U]

XAE LT ABIFHRXE Xk I
£29% HE2BYE - 20094 3A
pp. 193 ~ 205

HIOjDHBIeX @o|utg|wyl X|AJISCIsHAIS 0126t
=2 SXZ3e ot

Evaluation of Extreme Rainfall based on Typhoon using Nonparametric Monte
Carlo Simulation and Locally Weighted Polynomial Regression

QEHAM* . ool . FA[QYHFH* . BB

Oh, Tae-Suk * Moon, Young-Il * Chun, Si-Young * Kwon, Hyun-Han

Abstract

Typhoons occurred in the tropical Pacific region, these might be affected the Korea moving toward north. The strong winds and
the heavy rains by the typhoons caused a natural disaster in Korea. In the research, the heavy rainfall events based on typhoons
were evaluated quantitative through various statistical techniques. First, probability precipitation and typhoon probability precip-
itation were compared using frequency analysis. Second, EST probability precipitation was calculated by Empirical Simulation
Techniques (EST). Third, NL probability precipitation was estimated by coupled Nonparametric monte carlo simulation and
Locally weighted polynomial regression. At the analysis results, the typhoons can be effected Gangneung and Mokpo stations more
than other stations. Conversely, the typhoons can be effected Seoul and Inchen stations less than other stations. Also, EST and NL
probability precipitation were estimated by the long-term simulation using observed data. Consequently, major hydrologic struc-
tures and regions where received the big typhoons impact should be review necessary. Also, EST and NL techniques can be used
for climate change by the global warming. Because, these techniques used the relationship between the heavy rainfall events and
the typhoons characteristics.

Keywords : typhoon, fiequency analysis, probability precipitation, nonparametric monte carlo simulation, locally weighted

polynomial regression
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Bejdozich AubAAol osha, 19043 E 20043 AL
olefl SEuztell F3kS 717 EiEel ofal wAaS dHHG
SR 200239 BlE RUSA™ o8 e A9 870.5
mmo|™, BlFFZAle HAASE dH IR SEE 10
N F 7I7F 1990 o] ol WS Ao = Yelyt. <l
Hulals 193600 WS B 3693500 9J3F 1,23270]
o, AoRIgaseoZ 107] Fo e707F 1950 o] Hol|
sk gFol 23 Aoz AR TEy EiFel <3
A 7E 7P S 1070 B o2 B, 10l F
/N7 1990 o]l At el oJg A¥= 2002
B RUSA™) o3l 5229l o] APHalsizt et
wEbA Bl 23 AWyl dtel] S FETRE
of thst T2} Tl oaf sl oyt Aksle 7t
skl lom, BF o3t H o= A Blsf S8t
AchHEIA B, 2008).

SEuetel dFS 713 HIgel B 71EY T F=2
HF Z=Ze} elFasi(dd &, 2002; 79 5, 2004,
ol F, 200500 ZFo] gFold] e o= LERTE
IS 5(1999)2 19453FE] 1999d712]9] 5370 d9] 2=
5 o|g3sle] HiFel o3t shikxe] 78k 5448 B4t
of, HEE0] 50 nvsE F3JEke BFo] sETollA 9Ex
o Wol whsitia Bt} H3), el i3k s
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WEe] J3e Baslel 19739 ol wleka gl e
@ B £5 BEY shruesel 2P welo] gl

Aog BEAYE $YH(2003)= UN/ESCAP(United
Nations Economic and Social Commission for Asia and
Pacific)?] ElE 93] (typhoon committee)s A7HS}aL, o
Pl 2458 FPEE Faska gk BF B T
s 221k QElA 52007y BlEY JF5Ee= <l
g AR BAS AFNARPR - BlaL - B8t
Att. Scheffner 5(1996, 1999)S EjFo = <lgt Uz}
Ak 55 U1 4= = EST(Empirical Simulation
Technique) 7ol 713t om, oled 5(2005)00 <3l
TEvEre] ol RS dPdes I HdlES
o thale] elF] S EST 7IHE 53l Hreila,
)X 52008y U} 617) AHe] BlFOE QIF A
ko] 548 EST 719 B3l 718l
BEe FElUEE RIg7IE e Uissste] Al
A7) Aok g B ARGl tigk 71E] e
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I Y= =HFAPI o3t s ARHo=E WUk
ok Ul FEs 7R ElE AP 7PEeA HEE
3lar e 71E B9 32°0-40°, B 120°~138°¢] 9
ol Blge] S4do] =gst A2 et A WA=
FEFAAEA LGS B4l 7 Bol o8l Sl W=
e Fote] FEATFS o, T HA=
Scheffner 5(1996, 1999yl ]3] AIQtE EST 7IH-E &3
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£ dFelME BT A% S 48 9t
wl7hAG2 A HHI =384, Empirical Simulation Technique,
M Rl 9 A ET e olsski

