | 1100 | 1397 | 1819 | 1967 | 2120 | 2256 | 2444 | 2924 | 3194 | 3465 | 3984
10 | Bayesian(B) | 767 | 1146 | 140.1 | 179.5 | 1964 | 2119 | 2254 | 241.1 | 2779 | 3029 | 330.8 | 3785
(A-(B) 17 | 37 | 04 | 24 | 03 | 01 | 02 | 33 | 145 | 165 | 157 | 199
PWM(A) 087 | 1468 | 187.7 | 2440 | 2613 | 2823 | 3022 | 3303 | 403.0 | 4402 | 477.7 | 554.1
50 | Bayesian(B) | 101.6 | 153.5 | 1884 | 240.1 | 260.7 | 281.6 | 3016 | 3242 | 3766 | 4109 | 4509 | 519.2
(A)»-(B) 29 | 67 | 07 | 39 | 06 | 07 | 06 | 61 | 264 | 293 | 268 | 349
PWM(A) 108.7 | 1619 | 2080 | 2702 | 2886 | 312.1 | 3345 | 366.7 | 4497 | 4912 | 533.1 | 619.9
100 | Bayesian(B) | 112.1 | 169.9 | 208.7 | 2655 | 2879 | 3112 | 333.6 | 3594 | 418.1 | 4568 | 5016 | 5783
(A)-(B) 34 | 8 | 07 | 47 | 07 | 09 | 09 | 73 | 316 | 344 | 315 | 4l6

Table 4. Confidence interval (PWM) and Uncertainty Bound (Bayesian) of Design Rainfalls (mm)

10-year Return Period 100-year Return Period
Dur. PWM(A) Bayesian(B) ’ PWM(A) Bayesian(B) .
2.5% 97.5% 2.5% 97.5% (A)-(B) 2.5% 97.5% 2.5% 97.5% (A)-(B)

1 65.4 84.5 68.6 87.6 0.1 91.5 125.9 98.4 1314 1.4

2 96.5 1253 101.1 130.5 -0.6 135.9 187.9 146.3 197.6 0.7

3 120.3 159 124.6 161.3 2.0 173.1 243.0 181.5 245.6 5.8

6 156.8 206.9 159.0 207.7 1.4 225.1 3154 228.9 315.1 4.1

8 170.7 222.7 174.9 2243 2.6 241.7 335.6 2514 337.8 7.5

9 178.4 2333 183.5 236.5 1.9 2533 3523 264.2 356.4 6.8

10 183.6 240.3 187.9 241.0 3.6 261.0 363.2 271.5 363.3 104

12 194.8 256.5 199.8 258.6 29 278.9 390.1 288.7 391.6 8.3

15 209.8 279.0 211.7 2752 5.7 304.2 429.1 307.9 419.5 13.3

18 225.6 303.5 226.0 295.3 8.6 3319 472.4 3313 456.2 15.6

24 247.9 336.9 2444 3222 11.2 369.4 530.0 360.3 499.8 21.1

36 270.8 368.0 266.3 354.6 8.9 403.5 579.0 392.5 547.8 20.2

48 293.6 399.3 291.1 384.8 12.0 437.8 628.5 431.1 595.6 26.2

72 335.7 461.1 327.1 440.8 11.7 506.8 733.0 487.7 688.4 25.5

Fig. 40|14 oA A2 Bayesian ' 0 = A H S 4L, 6% A A=At

S 92 Bayesian O BEY HAS ekl A=TRe vlRA o2 Y RRE s1slel shHs ] o)
A A BT S RHER S o §oto] AHH SEAE ol Al SARtR o R 442 vhdshA] Estal oA
T} R RIEE, A1) I~ 3AIZR A Bayes  GE|S 2=tk ofo] ] Bayesian "2 7F3E Gumbel

ian 1101 0.3~4.7% FA A HGLO ASAR 4R 01 B3o] Exo] fabE0 2 e Elo] £8HI4 P7HE Gumb
ol SHEIIERUERS ol 87 HImalA] HHo] 02~7. ol BIO| FE|S Al 2S SeleS oIk 2R W
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Fig. 5. A comparison of design rainfalls along with different data length
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Table 5. A comparison of uncertainty range for the different durations and periods (for 10-year design rainfall, mm)

