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Abstract

This study is an effort to develop computer simulation model that produce precipitation patterns
from stochastic model. A stochastic model is formulated for the process of daily precipitation with
considering the sequences of wet and dry days and the precipitation amounts on wet days. This
study consists of 2 papers and the process of precipitation occurrence is modelled by an aiternate
renewal process (ARP) in paper (I). In the ARP model for the precipitation occurrence, four discrete
distributions, used to fit the wet and dry spells, were as follows; truncated binomial distribution
(TBD), truncated Poisson distribution (TPD), truncated negative binomial distribution (TNBD), loga-
rithmic series distribution (LSD). In companion paper (II) the process of occurrence is developed
by Markov chain. The amounts of precipitation, given that precipitation has occurred, are described
by a Gamma, Pearson Type-Ill, Extremal Type-Ill, and 3 parameter Weibull distribution. Daily
precipitation series model consists of two models, A-W and A-G model, by combining the process
of precipitation occurrence and a continuous probability distribution on the precipitation of wet
days. To evaluate the performance of the simulation model, output from the model was compared
with historical data of 7 stations in the Nakdong and Seomjin river basin. The results of paper
(I) show that it is possible to design a model for the synthetic generation of point precipitation

patterns.
2 B
§ Q7 0Y SR A B Ee) woldd v AR slend, o A vy
B9l 2By 4o A4ENE S nesih # A ste) pow ,me Ao,

AHDel A= AL S Hﬁ}cq Lo ) A 78 (ARP) & Ol%fﬂ‘}io W, Az - FEAEVTE 3o
3 A= TBD, TPD, TNBD, LSDe] 47} oj4ld StER ¥ 8 ALY} T80l :‘l(II)Oﬂ}\_‘iL-Z
Zpatatg o @ Markov Q4 29S ol&dt) el FHYe) Ak B g Gamma
B ¥ Pearson Type-lll ¥, Type-lll =X¥E, 354 Weibull $¥9] 4712 53 §}n,—l%§£~f zﬁ

* WA - BB BBk 2ing, yThuag
L

F14E F3% 1994 F 51 ~ 509 —



£tk AN e HE5d §99 W7, 1%, 1Y 9F #3522 47§99 3F €
T B2 A AFAY ARE AHESIGoW, FEEAAYT Fade] ArFHYE =¥
TR B9 A FEAE RwA 2l AW, A-G 2de AL Edsgd

..........................................................

.M B

ALY w2y AHE Y FHAdEFE 4
FrEkel T3¢9l He B4E mogAsa, 39
SR FEE FE27FE LHS £E2HEE F
3 FFor WENF |z rg3A At ol
Bl B o, $4 A7kl AR A5Ed
g gty o meojubal wdlo) syl Bty
stoha Azbgrt

A7, e gAY % AR 2
FEAPGE ol HIwEA FrIt dAHA ¥e
97t glon, o3 Afde olEL HE FF
Ao un HFgsts AL7) o] Fojxjol g} £3
AEAG-L F8A%717HWet Spells)d 7z A&7
ZHDry Spells)2.2 T-A=0o] 3lol 18 +EHQ
gl 47t He Aolch 1t BpEAPdel
3 Fe] At ST £E Y Agns
ez ¢ dydrdel thrEg olFi o,
e By g ned deAgde 2Y
2 mulg Hojuk

g #g Feel A7 2A Markov
Chain(@3) w93} w4824 (Alternate Rene-
wal Process . ARP) 24 “12] 3 Point 273 Fd2
UiE 7 lew, 27ldle Agde] A&A Bl
ForHE Fu olFoigrl @SS A&7
el BHEHF 548 Hola lerng o @99
FEALE 1 o3kl FHE At i
Age] diMoll= Arket 2ol7} UA =W, Markov
AN zda} FchAEE e g A
g9 AN F2 ol&=Ho gt

et BEAMEe A EgAdo] - Aste
2 Sahtele] ZAAds e 7 e dusid
4 AeAg vy 2de] siwto] HAE 4
= vloluz Bt ofzbA Q) W e} R FAH
2o gelAe) 3L B3 wde) siMdel 8%
"ok agus Selvete ZAyEAgol HEgw