2.1 OISR X|HYIE s
iAo i ARNENS o] g3l SAELS
e APPSRe ARk et 2k A, oxe) A

2g oo ARG, me Az P9 4%
A}, ool Ame MENE A8 A2AR AgET,

AR, =9 AR tig SAF 548 Hetsl] H
A 718AQ] SARelst & ¢ e W, 0, 9
T A, HdE AF 55 Akkslal, WdAEE EAI8
ARPE Z7] 9 WHESolE 9o, A5 A9 AESH
ok AR, RiEs|del A8 JERrdS J4st. gE
EXYS BEXFo wel Normal family, Gamma family,
Extreme Value family, Wakeby family 522 Fojxit},
Normal ¥l FFEE, 235 5gFEE, 38 o
FATEE 5°] L, Gamma #XT= Exponentiale3E,
24 Gammai-X, Pearson type I3, Log-Pearson
type IEEXE 5°] A°™ Extreme Value F-¥7o= EVI
(gumbel) ¥-¥, GEV, Weibulli=¥7} At} T3} Wakeby
EIETOE SHG Wakebyit-29} 485 Wakebyw-327} St
URZ, gPdAiged SEREds 83l wiriesE 54
sk THlo|t). et o] w7l S (parameters)S 317
A3 AFEshs ARl W oy A lew Bol
ol WHoRE HUERY HoeH, T8al gEVER
HEHo] o] gH). tMAR, dPdAlEe HHH FERE
e A8t Faixl v F4%ke] A9 SERE
o] gkEsy wiagy 9As 20E vSserE &
sl= Zloltt. ol& AF=Aolt shH, A=A dle
EFoz A4, K-S 74, CVM A4, PPCC 7o AU
o AR, APE AREAAE v R R A5
kg0l 7P Ae HA dEREIS RS FELS
25 2R3 (Hann, 2002).

2.2 Empirical Simulation Technique

EST(Empirical Simulation Technique)= |3 THU.S.
army corps of engineers, Washington, DC)ol|4] 1990:dt]
Zol| 3} #HE FETEe A 71Edd A8t
A IS B35 AAZEZF(design storm)2] 7HdlA 3l
F RNz Py x|e} ol tigt @ Z(error)e} EFAA
(uncertainty )2 $7 28317 $siA] 7hekE whHolc,

EST 7IH< Y% X (risk analysis)@} AISF] HIT=3)
A(frequency analysis)Z 2 2}3}| X (error analysis)S Tha
FH-T7] BoE sk WHoE BFY vt A
% SHZo|A] Eala w2 HlAHPH] FHAIAE 7HA

RS



< Original Historical Typhoons )

Augmented Typhoon Set with Might-Have- Selected Subset of
Occurred Typhoons Training Typhoons

! !

Scaling and Transformation of Typhoon
Descriptors to Aid Interpolation

Finite Element Model

A A

Interpolation of Responses for Typhoons ¢
Not Modeled

¥

Estimation of Hypothetical Typhoon
Probabilities

v

Total Set of Responses and Probabilities

!

