-] X EESSS DOI: 10.3741/JKWRA.2009.42.9.725

FA2%E YL - 20094 9H
pp. 725~736

0[tHZ} Gumbel EITHE 0|8 EAT TI|
Evaluation of Flood Severity Using Bivariate Gumbel Mixed Model

ol 8 &+ /& d &~/ & E} S
Lee, Jeong Ho / Chung, Gunhui / Kim, Tae Woong

Abstract

A flood event can be defined by three characteristics; peak discharge, total flood volume, and flood
duration, which are correlated each other. However, a conventional flood frequency analysis for the
hydrological plan, design, and operation has focused on evaluating only the amount of peak discharge.
The interpretation of this univariate flood frequency analysis has a limitation in describing the
complex probability behavior of flood events. This study proposed a bivariate flood frequency analysis
using a Gumbel mixed model for the flood evaluation. A time series of annual flood events was
extracted from observations of inflow to the Soyang River Dam and the Daechung Dam, respectively.
The joint probability distribution and return period were derived from the relationship between the
amount of peak discharge and the total volume of flood runoff. The applicability of the Gumbel mixed
model was tested by comparing the return periods acquired from the proposed bivariate analysis and
the conventional univariate analysis.

keywords : Gumbel mixed model, Bivariate flood frequency analysis, Flood evaluation
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A By 55 o] &g o Aol WIyHI kA
FE3 AE-S, 2009; Kelly and Krzysztofowicz, 1997;
Ashkar et al, 1998, Yue et al, 1999; Yue, 2000a;
2000b; Yue, 2001a; Yue, 2001b; Yue, 2001c; Yue and
Rasmussen, 2002; Shiau, 2003; Zhang and Singh,
2006; Carlos, 2007; Kao, 2007; Lee et al, 2009). ¢
7HA] o] g E2E Foll A Gumbel SHEES W5
Aol A-g3te] AAAQ AAFEHFS A58kl o]
43t o8 ATE] A2 (Gumbel, 1960; Gumbel and
Mustafi, 1967; Oliveria, 1982; Yue et al, 1999; Yue,
2000a; Lee et al, 2009), E541% 7kl #ak A4
e B4 gk e fEFEIAN SETA

[e]
a
S8 o8] BFUEE WS A7t 29 v

=
SITHAE A3 185, 2008 9145 5, 2009).

3 Qo)A Gumbel EFEGS ol Goke] o]ma
NEAd e fAto R BEErds $4840 2
grEel A% ARV 5L BEG 5 4 AR
chelek sl abEe] BARS A S getow
oA MESY A3E WY FRUE 49 At
S Wlm-RAFOA FRAE B2 B Yeke
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2. Gumbel E&t238

o] 7pA] o REY FTolA Gumbel TFHEY
(Gumbel mixed model)> &FAMEe] AF FE4 A
5 AR o Fate] A Nima|Ad] theka)
A AeEold  FHGumbel, 1960; Gumbel and
Mustafi, 1967, Oliveria, 1982; Yue et al, 1999; Yue,
2000a; Yue, 2001c; Lee et al, 2009). Gumbel &35
o] AFFAREIF(oint  cumulative  distribution
function, jedf)& olele] Eq. ()3 ZtHGumbel, 1960;
Yue et al, 1999; Yue, 2000a).

&
<

Fy(z,y) = Fy(x) Fy(y)exp 1)

{0[ InFy(z) + 7,y (y) ] },(0 <0<1)

A7 Fx(x)¢ Fy(y)= 247 X9k Yo +49
(marginal distribution function) Y&

(cumulative distribution function) X, Eq. (2)¢} 2t}
(Yue, 2000a). & AFellMe= ¥ XoF YE 22 HF
gy Sedor HAAste ol F8 FEA 4

Fy(x) =exp exp( m;uX) (2a)
X

Fyly) =exp —eXp(— y;”) (2b)
Y

A7 ux®t we A XeF YO 91A iR
(location parameter)®]| i, Ax9} Ay ZHzF 232 w7
“~(scale parameter)©]t}.

Eq. (DA a0<6<)i= X9} Yre 235 7bs
SHA 3= 3¢ w7l 4R(association parameter) ©] 1L,
Eq. 33 Zeo] AXlEtHGumbel and Mustafi, 1967,
Oliveria, 1975; 1982).

