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Introduction

Peak, volume, and duration are the main characteristics of a flood. Therefore, in designing hydraulic
structures, the frequency analysis of flood should be done considering the multivariate point of view
in order to decrease the flood damage. Since the interaction of dependent variables is not considered
in the univariate frequency analysis, it can lead to underestimating or overestimating the magnitude of
a certain event. Copula is a powerful tool, which has the capability and efficiency required for
concurrent analysis of behavior of the variables and the correlation among them. This research
emphasizes the necessity of bivariate analysis of flood in designing the hydrological structures and
decreasing the flood damage. Therefore, copula functions were used for bivariate frequency analysis
of flood (discharge and volume).

Methodology
For the purpose of flood frequency analysis, two daily time-series of discharge and volume were

extracted based on the annual maximum as the measure of extremeness. In the meantime, 40 years

recorded runoff data in Tamer hydrometric station, located in the upstream of Boustan dam, were used.

To obtain flood frequency analysis, copula functions were used as the best tool for multivariate

analysis. Copula can show the dependency structure between variables in the best way (Sklar, 1959).

In this research, the most important functions of copula, including the three families of Archimedean,

elliptical, and extreme value were employed. Accordingly, the stages of selecting the most appropriate

type of copula are as follows:

1- Conducting parameter estimation and goodness of fit test to select the most appropriate marginal
distribution and determine the design quantile for different return periods based on the L-moment
method.

2- Assessing the initial dependency of data using the dependency assessment criteria of Kendall’s tau
and Spearman’s rho that provides useful information on the initial selection of copula.
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3- Estimating the parameters of the desired copula function using inverse Kendall’s tau, inverse
Spearman’s rho and maximum pseudo likelihood methods.

4- Performing goodness of fit test to select the most appropriate type of copula function. This stage is
the most important part of the multivariate frequency analysis, which is in two forms of numerical
and graphic goodness of fit. Numerical tests used in this research are: (1) Coefficients method to
compute the value of p for the statistic of Cramer-von Mises (Sn) and (2) Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC). The lower values of Sn, AIC, and BIC
will show a better fit of the copula on the data, if the value of p (p value) is greater than 0.05. Two
methods of Monte Carlo simulation were used to delineate the graphical diagram and diagram of
the empirical copula.

5- Determining the bivariate return periods and design quantile for joint return periods of T}(‘,y and

T;}f y» Which were used in this research (Abdolhosseini, 2012; Requena et al., 2013).

Results and Discussion

Considering the results of numerical and graphic goodness of fit test, the best fitted copula function
on the extreme series of discharge and volume are Frank and t-EV copulas, respectively. Also, the
guantile values related to the return periods of 100, 200, 500, and 1000 year were determined
independently for both extreme series of discharge and volume. Considering the values of discharge
and volume related to the univariate return periods as the threshold limit, bivariate return periods
corresponding to these values were determined for both data series using the selected copula.
Furthermore, the quantile values of discharge and volume for bivariate return periods were estimated
for both series considering the dependency between variables, and the results were presented in Table

(0).

Table 1- Quantile values of different return periods

Volume extreme Discharge extreme Volume . L
criterion criterion quantile Dls_chargg Unlvarla_te
v, oy T)\(/:Y oy (mem) quantile (m3/s)  return period
82 126 54 635 38 272 100
164 254 104 2347 50 332 200
412 635 254 13927 72 418 500
824 1270 504 100000 93 486 1000

Results of Table (1) indicate that the values of return periods in the case of “Ty " for both extreme
series of discharge and volume are less than the return period in the univariate case. Also, the return
period values in the case of “T#,” are more than the return period values in the univariate case.
Therefore, coefficient of confidence in the “Tyy” case will be more than the univariate case in
designing the structures and management of flood control. Designing the structure based on the return
period of “Tyy” case has a higher risk rather than the univariate return period, but it will be
economically more cost effective. This indicates the considerable difference between univariate
analysis and multivariate analysis. Also, considering the difference in the results of extreme discharge
and volume, it can be concluded that type of the extreme variable can have a considerable effect on the
implementation of a project regarding its aim. This means that when the aim of building a construction
is controlling the flood (reservoir design), the extreme volume measure can be used; besides, to design
the length of the crown of the dam overflow, extreme discharge measure can be considered, which is
in agreement with the results of Requena et al. (2013).