Empirical Simulation Technique Repeated

< Empirical Simulation Technique )

32! 1. Empirical Simulation Technique?| SE=

Training Set Responses

B2 7]122] JPM(Joint Probability Method) 7133 .9}
371 8l A=At whEbA] EST 7Rl <)t Rlixs)ide
I WHFES] S Bl &S] e wivi
ol SPAS 7HsHA &= HImiZRRSAQ] Distribution
free’ 7IHolglar & 4= Stk EST 7§ g€ =7]9
t|o]ElH] o]~ (database)S E-83le] Bt & dlo[EH|o]~E
AAATIE F29 5= WPHA Bootstrap® 7WHoll 71338}
I k. Bootstrap 7S AE9] AFZ(resampling)? ¥k
Zh(replacement), WAk (interpolation) ¥ H&H 3} W
(subsequent smoothing techniqueye 2|3t} EST 79l
FY3 719 vjEel] BT AP (future events)2] =719}
HlEs ApAe)] AR Ao WAl A (past events)?}
BAACE FAMIS 7HAok gitke Zlolth. EST 7L &
A Aol S T A AP EAETE ARk
o}, diogjwlo|~2RE Aejd APde] 547 JFs T
3sle] B3F2] A= E (input vectors)E -3 Frf. &
] (response vectors)e HEOIL SRk B AREY] 34
3} 2R g AvE ko =z HelEA ). olyd ¢
e} SHAEE BlE AP 7 7] B9 (life-cycle
simulations)E A= 71Z2 E8Ht) EST 7Rl ¢
gt moje oleigt JEHE el SHHEET] A4S Al
o3 FAHHE O E Scheffner 5(1996)9} ol¢d 5
(2005)ell AA|E] ArEo] glomw 7 |3} 28 EST 7]
Hol 5252 AN 28 12 Scheffier 5(1999)0]
ARE W8-S 2 ATl B Belste] YeRSITH

2.3 H|DH7HHSR Do|uraym) X|o37 | SCia
2.3.1 HlE7RHF2] BoiAy

Hlu 2] P S o8-8l BlFe] EelA 5
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d AR5 BRIt BoAls fsire APt
AAsa P[0, 1] HAS S8
quantileS F5HA HT}, Blu7iEA 2o 7HE 3
UL o] 83l FEREHS Y5 Hed), B
Tl A& Breiman 5(1977)2 14 HUA=g ¢ F3
(Rosenblatt, 1956)2] 543} #}g2] 29%2] UEE ¢
+ k Nearest NeighbordHe A3 Wy U=
AHE o839t W% U= e 1 IUx
S AT FARE wale g 2kart BlE 9x]o) o)
= Yg5re] Fo] Azol WU ule} wght
Kxys g} slal k5 ¥ A= ¥, 4,5
Mol Aw xellA 2 WA AAR (-1 FollA AR
7VRE: ARl = AAs7AY] AR} skt 12, wE
g e T 2 () Z2o] Zojsnh

1Ll X
fw) =L [k e (1
nhid o hd g

A7 hdye= Sl WE FFolnt. AFY] E37} A&
s AEA Ao 4,0 FhS AR HEIF] R
A HAAA =, Al5e] #3UF B B2 deAYoxe
7 R @doe] doju WE e A4 23E FHE
7HAAl ®t). Bowman(1985), Moon¥} Lall(1994)2 W&
AL Fgno] e nel R 22 FHRigh
FAog 57t Bl EEY o Fo] Bk s B
of FUth e AU FPHY] ddH FEAES
Devroye¥} Gyorfi(1985)°] 2l3f] H71=Edc) & Aore=
HEA D=2 Modified Cauchy <49 YE %,
2006)5 ol-83t AHNENAS ATk the A (2)
= 217} Modified Cauchy 352] SEUE3gl5rolt),
% @)
35701 +x77/5)

Hlm7R2] sl WgellA 39F pe] e vy
T 8% TAR oRolA k. AF7AY] BeES A

st WS Maximum Likelihood, Least Squares Cross

fx) =

Validation B=% Adamowski Criterion, Breiman Method
(Adamowski, 1985; Lall &, 1993; Moon &, 1994),
Plug-In 5°| o} & Aqolx ddeghro F95S 4
Aol= WHS Plug Ino] 7HELE Woodroofe(1970) 343
7 e A7t ZEEo] gith. o] o]&e] 7P deligt A
< 7ol He 74 BA9EFS 2Aske Zloy ol2jg &
A= ) 23}7] WHE Sheather(1986)7} A|QF5193aL, Sheather
9} Jones(1991)0ll 9J3ll thaa} 22 4] (3)°0=2 AA=HATh

h= |: R(K) ] (3)
A 2 2
nR(fg(,,))(jx K(x)dx)