—510—

...........................................................

o) MIEE TS B 9 Wo|BEol nige ¥
o) 717ERte) WB4 V12E welRAY -
R, 4717 B PurIke] AU A2
3 sAAY, AT 44 5 PANS e
Aot A FRASIINH A AZAS
dxd 4 gl wde| e Bash

G B AvelE 8 A5aRe) e
A4S Faa] U BeAbol B woldy vdg
ggYshen 2x2 S god, o AN Y
SR e UA%4 Ate datn dgd
of B A4 ARG $4Y9) B5Y LEE
e 7ol A UBE A RAHE
sojual Rag stz B

Y K

o o o

1.1 HPEe] % S8

d rAde F8AETT dx2AE7I)
W2 ALHUA TS e 18 FEAA
g ® ddde o o ApAfy A
548 1edtd Q% - FEASVIE AQE JE
W 9% o]ty FAdAnA (ke WA
747t BASE dwet day + FRY)S Aol o
3 By o o] MElrIR &, FrkAe] A
$-E Afstd Y £EAFQA o Ay &
Agta mejdAl mdg N3z gt

olg| g WE-E A3Vl YsiME FaYel HE
g Aoyl dasiy, oW threshold(Ew
trace ; EXzHET}) 2o ALAE V& G2 Y
ZYE gl =3 FRAEVIIL FFol A
ZUE AFse 859 ALEA A, o)t
Bldt A HERAEVIE Folgrz vk 2
Toll A= thresholdE +&33 Ze] 71E219] 0.1
mmz ®sty, AF oA (wet-dry process)S A&
Aol W%-S Holn gornz uf Ydz &y
HMs71z ok £ A9 AHAHAA o @
e AeAde A&7 244130) AP Ee] of
A calendar day3te] 2ArdE AHESIH oW, &

KL AP R



del §9Y2Y 2992 s

2. mclixy A 2pE (Alternate Renewal Process)
of olgt Zaapd

A AFAEe A ()3 2 #5394 (stochastic
process)el| 2jgted 7@ 4 Ak

2=XY, t=1, 2, - (D

A71M, F&deld, X,=10]3 dxde)d X =
ot Y& AF%g UrEMt BEgpo] of& 71
9tk aeng ZedAanyg Xo e 02 19)
AGR o]Fo)ch

Aol7k k. AZEAL7IEE kUG dxdel A
&5 3 P2o] FRUZ AP ADRA Hels)
o ol9} Hl&dA FEASIINE FAF ¢ gk
wheba] o] A 2 W dhe AE Al 717k
Ad2A 138 5 gtk

2.1 7|E7
P Rl g8AE710 Az
U&7 2ol Age Row B,
D 2 FEAS7RIY 2] ¥EE2 vud
GEEE [FW) & Zed
@ BE AzAE7IRHe 20 HEE2 T
gEPY {FV)8 gec
@ dA&shs F87
o) Nz Sgolth
olF 7H4& wigos ARP R ofF 3o
AT AL BE TN RE (FV) 9}
(fU) g wgro s FYHE

Al 71748

r“o

& 14}14 dzxAL71te] 2

2.2 HEASTIZIN Cigt MplEEY
A Qo) ARl kY A%HE Holzh kel
AZA%Y)HE A @9 ol Beln Aaolr.

{Xa =1, Xi=0, X 1=0, -, X 170, X =1}

(2)

AZAE7G 2 &ALl A ol A

zglo] o] L, 2 Lol k¥ &L vk ¢t
PI‘{L(,:k}:PT{Xi 1=1, X:(J Xi.1=0,

Xiw 170, Xie=1UXe=1, Xi=0} (3)

144 H3IW-1994% 5 1

Pr{lek}:Pr{Xi 1 =0, le X”]:
Xiiv-1=1, X =01Xi1 =0, Xi=1} @)
714, L, L Az2AE70 F8A%709)
o]

