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Summary

This study was carried out to clarify the stochastic characteristics of monthly

rainfalls and to select a proper model for generating the sequential monthly rainfall
amounts.

The results abtained are as follows:

1. Log-Normal distribution function is the best fit theoretical distribution function
to the empirical distribution of monthly rainfall amounts.

2. Seasonal and random components are found to exist in the time series of monthly
rainfall amounts and non-stationarity is shown from the correlograms.

3. The Monte Carlo model shows a tenidency to underestimate the mean values
and standard deviations of monthly rainfall amounts. .

4. The Ist order Markov model reproduces means, standard deviations, and coeffi-
cient of skewness with an error of ten percent or less.

5. A correlogram derived from the data generated by Ist order Markov model shows
the charaterstics of historical data exactly.

6. It is concluded that the Ist order Markov mode] is superior to the Monte

Carlo model in their reproducing ability of stochastic properties of monthly rainfail
amounts.
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£ FHE BEREY E@t 9 BWEY
it gt /98 B (statistical parameters)E, SlId
1%k R 2% EE(moment), FFUAEHIGRB (seria]
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ents)e] fkate] BEdthE Aol HABEIS.
o] @B #£A #EL Markov 2 & S
g =2 AEE 2 A, 28y Markov
=9.& Hurst(1956), Feller(1951)%v°] #HEA A
3 B5RFIS 4EHIE R (short-term trends)2 F)RHY
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trends) LA A7t o Avke ERE AL
gon oH BEE WTUA Fiering(1967),
Matalas(1971)%o] k¥ Gaussian- Markovig#&o]
oo,

19514 H.E. Hurste] tk&te] B Horst R
o] BEA Lisk Markov 2@& o] HurstR&KE ®
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& Schreiber(1973)™ & EME Mwl HAA 1%
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X FEHRA 2 et '
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el kst m)ilkEs BR7IE v 29 #itan
Ry, WIS e ZEEA9T)V] 2 XEH Y
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I. A%mol #EBE &4
1. EAEKE

K PzeelA HEiez Ao BB HTe
Table-13t e}, ‘

Table-1 The Source of Historical Data.
'Latitude Longitude! iOOII)\servat-, Records
| | Periods | Used

Séoul 37°34’N| 126°58’E [1907~~1974(1924~1973
Daegu | 35°53’N| 127°37’E |1915~1974{1924~.1973
Jinju l35°12'N 128°05'E [1915~1974{1924~1973

Stations

AL, KB, FMel 3EHE ABEREA HT &

A Rt RE Table-29 Zeow °I & Bt 2
&5 #Arl,

1) ¥ AEmE

1E5h Bokkel 7% @e TAH PukEe 2d
A go] 402mm, KEF 220mm, FEMs} 245mmo] o},
L 30 BERhES] BAEES ETESREES £
% A€ 1,340mm, KEF 990mm, =&z sl
1,371mme] o},

A& KBE BEMY 3EhE ARNEY ¥ &K
#iitEe Table~28} Zeow ol E¢ His 2el o
$3 o, '

2) TEFEM(Coefficient of Skewness)

B8 KR Kk HESGA,

cs=._:_,z,§’?_ deverrnr et s (1)

a:-}v‘z(x._'x_)’.(z)
{8, Cs: EERYK
N : ERIERR (4E)
S: R
&5 RUMEY VEMS FaiEmm)
Table-2°ﬂ/4 Cs%dl HERRE 29 A€ 1541
~2.344, KB 1.460~2.280 =&l FHMsE 1.517
~2.8740) k. FT)INEES] BT e W ORI

Heo= 3tel - ‘%t *E 24 F3 gl

—fE e 2 KR BERES F3td Markov
E9& EAHE HEKX BRY S BESL
2VZLLT ool o} gheha et webA K Hseel
EiBMarkovARe S FHtA R BES B
B & MERS g4z 2dAd,

3) WE{EE(Coefficient of Variation)

S
Cy=—m— X100 crreecererese crannesass e (3>

{2, Cy: ﬁ%ﬁ{%ﬁf((%)
o] {&eke] FHEINACL,

Table 2,904 Cve] g Bl A& 57,2~98.4%,
KEf 51.8~99,0%, =gz EH 57. 2~103.9% %.