71N, R(g) = [Fde E IPIEE F, [Pk = [PK(od
& 53

232 A7

el E2ld B4 Almsl Al sHdA= A9t
FF2] (locally weighted polynomial regression)yS 531
ARG AP7ETRAe o83 TR S
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oF FEHg Alolol] HIEZAR] FAVE dE Aele ¥iF
H3H(prior transform)S Fall YHTE TR Fe|= upt
o 3AAS A=Al Bk A97tEtha42 Loader
(1999), Muller(1987), Lejeune(1985), Hastie2} Loader(1993),
Fan} Gijbels(1992)0l &Jall 71zolsH s o83k Blul7)
HEZ 3784 (kernel regression)®] YRHISL7}E o] FojHTt.
2 AFolAe BlupisA 3 AEAL Cleveland 2k
Devlin(1988)c]] 2J3l] AAE WS o833l om, dvkAR]
o]22 Wand®} Jones(1995)0] AwEo] Qi) Unkzo=z
local polynomial 3]7]%2]& k-nearest neighbor 7]Holl 2
af g9t

718dee 5 A - )E FHAAMEE 2 (4)9] LurzQl
7R SARA T ZfolHS 7HAIAL ATk k-nearest
neighborhoodll &J3ll y, =x7(i=1,2,...,n) ol W} x& F4
5 Ak x) 9 =12, 0 YRR KE LEARESE
A4l Ao}, o714 F4E T f& newton-taylor T~
2oz g 4 Ut

JO) = A3 1A% ) () + o A0, o X 1 (X)) - (= X5) o

xp ) O ) x_y) xp )
= p, )+ O x))... -k

oA71M, x& FASA} 3= FER|oY f= (xT,x;,...,n*)
Apolol A WAKE ghS SJuBt). flx),x, .0 E WS AR
A (g2 O BEE AORL i), fxa), o, )] j-13F
de] gahals ouight), (= o= u|X] Frolu, BHE
3} HFE B L 7 Aok E=3 #SE A A
7¢ AT, £ - ye BEsE HAS B gHEQ ¢ HEA)
(smoothy® F8& = lom, #ZX|e| HUlgRT Z Fol
874 wolle ke TS B3l pune s El
FHE 5 Uk

A7} tF8H] (locally weighted polynomial regression)yS

*

ojgste] FE (Mg Zte X2 ABNT F e ),

21,2, me Bl FE xS zk= L HES] 2
FA37] YeiMe olEle] 4 (5)yS WEStdof dict
m}n(yl—ZlB[)TW(yl—Zlﬂl) 5)

o374, ol HA} 12 HrHE x) 2RE AFE A4S o)
St} g2 ZZHH =% AlGS(coefficientsyS YERNH,
ZrE p A e 3E xel o3 oA s Bl
FEAT W ek AHE Zb= tizd3)e] 7k slE=EH o
o 22 8AE YAlskar o).

k
wii = K )7 Ku; ) o™, u,=d, /dy oI
j=1
d; & ABolA AMGEE ) 2HE ) 79 AelE ek
o} 283l K( - e 7FESHER(weight function)o |t
A 9715 tFel (locally weighted polynomial regression)
ok o] 2=(p)Z2AF nearest neighbors 7oA k2]
AL vl F83% ou)E zhet B AFdAE pst
k#kel 58S SlslA] BeAlE & H(mean square error)’} 3
(zeropll FHEE ST, FAAFLAH(P())E AHeh=
HhHo| Zh= godo = Qs H Al xke] AP o
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2] F3oA A= AUt Cleveland$} Devlin(1988)
local polynomial regressiondllA C,& i1&dst HoAlF A}
o] APgHPHS- AT Li(19855= MSC(Mean Square
Error), OCV(Ordinary Cross Validation), GCV(Generalized
Cross Validation), FPE(Finite Prediction Error), AIC(Akaike
Information Criteria) 2 BIC(Bayesian Information Criteria)<]
ol EUE vlstAh. o] FolA GCVE Cravendt
Wahba(1979)l] ©Jal A= AS™, Hardle(1984; 1989)]]
ofefl A=A Gevel Aol= w2l 4 (6)7 2t

