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1. Introduction

The univariate flood frequency analysis (FFA) is widely used in hydrological studies. Due to the flood events
consist of three main characteristic, peak, volume and duration that are mutually correlated, univariate FFA
cannot consider effect all three correlated flood properties simultaneously. This leads to an underestimate or
overestimate of hydrological risk. Therefore, multivariate FFA is necessary. Copula function is the most
important tools for multivariate hydrological frequency analysis.

2. Methodology
2.1. Study area and data

The study area is the Mahabad River, a major river that flows into Lake Urmia in the upper northwestern
corner of Iran. The Mahabad River basin is located at latitude 36 26'to 36 46 N and longitudes 45 25to 45
46 E. It has a drainage area of 841 km® The Mahabad River has two main branches, the Kawtar and Baitas, that
both feed into the Mahabad reservoir. Water released from the reservoir eventually flows into Lake Urmia. Daily
stream flow records for 41 years (1965-2006) were employed to estimate of the annual flood peak, volume and
duration values of the Mahabad River.

2.2. Marginal distributions selection

The first step in copula fitting is the selection of appropriate probability distribution for each of the marginal
variables (peak flow, volume and duration). In this study, twelve distributions and two parameter estimation
procedures were tested and compared based on five selection criteria. The five different model selection
criteria are: The Kolmogorov-Smirnov (K-S) test, the relative average bias (RAB), the modified Anderson-
Darling (MAD) test, and the root mean square error (RMSE) and the deviation in skewness and kurtosis.
The multi-criteria group decision-making (MCGDM) method based on OWA operator is employed for selection
of appropriate probability distribution [1]. Parameters of marginal distributions are estimated using of maximum
likelihood estimation (MLE) and genetic algorithm (GA). This is the first time that the proposed method has
been used for multivariate hydrological frequency analysis.

3.2. Flood risk analysis based on copulas

In this study, a copula-based methodology is presented for flood risk analysis and investigated the
performance of five trivariate Archimedean copulas in modeling dependence structure of flood properties.
Five Archimedean families of copulas are: Frank, Clayton, Gumbel-Hougaard, Joe and Al12. Parameters of
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copulas are estimated using of inference functions for margins (IFM) method and genetic algorithm (GA)
method. To identify the most appropriate copula family (among five copula) for joint distribution of the flood
variables, graphical method as well as analytical goodness-of-fit tests, such as RMSE, Bayesian information
criteria (BIC) and P-value based on parametric bootstrapping, are adopted in this study. A Monte Carlo
simulation was conducted to test the ability of the models. The resultant primary and secondary trivariate return
periods (RP) are compared with univariate and bivariate RP.

3. Results and discussion

Results of this study have shown that three-parameter Weibull, Pearson type 3 and three-parameter Weibull
distributions had the best fit for peak flow, volume and duration of Mahabad River flood data,
respectively. According to the results, the best method to parameters estimate of the three premier distributions,
are MLE, MLE and GA, respectively.

Monte Carlo simulated data are used to compare five family of trivariate Archimedean copula, namely Frank,
Clayton, Gumbel-Hougaard, Joe and A12. The results showed that the A12 gave better performance as compared
to the other copula models. Based on the results, it is shown that GA method provides a better fit than IFM
method and it is computationally more efficient. The return periods obtained using univariate marginal
distributions of peak flow, volume, and duration; and primary joint return periods (“AND” and “OR” cases) as
well as secondary return periods are calculated using A12 copula and are shown in Table 1. Based on the
results, trivariate primary return period (“AND” and “OR” cases) and secondary return period for flood event
that occurred during 1366-67, respectively are 59.3, 11.2 and 29.5 years. This information can be used to design
of reservoirs, spillways, bridges, culverts, and flood control structures.

Table 1. Comparison of univariate, bivariate, and trivariate return periods for flood characteristics based on A12 copula

Q \ D AND AND AND OR OR 16 AND OR T
! (cms)  (cms.day) (day) Tor” T~ Tw T Too T Towo Tow  Taw
2 96.9 2074.3 73.4 2.5 2.9 2.3 1.7 15 1.8 2.9 15 1.9

5 154.2 3427.2 93 8.2 124 6.7 3.6 3.1 4 10.2 2.9 5.2
10 190.6 42223 102 18.6 36.5 14.2 6.8 5.8 7.7 23.8 5.3 11.7
20 2238 4915.2 108. 40 99.4 29.3 13.3 111 152 51.5 10 25.8
50 264.2 5728.4 116 105.1 323.1 74.6 328 271 376 135 24.2 69.8
100 2928 6287.8 120. 213.8 721 150.3 65.3 53.7 74.9 274.4 47.8 143.9

1000 381.1 7943.8 132. 21726 8064.5 1511.8 6495 533.1 747. 27842 4732 1482
Note: cms: cubic per second, T: return period associated with univariate marginal distributions, fQVD secondary return period

4. Conclusions
Based on the results of this study, the followings conclusions are drawn:

e Multi-criteria decision-making (MCDM) method can improve the technique for model selection and provide
a more robust and flexible method to identify the best-fit statistical distribution for each of the marginal
variables (peak flow, volume and duration) [1].

e For flood characteristics of Mahabad River, GA method provides a better performance than IFM method to
estimate the parameters of the copulas. This result is in agreement with findings made by some others
hydrological applications [2, 3].

e The results showed that for Mahabad River flood data, A12 copula gave better performance as compared to
the other copula models.

e The univariate flood frequency analysis cannot provide a sufficient probabilistic assessment of correlated
multivariate flood events and may lead to overestimation or underestimation of the severity of these events.
Therefore, multivariate flood risk analysis is essential for design of water resources projects. Similar
conclusions were also made by Ganguli and Reddy [4].

4. References
[1] Mohammadpour, O., Hassanzadeh, Y., Khodadadi, A., Saghafian, B., “Selecting the Best Flood Flow
Frequency Model Using Multi-Criteria Group Decision-Making”, Water Resources Management, 2014,

28 (12), 3957-3974.


https://link.springer.com/journal/11269

Osman Mohammadpour et al. / J. Civ. Env. Eng. 46 (2017)

[2] Song, S., Singh, V. P., “Frequency Analysis of Droughts Using the Plackett Copula and Parameter
Estimation by Genetic Algorithm”, Stochastic Environmental Research and Risk Assessment, 2010, 24
(5), 783-805.

[3] Reddy, M. J., Singh, V. P., “Multivariate Modeling of Droughts Using Copulas and Meta-Heuristic
Methods”, Stochastic Environmental Research and Risk Assessment, 2014, 28 (3), 475-489.

[4] Ganguli, P., Reddy, M. J., “Probabilistic Assessment of Flood Risks Using Trivariate Copulas”,
Theoretical Applied Climatology, 2012, 111 (1), 341-360.



	Dr. Hasanzadeh
	Dr. Hasanzadeh 1
	[29] Reddy, M. J., Singh, V. P., "Multivariate Modeling of Droughts Using Copulas and Meta-Heuristic Methods", Stochastic Environmental Research and Risk Assessment, 2014, 28 (3), 475-489.

	Abstract Hasanzadeh

