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Highlights 

1) Copula is a powerful tool which has the capability and efficiency required for 

concurrent analysis of the variables behavior and the correlation among them. On 

this basis, there is no need to being the variables as independent, and the dependent 

variables can be analyzed together too. 

2) Copula functions have less mathematical challenges than the multivariate statistical 

methods are available. 

3) Copula functions are appropriate method to study the dependent variables. 

4) The major advantage of Copula functions is a variable distribution can be 

independent or common behavior with other distributions. Hence Copula functions 

allow modeling the dependence structure of variable without type of distribution 

marginal. 

5) Another advantage of Copula functions can be estimated common return period. 

 

➢ Booklet 

This booklet describes four important cases: 

1) Flood frequency analysis in the form univariate (marginal variable peak flow and 

flood volume). 

2) Flood frequency analysis in the form bivariate (peak flow and flood volume) using 

the functions of Copula. 

3) Variable return period and determining the quantile of flood peak flow and volume of 

each return period. 

4) To determine bivariate return period in "or" and "and" by the functions Copula.  
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Importance 

Copula functions can connect shared distribution function to the marginal 

distribution functions and vice versa. Also, they can show relationships between peak 

flow and volume in the best way. Considering the necessity to determine the joint 

return period in flood analysis, different joint return periods are estimated by use of 

the suitable developed Copula to analyze the flood.  

 

Introduction (Hypothesis and aims) 

Hydrological events such as floods are multivariate and flood frequency analysis 

into univariate and without taking into account all the effective parameters may have 

errors. Determining the return period as single variable based on peak flow or 

volume will be led to underestimate or overestimate of the risk related to a specific 

event. So, multivariate frequency analysis has been considered. Traditionally, the 

dependence between two variables related to the each hydrological event such as 

floods is described using classical bivariate distributions. But this type of distribution 

for frequency analysis of hydrological events such as floods, including a statistical 

distribution has many drawbacks such as the use of the same statistical distribution 

for both variables of discharge and volume. Therefore, the dependence between two 

variables can’t be determined with two different marginal distributions. Also, if the 

number of variables in this type of distributions be more, it will be faced with 

complex mathematical calculations which make difficult the separation of combined 

and marginal behavior of the variables. Copula functions are away from these 

constraints and it is possible to determine the dependencies between two or more 

variables with different marginal distributions using Copula functions.  
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Other Information (including tables and figures) 

Table 1. Different return period values and their corresponding quantile. 

 

Univariate return 

period 

t Copula 

The value of 

quantile flow (m3/s) 

The value of quantile 

volume (MCM) Return period of 

(OR) 

Return period of 

(AND) 

2 1.73 2.35 1.4841 0.2615 

5 3.95 6.78 3.0252 0.5168 

10 7.54 14.83 4.4859 0.6968 

20 14.51 32.16 6.346 0.8701 

50 34.81 88.65 9.6638 1.0917 

100 67.86 189.90 13.06 1.2549 

200 132.75 405.33 17.488 1.415 

500 323.85 1099.38 25.48 1.6227 

1000 636.49 2331.54 33.703 1.7772 

 