"Table-2 (a) Basic Statisties of Historical
Monthly Rainfall at Secul

' Standa- | Coeffic- |Coefficient] p em--.
Month| Mean [rd Devi-| ient of of arks
ation |Variation | Skewness
‘ mm| mm, %
1 21.2 20.7 97.9 1.75
2 22.6 22,2 98.4 2.20
3 49.5 39.1 78.9 1. 59[
4 | 80.3 2.2 77.4 2.34
5 | 89.20 51.0 57.2 1.79)
4 144. 7, 114. 4 78. 0, 1.91
7 401. 8 245.3 61.1 2. 08’
. 8 252.2 156.8 62.2 2. 30,
-9 155.7 103. 5 66.5 1.58
10 | 51.9] 337 65.0 .54
1 41. 4 24.1 58.1 1.74
12 27. 9 22.9 82.2 1.83

Table-2 (b) Basic Statistics of Historical
Monthly Rainfall at Daegu

Standa- | Coeffic- | Coeffic- R
Month; Mean jrd Devi- ient ient of im'
ation | Vanatlon Skewness | 2T<8
mm mm
1 17.5 17. 3[ 99.0 1. 54
2 26.4 18.9 71. 4 1. 56
3 46, 4 34. 4 S 7401 1.71
4 67.1 35,0 52.1 1.58
5 72.9 37.7 51.8 1.54
6 127. 4 88.1 69.1 1.91
7 220, 5 136.6 62.0 1.70
8 166.8] 100.8 60. 4 1.69
9 |149.2] 852 57.1 1. 48
10 43, 2 42.6 98. 4l 2.28
11 30.7 23. 3j 76.1 1. 65
12 21.7 21.2: . 97.7 2.02
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Table-2 (¢) Basic Statistics of Historical
‘Monthly Rainfall at Jinju

| iStanda- Coeffic- | Coeffic- R
Month Mean 'rd Devi- ient of | ient of a eén-
ation Variation| Skewness | 2758
mm mm| %

1 26.0 27.1 103. 9| 1.77

2 40.0 33.8 84.4 2.87

3 76.7 58.1 75.7 1. 66

4 128.4 73.5 57.2 1.53
5 134.2 73. 8| 58.3 1. 68
) 183.9 134.7 73.3 2.57
7 244, 6 154.3 63.1 1.39

8 217.7 128.5 59.0 1.57
9 190.5 123.3 64.7 1.52
10 57.3 51.6 90.1 1.87
1 41.0 34.1 83.0 1.91
12 30. 3 26,7 88.3 1.7%
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2 2&Feoz il HEIRSHEE = U=,
xi-test HRE L9 IEEANE =5 ARWES
BEASN HBERSTERES EROBESTHS
—Hiohe BRE 95%9 (EEBRANAA 2
2 9 ed, Kolmogorov-Smirnov teste] &ZER=
d=max. |F(x)—P(z'})|9] 1/} {ZHERRE 42

At
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Fig. 1(a), Fit of Log-Normal Distribution
to Observed Rainfall Amounts at Seoul
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Fig. 1(b), Fit of Log-Normal Distribution
to Observed Rainfall Amounts at Daegu
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Fig. 1(¢), Fit of Log-Normal Distribution
to Monthly Rainfall Amounts at Jinju
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BRI BFLELEAE g pxbeninm
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" 9% Correlograme] @ifol tkah Hikol U2 Fif

