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Study on the flood frequency analysis for the annual
exceedance series
—Centering along the Geum River basin—

b B4 B - E pi=s i
Myeong Keun Park, Soon Hyuk Lee

Summary

This study was attempted to find best fitted distribution and the equations for probable
maximum flow with the evaluation of parameters by the method of moment for the rat-
ional design of hydraulic structures in the annual exceedance series. Six subwatersheds.
were selected as studying basins along Geum River basin.

The results obtained through this study were analyzed and summarized as follows.

1. Fitted probability distribution was showed in the order of Three Parameter Lognorm-
al, Type 1 Extremal, Exponential, Pearson Type ][, and Log Pearson Type ] distribu-
tion as the results of x? goodness of fit test.

2. Kolmogorov-Smirnov test showed in the order of Three Parameter Lognormal, Exp-
onential’ Pearson Type ], Log Pearson Type ]| and Type 1 Extremal distribution for
the fitted probability distribution.

3. It can be concluded that Three parameter Lognormal distribution is a best fitted one:
among some other distributions out of respect for each both tests.

4. An Exponential distribution was proposed as a suitable one by Chow, V.T. showed
lower fittness than that of Three Parameter Lognormal in Geum River basin.

5. Probable flood flow - equations followins the return periods for each station were obt-
ained by Three Parameter Lognormal distribution.

6. It is urgently essential that best fitted probability distribution should be established

for the annual exceedance series in the main river systems of Korea.
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1. Three Parameter Lognormal distri-
bution.

__Lin(X-a>-py3”

__ 1
FO = Doy v ¢

F(%) : Probability density function.

tty . The form parameter and the mean of
the natural logarithms.

gy . The Scale parameter and standard de-
viation of the natural logarithms of
(X—a)

2. Exponential distribution.

Fy=T010_ oo f Inl0 x-b)

a

—qg-*(X~b

F(x) : Probability density function

a . Constant
b :Constant (:f_s:zi__l&)
Z ; Mean

S, ; Standard deviation

3. Pearson Type ]| distribution
Frm gy | )
F(x) ; Probaility density function
a,B,7 ; The scale, shape, and location pa-

rameters
I'(8) ; Gamma function (8)

4. Log Pearson Type ]| distribution

— 1 InX—y A-1 _{_1.._3‘(11}
i o e

F(x) ; Probability density function
a,B,7 ; The scale, shape and location par-
ameters

() ; Gamma function(g)

5. Type 1 Extremal distribution

F(x) =ae{-*X-p-g-x-p)
F(x) : Probability density function
a . Concentration parameter

p . Measure of Central tendency
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FHHEE 0.32~4.699 HMHE A2 glon EWF
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= Table-2¢} 7+r},

Table-2. Basic statistics

Observatory I N 1 X S S C, c,
Yong Dam 16 760.00 51,106. 66 226.07 0.30 0.32
Su Tong 14 824,14 122,387.08 349. 84 0. 42 1.39
Og Cheon 25 2,212.40 353,620, 52 594, 66 1.05 4,69
Gong Ju 25 3,927.60 562,221, 38 749. 81 0.19 1.35
Gyu Am 25 4,910, 80 2,071,584, 00 1,439, 30 0.29 1.36
Seog Hwa 27 1,541.93 114,508, 31 338. 39 0.22 1.03
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| LIkl A Qo1 30 2@ RS9 BiUE &
Ll REEAAIO| DI o HoRE (Histogram) & 291 F fENE F()9
SAiEle] vt mEAE i (Probability density
curve)Z 2.3 #HE¥x Fig. 2 2 Fig. 33 o},
2 v o) 8- B kel KA = BE
HHEHE ABEA A A2 E &K HHE B
x-Test @ Kolmogorov-Smirnov Test®] §F Test
o {k8le] & HFEL BT (Goodness of fig
test) & BTHEREA Z Bk BES FAREIAG

Pokm &Y BEREESME RES 53 Three
Parameter Lognormal, Exponetial, Pearéon Tyep
i, Log Pearson Type [, Typel Extremal{y#g
9 LLE off WEFESMEEC] LES & ENMER

TE2 Method of momente] {k#Esl9 or] o]
EH HHY HRMEESTES FHESHAx, = #EX
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Table-3. Probability of Gong Ju Station
class | & 1( 3.P.L Exp P.T.1I LPT.F | Typel
Class mark Freq freq ‘ ‘

P [ P | P | 7o [ | 7o | 0

0.288] 0.529] 0.529| 0,423| 0.423| 0.387| 0.387] 0,274 0,274
0.613] 0.253) 0.782] 0.283] 0.706] 0, 314| 0.703| 0.328] 0.602
0. 160‘ 0.209| 0.822| 0.122] 0.905| 0. 154| 0.860] 0.161| 0.864| 0.215] 0.817
0.000; 0.106) 0.928] 0,058] 0.963; 0.079 0.939| 0.078 0.942] 0.113| 0.930
0. 080! 0. 0501 0.978] 0. 027‘ 0.989| 0.041/ 0.980] 0.038] 0.980; 0,048 0.978

