
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Japanese Journal of Statistics and Data Science

	
                        Article

Visualization and statistical modeling of financial big data: double-log modeling with skew-symmetric error distributions


                    	
                            Published: 10 September 2018
                        


                    	
                            Volume 1, pages 347–371, (2018)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Japanese Journal of Statistics and Data Science
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Masayuki Jimichi 
            ORCID: orcid.org/0000-0003-0010-27981, 
	Daisuke Miyamoto2, 
	Chika Saka1 & 
	…
	Shuichi Nagata1 

Show authors
                        
    

                        
                            	
            
                
            764 Accesses

        
	
            
                
            2 Citations

        
	
                
                    
                1 Altmetric

            
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
This study considers the visualization and statistical modeling of financial data (e.g., sales, assets, etc.) for a large data set of global firms that are listed and delisted. We present exploratory data analysis carried out in the R programming language. The results show that a double-log model with a skew-t error distribution is useful for modeling a firm’s total sales volume (in thousands of U.S. dollars) as a function of its number of employees and total assets (in thousands of U.S. dollars). This result is obtained by comparing the Akaike information criteria of several double-log models with independent and identically distributed random error terms with skew-symmetric distributions and by further evaluating the models using cross-validation.
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	The Osiris system is produced by Bureau van Dijk (BvD) KK.


	
                    R version 3.4.4 (2018-03-15)
                  


	Note that the Q–Q plot in Fig.  5 is based on an F distribution. See also Appendix  1.


	
                    http://spark.apache.org/docs/latest/index.html
                  


	The Orbis database is produced by BvD KK.
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Appendices
A full data set and data manipulation
Our data set is extracted from the “Osiris” database, provided by the BvD KK. This data set has 86 financial indices (e.g., sales, assets, etc.) for 82,878 listed and delisted firms from 1985 to 2017. The data file (firmfin.csv) is in CSV format, and its size is over 1.3 GB. We use R for explanatory data analysis, and it is considered appropriate to use Spark to load the data into R because it quickly responds to user queries by scanning large in-memory data sets. Furthermore, the SparkR package, which is a frontend for Spark, is provided (cf. Ryza et al. (2016)). The R function read.df is available from the SparkR package to load the data set into R as a Spark DataFrame (sdf) in RStudio:
[image: figure a]




We use the pipe operator %>% and the R function collect from the magrittr package to transform the Spark DataFrame object firmfin.sdf into an R data frame firmfin2015:
[image: figure b]




Note that only firm names with a BvD ID (firmID), a country, and positive values for sales, employees, and assets.total in 2015 are selected.
B Computing environments
Our computing environment and software are as follows:
	
                      R (R. Ihaka, R. Gentleman, R Core Team, https://www.r-project.org/)

                    
	
                      R Packages
	
                            dplyr (H. Wickham, http://dplyr.tidyverse.org/)

                          
	
                            GGally:: ggpairs (B. Schloerke, http://ggobi.github.io/ggally/)

                          
	
                            ggplots2 (H. Wickham, http://had.co.nz/ggplot2/)

                          
	
                            magrittr (H. Wickham, https://github.com/tidyverse/magrittr)

                          
	
                            rgl (D. Murdoch, https://cran.r-project.org/web/packages/rgl/vignettes/rgl.html)

                          
	
                            sn (A. Azzalini, http://azzalini.stat.unipd.it/SN/)

                          
	
                            SparkR (http://spark.apache.org/)

                          
	
                            xtable (D. B. Dahl, http://xtable.r-forge.r-project.org/)

                          



                    
	
                      RStudio (RStudio, https://www.rstudio.com/)

                    
	
                      Spark 2.2.0 (http://spark.apache.org/)

                    
	
                      Sweave (F. Leisch, https://leisch.userweb.mwn.de/Sweave/)

                    


C Estimated regression planes

                  Fig. 15[image: figure 15]
Estimated regression plane with a three-dimensional scatter plot: normal error distribution