Wa Ao T4

] l 1 ‘IH 016
FHAS7IH AFAL77E Aold] HgA|R)
BxPon g ¢& Aol L(truncated
binomial distribution | TBD), ¥ ol&=¥ ¥(tru-
ncated Poisson distribution ! TPD), Hwgo]&3-
E(truncated negative distribution :
TNBD), =g % E(logarithmic series distribu-
tion : LSD)&] 4712 o]2td RIS Agslr)z
at, 7 Bxge] w "(paramettr)x HeFg ol

ofsll FAgch 1&g Ano] sl HFH Pbest fit)
& v BXEYE 4487 Y8 d4$-Edog like-
lihcod)o} X* H3mw HAAEL B3R ok

221 Hdho|8HE X(TBD)

o] ¥#¥ 3L 19494, FinneyV'dl oJs+] 2] (5)¢]
Fej2 gHsgion 0ol Hod o] E¥xye Ho
(truncation)e] 0M.v} & gH& 3£5}6]-}1L]r By 9
EFollM MAstuR H+) oldEEelus
£t

TBD2| & geas:

binomial

Lo
N
A2

2 (5)% #Zi, By

HEFYYS olgsel FHIL
Ny
‘ k' )pkqf\'b L
PL, ¥ Li=k= ——— (5)
1—q

7|4, g=1—p, 0<p<l, k>0
p . HFE By HRAdY 88

Ny : &Fel Hdlgh

222 HEEERE(TPD)

o] B¥X&ge 19261, McKendrick®ol] a4 7]
=50 O}‘ol Folei SEEL}J_'; s},

TPDol SEdaga~+ 4 6)7F #i Yoo

A2 20YE olgstel FYBT,
e h}\’k
P(L, ¥ Li=k)= e 6)
( 1=k)= R —e 1) {

—511—



223 AdEoldE Z(TNBD)

o] £¥ 3o 1955\, Sampford®el 28] 71&H
len A (NI 2 FEIAFPHYFE 31, BFE

H-FHYE o83l FAHJI

N+k-1 .
( . )k(1+p)( kY

P(Lu X Ll k)"'

1-Q+py N

o714, k=1, 2, 3, -
p>0, N>0

o] ¥ o N=1Y o 7|32 27} 53 N—0o)
HAMe dadedrh @

224 R X(LSD)

o] B¥= 19439, Fisher EWo| o3} FHz=
7leHYey R Eestis Jith
°]&L In(1-0)2] FF&EPNM #
i’ﬂ H o, TNBDolA X4 Noj 0o} 43l &
He)2 M 4 @) e GEAFPFE 23,
v HEAYE o)fsled FAH

-

PL, ¥ Li=k)=——— 8
( Li=k) K n1—8) ®

4 rS.L_tﬂ

o 7]A, 0<6<1

23 o4 sBEE=ERE(S &SNS 29
S

FaAE71NT AF2AE7|T0l AR £/l
FASH FHE AYL o)Aty HEF X 2R E direct
inverse-transform method(Law and Kelton®)e}} 2
3} FEASNNT AXALVEE MR 5H3 R
A g,

Direct inverse-transform methodt> ¥#el 715
A7t ¥ EA e FeEEA ol dele
ojAtY EX¥eo wWgg mogAlstedl AMRE F
e, o dzxke thed gt

HA, (0, DA FEEE(uniform distribution)E
Zbe b g AR

A, A @F HFKdte g0l odd HF mE
Tk A (97 BEEHE mE WFe g Fi, o
HEg wopiraisEty] 93 RA AR

—512—

A e HEFFErd THEEG Y o]
Wk me) 248 Eor 2AGE=1-82788)
S Tskn Aok

m-1 m
> P<R,< > P, 9)
k=1 k=1

q714, P,=Pr(L, ¥ Li=ke°lZ m=1d w2
e ooz Fut

B AFoa olad BXE HLE HEx % F
FAE71HE HFe] H97E X>00]m2 4] (9)A
k=0& k=12 X 4 (9& Aoy, #
A Alge FnEY 65)8 #2387 bl

m—1

Z P,<R,< Z P, 9

=0

oj9t o] FRAEIA AE:ALVIE EA
dtod ZhEA °‘«1‘4 A U AFE 24
3t olF g vZdx Al&dte 1 7Ite] F
Fakg Hde 54 e 22 e g
Ay ste] A gt

