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Stochastic Rainfall Model

ABSTRACT

A stochastic rainfall model, NSRPM (Neyman-Scott Rectangular Pulse Model), is able to reflect the cluster characteristics of rainfall
events which is unable in the RPM (Rectangular Pulse Model). Therefore NSRPM has advantage in the hydrological applications. The
NSRPM consists of five model parameters and the parameters are estimated using optimization techniques such as DFP
(Davidon-Fletcher-Powell) method and genetic algorithm. However the DFP method is very sensitive in initial values and is easily
converge to local minimum. Also genetic algorithm has disadvantage of long computation time. Nelder-Mead method has several
advantages of short computation time and no need of a proper initial value. In this study, the applicability of parameter estimation
methods was evaluated using rainfall data of 59 national rainfall networks from 1973-2011. Overall results demonstrated that accuracy
in parameter estimation is in the order of Nelder-Mead method, genetic algorithm, and DFP method.
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A2 3]l w}E' 7SR A AR 2 9, Aejgko
FEE HAAL 3o ﬂe 715 stel] whe A= Qlgh
A, E4 Fahtret Wlvs rkskaL = FAleltk IPCC
42} Baixfel] waw EH71 % 009 %71 19701 280ppmoilA]
20054 389ppmo.2 Z7} sFlon dxj spdR oEsk=
UIA] ZH]R 7} A& A7 7S A 6.6C 3578t

1] Sl4Ee 59em Z)ekclar Awsidth A AEE 7)1}
Yoz e ARElsL slo] A 2 FAe sk
Fake Arsis] SI8l TR 2ol Tndsle] s 1
of Tk Gk} Bas] ool Qi) 53] 29 S4e] wshe
F1Fste] A9 J Qo] FAF 9108 A ek
T} ZAeHEe AR o R Bk 1Y TS 7L glo
m FrrHom S wEely +4 PenlEe) W WelE
7HA)aL Qle] 71 HEAdo] v =tk (Austin and Houze, 1972).
olefak Z9-2] Be wrdals] Slal 1 FA(point process)E
o]g3st Ze-Ee tigh B 77} A=A Rodriguez-
ITturbe, 1986; Rodriguez-Iturbe et al., 1987; Entekhabi et al.,
1989; Islam et al., 1990; Cowpertwait, 1991; Velghe et al.,
1994; Cowpertwait et al., 1996). Lukzo 2 7131 o= 93]
Beleh, A8t Y olgsk glov] FATE BFS olg
T B AL Fo) QUSRS Agste] TR AR 2ARL
M A4 Y T 5 o B9e] FASHS vl @
= 9tk wEk Aol olgale] 9] AR wisl 54

B T 5 P L 7P Qo] A5, 4 Al A

N

e

FAH FFRE L FEREoplr et e 53
B ATFAIR A o] ARHEES Kefa] ff8) 3 IFgeles
71802 3 ofg] 1go] AA)EAck NSRPM (Neyman-Scott
Rectangular Pulse Model)¥} BLRPM (Bartlett-Lewis Rectangular
Pulse Model)e: ] 7H4& 710 2 & FA814 7944 m3lo]
T} NSRPM#} BLRPM2 73 9-AIZE B3 394402 tfst
AREADE TPl BEE Ao BASHE BE F S e
FRmE o o] Hold Zow Wy gtk T2 F
B BE ARRALe] 2 u7s7Izke] dis) T Fgshs

AES Btk o3 A= s 4317] $J8 Rodriguez-Iturbe
et al. (1988)= "PHE 713 =4 B-LEES AABIIC
™ Entekhabi et al. (1989)= 4% N-S 23S A28tk
Coperwait et al. (1996)7 79 2 vP7k97|7te] HslEhES 118
g v YA AR A B P77 welst
59 sl AAsE 730 Ado] o] =8-S Btk
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Burlando and Rosso (1991)%= NSRPM3} BLRPM-S- Z3Hd