Gev(y-—MSED ©)
("' tr{1-H))

w7 340 o] GCV(f)E ol8at =y by}

RE #= ABE o83} Global GCV(/)E o83ttt 2z
A=HS xeha Pop,

"2
Zei/n

i=1

n 2
{1 Zhii/n]
i=1

A7V, b, = ziT(ZiTW[Zi)flz[wﬁ, ; ©|3L, zz= k-nearest neighbors
o #ZA xoll W&k ), ZHE F=R wie 79
FAS 93 7153 E (weighted matrix)©] ™, w;, = z°l
TVEANE A8 Aoty R, ¢,=y,-fx) S SU|FT}
A4S g 2= ko pE FAP] AsiME A (7)001A
AXG GGCVZE Havt HEs kot pE sl XA
b FEastofof gt} ey eAlEv) 2k viso] A4,
B dxige] HelR & ZAede I7A9] HAFHES
oj-gstdof gt wetx o]ek T HfolE local
regressionol| Al T/3E FAX|O] A5E AHFHFoZ o8&
Futo] gith o]l A <l(local) GCVE}F $HT}. Local
Generalized Cross Validation(LGCVy& B4 x, 9} &
= 78 wiE olgste] AR QlE) WA=
22He, 7t A&7t HES gt o] Afdle dE m}
np, & WESH Aot oA IAAFHES - =T
LGCVE t22] 4 (8)S T3l 3 5= It
elTWlel
((hrip) ).

2] (8Y% ©]83}4] local regression®lA] LGCVAES FHA
sigto=x st k9 pE AXKE 4 Aok ESE Stuart
9} Ord(1991)ol] w2, 21257 Hconfidence intervals)
7H AR fix) o T AP} 2k BRI o & 54
gro =M AL 4

GGCW(f) = (7)

LGCV(f) = (8)

}(x,)ap =}(x,) + tk

. xXS§
—nyl-a2” e

of7)A, tkfn'p,lfa/z% (k—n'p)gl =S zt1, f-25450]
aS] Student®] t F3ro] Wafo|},

g el
setdE HAEIEHOZ MAHE gumbel EXFS T3l 24
o] ETHS A7 IIMEE Fg3le] B 2FUA F

= ARttt
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3. 24 Uiy Xizo M¥

7P ol M= B WA (1996)9)} 711 R.(1997~2005)00 4]
eVl FEE 71X Bl APRS sk ok 9=y
2ol FaS 713 EFol tigk A= 7P (1996)0 whE
W] FAlo] B9 320-40°, 7 120°-138°¢] Y
oll =k APHS Smfsie], Bl F4lo] 591 40°, &
73 110°~150%T0 2 Blot Z-9ol= APEE Aoz 3153}
At webr] B AFeMe Blge] F4ol seuetel 93
S 713 9ol =2 1437 APEH1961~2005)S E4
gPdoz HAAIAT BlEgoz Q8 s s ot
7] $18t AASA e e, A, A, Ui, B, 1L
B3 9 RS Ao 7PN BASse AR AR

£ olgsiltt. E=1E, S A3 ARk ol

o AAIBIATE.

fl

E 10] Ye A3 o] BAUARE & &) Aol
W, BE 19619%E BEE ARV ATt 7EEl

50

Nl

4o <o Ho
4

Zr o

o=

Pl

>
)
L

o Bt A WA o gl BEE AR
% Ang olgsle] AAR 24x31e] AHTA AR
% ARE 23N T WA B % AN
3] Sletel Seluelel Jee
AR WYLE, U, D, AR} BhESE, o

14371 EfF

Fo TANAEES} f®), T ARE HEATA
H (http://www.typhoon.orkr/)ol|A ER3IHT. o] ARE &
S35l Bl Fe] Aol B9 320-40°, B 120°~138°9]
1 Wl A= E<toll ApaSaellA A 242 Ao