3. 8¢9 T X

&AL/ ArEdee 5 2 @
Aol EAFA Yot F&H40] dokn B
de %7t gk wA §8&49 A5 AFE
A 3lsly) 5t A4Ehs Al events)TH %7
g 7HE ol BRI E HEAF|Lx} §t

o g WMIcRYE BE o JAYE o f 1
Aen2 A A HEEEIFL FUET
(shape parameter)®] W3}ol] upe} t}ofgt £XYg
Holw FFEE M & ooty g A Ga-
mma 3%, Pearson Type-lIl #3(PT3), Type-lll
=2 EE(T3E), 324 Weibull X2, o5 ¥ ¥
Yol ¥ Ty THEHY HeFPHE o83t
o #3812 Pt

3.1 Gamma #£X

747y Bavt all ASLREE o)f e 89T B
el el BXE 2 adt BE /X Gamma £
7t doh dHOZ pe AFE FolXA o
B=1%] B3 A97} vl AP Y7 @

KRR RO



Gamma ¥¥9] #&EULshes 4 (1003 #rl

anB - 1e - ux

P =
(%) @)

(10)

X4 (scale parameter)

.S

B:

2 dreliMe RmeEdd 393 3H<] Thome)
98t Greenwood2t Durand9] Wg"g o] &3}
712 59, ¥ AYErt o FEd AeE s
W o] HeRYgAr AHHh

A ‘rr(shape parameter)

O

Gamma

3.2 Pearson Type-lll &%
Pearson Type-lll ¥¥X+= FEHH0M del A}

L3 B¥Fo 2 3RS Gamma B¥XE o
HA glon, gEgAUvdes & AN Zu)h

1 7 x—x, \#-1 - %,
P()=—— [——> | EXP[- —>] (1
(x) aI‘(B)( - ) P( - ) ap

a>0; x,Sx<w
a<0; —oo<x<x,

og7)AM, ot Br= ztzh BEFo &3] 9 pokg
AR Baoln, x5 00] ol e zt:= 93
ol

3.3 Type-lll SXEZ
Type-lll SXNEEE 224 Weibull B X2 I
A qlom, Wek xo th¥ sksKlow limit)e] 09

B8 degga A (12)9) 2 FEURTEFE
et
P(x)=Bx*"la Pexp{ —~ (x/a)’} (12)
o 7)A], x>0 BARF B, FHEF 0>0
Type-lll S X FEUETr el p<iY
o] Iy o zRE =19 W 7‘1 B¥7} =

B7F F7hgol wit Ao HALEE ol FA Hoh

3.4 Weibull 8Z(324)

Type-Ill SAEXAM g} HAaz|o] &g 7}
00] oy st@)e] YAE Al W9 RAdis-
placement parameter) ¢°] =915, o]#igt 35

FIE FIW- 19944 51

Weibull X9 #5844 (137 #oh

Px)=B(x—e)P "(a—eg) Pexpl ~ {(x—e)a—e}}"]

(13)
o714, x20: a, B>0

A7IM, @i FHESE, pE BHES, oL gy

olct.
4. 2| =g W IH

¥ oM ol T o]&F HiyE
BRI Agstel 1 2AE nHsplE Pk
4.1 712x8
vty o AetEe 19609 FH Fa
At V1FHRS g FFERAPARS 4