< 75l NSRPMo] BLRPM} <=3 ¥ BLRPMET} ¢ &2
Q1 7547300 AshiaL EX8It: gw o] L
F= 2 Bt vyl Fg3bgelx Bl Ao s
Iz} BAEE 2 BolskA] E3P BLRPM, 5449 BLRPME:
2 HSgE Fd) ARERs ZHlEd wet Zur) vie- v 7‘:“6}711
HRSSIITK(Velghe et al, 1994). T1=ut 3 pgolEs 71Ee s
3k l_?_xgﬂ 3o %x]ﬁOA ;q;‘q];qcﬂ EAS H]-ogsp]oﬂlz
SHAZE o o] 753t AR-S flel Esh 4] Akt
w7 S THQY e T wiol] FAISH AR
ol A FHol& ALge IS %23t Burlando and
Rosso, 1996). oMz A3 792 Adol] 3l o7} ehils)
o]FoIA)aL glek Shin et al. (2011)2 ZH$A|FEL] REART RIS
%43 49 NSRPME AA1EFe™ Kum et al. (2001)&
SR} T E)EI} HANEAIHS Bl nyfsd =4L v|ash
o §-14} Lrelso] t] & AEE 7RItk 19k 2201
w7 7o) BUEHS o] g3t WS F4 Rt o
= AFEE Bglow] NSRPME 7[iko 2 3 the m3e] wj
e FA71s310(Shin et al., 2008; Shin et al., 2011; Jeong,
2009). Kim et al. (1998)& NSRPMS- o]83+ 4t 117 2|0l
et 298 welsterk

NSRPM&- 75317] 913k nivliie] 3282 w2 o & DFP
(Davidon-Fletcher-Powell) 7|83} 534} dagj&S
Stk £ 370l A= Nelder-Mead 7|38 ©]&-3F NSRPM w7l
% 23} 34} el DFP 71HS o} uwrﬂ F49)
Ao v Bk

2. SR ZATYI IR 35

2.1 NSRPM (Neyman-Scott Rectangular Pulse Model)
Rodriguez-Iturbe et al. (1986)2 45388 &8-S5 9J3+ 4
9224494 RPM (Rectangular Pulse Model)o] ¥Fda}x] 55}
© Ao LRSS aefsl] $18 Neyman-Scott4S F715h
NSRPME AJA[EFITE NSRPME =8} ZofollA] de] o]-8-5]
L glem RPMelA REgslr] JE9W 9] o54s 2
Hhgeh=s Zlo = B7piar gtk NSRPM S7He] =42’ gh&
Z2 o]Fold] glow TIPS et Ei(Fig. D).
FAPEel AR AR AL wpis AE 7R Al
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Fig. 1. Schematic Diagram of the Neyman-Scott Rectangular Pulse Model
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2.2 NSRPM O{7HeHS =X

NSRPMe] w8 S4317] slsle] & oipolrle] 523
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ol &3FATHEq. (4)). #=4 Bt, ik, Al ALkl

FHzsks Fote] WRsE STk

Vol.34 No4 August 2014 1107



FASPA ema vju

Table 1. Range of NSRPM Parameters for Optimization in all the Station

F471Me] A3y 24

Parameter A u 8™ n(h™) &mm/h)
Minimum value 0.001 2.0 0.01 0.10 0.30
Maximum value 0.050 100.0 0.50 10.00 15.0

E(Y") Y Var (Y)Y ZHfEHA "k FRAe] e vhe 2ol AsXITHEq.
inS=|1- | 1l 4
mins [ i M] [ Var( /))] @ o

£ A7 ARe-E e M9l vhedt 2ri(Table 1).
AR F4E S BiA|eF RS s F g o)1
$= DFP 71930 304} darelsst 2 ek AR8-¥l Nelder-
Mead 7[-& o833k DFP 7%, 34 darelss of8atod]
=49 w79} Nelder-Mead 719H-& 0]8-81e] 44 w7
o] s vlusly] SfshA AARE IARE 7h5-2] B,
lag 1XI7F 27148 A1, ASARE 6A7F B4E, A7 P

Flck

olgte] F Y oz ool BAYGE T4

‘

&l
&
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&

of

2.3 DFP (Davidon-Fletcher-Powell) 7|

HlAloF ¥ ZAIE idsh] $1gh 23}t 7O 2 DFP
7ol de] 2zolar glom] £ E]] 7o R TRk mETt
53k e FHassh 7o R oML itk DFP 7 7k
T FF=A SAI K Hessian) S Ee] SARIES o8-}
o AAe] FAFN FERDES WSSk e 2= 7ol
vt wl 3] AFeA AR B Aldto] Hash 5ol
FoRl 2713kl RIZHE TS ZRAIAL Qlvk: w5 )] st
TAlE d&-oligEo] SRl nEe] ThsdkA] &
857t ol ol2fdt #A s A= ARgEHA] FehH =ar HAE
Aeshk= 397 & 93s 7L vk