9:2[1—cos(7r\/%”,(0§p§2/3) 3

o714  p= PPMCC (Pearson’s product-moment
correlation coefficient)©] 1L, Eq. (4)¢} o] Ak )
B[(X—px) (Y= py)]

p= e (4)
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A7 ux<t niye 247 X9 Yo i (mean), ox®} oy
= 27 XoF Yo ¥5FHAK(standard deviation)©]t}. p
=0d wj, 3] w7l 6= 00] HAc) o]AL F W
Xt Y7 SAHSR S5HAS Yulsta, A3 74+
X3 F Y FHEXESSE o]&3sle] Eq. (5)¢
o] T 4

Fy Hzy) = Fylz) Fuly) )

p=2/3¢ ul, 33} v/fA; 0% ekl 1o] "ok
Oliveria (1975, 1982)9l 2]l p>2/3Y Wi, Gumbel &

FRPe AT+ itk Gumbed THEIE G
7 0=p=239 W HHs AYRLES verd 5

At

Y=y¥ 7-F, X =104 FAEEF(conditional
cumulative distribution function, ccdf) Fy(zly) =
AX = alY=y)= Ea. (6)3 2TH(Yue, 2000a).

f fXY(u y)d

F)ﬂy(fﬂy T 6)
y—u
=Fyy(z,y) exp[— X Yi_
1%
[Q(y—uy) ( —uy J
exp N +exp|— y
Y Y
0 2
r—u Yy—uy
[GXD( +exp X }
X Y
T Y=y ®, Xo =@AR AR
Fyylaly) = X < 2l Y < y) & v Ba. (D 2
Fyy(z,y)
F o (x LY

I U
InFy(z) lnFy(y)]

2009). ofe] 7HA ShE @ ﬁwwgoﬂ gt A
7|7 Eq. (8)7 2t
1
TX, Y(IJJ) 17FX, y(-’ljvy) (83)
1
TX,y(Iﬁy) 1*FX(:L')*F ( )+FXy(l' y) (8b)
1
T)(TY(I‘:U) lfF,\/jy(xly) (&)
1
T)ﬂY(fL"y) 1—F)qy(ab|y) (8d)
A AF7T Ty Ky X, Y 7 HF 5 o= 3
Mol Zus/} wi T WY wE Zade 9o
&7 T

AP 8 4F AFEFH(flood peak), 584

Table 1. Bivariate Return Period and Corresponding Cumulative Distribution Function (Lee et al,, 2009)

Case Return Period Cumulative distribution function
1
T/:Ty(x) Fyey)=PX<z,Y<y)
Joint : . Flz)=PX<z)
T ) = F = Yy<
)= TR G R W) Fey) =AY =)
1
T(a:|y) *W F)ﬂ)}(.ﬁE'y)*P(Xg ‘Z"ny)
Conditional )
T($|y) = W F)m/(ﬂy):P(Xé |V < y)
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7R A+

71ZHD) S AR ZM FFAMS
EAV)E AF7IHD) U BE dfFe Folth
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D, =ED,—SD, )

w9 F4 AL, EDA= 1A

Mol I, SD= MA dx S5
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1
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Fig. 1. Characteristics of Flood Events
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Fig. 2. Flood Events Time Series (a) Soyang River Dam (b) Daechung Dam

Table 2. Statistics and Parameters of Flood Peak (Q) and Volume (V)

Statistics Parameters of Gumbel Corre.121.t10n HSESGHINT
coefficient parameter
Dae Dae . Dae Dae
Dam Soyang _chung Soyang _chung Soyang —chung Soyang _chung
M S M S u A u A p p O O
Q (m/s) 2230 | 1627 | 2640 | 1240 | 1524 | 1268 | 2101 | 967
3 0.6494 0.6228 0.9765 0.9399
V (x10° m”) | 949 | 496 | 877 | 422 | 734 | 387 | 694 | 329

2o Ae AFEFEF] K-S TAAE Dul(Q)=

0.1110]3, &F&A 9 K-S FAAE Duax(V)=0.087
i%k%}%* dele] Foabd ARSel FHEE 24 3 ghol RF IAIARL 02305 #sith B
2 Gumbel FEFol A A o] o5 B FFAE AR Agels HEErEe K-S §

= gl ‘(H
3Fe] Kolmogorov-Smirnov(K-S) AAS A A5kt AXE Dua(@)= 0136, T+8329 K-S %74]?]%}