S57) ARgon, el #EAHo] 196597
YE o 24A4EE Bestn sk
® a7 anmwh- S5 fedel o,

Zas} A7 el B, &,
}%1201 # 1o 2t #E2ase
prabiel BRI FEstg.
s Oe B ol e wol
Zmg pdbE A7FSAG Rolwt
*@E!ﬂl,] 7‘75 -‘Hﬂ)\‘] (1907 ~1948  Tae
KuB) 4R & veog 248 3481 2o dve
FHEE(1949~1990 | Tae Ku A)E B 3}v]& ).
29 v Al BEae] i BRI 306 vt
ooz A ARE WO R wrEE FYsvIE gk

4.2 ZsahapRy
421 FEAEH AxALVIY K€
@75‘
dF 2A#4ol ARP 2HlS A 8317 AsiMe
&t FRAS7IGH AxRAE7LE] dole
*ﬁ EHolgt 7MEE 2149 71&7Hde) AdH
slojob g} i B oM <IHde S84
&717h AzRAE7Ire Holite] 5@ AL &l
87) dsled ok AGe GeAWASs r=00] #E
tE¥ HAS AMEStCEY
R 2& tBEX HAdd oF dgaFas st

-513~



B 1. Characteristics of Stations Used in Analysis

River Items The East The North Height Recording
Basin Station Longitude Latitude {EL.m) Years
Taeku 128°37' 35°53' 578 '07-'90
Nakdong Koryung 128°16' 35°43' 60.0 '67-'91
River Milyang 128°47' 35°27 10.0 '67-'91
Youngju 128°37 36°49’ 150.0 67-'91
Seomjin Hadong 127°45' 35°04' 20.0 '65-'91
River Soonchang 127°08 35°22' 80.5 '65-'91
Gurye 127°28 35°12 40.0 '65-'91

B 2. Independence Test between Wet and Dry Sequences at Milyang and Hadong Station

Month
Stat. Jan. Feb. | Mar. | Apr. | May Jun. Jul. Aug. | Sep. Oct. | Nov. | Dec.
r| 008 | —008| —~005] 009 0.03 006 | —013| 012 0.01 0.04 0.02 0.06
Mil |DF{ 60 73 “109 | 124 110 127 124 | 119 101 68 81 62
Yang | t 0.66 0.68 049 | 096 0.31 0.66 147 137 0.09 0.35 0.18 0.46
t. | 2.00 2.00 1981 198 1.98 1.98 1981 198 1.99 2.00 1.99 2.00
r{ 013 015 | —0.06| 007 013 | —011| —-007} 015 004 | —006| —012}| —002
Ha |DF| 58 75 106 | 125 111 121 139 | 123 88 63 85 69
Dong | t 1.02 1.27 063 | 0.74 139 1.19 078 170 0.40 0.46 112 0.20
t. | 2.00 1.99 198 | 198 198 1.98 198 198 199 2.00 1.99 2.00

cf) t.: critical value at significance level 5%, DF: degree of freedom
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B 3. Best Fit to a Discrete Distributions

Stat. Nakdong River Basin ‘] Seomjin River Basin
Month Tae Ku | Ko Ryung Mil Yang Young Ju Ha Dong SoonChang Gu Rye
Wet ‘»Dry Wet | Dry | Wet | Dry | Wet | Dry | Wet | Dry = Wet | Dry | Wet | Dry
I I S B — | 1 —
Jan. ™ | TN LS TN TN TN TN TN LS TN LS ™ | TP TN
Feb. | TP TN TB ¢ TN TP TN TB TN TN ‘\ ™ TN TN TN TN
Mar. | TB ™ TB TN TB TN TB TN LS | TN TP TN TN TN
Apr. | TB TN TB TN TB TN TP TN TN | TN TN TN TN TN
May | TP i TN TP TN TB ™ TP N TN ’ TN | TN ™ TB TN
Jun TN | TN TB TN TN TN TN TN Ls | TN TN TN TP TN
Ju. | TN } TN TN ™ TN LS TN TN TN TN | TN LS N LS
Aug. i ™~ | IN TP TN TN TN TN TN TN . TN \ TN TN TN TN
Sep. | TN @ TN TN TN TN ™ | TP ™ TN i TN ’ TN N TN ( TN
Oct. TB TN TN TN TP TN TN TN TN TN f TB TN TB | TN
Nov TN TN LS TN TN TN LS TN TB ™ | LS TN ™ TN
Dec. | TN TN LS TN TP TN TN TN ™ | TN LS ™ LS | TN
| § N S SO U
cf) TB: TBD, TP: TPD, TN: TNBD, LS: LSD
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¥ 4. Best Fit to a Continuous Distribution for the Precipitation Amounts on the Wet Day