2.4 QEX} UDA|Z(Genetic Algorithm, GA)

tigle] AJdzls) o2 7|20 2 & 7] EA (Evolutionary
Algorithm)2] ZFo|™ A1 7[Hoz 35 Hsk= 43}
7ot 42 YalejEe A (selection)-aHl(crossover)-&
efo)(mutation) 2] S AX 23} wAE gt
27| FRAGS F9)2 FAgslaL dul-aml-Edde] diks
A7 BEAET e A3HeS 7= AR T A
oo} nA=HA HHstE ARG FRAdie] 7 iRES A%
2o =)ol we} STt 2bs s8Eo] ATt He Jixke
W BT BolA Adr) vk AiAlE w3t FofEo
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2.5 Nelder-Mead 7|

Nelder-Mead 712 E23kpo] tigh nliE-g o]&514] il
tde] Aoke] gl A5l #AlS sjdshs A 7Hes
Zh e Qlvk FEEAl] HHsheAE shadshr] $igh 5%
T HIES] Fept difRelay, vEER S5 mjite] EA)E)
2| eF= 73571 Erk wEhA Nelder-Mead 7132 o]&fdt H251~
of thEk RS Q781A] 97| wiitel] g gho] BEHIE AS,
B9 ke, mlio] EASIA] S 79l tigk HAsle] #AlE
gl sl de] o]8-Hrk

S flz) B B 20,0, Ty S UHHEQ AEEAE
Fgsh= HEclL 31 f, = @, oM Do f(@y) o f (s
o S F T 7P & 3 g fiE mellA] Aol flzy), s
f (@) &) 5 30 5 718 2R 35 gholelar Shoh B33l
7P 2 Rk 2 B S Aol e A B e = )L -
& AT 5 ok olele BoE B okle) BASE ol
8= Fig. 23 Nelder-Mead 7]¢] 385 vepd Aolth

2.5.1 HtA{(Reflection)
(1) ¥Rk H(reflected point) zp= (1 +r)z,— 1z, ARKHY
714, r& o] AJero]n] ¥bAL Al4x(reflection coefficient)
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—> Step 1
. No R Yes . Mo
Is flz,) < £, Is f(x,) < flz;),i=h? Is flz,) > f,? |———> Step 2b —
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* NO *
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Yes Mo
Step 3 Step 6
. Yes .
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Restart No
Fig. 2. Flow Chart Representing the Process of the Nelder-Mead Method
gl xead A, B(0 < B<1)& Z4 Al¥(contraction coefficient)2}

Q@) WRF £, < flmy) < f,01% 2,5 z, = AR A2 AE

2.5.2 2}ZK(Expansion)

(1) Wi WhAkE H(reflected point)o] AA7A] & 713 2
Holepd F, flzy) <f, 3% FH(expanded point)
The=2pt (1— )z, 2 AL o)A, 4> 1o 83
Als(expansion coefficient)g}al F-E2c}

@) @ W f(ay,) < [io14 2,5 2y, 2 ABIL S

& o S
() W f(h,) > [0 2,5 @, 2 iAskL Yarelsg
o] Syt

2.5.3 =A(Contraction)
(1) ¥Rk BE i = hol tate] f(z}h) > f(z;) o] F28 A
(contracted point) .= fx,+ (1— B)z, = AXKITE 7]

1 FErk
Q) TF f(@he) < f(@pyq) O Ty S @p = THFIBIL ST
& ] Stk

Nelder-Mead 7]} 33 H49r0] v& Q7804 &

By A9l SRS mav T H25) 7PESe) v

AR e W27 wizel] AR vl8-2Q] S x vikg-
F-&%o]ti(Nelder and Mead, 1965).
3.8
3.1 CHAXIA

7F9-2] WEe A0 2 Aolet 5438 Hol7] wie] shut
o] AHS o485k NSRPM wiyliilgs =49] A3k gk s}
Aok webs] 7PN Gkl e A ATV dSA
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197220111 E<ke] AR Z9ARS ol g51e] 2 JIHEE

s Skl Ages 4 Stk

21o] #e5S Yshrt 5or] Wt B
ASET B ASEE nelth 37 o

=

AL 3F A ohe Zri(Table 3).