3.3 ETAld AR Hak: HH

Table 391 MAH Al 45 ®d 27] 3, 72 Dinax(V)=0.089224] 4] 21 gho] B 4AIA| Q1 0.257
T 5 %olA e K-S AIA= Dss(0.05)=0.230, th7d B Aol K-S A4 Ay A dig el &
Hel A w2 A7) 28, FolaE 5 %ellA e K-S APd AEE BT Gumbel ®3Eo] dis) A &

UAA = Dx(0.05)=0.25701tt. 2% TFAME A A 5 ATk
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Table 3. The Kolmogorov—-Smirnov (K-S) Test of Flood Events Data

Method Kolmogorov-Smirnov Test
Object Soyang(Q) Soyang (V) Daechung(Q) Daechung(V)
Test Value 0.111 0.087 0.136 0.089
# of data 35 35 28 28
Critical Value 0.230 0.230 0.257 0.257
test value test value test value test value
Result < critical value < critical value < critical value < critical value
U = Distribution is = Distribution is = Distribution is = Distribution is
accepted accepted accepted accepted

T T
—— Empirical probability
+ Theoretical probability

09

08

07

06

05

04r

03pF

02r

Joint non-exceedance probability of Q@ & V

01pF

1] é 1‘0 1‘5 2‘0 2‘5 3‘0 35
Corresponding order number of a combination Q &V

Fig. 3. Comparison of Empirical and Theoretical

Joint Probabilities of Flood Peak and

Volume (Soyang River Dam)
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ATHYue et al, 1999; Yue 2000a).
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Table 4. Kolmogorov-Smirnov(K-S) of Joint Distribution

Method Kolmogorov-Smirnov Test
Object Soyang River Dam Daechung Dam
Test Value 0.122 0.127
# of data 35 28
Critical Value 0.230 0.257
test value test value
Result < critical value < critical value
= Distribution is accepted = Distribution is accepted
x10’ x10
4 8
35 5
3
. 26~ w 4 _ X
a = ) 4
: 2 L3 A AR
£ _ £ PRSI,
5 2-].
1
0.l L :
YR
2000 ) \\\\\\\\\\\\\sg
1500 %’%&W&Sﬁ%ﬁ“ 5000
1000 A A 1000 éf""-’”!”"%"’o"’,"‘}‘“&“‘* 4000
AN

PR
500 o 000

Flood volume V(10°m®) Flood peak Q(m’/s)

(@) Soyang River Dam

AL AR s
AN 3000

2000

6.3
Flood volume V{10°m?) Flood peak Q{m’is}

(b) Daechung Dam

Fig. 5. Joint Probability Density Function of Flood Peak (Q) and Volume (V)

Joint COF

Flood velume V(10°m®)

Flood peak Q(m’/s)

(@) Soyang River Dam

Fig. 6. Joint Cumulative Distribution
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Table 5. Comparison of Joint Return Period by Bivariate Flood Frequency Analysis and Univariate Flood

Frequency Analysis (Soyang River Dam)

Return Period (year)

Year Peal; Volurrée Univariate Univariate Bivariate analysis

@l ) (¥ it analysis (Q) analysis (V) (Q&V)
1974 724.3 244010880 1.1037 1.026 1.1804
1975 1994.7 482112000 2.0746 1.168 2.0066
1976 2767.5 969338830 3.8361 2.468 3.197
1977 474.8 433995840 1.0502 1.123 1.1131
1978 2056 1089132480 2.1682 3.192 2.0757
1979 1674.9 587805120 1.6762 1.304 1.6995
1980 941.1 549495360 1.1756 1.248 1.2584
1981 2835.7 1054598400 4.0699 2.958 3.3426
1982 1391.1 774446400 1.709 1.4913
1983 1084.3 548821440 1.247 1.3212
1984 7405.6 1989308160 354.44 30.813 103.74
1985 1051.7 358871040 1.2233 1.072 1.3061
1986 1217.3 581264640 1.3107 1.294 1.3887
1987 1481 1910917440 1.4962 25.027 1.5515
1988 11645 797558400 1.2806 1.778 1.3608
1989 958 584694720 1.1824 1.299 1.2653
1990 7062.6 1449619200 251.04 7.561 79.28
1991 2443 904288320 2.9226 2.166 2.6043
1992 1361 776736000 1.4041 1.716 1.4723
1993 1232.3 908219520 1.3197 2.183 1.3969
1994 664.9 276013440 1.0884 1.035 1.1624
1995 4029.4 1539492480 9.497 7.721
1996 27374 785712960 3.738 1.742 3.1352
1997 1023.5 730434240 1.2104 1.591 1.2934
1998 1588 1825346880 1.5905 19.965 1.63
1999 4665.3 1340487360 5.765 12.409
2000 1853.4 807658560 1.8811 1.810 1.8604
2001 1656.8 899009280 1.6576 2.144 1.6846
2002 3449.6 791112960 7.0946 1.758 5.0826
2003 2131 1713234240 2.2914 14.879 2.1653
2004 2810.8 1176258240 3.9827 3.892 3.2885
2005 832.8 483969600 1.1364 1.170 1.217
2006 4212 2060881920 14.692 37.282 8.8357
2007 2774.8 825716160 3.8604 1.869 3.2122
2008 2307.6 977391360 2.6233 2.510 2.3998
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Table 6. Comparison of Joint Return Period by Bivariate Flood Frequency Analysis and Univariate Flood

