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Complicities inherent in hydrologic processes have made water resources engineering
employing some hydrologic characteristics as planning and design criteria. One of the most
common practices is the flood frequency analysis. Complex hydrologic events, such as
droughts and floods, appear to be multivariate events that are characterized by a few correlated
random variables. The multivariate analysis of hydrologic events because considerably more
required data, sophisticated mathematical treatment, and the limited number of available models.
A bivariate distribution is thus more common and easier to employ in describing the correlated
hydrologic variables, e.g., bivariate normal distribution, bivariate exponential distribution,
bivariate gamma distribution, bivariate extreme value distribution, etc.. However, such models

cannot be applied to model correlated hydrologic variables with different marginal distributions.

Multivariate distribution construction using copulas can overcome such difficulties.
Copulas are functions that join univariate distribution functions to form multivariate distribution
functions. Copulas are able to model the dependence structure among random variables
independently of the marginal distributions. Over four decades after Sklar (1959) introduced
copulas, they have been used in insurance, finance, and hydrology recently. This study aims to
construct a bivariate distribution of hydrologic events using two-dimensional copulas. To
estimate the parameters in copulas, the method of inference function for margins or the IFM
method is employed. Two separate estimation procedures are involved in this method. The
maximum likelihood estimations of the univariate marginal distribution are performed first, then
followed by an estimation of the copula dependence parameters. In addition to construct the
bivariate distribution of hydrologic events, the bivariate frequency analysis is also performed to
derive the needed information. Results obtained from this study can improve understanding of
complex hydrologic processes and enhance design safety criterion of hydraulic structures.

Key words: copula, the method of inference function for margins (IFM), bivariate distribution,
parameter estimation, the method of maximum likelihood.
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6. Gumbel-Hougaard
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FD,S (d, S) = C(FD (d), Fs (5))

= Fo (d)Fs (s)expl(~InF (d)) % + (~InFg (5)) = 7% (23)
H e Fp(d)2 Fs(s) s dch wpe 2 e % £ 2 H R4 i S A W 5 dp 2 gammas 1
FD (d)=1-e""+* (24a)
Fs(s)= '[OS . 6401:4(:2: o t/1640 4 o)
- (1.245)

21 AAcE EEEE Sl 8 Wil S BiciE
E?l}il “"3]" 3 g{ %‘iﬁ'{ ‘}“‘J’ﬁ:t’,ﬂ-){ 0 ﬁ:t f_gi
Ali-Mikhail-Haq 0.731 —663.5
Clayton 0.515 —669.2
Frank 3.830 -649.3
Galambos 0.934 -632.1
Gumbel-Hougaard 1.629 -633.3
Plackett 5.253 —649.5
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0 !
0 1 2 3 4 5 6 7 8 9 10
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° =1k () (21)

HY E(L)% Tosc 5 Bpe> ot @ d LB TR G 4337 7 Flpt i gF A % 2~5~10~20-
50100 # crgc % £ 2 o pFEA W73 A 20

22 ARRFH L E S UR
i (#) ek uwpE(?) T
2 2.62 3.40
5 4.02 5.02
10 5.08 6.23
20 6.14 7.42
50 7.54 8.99
100 8.60 10.17

IR @ FHRT 0T A2 a2 58 & (Shiau 2003) 0 (1)D>d ? S>s 2w
> 2(2)D2d 2 S>s 2 3 jFH) o A BlAeT 2 VAR
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1-Fy(d)~ Fy (s)+ C(Fy (d), Fs(s))
, E(L) E(L) E(L) 23)
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