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Previous techniques are not enough

Credit: Wikipedia 2

µ =  7.5
σ =  4.12
r  = 0.81
y =  3+0.5x
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Guess r
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x x
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No Correlation Non-linear Correlation
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r = 0 r = 0

Nonlinear correlation

• ρ = 0 does not necessarily 
mean that there is no 
correlation between the 
data: the relationship may 
be nonlinear

• Low performance is 
correlated to both high and 
low anxiety

• The relationship isn’t linear, 
but it is important
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Logarithms allow us to deal with nonlinear correlation

• Def. Linear = A straight line
• Def. Nonlinear

– As one variable increases, the other changes at 
a growing rate

– Any correlation in which the rates of change of 
the variables is not constant 

• Def. logos = proportion
• Def. arithmos = number
• Logarithms were invented in the c17th to make 

difficult calculations possible, by converting complex 
mathematical operations into simpler ones
– e.g. convert exponential data to linear data
– If a variable grows exponentially, its logarithm 

grows linearly
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Types of sequence

• Linear Growth 
– (Arithmetic)
– Increases by a fixed amount

in each equal time period
– Each term has a common 

difference

• Exponential Growth 
– (Geometric)
– Increases by a fixed 

proportion of the previous 
total

– Each term has a common 
ratio

P
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Example of exponential growth

• The Persian King receives a beautiful, hand-crafted 
chessboard by a courtier

• He is so impressed he promises any gift
• The courtier replies

A single grain rice on the first square of the 
board, doubling the amount of grain for each 
successive square

Result:
• To cover the first half of the board would require 

100,000 tonnes of rice
• To cover the entire board requires 7000 times the 

weight of the entire earth’s biomass

Source: Meadows et al. 1972:29 (via Porritt 2005) 7

Logs

• A log is the inverse (opposite) of an exponent

• The above is a log to the base 10

• Common bases:
– Log 10 log10(x) = log(x)
– Log e = Ln loge(x) = ln(x)

Note: e is a mathematical constant ≈ 2.71828 

zyx =)(log€ 

log10 100 = 2

€ 

102 =10×10 =100
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Method to transform nonlinear data into a linear relationship

Apply the Pearson coefficientTransform variables (X, Y) to make 
their relationship linear

Tools

Take the actual values and 
transform by arithmetical 
methods into new variables

Using y and log x
Using log y and log x
Using y and 1/ x
Using x and 1/ y

Tools

Used to measure the strength 
of the relationship
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US POPULATION

10Source: Moore & McCabe p.192

Date Population

1790 3.9

1800 5.3

1810 7.2

1820 9.6

1830 129

1840 17.1

1850 23.2

1860 31.4

1870 39.8

1880 50.2

1890 62.9

1900 76

1910 92

1920 105.7

1930 122.8

1940 131.7

1950 151.3

1960 179.3

1970 203.3

1980 226.5

1990 248.7

We can convert exponential 
data to linear data through 
the use of logarithms. 
Consider the following raw 
data, giving the population 
of the United States from 
1790-1990, in millions of 
persons
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US POPULATION (2)

• We can plot the graph quite easily
• Insert à Chart à Line 
• Set Category (X) axis labels: DATE
• Series: POPULATION

Convert to log scale

US POPULATION (3)

Date Population Log/Pop

1790 3.9 1.360976553

1800 5.3 1.667706821

1810 7.2 1.974081026

1820 9.6 2.261763098

1830 12.9 2.557227311

1840 17.1 2.839078464

1850 23.2 3.144152279

1860 31.4 3.446807893

1870 39.8 3.683866912

1880 50.2 3.916015027

1890 62.9 4.141546164

1900 76 4.33073334

1910 92 4.521788577

1920 105.7 4.660604893

1930 122.8 4.810557016

1940 131.7 4.880526609

1950 151.3 5.019264621

1960 179.3 5.189060381

1970 203.3 5.314682721

1980 226.5 5.422744945

1990 248.7 5.516247351€ 

= ln(3.9)
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US POPULATION (4)

• Now lets graph the log function
• We’ve transformed a nonlinear data 

series to a linear graph

US POPULATION (5)

• Exercise: What is the correlation?

