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Copula R Project 
Study of Two-Dimensional Distributions of Random Variables Using R 

copula package 

This project aims to introduce: 

1. Copula-based modeling of a two-dimensional random variable distribution based on a 
random sample. 

2. Application of the copula model to simulate the modeled random variables. 

3. Utilization of the copula model to calculate marginal, joint, and conditional probabilities 
for the modeled variables. 

Instructions 

Using the data contained in the file copula_data_03.xlsx (copula_data_03.csv), perform 
the following tasks (1-13). 

1. R packages 

 

Before running the study, ensure that the required and proposed R packages are loaded. 
Required packages are essential for proceeding the script, while proposed packages 
provide additional functionalities that may be useful but are not strictly necessary. If any 
package is missing, install it first using install.packages("package_name"), then 
load it using library(package_name). The required and proposed packages are: 
 

• copula (required), 
• gridExtra, 
• kde1d, 
• rio. 

2. Data Import 

Import the data into R and store it in a data frame. 

3. Data Visualization 

Generate a scatter plot of the points (1ݔ,  .contained in the data frame (2ݔ

4. Independence Test of Random Variables 

Using the appropriate function from the copula package that allows for testing the 
independence of multivariate (݀ ≥ 2) random variables, perform a statistical 
independence test for the given variables ܺ1 and ܺ2. 
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5. Data Transformation 

Transform the data frame into a matrix format so that the values in the resulting matrix 
fall within the range [0,1]. 

6. Copula Parameter Estimation 

Using the matrix obtained in step 5, estimate the parameters of the following copulas: 

a. Gaussian, 

b. Student-t, 

c. Clayton, 

d. Gumbel. 

7. Analysis of Estimated Parameters 

Create a data frame containing the estimated parameters for each copula. 

8. Verification of Fit Quality of Parameters 

Create a data frame containing values of the log-likelihood function, the Akaike 

Information Criterion (AIC), and the Bayesian Criterion (BIC) for the estimated 

copulas. 

9. Selection of the Best Copula 

Select the copula with the lowest BIC value and generate a copula-class object. 

10. Visual Analysis of the Copula 

Create a panel of four plots for the copula selected in point 9: 

a. 3D plot of the probability density function (PDF), 

b. Contour plot of the PDF, 

c. 3D plot of the cumulative distribution function (CDF), 

d. Contour plot of the CDF. 

11. Analysis of Correlation Dependencies 

Using the copula from point 9, calculate the following coefficients: 

a. Kendall’s Tau (߬), 
b. Spearman’s Rho (ߩௌ), 
c. Lower tail and upper tail dependence coefficients (ߣ௅ ,  .(௎ߣ
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12. Data Simulation 

Using the copula generated in point 9, draw a sample of 100 points (1ݔ,  and generate (2ݔ
scatter plots for cases where the marginal CDF used to obtain the sample is: 

a. Empirical (CDF), 

b. Estimated (CDF). 

13. Probability Calculations 

Using the copula generated in point 9 and the estimated marginal CDFs obtained in 
point 12b), calculate the following probabilities: 

a. ܲ(ܺ1 ≤ 0), 
b. ܲ(ܺ2 > 0), 
c. ܲ(ܺ1 ≤ 0.5, ܺ2 ≤ −1), 
d. ܲ(ܺ1 > 0.2, ܺ2 ≤ 2.5), 
e. ܲ(ܺ1 ≤ −1.23|ܺ2 > 0.64). 