S AR FE, TAR BF] 2 SR
g TS Hise 293 SAAEe BEe A 4,
BESE, BEEA Swe) A%, SR EATAE
AE) 2 SEEeE(Smith 5, 200410k E 25 B A

ol A el Foll ofal AT 2422 Ao Y ARE
o] BiFe] Euld SAEE A A= 14370 HE A
& T HE EFol thd Adts ekl Aol

4. HIZCSZ Qlft SXZPEY 24 &1

Fe B gAael ot

A Ade SEATER, HE APl Qs ek AR

S-S o83 BN HE SEGTE R S
o} 5 WAlZ EST(Empirical Simulation Technique) 7|%
o ol 49t SEAFTES EST FE4TF o= 3t
vpz|gto 2 Hlu) 7|42 T2l (Nonparametric monte
carlo simulation)@} A 971548 (Locally weighted poly-
nomial regression)yS ©|-8-ste] F4%+ FEFHS ‘NL &
o A sk

4.1 PPN XMUI=SHME 0|36 EELSE £

AR BSE AR AR S o]gsl] F
E3 AEAZE 24417k0] AXUIAZE-H B
ol FgS F= 7R Sl DT AR AR
= olgsle] HIwsxS st 1961~200537H4] Ay
S 1437) BF FollA 24217 Hulde-do] HAIS 4570
AFE FEII] B4 A9 o= BlIFo] vt
o Jge 7H= AlZlo] 2447 BRI B9 gl

1B iy 2enss
BenEa eaalL) EARE) 320l (m) Apgs0] (m) H57I
105 = 37° 45’ 128° 54' 26.5 0.5 1961
108 & 37° 34 126° 58’ 86.0 0.5 1961
112 Q1A 37°28' 126° 38’ 68.9 0.5 1961
143 o+ 35° 53" 128° 37" 57.6 0.6 1961
156 B 35° 10’ 126° 54' 70.5 0.6 1961
159 AL 35° 06’ 129° 02' 69.2 0.6 1961
165 =23 34° 49’ 126° 23’ 37.4 0.6 1961
184 A5 33° 31" 126° 32' 20.0 0.5 1961
# 2 Efgel B2 SNoIXjet 24AI2H HiyeY Kt2

HENS 2 T A A= FAE | SeHes | A9 (mm)
6110 8 6.38 37.03 127.82 997.96 25.99 29.7
6123 10 6.12 35.20 128.17 999.20 21.37 33.7
6209 8 9.00 34.93 124.59 976.00 25.14 37.0
6305 7 6.00 37.12 126.10 1000.85 23.08 79
6309 8 3.38 37.17 132.10 993.92 2531 153.8
0415 8 4.88 36.30 131.08 970.83 25.58 242.0
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I 3. 24M[Zh AZ|CHAIZEE PR KBRS 0|88 &ETFE

A7k ' Me bk T 35 -t =X A5
2 168.9 161.2 141.1 115.1 138.5 160.1 124.0 153.9
5 258.7 232.1 208.0 157.7 189.8 224.5 168.9 2222
10 318.1 279.1 2523 186.0 223.8 267.2 198.7 267.4
20 3752 324.1 294.8 213.0 256.4 308.2 2272 310.8
30 408.0 350.0 319.3 228.6 275.2 331.7 243.6 335.7
50 449.0 3824 349.8 248.0 298.6 361.2 264.1 366.9
80 486.5 412.0 377.8 265.8 320.1 388.1 282.9 395.5
100 504.3 426.1 391.0 2743 330.2 400.9 291.8 409.0
150 536.5 451.6 415.1 289.6 348.7 424.0 307.9 433.5

200 559.4 469.6 432.1 300.4 361.7 440.5 3193 450.9
E 4. EiZ9| 24MZt ZCHZ Y XEE 0|88 EiE SHELFEY
A7zt e Me U T 35 et 23 i
1553 84.4 82.1 94.0 102.4 115.8 96.7 164.0
5 2474 1255 123.8 138.3 151.6 173.0 1483 2194
10 308.4 152.7 151.5 167.6 184.2 210.8 182.5 256.1
20 366.9 178.8 178.0 195.8 2155 247.1 2153 2914
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