Table 39x] M, V, C= z}z+ I, 2L
T3 oke] Al AEARES Jujdit). d=3

© BASHE Agslo] NSRPM g S9aioint w7 7Pde o0 749 SA19e) Aeeg $49e) 1s Aol
Gede] 207) 2|He sk DFP 714, 314} arelE, Nelder- A2 o]-83HITHEq. (6)).
Mead 7[H< ol&ste] T4 wiivis= thadt Ztl(Table 2).
FAE RS olgste] ASARE 1AL, 64171, 124135, (Cal =~ Obsl o ©
24ARPE S EAS ARKSISTE AR A9BA B A% bs
Table 2. Parameter Estimates for the Sample Stations
ABY | p | B0 | n(7) | & (mmh) AW | | B0 | p(h?) | € (m/h)
DFP | 0.0085 | 98.0163 | 0.3032 | 3.805 1.5155 DFP | 0.0098 | 17.8398 | 0.1992 | 3.8629 | 5.4672
Busan GA 0.0081 | 83.2359 | 0.307 | 2.7547 1.3257 Pohang GA 0.0104 | 24.9987 | 0.2119 | 4.7061 4.7068
N-M | 0.0092 | 16.6835 | 0.2226 | 2.5638 | 5.5648 N-M | 0.0088 11.068 | 0.1346 | 1.6883 | 4.3339
DFP | 0.0014 | 73.3894 | 0.0147 | 2.7576 | 7.1802 DFP | 0.0084 | 329101 | 0.1619 | 4.8114 | 7.0062
Daegu GA 0.0123 | 16.9087 | 0.2228 | 3.8076 | 5.0996 | Sanchung GA 0.0086 | 83.5308 | 0.2467 | 3.4819 | 1.8396
N-M | 0.0109 | 15.9454 | 0.211 | 3.4018 | 5.2009 N-M | 0.0095 | 15.9842 | 0.1629 | 1.8605 | 4.8055
DFP | 0.0102 | 12.9205 | 0.2118 | 0.8545 | 2.1732 DFP | 0.0078 | 36.7307 | 0.1739 | 4.6246 | 5.1488
Geochang| GA 0.0101 | 50.7802 | 0.2414 | 3.4286 | 2.1747 |Tongyoung| GA 0.0086 | 20.7699 | 0.1855 | 3.4369 | 5.9021
N-M | 0.0127 | 15.4691 | 0.2019 | 3.3882 | 5.8527 N-M | 0.0095 | 16.7097 | 0.1802 | 2.7165 5.419
DFP 0.009 | 20.8132 | 0.1694 | 2.6509 | 5.7345 DFP | 0.0022 | 70.7318 | 0.0274 | 4.8516 | 8.2779
Geoje GA 0.0096 | 74.3839 | 0.2688 | 2.7987 | 1.5886 Eusung GA 0.0117 | 15.5715 | 0.1989 | 4.0479 | 5.8954
N-M 0.009 | 18.9941 | 0.1635 | 2.3741 5.641 N-M | 0.0101 8.8918 | 0.0999 | 1.8075 | 5.3691
DFP | 0.0083 19.026 | 0.1237 | 4.2051 | 6.9852 DFP | 0.0001 | 52.4799 | 0.322 | 0.4153 | 11.8399
Gumi GA 0.0126 | 12.6031 | 0.1849 | 3.0732 | 5.2659 Uljin GA 0.0078 | 21.2281 | 0.1634 | 2.0718 | 2.7033
N-M | 0.0101 8.8918 | 0.0999 | 1.8075 | 5.3691 N-M | 0.0077 | 19.0915 | 0.1396 | 1.8097 | 2.7299
DFP | 0.0106 | 69.3125 | 0.3059 | 3.072 1.4128 DFP 0.003 11.493 0.02 0.9004 | 5.0283
Hapchun | GA 0.0119 | 16.311 | 0.2262 | 3.2859 | 5.7519 Ulrungdo GA 0.0098 | 50.3563 | 0.3199 | 3.7915 1.5972
N-M | 0.0114 | 143979 | 0.2168 | 3.3766 | 6.8192 N-M | 0.0082 | 5.8084 | 0.1018 | 1.0694 | 4.4494
DFP | 0.0032 | 18.1092 | 0.0208 | 0.9052 | 5.8966 DFP | 0.0095 | 17.7815 | 0.1894 | 4.0695 | 6.7538
Jinju GA 0.011 15.6304 | 0.1855 | 2.4791 | 5.3529 Ulsan GA 0.0107 | 28.4448 | 0.2635 | 3.6528 | 3.5298
N-M | 0.0112 | 16.1322 | 0.1916 | 2.5921 | 5.3501 N-M | 0.0093 | 18.1245 | 0.2152 | 2.3817 | 3.9806
DFP | 0.0093 | 84.1607 | 0.2667 | 3.835 1.4937 DFP 0.011 15.5464 | 0.1649 | 2.6477 | 4.0317
Milyang | GA | 0.0106 | 55.8731 | 0.2734 | 3.9446 | 2.1005 |Youngchun| GA 0.0116 | 14.6184 | 0.2091 | 3.0575 | 4.7086
N-M | 0.0103 | 16.9413 | 0.186 | 2.9859 | 5.3084 N-M | 0.0097 | 8.2346 | 0.1077 | 1.547 49751
DFP | 0.0061 | 46.5498 | 0.1041 | 4.921 5.4696 DFP | 0.0059 | 50.4146 | 0.1052 | 3.974 3.116
Munkung | GA 0.0118 | 40.1007 | 0.2719 | 2.5791 1.771 Youngduk GA 0.0097 | 243114 | 0.2022 | 2.8695 | 2.9007
N-M 0.014 | 15.3751 | 0.2081 | 3.8018 | 5.8722 N-M | 0.0074 | 9.9966 | 0.0954 | 1.2423 | 3.8504
DFP 0.01 31.7072 0.2 41678 | 5.4926 DFP | 0.0117 19.94 0.217 | 4.5021 6.1323
Namhae GA 0.0103 | 25.6702 | 0.347 | 0.6223 | 0.9944 Youngju GA 0.0106 | 15.0589 | 0.1677 | 2.6246 | 5.3482
N-M | 0.0097 | 17.7878 | 0.1693 | 2.2797 | 5.4242 N-M 0.011 16.4767 | 0.1762 | 2.9504 | 5.3552
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Table 3. Sample Moments of Observed and Estimated Rainfall Data