Basin Nakdong River Basin Seomjin River Basin
Month Tae Ku Ko Ryung Mil Yang Young Ju | Ha Dong [Soon Chang| Gu Rye
Jan. T3E PT3 3-Weibull Gamma 3-Weibull PT3 T3E
Feb. Gamma PT3 3-Weibull T3E Gamma T3E PT3
Mar. Gamma 3-Weibull Gamma PT3 Gamma Gamma T3E
Apr. Gamma T3E PT3 PT3 PT3 Gamma T3E
May PT3 Gamma Gamma PT3 PT3 Gamma T3E
Jun. PT3 Gamma T3E PT3 T3E T3E Gamma
Jul. PT3 PT3 PT3 T3E Gamma Gamma T3E
Aug. (Gamma T3E Gamma PT3 PT3 Gamma PT3
Sep. Gamma PT3 T3E PT3 T3E Gamma T3E
Oct. T3E PT3 T3E PT3 PT3 T3E PT3
Nov. T3E PT3 PT3 PT3 T3E T3E T3E
Dec. PT3 Gamma T3E T3E Gamma PT3 T3E
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3 8.1Comparison of Observed and Simulated
Frequency on Wet Spells (Tae Ku-Aug.).
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O 9. Comparison of Observed and Simulated

Frequency on Dry Spells {Ha Dong-Jul.).
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B 5. Average Number of Wet Days (The Nakdong River Basin}

(Unit: Times)

Stat. Tae Ku Ko Ryung Mil Yang Young Ju
Month | Obs. | A-W A-G Obs. | A-W A-G Obs. | AW A-G Obs. | AW A-G
Jan, 39 5.0 5.1 39 49 5.0 35 49 3.6 4.1 4.1 38
Feb. 46 5.0 47 4.2 5.1 4.6 4.8 5.6 5.0 47 46 54
Mar. 72 6.9 7.7 5.8 6.6 6.2 6.4 6.5 6.8 5.8 6.1 5.7
Apr. 84 87 8.7 7.0 7.3 79 7.8 8.5 8.2 6.6 7.2 7.6
May 8.8 85 9.0 7.0 7.3 7.2 6.8 7.3 7.1 7.3 6.7 6.2
Jun. 114 10.9 106 8.9 89 9.1 9.1 9.4 9.5 88 88 9.3
Jul. 133 12.5 12.6 12.2 12.7 12.3 12.2 11.6 13.0 124 12.9 118
Aug. 12.6 115 12.0 9.7 10.7 9.4 9.9 9.1 9.5 11.3 10.7 12.2
Sep. 10.4 10.8 9.5 79 74 8.5 8.1 8.7 7.8 7.3 7.3 7.5
QOct. 5.7 5.7 5.2 4.0 46 4.2 4.3 46 5.2 4.4 4.7 5.0
Nov. 6.7 6.3 5.5 44 48 38 4.6 4.7 4.6 54 5.1 5.4
Dec. 5.7 4.7 57 3.1 32 3.8 34 33 4.3 4.5 5.0 4.2
Total | 987 96.5 96.3 78.1 83.5 2.0 80.9 84.2 84.6 82.6 83.2 84.1
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10. Comparison of Observed and Simulated
Average Monthly Precipitation (Tae Ku).
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gl 11. Comparison of Observed and Simulated

Average Monthly Precipitation (Gu Rye).
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12. Comparison of Observed and Simulated

Standard Deviation for Monthly Precipita-
tion (Tae Ku).
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13. Comparison of Observed and Simulated

Standard Deviation for Monthly Precipita-
tion (Gu Rye}.
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