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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.
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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 O inclicating the two variables are not related, near -1 inclicating theg

are inversely related and near 1 that theg are Positi\/e Yy correlated.

For more information: ht’cps: i statisticsbgjim.com /basics/correlations/



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

SPearman Rank Correlation

Mang 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 theg must have an increasing or

clecreasing relationshil:).

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

correlation.

For more information: ht’tps: . statisticsb\gjim.com /basics/ 5Pearmans~corrclation S/



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

Per capita cheese consumption
correlates with

Number of people who died by becoming tangled in their bedsheets

Correlation: 94.71% (r=0.947091)
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-®- Bedsheet tanglings == Cheese consumed

tylervigen.com
Data sources: U.S. Department of Agriculture and Centers for Disease Control & Prevention




Living Planet Index by region

The Living Planet Index (LPI) measures the average relative decline in monitored wildlife populations’ . The index
value measures the change in abundance in 38,427 populations across 5,268 species relative to the year 1970 (i.e.

1970 = 100%).
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Source: Living Planet Report (2022). World Wildlife Fund (WWF) and Zoological Society of London.
Note: Some regions of the world are will have experienced significant biodiversity loss prior to 1970, this earlier loss will not captured in this met

OurWorldInData.org/biodiversity «+ CC BY

1. Population: A population is a group of individuals of the same species that live in the same geographic area. A species will often have multiple or
many populations, each living in a different area.



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

A data.frame: 49 x 4
Entity Code Year Living.Planet.Index

<chr> <chr> <int> <dbl>
Latin America and the Caribbean 1970 100.000000
Latin America and the Caribbean 1971 101.007160
Latin America and the Caribbean 1972 99.523110
Latin America and the Caribbean 1973 95.212230
Latin America and the Caribbean 1974 89.556350
Latin America and the Caribbean 1975 83.397830
Latin America and the Caribbean 1976 78.072804
Latin America and the Caribbean 1977 73.043780
Latin America and the Caribbean 1978 69.559350
Latin America and the Caribbean 1979 67.465335
Latin America and the Caribbean 1980 65.049887
Latin America and the Caribbean 1981 62.513804
Latin America and the Caribbean 1982 58.292377
Latin America and the Caribbean 1983 53.373235
Latin America and the Caribbean 1984 49.697760
Latin America and the Caribbean 1985 46.941832

Latin America and the Caribbean 1986 44.316828

Latin America and the Caribbean 1987 40.647778
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° plot(latin_america$Year, latin americasLiving.Planet.Index)
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cor.test(latin america$Year, latin america$Living.Planet.Index, method = 'pearsor')

Pearson's product-moment correlation

data: latin america$Year and latin_ america$Living.Planet.Index
= -20.989, df = 47, p-value < 2.2e-16
alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
-0.9719666 -0.9135762
sample estimates:
cor
-0.9505752




° cor.test(latin america$Year, latin america$Living.Planet.Index, method = 'speam‘an')

Spearman's rank correlation rho

data: latin america$Year and latin america$Living.Planet.Index
S = 39190, p-value < 2.2e-16
alternative hypothesis: true rho is not equal to 0
sample estimates:
rho
-0.9994898




Data Transtormations

Computing the linear and nonlinear correlations is relatively straig‘ﬂtforwarcl. There are more aPProaches

that involve the knowleclge of the Phgsical 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 clecag. Population

growth 1S tgl:)icany exponential in the absence of any constraints. This data shows a Pol:)ulation decrease

so the proper model is not so clear but may be worth a trg. Since

log(eX) =X

we take the log of the data.




° cor.test(latin america$Year, log(latin america$§Living.Planet.Index), method = 'p%arson')

Pearson's product-moment correlation

data: latin america$Year and log(latin america$Living.Planet.Index)
t = -98.009, df = 47, p-value < 2.2e-16

alternative hypothesis: true correlation is not equal to 0
95 percent confidence interval:
-0.9986317 -0.9956596
sample estimates:
cor
-0.9975625




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

lot(latin america$Year, latin_ america$Living.Planet.Index)

Run cell (38/Ctrl+Enter) 1)
cell executed since last change

11:46 AM (5 minutes ago)
executed in 0.295s .Planet.Index ~ Year, data = latin_america)

Coefficients:
(Intercept)
3909.468
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° transformed model <- Ilm(log(Living.Planet.Index) ~ Year, latin_america); transf d_model
plot(latin_ america$Year, log(latin_america$Living.Planet.Index))
abline(transformed model)

Call:
Im(formula = log(Living.Planet.Index) ~ Year, data = latin america)

Coefficients:
(Intercept) Year
121.24194 -0.05914
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Reversing the transtormation to the original data we have the function

y= 4 5155x1052 * @-0.05915*

x = seq(from = 1970, to = 2018, length.out = 2000)
func <~ function(x) ¢

exp (121.2494) * exp (-0.05915*x)
}

y= lapplg (x, func)

Plot(latin_ﬁamericaﬁNaar, latin__america$T_,iving.Planet.lnclex)

lines (x, y)




© =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, vy)
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| ikelihood-Ratio Test

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

i nsta”.Packages ('Imtest)
ibrar9 (Imtest)

rtest(lm(Living.Planet.lndex ~ Year, latin_america), Im(log(Living.Planet.lnciex) ~ Year, latin_america))




° install.packages('lmtest’)
library(lmtest)
lrtest(lm(Living.Planet.Index ~ Year, latin america), lm(log(Living.Planet.Index) ~ Year, latin_ america))

Installing package into ‘/usr/local/lib/R/site-library’
(as ‘lib’ is unspecified)

also installing the dependency ‘zoo’

Loading required package: zoo

Attaching package: ‘zoo’

The following objects are masked from ‘package:base’:

as.Date, as.Date.numeric

Aanova:2 x5
#Df LogLik Df Chisq Pr(>Chisq)

<dbl> <dbl> <dbl> <dbl> <dbl>
3 -177.02203 NA NA NA
3 69.56658 0 493.1772 0
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Exercises

Compute t]’we FPearson ancl SPearman rank correla’tion For one 01[ t]’)é other regions 01[ tl’)é Living Plane’t

Index. Does the data appear to be linear or nonlinear? Whg?
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Appendix |: 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

€ ED < > D colab.research.google.com/notebooks/intro.ipynb d] + %8
File Edit View Insert Runtime Tools Help
+ Code + Text #2 Copy to Drive Connect v * Editing A
Table of contents O X Py /

Data science Welcome tO COlab!
{x}
Machine |
nnnnnnnnnnn g If you're already familiar with Colab, check out this video to learn about interactive tables, the executed
g  MoreResources code history view, and the command palette.
Feature d examples
o )
Section 3 Cool Google |
Colab Feature (—
e
T v
What is Colab?
<> Colab, or "Colaboratory", allows you to write and execute Python in your browser, with
= Zero configuration required
= e Access to GPUs free of charge
Fasv sharinn

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

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

hitps://colab.to/r



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