Full size image


                  Fig. 16[image: figure 16]
Estimated regression planes with three-dimensional scatter plots: skew-normal error distribution, DP version (left panel) and CP (adjusted) version (right panel)


Full size image


                  Fig. 17[image: figure 17]
Estimated regression planes with three-dimensional scatter plots: skew-t error distribution, DP version (left panel) and pseudo-CP (adjusted) version (right panel)


Full size image


                D Skew-normal distribution and log-skew-normal distribution
1.1 D.1 Skew-normal distribution
If the distribution of the random variable X is skew-normal, then we express it as follows:
$$\begin{aligned} X \sim \mathsf {SN}(\xi , \omega ^{2}, \alpha ), \end{aligned}$$

where \((\xi , \omega ^{2}, \alpha )\) are the DPs. Note that the parameter \(\alpha\) is called the slant parameter.
The plots of the p.d.f.s of the skew-normal distribution if \((\xi , \omega , \alpha )=(0,1,5), (0,1,-5)\) are given in Fig.  18.
Fig. 18[image: figure 18]
Skew-normal density functions with \((\xi , \omega , \alpha )=(0,1,5)\) (left panel) and \((\xi , \omega , \alpha )=(0,1,-5)\) (right panel)


Full size image


If the distribution of the random variable X is skew-normal \(\mathsf {SN}(\xi , \omega ^{2}, \alpha )\), then the expectation parameter \(\mu _{\mathsf {SN}} := \text{ E }(X)= \xi + \omega b \delta\) is called a CP of the skew-normal distribution (see Azzalini and Capitanio (2014), p. 66), where \(b:=\sqrt{2/\pi }\), \(\delta :=\alpha /\sqrt{1+\alpha ^{2}}\). Note that \(Z:=(X - \xi )/\omega \sim \mathsf {SN}(0,1,\alpha )\) and \(Z^{2}\) follows the chi-square distribution with 1 degree of freedom:
$$\begin{aligned} Z^{2} \sim \chi _{1}^{2} \end{aligned}$$

                    (9)
                

[see Azzalini and Capitanio (2014), Proposition 2.1(e)]. The Q–Q and P–P plots for the skew-normal distribution are based on this property, and they are typical examples of Healy’s plots (see Healy (1968)).
1.2 D.2 Log-skew-normal distribution
If \(\log (Y )\) follows the skew-normal distribution \(\mathsf {SN}(\xi , \omega ^{2}, \alpha )\), then the distribution of Y is called log-skew-normal \(\mathsf {LSN}(\xi , \omega ^{2}, \alpha )\):
$$\begin{aligned} Y \sim \mathsf {LSN}(\xi , \omega ^{2}, \alpha ) {\mathop {\Longleftrightarrow }\limits ^\mathrm{def.}} \log (Y) \sim \mathsf {SN}(\xi , \omega ^{2}, \alpha ), \end{aligned}$$

where
$$\begin{aligned} y \in \mathbb {R}^{+}, \quad \xi \in \mathbb {R}, \quad \omega \in \mathbb {R}^{+}, \quad \alpha \in \mathbb {R}. \end{aligned}$$

See also Azzalini and Capitanio (2014), p.53.
E Skew-t distribution and log-skew-t distribution
1.1 E.1 Skew-t distribution
Recall that the following result holds with respect to the ratio of the independent random variables \(Z \sim \mathsf {N}(0,1)\) and \(V \sim \chi ^{2}_{\nu }/\nu\):
$$\begin{aligned} \frac{Z}{\sqrt{V}} \sim \mathsf {t}_{\nu }(: \text {t distribution with the degrees of freedom}\,\,{\nu }) \end{aligned}$$

