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Statistical modelling of extreme stormsusing copulas: A comparison study

Abstract:

Coastal risk assessment and structure design piealylon the statistical analysis of the extreme
wave climate, such as the wave height, storm duratvave period and surge height. Due to the
dependence among these variables, the multivadiependence structure should be taken into
account for statistical simulation of the storm reéee Here, three modelling framework are
described and compared for probabilistic modeltifigextreme storms, i.e. the Gaussian copula,
conditional mixture method and entropy copula. Tgaper demonstrates the functionality of the
approaches in simulating the sea storm while miaiintz their statistical characteristics. None of
the three methods can fit all the bivariate casss$, land the Gaussian copula gives the best overall
fitting quality for the four dimensional data inetlcase study, while the conditional mixture
method gives the lowest fitting quality. The enyrapula gives a comparable simulation results
and shows its great potential to be universallyliagble for modelling the multivariable joint
distribution by avoiding the procedure of assigramy copula family before fitting data.
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1. Introduction

Sea storms is customarily characterized in termmadfimum significant wave heightl{ ),
storm duration D), peak wave periodTf) and surge heighth( total water levels with tides
included), which are vital for offshore structussign and coastal dynamics assessment in the
field of coastal and off-shore engineering[1,2].eDio the mutual partial dependency between
these variates, methods for simulation and anabfsisultivariate sea storms have received more
and more attention, however, establishing an ateuralltivariate statistical model is quite a
challenge task.

Copula method was widely used for multivariate $atians in hydrology [3—6] and coastal
engineering since being firstly proposed by Ski@} for its efficiency in describing the
dependency among multiple variates and its fleikjbih marginal distribution selection. For the
bivariate probability distribution modelling, theréhimedean copula, including the Frank copula,
Clayton copula, Gumbel copula, and Ali-Mikhail-Hegpula et al., were used for some cases [8—
11]. However, a storm event can not be sufficieatigiracterized by only two variables. Although,
the Gaussian copula can be extended to higher dioren directly, it has its limitations in
application, a Gaussian copula will not be ablemodel asymptotical dependence structures
properly [12,13]. Thus, attempts to building higtdimensional copula functions by using a
cascade of lower dimensional copulas have been .nadeMichele et al. [14] proposed a
conditional mixture method to compute the multisgei CDF (cumulative density function) by
linking the variables with conditional distributidonctions, and a three-dimensional case and a
four-dimensional case were illustrated to simuldte wave climate. Based on the bivariate
Archimedean copula, Wahl et al. [15] and Lin-Yeakt[16] applied the hierarchical Archimedean
copula to model the storms. Li et al. [17] statliy simulated the four-dimensional wave climate
variables by applying the Gaussian copula and th&ribte Archimedean copula coupling with
the Gibbs sampling method, and the Gaussian copak recommended for the study site
according to the goodness-of-fit (GOF) analysis. &detailed theoretical introduction to copulas,

please refer to [18—-22], while for a practical/evegiring approach and guidelines, please refer to
1
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