M) | V() | ca)y | M®6) | V(6) Cc6) | M(12) | V(12) | C(12) | M@24) | V(@4) | C4)

Obs. | 0392 | 5186 | 2.839 | 2352 | 91.585 | 32384 | 4.704 | 24831 | 72.879 | 9.408 | 641.33 | 143.73

DFP | 0381 | 5303 | 2.805 | 2286 | 92.525 | 34.568 | 4.572 | 254.18 | 55.600 | 9.144 | 619.57 | 63.99

Seoul GA | 0382 | 4766 | 3.604 | 2293 | 102932 | 33251 | 4.587 | 272.36 | 43.089 | 9.174 | 63091 | 44.76
N-M | 0392 | 5233 | 2.891 | 2353 | 90.625 | 32.076 | 4.707 | 245.40 | 51.197 | 9.414 | 59320 | 58.74

Obs. | 0318 | 3.873 | 2233 | 1911 | 68379 | 25252 | 3.823 | 185.08 | 54.236 | 7.647 | 474.79 | 10636

DFP | 0319 | 3.663 | 2446 | 1919 | 74730 | 27472 | 3.838 | 20441 | 40.078 | 7.676 | 488.96 | 43.63
fnchun GA | 0326 | 3385 | 2963 | 1958 | 84.019 | 28.109 | 3916 | 22426 | 34.593 | 7.832 | 517.70 | 3536
N-M | 0318 | 3.847 | 2.195 | 1910 | 69.093 | 25.487 | 3.821 | 189.16 | 40.809 | 7.642 | 459.94 | 46.88

Obs. | 0348 | 4259 | 2342 | 2.087 | 73356 | 28272 | 4.175 | 20531 | 54373 | 8351 | 524.86 | 87.80

DFP | 0348 | 4.149 | 2311 | 2.089 | 75971 | 32.723 | 4.178 | 217.38 | 60.266 | 8357 | 555.30 | 76.88
SO | 0357 | 3786 | 2870 | 2143 | 84208 | 30436 | 4287 | 22928 | 42301 | 8575 | 54318 | 45.06
N-M | 0347 | 4224 | 2309 | 2.087 | 74.010 | 28496 | 4.174 | 205.01 | 48.772 | 8349 | 507.57 | 58.71

Obs. | 0289 | 2665 | 1910 | 1.734 | 62.607 | 29328 | 3.469 | 190.92 | 65.898 | 6.939 | 563.57 | 71.54

DFP | 0208 | 2751 | 2.03 | 1.793 | 62336 | 28.169 | 3.586 | 181.01 | 48386 | 7.172 | 458.79 | 58.28

Kangne | T 0291 | 2643 | 2021 | 1748 | 62286 | 28499 | 3497 | 18157 | 47995 | 6994 | 459.13 | 5692
N-M | 0289 | 2774 | 2.092 | 1.734 | 60287 | 28443 | 3.468 | 17746 | 86332 | 6.937 | 527.58 | 268.22

Obs. | 0292 | 2257 | 1574 | 1.754 | 50415 | 22.969 | 3.509 | 14629 | 48264 | 7.019 | 392.63 | 82.13