Duration
R.P. Type 1 Hr 6 Hr 12 Hr
PWM (A)|Bayesian (B)| (A)-(B) [PWM (A)|Bayesian (B)| (A)-(B) |PWM (A)|Bayesian (B)| (A)-(B)
Case [ 72.8 75.3 -2.5 166.2 167.1 -0.9 206.1 202.6 3.5
10 Casell 75.7 77.7 -2.0 177.5 176.1 1.4 217.7 215.2 2.5
Caselll 75.0 76.7 -1.7 181.9 179.5 2.4 225.6 2254 0.2
Case 1 96.5 100.6 -4.1 219.5 220.5 -1.0 273.4 266.9 6.5
50 Casell 99.9 103.4 -3.5 236.2 233.7 2.5 288.8 283.7 5.1
Caselll 98.7 101.6 -2.9 244.0 240.1 3.9 302.2 301.6 0.6
Case [ 106.5 111.2 -4.7 242.0 243.3 -1.3 301.8 294.4 7.4
100 Case Il 110.2 114.2 -4.0 261.0 257.8 3.2 318.8 312.6 6.2
Caselll 108.7 112.1 -3.4 270.2 265.5 4.7 334.5 333.6 0.9
Table 6. Design rainfalls for the different durations using PWM and hierachical bayesian model (mm)
Duration
RS isios] 1 2 3 6 9 10 12 24 48 T
PWM (A) 24.0 343 41.7 54.1 60.1 61.4 68.3 97.2 105.3 117.6
Case 1 Bayesian (B) 23.7 35.9 41.9 55.6 56.1 57.1 62.9 83.6 92.1 110.9
(A)»-(B) 0.3 1.7 0.2 -15 4.0 43 5.4 13.7 13.2 6.8
PWM (A) 21.6 31.6 41.5 52.3 55.8 57.4 63.4 93.5 112.0 1354
Casell Bayesian (B) 21.8 30.8 39.6 49.2 52.8 53.6 60.4 85.0 100.7 1279
(A)-(B) 0.1 0.9 1.9 32 3.0 3.8 3.0 8.5 113 75
PWM (A) 19.1 28.9 38.7 50.0 54.9 56.7 61.6 89.0 105.7 125.4
Caselll Bayesian (B) 19.0 294 36.7 48.7 53.0 53.1 58.8 77.8 93.7 113.7
(A)-(B) 0.1 -0.5 2.1 1.3 1.9 3.6 2.9 11.3 12.0 11.7

Table 7. Monte carlo experiment for assessing uncertainty bounds and confidence intervals given different data length (for 10-year
design rainfall, mm)

Duration
o IMisise 0 2 3 6 9 10 2 2 43 7
PWM (A) 225 | 338 | 454 | 513 | 548 | 510 | 99 | 632 | 654 | 707
CASE IV Bayesian (B) 272 | 382 | 514 | 603 | 644 | 721 | 134 | 766 | 766 | 839
(A)-(B) 47 | 44 | 60 | 90 | 97 | -142 | -135 | -133 | -112 | -132
PWM (A) 208 | 317 | 423 | 482 | 519 | 552 | 579 | 612 | 631 | 684
CASE V Bayesian (B) 22 | 312 | 388 | 470 | 491 | 556 | 602 | 607 | 617 | 69.9
(A)-(B) 13 | 05 3.5 11 20 | 04 | 23 | 04 14 | -12
PWM (A) 190 | 289 | 387 | 440 | 472 | 500 | 520 | 549 | 567 | 66
CASE VI Bayesian (B) 190 | 294 | 367 | 427 | 429 | 487 | 494 | 530 | 531 | 588
(A)-(B) 0.0 | 05 | 21 13 43 13 26 1.9 36 2.9
B 215 37 2 A 700 Tk Bayesian S RS A2 2180k R0l 0] Haoz U] et

94 wislel SEU L ERUE o) Rl 7he vlmstelr,
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