Frequency Analysis (Daechung Dam)

Return Period (year)
Peak Volume

Year (Q, m’/s) (V, m°) Univariate Univariate Bivariate analysis

analysis (Q) analysis (V) (Q&V)
1981 3102.1 729760320 3.040 1.725 3.3462
1982 800.4 525337920 1.062 1.283 1.022
1983 1944.7 684115200 1.522 1.599 1.4467
1984 3771.4 815175360 4.956 2.012 6.1426
1985 2751.8 1224097920 2.404 4945 2.503
1986 2433 446031360 1.975 1.181 1.9687
1987 4034 966919680 6.066 2.7136 7.8951
1988 2147 844041600 1.684 2.127 1.6273
1989 3470.7 872225280 3.957 2.248 4.6439
1990 2659 919486080 2.266 2475 2.3278
1991 943.2 1201305600 1.088 4.680 1.0379
1992 1460.8 343128960 1.247 1.091 1.1682
1993 3539.5 909437760 4.164 2.425 4.9466
1994 585.6 169551360 1.034 1.019 1.0084
1995 4159.5 1050952320 6.692 3.294 8.9169
1996 2633 1289805120 2.230 5.808 2.2818
1997 4070.2 1352894400 6.240 6.797 8.1763
1998 4163.5 1942133760 6.713 31.721 8.9517
1999 2610.4 699909120 2.198 1.641 2.2429
2000 2778.4 980994240 2.462 2.821 2.5566
2001 422.5 197570880 1.020 1.026 1.0035
2002 5321.2 907718400 17.148 2.416 28.452
2003 3256.1 1681784640 3.388 15.880 3.8282
2004 2431.1 579899520 1.973 1.373 1.966
2005 1964.7 685946830 1.536 1.604 1.4627
2006 3295.1 1300112640 3.484 5.958 3.9631
2007 2459.2 963636480 2.006 2.7117 2.0059
2008 692.3 260426830 1.046 1.047 1.0139
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Fig. 7. Comparison of Joint Return Period by Bivariate

Frequency Analysis
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Table 7. Correlationship between Univariate Flood Frequency Analysis and Bivariate Flood Frequency

Analysis (Soyang River Dam)

Univariate Univariate Bivariate analysis
Preali (0 Volame (V) analysis (Q) analysis (V) (Q&V)
Peak (Q) 1 0.649 0.794 0.507 0.824
Volume (V) 0.649 1 0.432 0.867 0.453
Univariate 0.794 0.432 1 0.446 0.998
analysis (Q)
Univariate 0507 0.867 0.446 1 0.453
analysis (V)
Bivariate
analysis (Q&V) 0.824 0.453 0.998 0.453 1

Table 8. Correlationship between Univariate Flood Frequency Analysis and Bivariate Flood Frequency
Analysis (Daechung Dam)

Univariate Univariate Bivariate analysis
Pealk (Q) Volume (V) analysis (Q) analysis (V) (Q&V)
Peak (Q) 1 0.623 0.802 0.353 0.740
Volume (V) 0.623 1 0.3527 0.772 0.292
Univariate 0.802 0.3527 1 0.231 0.994
analysis (Q)
Univariate 0.353 0.772 0.231 1 0.183
analysis (V)
Bivariate
analysis (Q&V) 0.740 0.292 0.994 0.188 1
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