DFP | 0280 | 2363 | 1572 | 1.680 | 48.547 | 22.151 | 3360 | 14139 | 42260 | 6.721 | 367.31 | 55.81
Sokeho GA | 0287 | 2193 | 1.686 | 1.722 | 51661 | 23.667 | 3443 | 150.65 | 40.248 | 6.887 | 381.81 | 48.09
N-M | 0292 | 2268 | 1.596 | 1.754 | 50.051 | 22.844 | 3509 | 145.79 | 39.746 | 7.019 | 371.07 | 4831

Obs. | 0333 | 4.056 | 2441 | 2.003 | 78.043 | 28.842 | 4.006 | 208.06 | 56.086 | 8.013 | 542.89 | 84.00

DFP | 0331 | 3.809 | 2950 | 1.986 | 85.431 | 29.854 | 3.972 | 230.57 | 40302 | 7.945 | 541.74 | 42.44

B o | 0323 | 3803 | 3000 | 1942 | 86232 | 29971 | 3883 | 23241 | 40207 | 7767 | 54523 | 4225
N-M | 0334 | 4116 | 2502 | 2.004 | 76918 | 28.488 | 4.008 | 210.82 | 45.128 | 8.016 | 511.88 | 51.51

Obs. | 0265 | 234 | 1273 | 1594 | 40470 | 15.066 | 3.189 | 110.67 | 30290 | 6379 | 282.17 | 54.72

DFP | 0259 | 2501 | 1.139 | 1559 | 40404 | 24225 | 3.118 | 12926 | 87.591 | 6237 | 433.70 | 294.85
e | 0277 | 2308 | 1244 | 1665 | 40247 | 14674 | 3331 | 10984 | 23282 | 6663 | 26624 | 2657
N-M | 0265 | 2330 | 1262 | 1.594 | 40.674 | 15.129 | 3.189 | 111.61 | 24.713 | 6379 | 272.64 | 28.75

Obs. | 0265 | 2206 | 1.109 | 1592 | 36.614 | 13.845 | 3.184 | 102.83 | 26242 | 6368 | 256.82 | 47.14

| DFP | 0263 | 2268 | 1.064 | 1.581 | 37.881 | 17.734 | 3.163 | 11123 | 38.402 | 6.326 | 299.26 | 57.69
Gumi GA | 0272 | 2207 | 1.108 | 1.635 | 36204 | 13.509 | 3270 | 99.42 | 23.662 | 6.540 | 246.18 | 29.02
N-M | 0265 | 2279 | 1.167 | 1.593 | 35548 | 13.568 | 3.186 | 9823 | 31353 | 6373 | 259.17 | 52.51

Obs. | 0248 | 2.049 | 1.1871 | 1.492 | 38.838 | 15.785 | 2.985 | 108.14 | 32.562 | 5.971 | 279.29 | 48.41

DFP | 0248 | 2132 | 1.141 | 1489 | 37.536 | 14.657 | 2.978 | 10439 | 24.745 | 5956 | 25826 | 29.45
Pohang GA | 0259 | 2033 | 1.179 | 1.557 | 38368 | 15358 | 3.114 | 10745 | 25.114 | 6228 | 265.13 | 29.20
N-M | 0248 | 2112 | 1249 | 1493 | 37.762 | 15497 | 2.986 | 10652 | 31.598 | 5.973 | 27623 | 45.08

Obs. | 0281 | 2.680 | 1.682 | 1.690 | 53250 | 20.460 | 3.381 | 144.82 | 40.826 | 6.762 | 382.67 | 60.16

DFP | 0278 | 2763 | 1439 | 1.673 | 48.046 | 19.171 | 3346 | 13444 | 33291 | 6.693 | 33545 | 40.46

Unsan T on [ 0294 | 2674 | 1737 | 1767 | 52966 | 18948 | 3.535 | 143.83 | 27481 | 7071 | 34262 | 2984
N-M | 0281 | 2715 | 1.719 | 1.691 | 52.571 | 20236 | 3.382 | 145.62 | 32.661 | 6.764 | 356.55 | 37.72
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DFP 7S 0|48 NSRPM w7l 4 0 2= A& 8.5%, £ X3tk Nelder-Mead 71HE o83 M/l 34 xk= A&
Bk 10%, 1T 60%, B3E 35%0.2 B oF 0% SA= 8%, FAF 5%, thT- 5.5%, B3 9%0 2 A= 597 AW HF
Hom AEARPE 7F9-e] o] QA= oF 2%= H|wA] Hew oF 6% SAE BHow AEARME 9o HeE, ik et
7} HEARE BAY FEAA2] © 27 50-100%0.2 o AA oA Q2PH9] 0.5-15%Al0) 2 & A2 Bk DFP
Aowo] vk AdE Btk A3t darelEs 085k NSRPM 719, At Latels, Nelder-Mead 7988 ©]-831o NSRPM2]