By analogy, if the random variable \(Z_{0}\) has the distribution \(\mathsf {SN}(0,1,\alpha )\), then the distribution of
$$\begin{aligned} T:=\frac{Z_{0}}{\sqrt{V}} \end{aligned}$$

is called the skew-t distribution \(\mathsf {ST}(0,1,\alpha ,\nu )\) with \(\nu\) degrees of freedom.
From (9), if the random variable \(Z_{0}\) follows a skew-normal distribution \(\mathsf {SN}(0,1,\alpha )\), then \(Z_{0}^{2} \sim \chi ^{2}_{1}\), and if \(T=Z_{0}/\sqrt{V} \sim \mathsf {ST}(0,1,\alpha ,\nu )\), then
$$\begin{aligned} T^{2} = \frac{Z_{0}^{2}}{V} \sim \frac{\chi ^{2}_{1}/1}{\chi ^{2}_{\nu }/\nu } {\mathop {=}\limits ^{\mathrm {d}}} \mathsf {F}_{\nu }^{1} (: \text{ F } \text{ distribution } \text{ with } \text{ the } \text{ degrees } \text{ of } \text{ freedom } (1, \nu )). \end{aligned}$$

                    (10)
                

The Q–Q and P–P plots of the skew-t distribution are based on this property.
If \(Z \sim \mathsf {ST}(0,1,\alpha ,\nu )\), then \(X := \xi + \omega Z \sim \mathsf {ST}(\xi ,\omega ^{2},\alpha ,\nu )\). The parameters \((\xi , \omega ^{2}, \alpha , \nu )\) are the DPs.
The plots of the p.d.f.s of the skew-t distribution if \((\xi , \omega , \alpha , \nu )=(0,1,5,1), (0,1,-5,1)\) are given in Fig.  19.
Fig. 19[image: figure 19]
Skew-t density functions with \((\xi , \omega , \alpha , \nu )=(0,1,5,1)\) (left panel) and \((\xi , \omega , \alpha , \nu )= (0,1,-5,1)\) (right panel)


Full size image


If the distribution of the random variable X is \(\mathsf {ST}(\xi , \omega ^{2}, \alpha , \nu )\), then the expectation parameter \(\mu _{\mathsf {ST}} := \text{ E }(X) = \text{ E }(X) = \xi + \omega b_{\nu } \delta\) is the CP, where \(b_{\nu }:=\sqrt{\nu /\pi } \Gamma ((\nu -1)/2)/\Gamma (\nu /2)\), \(\delta =\alpha /\sqrt{1+\alpha ^{2}}\). Note that if \(\nu \le 4\), then the following corrected parameter is called the pusedo-CP:
$$\begin{aligned} \widetilde{\mu }_{\mathsf {ST}} := \xi + \omega b_{\nu + a} \delta , \end{aligned}$$

                    (11)
                

where \(a (\ge 1)\) is constant, and we often take \(a=1\). See Arellano-Valle and Azzalini (2013) for details.
The skew-t distribution \(\mathsf {ST}(0,1,\alpha ,1)\) is called the skew-Cauchy distribution. Note that Fig.  19 shows the p.d.f.s of the skew-Cauchy distributions.
1.2 E.2 Log-skew-t distribution
If the distribution of \(\log (Y)\) is the skew-t distribution \(\mathsf {ST}(\xi , \omega ^{2}, \alpha , \nu )\), then the distribution of Y is called the log-skew-t distribution \(\mathsf {LST}(\xi , \omega ^{2}, \alpha , \nu )\):
$$\begin{aligned} Y \sim \mathsf {LST}(\xi , \omega ^{2}, \alpha , \nu ) {\mathop {\Longleftrightarrow }\limits ^\mathrm{def.}} \log (Y) \sim \mathsf {ST}(\xi , \omega ^{2}, \alpha , \nu ), \end{aligned}$$

where
$$\begin{aligned} y \in \mathbb {R}^{+}, \quad \xi \in \mathbb {R}, \quad \omega \in \mathbb {R}^{+}, \quad \alpha \in \mathbb {R}, \quad \nu \in \mathbb {R}^{+}. \end{aligned}$$
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