37
Afsharypour et al. 43 (2) 2020 DOI: 10.22055/jise.2018.23804.1698

Conclusions

In addition to the peak discharge, flood volume is important in preventing the flood hazards and
designing the hydraulic structures. Therefore, flood frequency analysis should be multivariate. Copula
functions have a higher accuracy and efficiency than the multivariate distribution functions. Copula
functions connect the desired variables and different return periods, and their quantile can be estimated
by copula. Therefore, multivariate flood frequency analysis through copula functions provides results
based on the extreme discharge and volume measures, which can play a crucial role in improving the
design of the dam dimensions and management of flood control.
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Table 1- The results of goodness of fit test of selected marginal distribution functions

E:):ti:g:?; Marginal Variable P_\laltjeestO e coefl;liiient AlC Diﬂﬁtﬁin
Peak Discharge 0.92 0.96 3.80 Weibull (3P)
Volume 0.90 0.94 7.61 Log-Normal (3P)
Peak Discharge 0.95 0.97 9.52 GEV
Volume 0.89 0.95 541 Log-Normal (3P)

> 9 (20 S ol () (Kot 3300 T Jguir
Table 2- The correlation values between discharge and volume parameters

Correlation statistic

Discharge extreme

Volume extreme

criteria criteria
Kendal’s tau (ty) 0.8094 0.6923
Spearman’s rho (ps) 0.9328 0.8260
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Table 3- The goodness of fit values of peak discharge and volume series (discharge extreme criterion)

Goodness of fit test value

Estimated parameter of copula function

Copu_la !
Function  |nverse 7, Inverse pq pseul\élgi(llifeulmoo q AIC BIC Sn P-value
Gumbel 5.2702 4.5984 3.9670 -65.6078 -63.9189 0.0374 0.0234
Frank 19.2827 15.4590 18.6153 -81.4115 -79.7226  0.0160 0.1663
Clayton 8.5405 7.3569 5.4707 -75.7356  -74.0467  0.0468 0.0434
Galambos 4.5609 3.8692 3.2511 -63.9470 -62.2581  0.0377 0.0404
Husler-Reiss 5.5401 4.6841 2.7823 -49.3030 -47.6141 0.0884 0.0164
t-EV 0.9864 0.9821 0.9824 -72.1323 -70.4434  0.0248 0.2442
Normal 0.9559 0.9386 0.9160 -65.5259 -63.8371  0.0401 0.0474
t 0.9559 0.9386 0.9455 -81.1169 -79.4281  0.0230 0.0434

(o S9> slxe) oo 57l o> 9 (28 S pw Il (295 20 - Jour
Table 4- The goodness of fit values of discharge and maximum volume series (volume extreme criterion)

Estimated parameter of copula function

Goodness of fit test value

Copula N
Function aximum ]
Inverse 7,  Inverse p; pseudo-likelihood AIC BIC Sh P-value
Gumbel 3.25 2.7795 3.3691 -55.448 -53.7591  0.0247 0.1453
Frank 11.0681 8.6857 11.2150 -49.2606 -47.5717 0.03152 0.0694
Clayton 4.5 3.5999 1.9408 -24.4481 -22.7592  0.1607 -0.0005
Galambos 2.5398 2.0619 2.6603 -54.4104 -52.7215 0.0248 0.1723
Husler-Reiss 3.2453 2.6728 2.8744 -48.3288  -46.64 0.0365 0.0704
t-EV 0.9604 0.9442 0.9680 -57.6294 -55.9405 0.0217 0.5049
Normal 0.8854 0.8383 0.8235 -38.4286 -36.7397  0.0589 0.0104
t 0.8854 0.8383 0.8843 -54.9535 -53.2646 0.0335 0.0444
Frank Copula t-EV Copula
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Fig. 2- The graph of simulated values for t-EV copula (right) and Frank copula (left)
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Fig. 3- The graph of simulated values for t-EV copula (right) and Frank copula (left)
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Table 4- The goodness of fit values of discharge and maximum volume series (volume extreme criterion)

Univariate Discharge Volume Discharge extreme criterion Volume extreme criterion
Return  quantile value  quantile value (Frank copula) (t-EV copula)
Period (md/s) (MCM) and or and or

100 272 38 635 54 126 82
200 332 50 2347 104 254 164
500 418 72 13927 254 635 412

1000 486 93 100000 504 1270 824
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Fig. 4- Contour plot of the "and" case (right) and the ""or" case (left) return periods of Frank copula
(discharge extreme criterion)
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Fig. 5- Contour plot of the ""and" case (right) and the "or""* case (left) return periods of t-EV copula
(volume extreme criterion)
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