s= Yo, Correlogramol % FFUFEMES é.-&
KE(E)el Bt plotdt Aomd e gt
o] FHA,
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B, COV(x, - %ead 12 R 2009 D,
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A% R 7, mael B £H% L SEe
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SEB L0 <4 HEE SR,
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A AT bkt o] AEFRES 3MEME 33 12
RS Bfzdtd 5T £2BE dov A A
—3t M Yol REd = it
=3 &7 pathe] EERRMEY 0,258 kS
@zt gioh, o83 HES pEddaz Ak
TR FRe EFHR7|(stationary time series)
o] ofe B RFIRS A B RS (deterministic
component) ] &1}ql ZREIBEIFH S (periodic com-~
ponent)z} #E3+EH4>(stochastic co'mponent)ql 18
MRABE) N 4y (random component)o] HESHNZ QLSS

HE. B¢ ZHREBRSS B¥T 12ERAE

AA & 5 ek
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Fig. 2. Correlograms of Historical Unsta-
ndardized Monthly Rainfall Amounts
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V. #&Egs 24

1. 24 —A(Monte Carlo z.)

* 2de ARFRS HiHS0 @8o) Gauss
B ENiBE (Gaussian White Noises)o] w&c}
£ @ETAA HEd 2dolsh 9ot EEE
Byel HR=(0) 2 MARD WRTIE BRBEAS €
W 2 FR RNEESTEY F(OEE €2
g ow AEEsER. o] A& Monte Carlo Method2]
£%o) J¥ Aoz F(0)=PX,<x)= f"‘f(x)dx

KON F(E 038 17429 gl 44 %

#Eso] glenz o~1 HWEY HEIWABK(Unifor
rmly Distributed Random Numer) 78 Zt:A 24

et & BRIF Bz E 4— =
F(x)=T . N (0
T Y Jale ) NIRRT ®)
Bl F(o)2' F8 7,9 B BEY & 5% @
B 2 4 7F de Aelth, LIk MKE oA

s
T,=F(x,)=jf:f(x)dt .............................. (9
o P(X <x)=F(2)=P(I<F(x)]

SPLF- () X veverrorusrnnnn (10)
B K(9), (04 F (N f(0)F mEHES
e BEAL L3he] Fx Yot

LlES Ei#g K WK £B =z FHY
2 ¥,

Tt ARmitd RESHEL %&Eiﬁﬁ#ﬁ‘ﬂ o]

CeE 2o, T HEIER ST el A

B py, oy &FF lnze| Py 9 EmsfEze
.. x_exp(ﬂy._.g’ z) ........................... (12)

Bl F(a)e 28] O {k3td (12)R& £
B, BY x§F EEZEAZD < 7 9o 23y
F(2)+ BR BoXR22 R7E ¢ U7 A2l
KAzdd s BadA goh. webd e B
o] s},

Central Limit Theorem®!o] (k3w B—17,, 7,,
Ty vy Taol & E()=0, VAR()=0’) [d—

¥ BESHE R #ES randon BEo)w
Er—N6

1i 1 b
PPl R <O e (ee- (1)

=, E(ér;):Na

VAR< E'T‘>;_-Na‘
=1

3r—Neo
izt
q-i]—l—] 2=_0—~/N—_ ........--....................(14)

AR z+ Bl HEERITEES 2 B
A QD ZL gol Aok

= 77h 0<7i<1d HEAHRHRL RE
a+b _0+1 _ 1

g=__T == =_2_(15)
b—a 1
o= m —Jfé eseavrectstacenaananansaanenre ..(16)
ojm 2 & (11), (14), (15), (16)1A
- In x-” f— = Sea evEsesvUBesas At b
=nih o N a7y
12

ARAg xol Pzl wEa

b
x=exp[P,+o.y(%) z(ﬁ%‘r‘.__];_) ]'(18)

°] "+t
Naylor'Ve] fkstad K(18)el 4 N9 g2 &4 10
Lliolx god %eFs: Fou B8 HESE
FIE Z@3te] N=12& Hste ol Fo4z ¥
w4 X (182

x:exp[p,+o‘,(‘;2: Tim6)eerrerenineennnnniannnn(19)

K (19)& computerf§ Fortran[y )—Tﬂl%i ]
X=EXP(EY +STDY %(SUMR—6.0)) --(20)
7}-Hz EYY STDY & oh&Rell kabe sket.

