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R Statistical Software
R is a free statistical analysis software package available for Windows, Mac and Linux. 


Binary distributions are available for Windows and Mac OS X at https://cran.r-project.org/.  Many Linux 
distributions have R available in the package management systems or check the link above.


Jupyter notebooks (Julia - Python - R) can also be set up with the R kernel.  Google Colab which is 
online Jupyter notebooks also can be used with R.  The appendices have instructions for programming 
in R using Google Colab.

https://cran.r-project.org/


Pearson Correlation

The Pearson correlation evaluates the relationship between two continuous variables.  The correlation can 
range between -1 and 1 with values near 0 indicating the two variables are not related, near -1 indicating they 
are inversely related and near 1 that they are positively correlated.


For more information:  https://statisticsbyjim.com/basics/correlations/

https://statisticsbyjim.com/basics/correlations/


Spearman Rank Correlation

Many variables do not have a linear relationship.  The Spearman rank correlation can be used for variables 
that have a nonlinear relationship that is monotonic.  Monotonic means they must have an increasing or 
decreasing relationship.


The Spearman rank correlation replaces the data for each variable with their ranks and then computes the 
correlation.


For more information:  https://statisticsbyjim.com/basics/spearmans-correlation/

https://statisticsbyjim.com/basics/spearmans-correlation/


Correlation and Causation
Correlation does not imply causation.

https://www.freecodecamp.org/news/why-correlation-does-not-imply-causation-the-meaning-of-this-
common-saying-in-statistics/



Data Set

This session will use Living Planet 
data from Our World in Data:


https://ourworldindata.org/
grapher/living-planet-index-by-
region


https://ourworldindata.org/grapher/living-planet-index-by-region
https://ourworldindata.org/grapher/living-planet-index-by-region
https://ourworldindata.org/grapher/living-planet-index-by-region


living_planet <- read.csv('https://gaiaes.com/living-planet-index-by-region.csv')

latin_america <- living_planet[living_planet$Entity == 'Latin America and the Caribbean', ]

latin_america

To make it easy for this session the data is placed on the internet but you may need to download it from 
Our World in Data and read it in from a local file.



Plot the data.


plot(latin_america$Year, latin_america$Living.Planet.Index)




Compute the Pearson Correlation


cor.test(latin_america$Year, latin_america$Living.Planet.Index, method = 'pearson')

The Pearson correlation is -0.951 which indicates a strong negative correlation.  The p-value is less than 0.05

which indicates it is statistically significant.



Compute the Spearman Rank Correlation


cor.test(latin_america$Year, latin_america$Living.Planet.Index, method = 'spearman')

The correlation is -0.999 which indicates a strong negative correlation.  The p-value is below 0.05 which 
indicates the correlation is statistically significant. 



Data Transformations
Computing the linear and nonlinear correlations is relatively straightforward.  There are more approaches 
that involve the knowledge of the physical problem and insight.  This is an example of such a method that 
uses data transformation.


The plot of the data for we have been considering looks like it may be an exponential decay.  Population 
growth is typically exponential in the absence of any constraints.  This data shows a population decrease 
so the proper model is not so clear but may be worth a try.  Since


log(ex) = x


we take the log of the data.



cor.test(latin_america$Year, log(latin_america$Living.Planet.Index), method = 'pearson')

So the Spearman rank correlation implied a nonlinear relation and we guess the model is exponential.  Then 
by applying a log transformation of the data we arrive at a higher linear correlation.



Plot the linear model


linear_model <- lm(Living.Planet.Index ~Year, latin_america); linear_model

plot(latin_america$Year, latin_america$Living.Planet.Index)

abline(linear_model)



Plot the model after the data transformation.


transformed_model <- lm(log(Living.Planet.Index) ~ Year, latin_america); transformed_model

plot(latin_america$Year, log(latin_america$Living.Planet.Index))

abline(transformed_model)



Reversing the transformation to the original data we have the function


y = 4.5155x1052 * e-0.05915*x


x = seq(from = 1970, to = 2018, length.out = 2000)

func <- function(x) {

  exp(121.24194) * exp(-0.05915*x)

}

y = lapply(x, func)

plot(latin_america$Year, latin_america$Living.Planet.Index)

lines(x, y)






The Likelihood-ratio test can be used to compare two models.


install.packages('lmtest')

library(lmtest)

lrtest(lm(Living.Planet.Index ~ Year, latin_america), lm(log(Living.Planet.Index) ~ Year, latin_america))

Likelihood-Ratio Test



The p-value is on the lower right of the table.  Since it is lower than 0.05 the exponential fit is significantly 
better than the linear fit.



Exercises
Compute the Pearson and Spearman rank correlation for one of the other regions of the Living Planet 
Index.  Does the data appear to be linear or nonlinear?  Why?



Appendix I:  Google Colab
Instructions for using Google Colab.  Google Colab is an online version of Jupyter Notebooks.  Go to

https://colab.research.google.com/notebooks/intro.ipynb

Click on the blue “sign in”button in the upper left corner and login to your Google account.


In the upper left corner click on File and New notebook.



Alternate approach

Go to https://accounts.google.com and log into your Google account.  In the upper right corner click on 
the icon with 3 x 3 dots and click on Drive.  Then click on + New, select More and then Google 
Colaboratory

https://accounts.google


Appendix II:  R-notebook in Google Drive
To create a new R-notebook use the link:


https://colab.research.google.com/notebook#create=true&language=r


or the shorthand version


https://colab.to/r

https://colab.research.google.com/notebook#create=true&language=r
https://colab.to/r