0.280' 0.288

3,000~3,500 | 3,250
0. 400‘ 0.325

3,500~4,000 | 3,750, 1
4,000~4,500 | 4,250
4,500~5,000 | 4, 7501

5,000~5,500 5,250

N N O B O N

5, 500~6,000 J 5, 750l 0. 080, 0.022; 1. OOOf 0,011 1. OOO| 0.020] 1.000| 0.019| 0, 999) 0.022| 1.000
Table-4. Probability of Seog Hwa Station
s class Jpreq. | Rel. 3.P.L. Exp. [ PT. I | LPT.0 | Type I

mark * | freq. cum. lcum. / ‘ cum cum cum

x F F : : :

FO |5 | PO Ry |70 | 5 |[F® | s | F@ |56

— ! | | H

1,000~1,250 ],]25{ 5 0.185] 0.178 0'1781 0.476' 0.476| 0.207| 0.207} 0.176| 0.176! 0.173 0.173
1,250~1,500 1, 375" 9 0.333! 0. 338‘ 0. 5]6! 0. 255\ 0.731] 0.360! 0.567] 0.400| 0.576] 0.355 0,528
1,500~1,750 | 1,625 6 |0.222] 0.265 0.781/ 0.136 0.867| 0.234] 0.801| 0,239 0.815] 0.263, 0,791
1,750~2,000 1,875 3 0.117] 0.138) 0.9219 0.073\ 0.940] 0. 120 0.921| 0.112] 0.927| 0. 130 0.921
2,000~ 2,250 2,125 2 0.074 0.059| 0.978| 0. 038! 0.978| 0.055| 0.976; 0.050| 0.977| 0.056| 0.977
2,250~2,500 2, 375’ 2 0.074; Q. 022‘ 1. 000 0. 022‘ 1. 000 0. 024! 1.000; 0.023| 1.000| 0.023] 1,000

Freg : EE8g Rel. Freq. : tR%E 5 F(x) . pemEmy  Cum. F(x) . B zam i mn
3. P.L : Three Parameter Lognormal distribution

Exp : Exponential distribution

P.T.][ : Pearson Type ]| distribution

L.P.T.J : Log Pearson Type [ distribution

Type 1: Type 1 Extremal distribution

(1) x*—Test (Chi Square Test) , #% r= Parametergf& w3t}
kO (Ni—Ep° A Koz FIF % ﬁ?ﬁif’_ Bl x*2] gk Table-
TROE 59 2t
oz zorHH, 974 Nie BEHz, Ex LIl at-Testo] = 5@ 4yFllre) 4 Three
F B g0l o, Parameter Lognormals} Type 1 Extremale] ¥t}

283 BHEWENE [=(E-1)-r2 K& 5 2 BAMEE Bolxz ot #*-Testffiz 5 A
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Fig. 2. Probability density Curve at Gong
Ju of Geum River
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Fig. 3. Probability density curve at Seog
Hwa of Geum River

Table-5. x2-Test of each distribution

\Distributions 3.P.L. Exp. P.T. L.P.T. Type ]

~. ‘T : .
_"Sjatlon\ %2 I Test X Test % ’ Test % } Test x [ Test
Yong Dam 6.546 S 8.067 S 6.534] s | 19.595 N 8. o99f s
Su Tong 3347 0 2,427 0 6195 S 8273 N | & 533‘ 0
Og Cheon 10.795, N 8.212 s | 104511 N | 11522 N | 1253 N
Gong Ju 7649 S | 20,194 N 9.739 N 8.909 s 7931 S
Gyu Am 1.636, 0O 5793 0 3.465| 0O .809 0O 2. 929‘ 0
Seoz Hwa 3.769, O | 11.75% N 3.235 0 3.7200 0 3.524 0

O I HEKHE S%LT,
& o= 39 JAME £3He Three Parameter
Lognormal, Type 1 Extremal, Exponential, Pea-
rson Type [, Log Pearson Type [ 94 Y JFHe
2 vz gigE A8 E F o

(2) Kolmogorov-Smirnov Test

K—S Testx
D,=Max.|F(—Snwm|
2 #REY 9714 Fot ERHOMRECIZ, Suw
= BREE R

S :HEKYE 5%~1%A],

N :FEKE 1%L L
o] Test k- Distribution Free Testz 4] x*-Tes
L Parametric method™qld] [73dle] o] Fpe
Non-Parametric method2 4 K& BEE BE

of ol R ok
K-S Test® 3}7] H3te % Al B2 R B
AN et BHiuFEkle] California Ploters] 22
BoAA Dyman®s FG3L, ol ¥ HEAKUE 5% #
g K-S Statistic D, % Hife=z % SMmES
Test(fl D, % e @Ee o+e Table6st 2k,

Table-6. Kolmogorov-Smirnov test of each distribution

D, (max)
Stations D.(5%) ,
3.P.L. P.T.1 ! L.P.T. [ Type.