EY:ln(EX)—%ln[—(E% +1] ............ @n
STDY =((e))*% = tin( e +1)27F +(22)
{8, EX=exp(P,+ lé—z-) ........................... 23)
VX =(EX)'(exp(gy)1—1] wrormevseseseeseees (24)

o714 lnx=yelch,
SUMRE HEAHAHS foolsl FEES HEIM
Al#e ABod computers] #fR=o Us ABE
4448 (Random Number Generator)fj subroutine
& FAs "k AFsEe) BBe IBM—360 com-
puter$] . subroutine RNDE (g3l o},

LIEs] gkl k3d HEERSMENE BE
B Hzke B8 e BRNE RUES 5
E(EY)D Ed(Rz=(STDY )= o4 RESFTRE
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7} BERS 2x HHEBY e R—¢ BE
9 BRIIE BEREEAL ¢ 7 g (B #H59
B HEBH oo okd),

Fig. 3,& Ll 19 @B}l #3 computer progra-
mmingfd flow charte]t}, k

———

! Declare Variables l

\ Read Statistics and Number
7 of Year to be Generated
p———3! -Generate Random NumbﬂrsJ

I Gensrate Synthetic Monthly Rainfall ‘l

]{%
No ‘Number of Year
: Sufficient—~"

Another
Month Generation
Reguired

iNa
|  Print Synthetic Data

Another
‘Rainfall Record
Reguired,

Yes

Fig. 3. Flow Chart of Model-A (Monte
Carlo Model) for Monthly Rainfall
Amounts Generation

2, DI —B(Ist Order Markovzul)

=4-B: AMFES HHBOER 1% Mar.
kovigBel BEve BETAA BEE zdod,
webd BEMO 1FKRIUERABE 00] oh o] of

R
1%kMarkovi§ R o] ZHAFI.LHHH1D »
K==y Xpm g Gy vreroresenisinniiiiniinniniiiiiniiien (25)
{8, %, %, :&& 1%k Markov@Be ERFcl

A A BEHl ¢, (—1)9S BWEE,
o1 IXBEHERAR
G, : BRUEBERS
Kendall & Stuarty 1%k Markov @&  sle] Al

EEES BAMBES G 09 35 2 BiHE
BN, 1 ERDTE o] HFddz
a?, w4 BN BBe HEERITE 3
S o] olul Bl Feoemz HEHE =dd 1k
MarkovigB & RSt = XBe] dAsh. ¢

X (2509 G A x9 K e WK
7 Brddz @ . .
gg’;gmﬁ(l~p1’) (25)
{8, oG, L&t
ou: EHE(LR 1,9 Dk,
Pt 1R BEAIHRE,

A% #— 7 N(0,1)Q randomigolst Ieh
q GE Tro=Tiou(l-o) % HEe 2: ER
4479 W3 random$Folvl, =eby (25)KE o
23 o] BPYAL 4 9ot ‘

x,:plx,_,+7,au(1—.pl’)% ..................... @n
oA oy=1o5t, '

@HRE EEFERFC %% Ao=z Young
Pisanos] kol fkte] Wmmstal

pl'x¢_1+7'.(1—pl’)%‘=—x—ﬁ:‘—x'— PSRN (28)

(28) K& xol Mty Emainl

x,=5:+6:Px(x‘—:1:fm)+a.r,(1_plﬂ)% - (29)
R (2% SFW LUE 6T
x.,j—xa,]+01P1(j)( fad= txl l)‘*“71 i(1

oy 30
B, %, iE, RS RIEREEY
¥ FEERY jRY PHE
o; " EHEREE.
Puir: " 1% BTHERRE )
ri,; 2 N(0,1)9 randomi@& )
K-, Fgen DHE (DRSS BRBLEH
2 REEG-DAS FHAE.
RE0)Y 71 Bk ERSME 3o o ek,
AREWEY BB HETERASHE 2= Te9] i
ol ZEste},