• In Excel, click
– Function Wizard (fx )
– CORREL
– Array 1: Dates
– Array 2: Population

0.983475

• Alternatively, just type CORREL(Array 1, Array2)
• Note: This gives the same result as the command 

“PEARSON”
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What is time series analysis?

15

Long 
term 

trends

Short 
term 

variation

Data 
over 
time

Why do we use time series analysis?

Record 
history

Interpret 
history

Forecast 
the future

16
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Main factors of time series analysis

Components Description

A general direction in which something tends to 
move when analysed in a long term perspective

• Moving average can smooth out fluctuations

Periodic fluctuations that occur at regular times 
during the week/month/year

An interval during which a recurring sequence 
of events occurs

Trend

Seasonality 

Cycle

Random The stochastic effects that are not captured by 
the other components (also called noise)

The most 
difficult 
component to 
be identified 
is the cycle

17

Airline Passengers

18

A clear, almost linear trend
emerges, indicating that the 
airline industry enjoyed a steady 
growth over the years concerned

The monthly figures follow an almost 
identical seasonal pattern each year 
(more people travel during holidays 
then during any other time of the year) 
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Seasonal Patterns in the Growth of Children

Month Weight Height
January 11.26 79.8

February 11.39 79.66

March 11.37 79.91

April 11.1 80

May 10.87 80.1

June 10.8 80.23

July 10.77 80.07

August 10.79 79.79

September 10.87 79.94

October 10.74 79.8

November 10.89 79.39

December 11.25 79.51

Source: Linda D. McCabe and the Agency for International Development (Cited in Moore & McCabe 1999:38) 19

The following 
tables give the 
average weights 
and heights of 
Egyptian 
toddlers who 
reach the age 
of 24 months in 
each month of 
the year

Seasonal Patterns in the Growth of Children (2)
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Seasonal Patterns in the Growth of Children (3)

Conclusion
• Both plots have high seasonal variability, but it works in 

opposite directions – when one is high the other is low
– Height and Weight are inversely related

• The plots imply that in summer two-year olds tend to be 
taller and skinner than average; and in winter they’re 
shorter and heavier
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Using trend to compensate for seasonality
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Extend trend 
into the future

Apply the 
appropriate 
seasonal factor

Exclude 
residuals

Construct the forecast Evaluate the different models  

Step

Use the previous 
models to get the 
new values

Calculate the 
seasonal part and 
interpolate with the 
new values

Eliminate the noise 
between the data

Description Step Description

Compare 
additive and 
multiplicative 
models output

Make a comparative 
evaluation of the 
performance of the 
different models

Forecasting

23

Description:

CHOOSING THE BEST MODEL

Choose the 
model with 
less 
predictive 
errors

Choose the 
most simple 
model

Perform out-of-
sample 
forecasting

•There shouldn’t 
be any kind of 
structure / 
pattern in the 
graph error

•The events must 
be occasional

•Quantify the 
forecasting 
errors by using 
indicators of

– distortion
– precision

•In the case of 
equal predictive 
results, get the 
most simple model

•Test the model 
leaving some final 
data (e.g. last year 
sales) to be 
compared with the 
values proposed by 
the model (sales 
result of the wall 
for those years)

Forecasting

Observe the error 
graph

24
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Forecasting

25

Type Formula

Naive

Average

Exponentially 
weighted moving 
average

€ 

Ft+1 = At

€ 

Ft+1 =
At∑
n

€ 

Ft+1 =αAt +α(1−α)At−1 +α(1−α)2At−1 + ...
Where Σ[α+(1-α)+…] = 1

Examples of time series graphs

26
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Solutions
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Guess r

y

x x

y

No Correlation Non-linear Correlation
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r = 0 r = 0
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• This presentation forms part of a free, online course 
on analytics

• http://econ.anthonyjevans.com/courses/analytics/
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