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Abstract

Multivariate frequency analysis of hydrological phenomena by considering
the dependence between the basic characteristics of these phenomena will
lead to more their accurate estimation. Due to the high flexibility provided
by vine tree copulas in problems with dimension greater than two. In this
study the D-vine function is used to determine the four-dimensional
probabilistic distribution function of main characteristics of the precipitation
events of Cremona station in Italy (including maximum rainfall intensity,
total rainfall depth, duration of wet period and dry period). First, due to the
significant dependence between the main characteristics of precipitation
events and also using their permutation, D-vine tree structures were obtained.
After fitting the various Archimedean and elliptical copula families to the
pair-copulas of each D-vine tree structure, the most suitable copula families
were determined for fitting the pair-copulas of each D-vine structure by the
maximum log-likelihood, Akaike (AIC) and Bayesian Information Criterion
(BIC). Then, in order to evaluate the accuracy of the four-dimensional
probabilistic distribution functions of the important characteristics of
precipitation events, the mentioned functions were compared with the
corresponding four-dimensional empirical copulas. Finally, the M-R-D-L
four-dimensional D-vine structure according to the evaluation criteria of R2
= 0.991, RMSE = 0.031, and MAE = 0.024, was selected as the most
appropriate structure for constructing of the joint distribution function of
main characteristics of precipitation in Cremona station.
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1. Introduction

The use of copula functions in high-dimensional problems increases the computational load and
mathematical complexity and each of the multidimensional copulas has its limitations, but the vine
copula structure provides necessary flexibility in high-dimensional problems by using breaking down
multivariate distributions into two-dimensional distributions. Also, vine copula structure lacks the
weaknesses of these copulas. Joe 1996 for the first time proposed the pair- copula structure for a
multivariate structure in the form of distribution functions (Joe, 1996). Bidford and Cook proposed a
graphical model called Normal Vine for high-dimensional distributions (Bedford and Cooke, 2001,
2002).

2. Materials and Methods

The method of decomposing the four-dimensional distribution density function by the four-dimensional
D-vine structure is shown in Figure (1). In Figure (1), each square represents a node and each line
between two squares represents an edge. Each node corresponds to a variable and each edge corresponds
to a pair-copula density. If d is the number of variables, all of the decompositions are performed by d
(d-1) / 2 edge or the same pair-copulas density. The labels of the edges of the tree Ti + 1 are created by
connecting the nodes connected to the tree Ti (i is the number of the trees) and the condition of
connecting the two edges in the tree Ti + 1 is sharing the two edges in a node in the tree Ti (Aas et al.,
2009). According to Figure (1), the difference between the first tree T1 and the trees T2 and T3 is that
the nodes of the first tree are unconditional, while the second and third trees contain the conditional
nodes. In the graphical structure of the D-Vine model, the variables are placed linearly (in a row) and
each variable will be connected to one variable or two variables. According to Figure (1), the first tree
T1 consists four variables (nodes) s1, s2, s3 and s4 and the C12, C23 and C34 unconditional edges. But
as shown in Figure (1), the nodes of the tree T2 contain the F3|2 <F2|1 and F4|3 conditional distribution
functions. Furthermore, the nodes of the tree T3 contain the F13|2 and F_24|3 conditional distribution
functions, which are obtained of the partial derivative of the edges of the first tree i.e. C12, C23, C34,
and the edges of the second tree i.e.C13|2 and C24|3.
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Fig 1-the trees of four-dimensional D-vine structure

3. Results

The aim of this study is to achieve an optimal four-dimensional D-Vine structure to determine the joint
four-dimensional distribution of important characteristics of precipitation events at Cremona station in
Italy. According to what has been explained, the optimal structures, which include a combination of
different copula families for fitting on each pair-copulas of the D-Vine four-dimensional structure, were
obtained. Among the D-Vine four-dimensional structures, The M-R-D-L D-Vine structure was
identified as the most accurate D-Vine structure according to the log-likelihood criteria and the AIC
and BIC criteria.
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4, Discussion and Conclusion

Finally, studies show that: 1- Using the main characteristics of precipitation with the highest correlation
in the first tree does not lead to achieving the optimal structure of D-Vine and a structure that necessarily
has pairs-variables with the strongest correlation in the first tree, it was not recognized as the best
structure. 2- Using pairs-variables with the maximum correlation in the first tree does not increase the
tau-kendal between the pair-conditional variables of the second and third trees of the D-Vine structure.
3- Considering the physical characteristics of each of the important characteristics of hydrological
phenomena, it is necessary to perform all permutations between the variables to achieve the best
connection, which ultimately leads to the most accurate D-Vine distribution.
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Extraction of joint probabilistic distribution functions of characteristics of
precipitation using a four-dimensional D-vine tree structure

Maryam Shafaeil. Rasoul Mirabbasi Najafabadi®*

Multivariate frequency analysis of hydrological phenomena by considering the dependence between
the basic characteristics of these phenomena will lead to more their accurate estimation. Due to the high
flexibility provided by vine tree copulas in problems with dimension greater than two. In this study the
D-vine function is used to determine the four-dimensional probabilistic distribution function of main
characteristics of the precipitation events of Cremona station in Italy (including maximum rainfall
intensity, total rainfall depth, duration of wet period and dry period). First, due to the significant
dependence between the main characteristics of precipitation events and also using their permutation,
D-vine tree structures were obtained. After fitting the various Archimedean and elliptical copula
families to the pair-copulas of each D-vine tree structure, the most suitable copula families were
determined for fitting the pair-copulas of each D-vine structure by the maximum log-likelihood, Akaike
(AIC) and Bayesian Information Criterion (BIC). Then, in order to evaluate the accuracy of the four-
dimensional probabilistic distribution functions of the important characteristics of precipitation events,
the mentioned functions were compared with the corresponding four-dimensional empirical copulas.
Finally, the M-R-D-L four-dimensional D-vine structure according to the evaluation criteria of R2 =
0.991, RMSE =0.031, and MAE = 0.024, was selected as the most appropriate structure for constructing
of the joint distribution function of main characteristics of precipitation in Cremona station.

Key words: Copula function, D-vine, Multivariate Frequency analysis, Pair-copula, Precipitation
characteristics.
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