m7 S FH Q2K s e 14%, HAF 1%, - 8%, S oF R A% B AR eakg vlagk A3 DFP
15% 597} Adel] Theh g Qxh= oF o2 Uitk 34} 719 oF 70%, A darelE oF 9%, Nelder-Mead 719 oF
YaE|F E]E AEHARPE 78 W] APt oF 2%E HE 6% 2215 7E.21 Nelder-Mead 7H& o83 v F40]
SAEA B8] 71 &GS Bor) B A} 7%, I 7P = Aeeel ANkl - SASA tiElA FgEd
22} 10-40%2 DFPR 345 -5 A1%0 vlal] w2 Aee AeE HYrkTable 4). B35t 7P @e A5ol)4] Nelder-Mead

Table 4. Root Mean Squared Errors of NSRPM for Sample Moments

M) | V(1) | C) | M@©6) | V(6) | C6) | M12) | V(12) | C(12) | M(24) | V(24) | C(24)
DFP 2.8 24 12 2.8 1.0 6.7 2.8 24 23.7 2.8 3.4 55.5
Seoul GA 25 8.1 269 | 25 124 2.7 2.5 9.7 40.9 25 1.6 68.9
N-M 0.1 1.1 1.8 0.1 1.0 1.0 0.1 12 29.7 0.1 75 59.1
DFP 0.4 5.4 95 0.4 93 8.8 0.4 104 | 261 0.4 3.0 59.0
Inchun GA 2.4 127 | 327 | 24 229 113 2.4 212 | 362 2.4 9.0 66.7
N-M 0.0 0.9 1.7 0.1 1.0 0.9 0.1 22 24.8 0.1 3.1 55.9
DFP 0.1 2.6 13 0.1 3.6 15.7 0.1 59 10.8 0.1 5.8 12.4
Suwon GA 2.7 11.1 26 | 27 14.8 7.7 2.7 117 | 222 2.7 3.5 48.7
N-M 0.0 0.8 1.4 0.0 0.9 0.8 0.0 0.1 10.3 0.0 33 33.1
DFP 0.8 6.1 209 | 08 9.5 3.5 0.8 108 | 281 0.8 0.2 495
Busan GA 3.1 6.3 229 | 3.1 10.5 3.9 3.1 117 | 283 3.1 0.4 49.7
N-M 0.0 1.5 2.5 0.0 1.4 12 0.0 1.3 19.5 0.0 5.7 38.7
DFP 22 6.8 10.5 22 02 60.8 22 168 | 1892 | 22 53.7 | 438.8
Daegu GA 45 1.6 22 45 0.6 2.6 45 0.8 23.1 45 5.6 51.4
N-M 0.0 0.5 0.8 0.0 0.5 0.4 0.0 0.8 18.4 0.0 34 474
‘..o ° ‘..o ° ‘..o ° ‘..o °
() () () ()
0o . %0 © 0o . %0 © 0o %0 © 0o %0 ©
[ | ° ) [ | ° ) [ | ° ) [ | ° )
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5 L 5 L 5 L g0 ...
SR SIS LA R LA SR Ll
® . -] B -] B -] B m
(@) Mean(1h) (b) Mean(6h) (c) Mean(12h) (d) Mean(24h)