Yong Dam 0. 349 0.170 0.130 0.173 0.183 0.146
Su Tong 0.338 0.170 0.106 0.126 0.242 0.286
Og Cheon 0.264 0.101 0.120 0.103 0.107 0.145
Gong Ju 0. 264 0. 069 0.070 0.077 0.073 0.130
Gyu Am 0.264 0. 080 0.135 0.095 0.083 0.170
Seog Hwa 0.255 0.074 0.111 0.078 0.074 0. 090
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K-S Teste]d =Ad =E WAHIA K-S
Testffi7} HEKE 5% HHE Dot A
vebgeot oA e Frkoz JAMES FE3ua
Three Parameter Lognormal, Exponential, Pear-
son Type 1[I, Log Pearson Type J[, Type 1l Ex-
tremal e JHe 2 Je LS #AE ¢ 947
LI 7 Testo] #53R Three Parameter Lognor-
mal 557 JFF @A Sffles 28HE Qo).
°] & Kite, G.W*¢] St Mary’s Rivere] €EEEHE
R goKE fﬁﬁpﬁﬂ\’fﬁ 2R, W BHIL ER
BB FEESTY BEY e #HRe Bolz Ut
3HE Chow, V.T."—‘e EREAMERIS FHERN
o E&sltln #2531 Exponential 5576& K 48705
IHel BHE 2 #3E Three Parameter Lognormal

Al 3 BN R BAHE Holm o
°le (FHE 1% Aoz xR
(3) & WBR JHEMRS
AHEG] REMRS HES] B £EHER

(Seml log paper)ol FR3 R AR {ﬁji a2
AEE S BREMG wERkE&S 29 Fig42
Fig.5¢ 2},

w0l
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Fig. 4. Comparison of frequency cuves from
various distributions—Gong Ju of Ge-
um River basin

Fig. 5. Comparison of frequency curves fr-
om Various® distributions—Seog Hwa
of Geum River basin

=3 BEEM mARUKEEE R SR
BESMEI 2 47 Three Parameter Lognor-
mal 37571e] FeRplok B2 SRITIRIRS 6/ MMFT
3£3] Type 1 Extremal 534 2] fEastk &S Mot e
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1
Fo= E—dDoy /o

A71A a¥= TERfE (Lower. boundary) oz, pyo
o' BE BRI A HEABHE SR
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(9 In(X—a)8| AR 0y9)

gg‘_ﬂr %I'E.
a,:[ln (z; F 1) J M Fereerenieniiniinininen e (9)
d:y(l— L1 ): y—i ¢! = B
2 2, o9 Hken & BRI BABEE kT
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lo— L —-l_ 22 1Y) teeveraereccancnerane
#y=1In( o)~ lG D ©)
Table-7. Parameters according to each station.
Parameters
m\lplGirlla lew‘Zz[Gy‘yy
Yong Dam [ 760. OO; 226. O7I 0. 28867}—]596.6 0. 29746 0. 86603\ 0. 09593‘ 0. 095911 7. 76040
Su Tong ‘! 824. 14! 349. O4i 1.2381|—67.107| 0. 42449; 0. 55/05 0. 39254 0.37856| 6.72094
Og Cheon 2,2]2.4OT 594, 66 Q. 66135I—527. 45; 0.26879| 0. 72258‘! 0. 21704 0. 21455 7. 89265
Gony Ju 3,927.60" 749. 81 1.2658% 2055. 5 0.19091] 0. 550551 0. 40052] 0. 38572 7. 46042
Gyu Am 4,910.80,1,439.30 1.2794] 1352,0) 0.29309| O. 54740? 0. 40442} 0. 38920| 8.10147
Seog Hwa 338. 39i 0.97489| 466.235] 0.21946| 0. 62503i’ 0.31459] 0.30719| 6.93349
L, BEAKEFES BE 714, y¢: General Frequency Equation ‘
HEMR =& mBFRIvKESERAS FHEs X7 TEEHMA w2t mBEERKE
53 FAERPEA EHEREXE FANY X et A FHEPE 2 Fﬁ@‘d‘”ﬁijﬁiff =