. olE REA A& T2 BRAL EHARA.

g gi—0,"(J—1) g1

&=
EI—P;’(J)J‘ - '
, ...(31)
T,/ --—-[1+ £ T (égs)']__ﬁ_gi

{8, Ty N0, 1) IEiiﬁ?b‘P—l L8
1 txe] JRC HY SRR
o)t FAS (G—DRC #E 1k go4EH
FREL
g5 1Rl 43t WmE TERE
Tl BED BRY Hetd #Hmd AR
B A el RGO 7, REA R
B &% 7i,/ % Ak Bk, Fig. 4, & L1
Y BERE &A% 1%k Markov 29 HEm4
JERFel $8% flow charto]c},
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( ) Start )

I Declaro Variables J
£
Read Statistics and Number cf Year to be
Generated and Previous Rainfall

—

i I
7\[ Generate Random Number ]
4

Convert Random Number to Standard Normal Variat;‘

Number of Rando
Variables Sufficient
?

Yes

Generate Synthetic Rainfall Amounts }

Sufficient
Records

?

[ Print Synthet is Data ‘

Another
Rainfall Record
Regu;ued

Fig. 4, Flow Chart of Model-B (Ist order
Markov Model) for Monthly Rainfall
Amounts Generation

V. 2ol W g

B & 2d—A 2% 2d-BE FE, ALK
B B TitER IBM—360 computerd] {K3ls A
BERES BEEEARS & ZARE A8, KB,
TN 3EHRe] el S0 BEIREAA A,

BEHE" TR EHRERES correlogram
9 e BUES HEsRed AB ¥ mddh
BEe #itBnysed o s BEE RiEsE
A7 24 FREMEY BIEEE 3z B¢
71 & #3ie,

Table-3¢] &= & 2Rz BEZREY FEHEY
MAtBHsEst KERY SH2NRHEEES e
B, ARz kg & BEBAES RUES &S
et HEHER 2% BHES HiEd 3
BHAEEZ HESY o4 Al RAR BAME =29
2 FEEESE dEd SR 49 o9

AFFHES] parameterflz Asiu= ARIFHY
B8 3EhE 3 2d—Ax Ty —9.7%9 Fx
% 2olz gon Ed—Be 4,.7%9 RE Y
vk, olB T HRe FHES FHH(reproducing)
ol gle] 1%k Markov §%8 = 9o] Monte Carlo »

Table-3  Percentiles of Difference of Statistical Parameters between Historical and
Generated Monthly Rainfall Amounts. )
. ) Unit : %
s Standard Coefficient of Coefficient of | Coefficient of
Stati Classificat- Mean Deviation Variation Skewness Correlation
tations 1. :
} fons IR A B | oA B Al B A B
Max. —2,8—-12. 8i~23. 4 29.7) - —9.9 16. ]; 16.2 405,  370. 8’ 1,450.0
Seoul Min. —18.0—16.0~62.5 —32.5 -—57.9] -—22, 8; —36.5 —27.4 —190.8 —900
Average —9.9 0. 6!—47. 3 —4. 6] —41.6 --5. 4i —8. 4 4.2 60. 8; 66. 4
. Max. " 0.5 15 2‘ -7.1 31.6 -7.5 20,3 28. 9 60. 4‘ 400, 0I 800.0
Daegu Min. —17.0—15.3-64.7| —34.6 —61.0] —22.6| —24, 5‘ -—21.6; —183.3 —576.2
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Max. —%2l 12.9—17.6] 28.5 —15.0  14.¢  48.4  66.4] 3,433.3 2,013.3
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Average |[—10.0] 0. 5] —46.4] —55 —40.6] —6.2 3.1 7.4/ 348 2] 246.1
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