Fig. 3. Comparison of the Relative Accuracy of Each Sites
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Fig. 3. Comparison of the Relative Accuracy of Each Sites (continue)
Table 5. Moments of Observed and Estimated Rainfall Data at Seoul
m) | v | o) | m@®) v(6) o6) | m(12) | v(12) o12) | m(24) v(24) c(24)
Obs. 0.1982 | 1.561 0949 | 1.1895 | 30.242 | 12.552 | 2.3789 | 88.141 21.497 47579 213.551 41.575
JUN DFP 0.1986 | 1.432 1.070 | 1.1918 | 32.004 | 12.308 | 2.3837 | 88.624 17.932 47673 213.111 19.506
GA 0.2048 | 1.457 1.082 | 1.2291 | 32.204 | 12.772 | 2.4581 89.951 19.556 49162 219.015 21.852
N-M | 0.1983 | 1.609 1.000 | 1.1896 | 29.403 12.309 | 2.3792 | 83.424 27.579 47584 222.004 44.577
Obs. 0.5202 | 7.154 4.071 | 3.1211 | 127.659 | 48.499 | 6.2421 | 348.680 | 107.761 | 12.4842 918.439 157.459
UL DFP 0.53 6.214 4.705 | 3.1798 | 137.196 | 47.850 | 6.3595 | 370.093 64.786 12.719 869.757 68.306
GA 0.5179 | 6.393 5279 | 3.1072 | 150.388 | 51.955 | 6.2144 | 404.684 | 68.213 12.4288 945.795 71.130
N-M | 0.5362 | 6.885 4215 | 3.2169 | 129.115 | 48.619 | 6.4339 | 355470 | 78.709 12.8678 868.357 91.139
Obs. 0.4514 | 6.660 3.381 | 2.7085 | 112.889 | 32.716 | 5.4171 | 295.039 77.178 10.8342 746.817 187.483
AUG DFP 0.4633 | 6.274 4.245 | 2.7799 | 119.705 | 31.164 | 5.5597 | 301.737 | 36.925 11.1195 677.324 37.509
GA 0.4419 | 6.229 4.369 | 2.6516 | 122.206 | 32.606 | 5.3032 | 309.622 | 38.872 10.6063 696.988 39.534
N-M | 04799 | 5.964 4.522 | 2.8792 | 123.279 | 32.719 | 5.7583 | 311.996 | 38.393 11.5167 700.778 38.929
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7T o}t m i Fgo] vhe 7R =A) VeRdtiFig. 3).
Nelder-Mead 7[H-& R|&A7) 24A)7F BAMXE S0 gL
eREt 22 24709 Ao = vEpste: ARE R
A 597K F 41709] AR 7FE we =S Bolon
7% A 2541702] Ahe] 71 Te Ashe
2 Ro] oF A7) 50%2] AFS xHEITE DFP 78S ok 5-107)
o] Aol 71 T ATEE Ho] B AFoi] AMEH 71

AEARE |

A& RPE

e L CE

Aol tislel ol 79o] A U BSE) 5%

Z9E e TReT} PTHTable 5). 9 Z9EAe] Q3= ohA]

g
1A Qxjo) o] Arje kg olgsidirk o1 6-89e] 4
F$E2d @ 2}olA] Nelder-Mead 2 ]88+ mej7} 71 2gkch
E3] 6, 79 23)¢] Fito] DFP, GAZIHE ol83H A9 oF 10-15%
9] 22k HRIYHH Nelder-Mead & o83 73-9-olle <F 5-8%2]

QAB RYOP] B B FRY oyl 4510 89 BSEA

oY X

m

S 7P AL ARSE 7len] fAk darese o 10-20 o] 9k el o8 7Ty BT of 15-20%2] QAkE Hlo.
M) Ao w FEE=E Bk v 7 548 FElE UehtA] egit(Table 6).
Table 6. Root Mean Squared Errors of NSRPM for Moments at Seoul
m(1) v(1) c(1) m(6) v(6) c(6) m(12) v(12) c(12) m(24) v(24) c(24)
DFP 0.20 8.25 12.80 0.19 5.83 1.94 0.20 0.55 16.59 0.20 0.21 53.08
JUN | GA 3.33 6.64 14.08 3.33 6.49 1.76 3.33 2.05 9.03 3.33 2.56 47.44
N-M 0.05 3.11 542 0.01 2.71 1.94 0.01 5.35 28.29 0.01 3.96 7.22
DFP 1.88 13.14 | 15.57 1.88 7.47 1.34 1.88 6.14 39.88 1.88 5.30 56.62
JUL GA 0.44 10.63 | 29.67 0.45 17.80 7.13 0.44 16.06 36.70 0.44 2.98 54.83
N-M 3.08 3.75 3.52 3.07 1.14 0.25 3.07 1.95 26.96 3.07 5.45 42.12
DFP 2.64 5.80 25.56 2.64 6.04 4.75 2.63 227 52.16 2.63 9.31 79.99
AUG| GA 2.10 6.48 29.24 2.10 8.25 0.34 2.10 4.94 49.63 2.10 6.67 78.91
N-M 6.31 10.46 | 33.77 6.30 9.20 0.01 6.30 5.75 50.25 6.30 6.16 79.24
045 08
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Fig. 4. Wet and Dry Spell Empirical PDF at Seoul
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Fig. 5. Cumulative Distribution of Hourly and Daily Extreme Precipitation at Seoul
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