103 2o FEAh

10y Al & KA Fol FHEE

p==flyt1ay eererrreesrnieninnen e (10) Xp=a+ety+tty «(12)
= Three Parameter Lognormale] s &= 3(11) A4 t= TH 2 BRERSMY HERRE
2 Zel gndh & Table-8s} 7k},
Ip=In(Xp—a) screrrererraiimiinannn(11)
Table-8. Frequency factor for use in normal and lognormal distribution
Cumulative probability
P(%) 50 80 90 95 98 99
Corresponding return
period T, years 2 5 10 20 50 100
{
F requency factor ‘ 0 0.8416 1.2816 1. 6449 2.0538 2.3264
Table-9. y; values according to return'period.
Nﬁeturn Period
(year) 2 5 10 20 50 100
statlons\ i
Yong Dam 7. 76040, 7.84112 7.88332 7.91816 7.95738 7.89353
Su Tong 6. 72094 7.03954 7.20610 7.34363 7. 49843 7.60162
Og Cheon 7.89265 8.07322 8. 16762 8. 24556 8.33329 8.39178
Gdng Ju 7.46042 7.78504 7.95474 8. 09489 8.25261 8.35776
Gyn Am 8.10147 8. 42902 8. 60027 8.74167 8. 90081 9. 00691
Seog Hwa 6.93349 7. 19202 7.32718 7.43879 7.55331 7.64814
=G RA2)= HA0 Kkt &3 gol X 71 Yre SAEE 4w, oyel K HEE 5
(13)ez2 Frd, god & MRElE BHEEENY % Yo g

XT:a+eYT teseseenrersirrtettstaiantiaitesnsanens

(13)

Table-99} 7},
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Table-10. Probable flood flow according to return period (m3/sec)

Return Period T. years
Stations Xp=a+&T
2 5 ] 0 | w0 | s | 100
Yong Dam —159.6+4¢°T 749.33 946. 01 1055. 4 1149. 2 1258.8 1334.3
Su Tong —67,1074¢T 762.52 1073.8 1280.6 1479.2 1738.1 1934. 4
Og Cheon —527.45+4¢°T 2150.2 2679.9 2997.5 3283.2 3632.6 3833.2
Gong Ju 2055.54-¢’T ; 3793.4 4459.9 4904. 6 5333.2 5893.2 6318.7
Gyu Am 1352. 04277 4651.2 5929.9 6785.0 7610.3 8689.9 9511.3
Seog Hwa 466.25+¢°T ' 1492. 4 1795.1 1987.4 2167.0 2394.6 2563.1
Probabiiity (%) Probabiity (%)
UL g0H P w0 @ 95 9w s s o1 SWB 9w
EsEREE =i
N : i
ot | )
S - 1 & 10000 i
" o
T 5000 -
NN 3000
[\ ' ! 3000 o
HEBIIN! I 2000 T
AR i
10 20 50 100 200 5001000 1000 100 200 FI0 1060

Retum period, T, vears

Fig. 6. Probable flood flow at Yong Dam
of Geum River
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Fig. 7. Probableé flood flow at Su Tong of
Geum River basin

Probability (59)
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Fig. 8. Probable flood flow at Og Chean of
Geum River basin

. Retum Period, T, years
Fig. 9. Probable flood flow at Gong Ju of
Geum River basin
Probability (%)
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Fig. 10. Probable flood flow at Gyu Am of
Geum River basin

Probability (7)
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Fig. 11. Probable flood flow of Seog Hwa
of Geum River basin )
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=3 BEEEG MEUkEY (fEv BEEE
w5k (Log-Extremal Probability Paper) & {#/H
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K WEE SIMES 6EEIHES Bx £
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B BEMESMEE #ES2 Method of mom-
ento] (k& HABE RE (KR BRERBKESR
e FEstmzA FENA IKFEEYS BT
B ERAKNE #itaA FESRE 2578 A
o2 2 #ERE TE o 2

1 SWTHRS BENHE BEe 5% a>-Test
¥R+ Three Parameter Lognormal, Type 1 Ex-
tremal, Exponential, Pearson Type ][, Log Pe”
arson Type I 5y#% JEel g.oH,

2. Kolmogorov-Smirnov Teste] 93 #ER=
Three Parameter Lognormal, Exponential, Pear-
son Type [[, Log Pearson Type [, Type 1
Extremalsy#i# Jigo] sl e},

3. W Teste] K3 ##IyQ]l Goodness of fit test
#5e Three Parameter Lognormale] SRigmess
Sifle s HIHAS o,

4. Chowrl EAs vtz 42335 Exponentialfy#s
e STl FAste £ 3 Three Para-
meter Lognormalsyfio] i3] #F BaE 7 2e A
22 e

5. BIERERESMA 2 #iFe Three Parameter
Lognormal 5375l ki FHAME] BELKESE
e FHEIPz ol v& EEFRIUKES BEEd
At

6. HEnye2 A% FEICGRE FEBER
Flol W& BERSAEIE A7 FEdel 4
B3 Ekde A=
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