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Probability and Statistics

Introduction

Introduction

My background

Brinkburn School, South Shields 1991–1996 (Now SSCS?)

STC 1996–1998: A Levels in Maths, Geography and History

Newcastle Uni 1998–2001: Degree in Maths & Stats

Newcastle Uni 2001–2005: PhD in Statistics

2005–2006: Time out to travel!
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Probability and Statistics

Introduction

Introduction

Lecturer in Statistics

Teach 2nd/3rd year courses in Statistics

Teach 1st year Statistics course for Business students

Research: Statistical models for extreme weather events

Other stuff: Admissions, recruitment, consultancy
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Probability and Statistics

Introduction

Introduction

Why is Statistics important?

Probability and Statistics are the study of risk and uncertainty

What we eat and drink...

... Catching the bus...

...

Any scientific experiment requires the analysis of data

Crime, Medicine, Genetics, Computing, Biology, Psychology,
Education, Astronomy, Climate change, Sports,...

Although the questions can become complex, the solutions
almost always involve simple ideas of probability and statistics!
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Probability and Statistics

Introduction

Are wholegrains really that good for you?
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Probability and Statistics

Introduction

How can my pigs gain weight more quickly?
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Probability and Statistics

Lying with Statistics

Lying with Statistics

There are three kinds of lies: Lies, damned lies and Statistics

It’s true – Statistics is all too often used to “prove a point” or
bolster a weak argument.

However, people can “lie” with Statistics unwittingly, simply by
being a little naive.
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Lying with Statistics

Speed cameras

Speed cameras: Friend or foe?
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Lying with Statistics

Speed cameras

Speed cameras: Friend or foe?
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Lying with Statistics

Speed cameras

Speed cameras: Friend or foe?

Some headlines

“Speed cameras reduce road deaths by 70%”

“Fatal casualties have fallen from 23 to 7 per annum due to
speed cameras”

“Speed cameras reduce serious casualties from 271 to 201 per
annum”

“Safety measures save lives”

Before After % change

Elwick Road 35 13 –63%
Nevinson Avenue 9 4 –56%
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Probability and Statistics

Lying with Statistics

Speed cameras

Hands–on I: Part A (everyone)

Hypothesis: Placing a piece of paper under a die causes it to
decrease the number of sixes it rolls.

The experiment

Take your die

Roll it twenty times and count the number of times you get a
six!

To help, as you carry out this task, complete the tally chart
you have been given

In a few minutes I will go round the room asking you to tell
me your name and the number of sixes you have rolled
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Probability and Statistics

Lying with Statistics

Speed cameras

Hands–on I: Part B (“high–scorers”)

The two students with the most sixes should now roll their dice
another 20 times

Again, count how many sixes you observe

In a few minutes I’ll ask you to give me your results
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Probability and Statistics

Lying with Statistics

Speed cameras

Hands–on I: Part C (everyone)

Complete the “before” and “after” table for the high–scorers

Calculate the total percentage change, i.e.

%change =
Total after− Total before

Total before
× 100%

Do you believe the hypothesis?
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Lying with Statistics

Speed cameras

Hands–on I: Part D (discussion)

When the “high–scorers” turned over their piece of paper:

Let’s suppose that

you = candidate speed camera site

number of sixes = number of casualties

high–scorers = chosen speed camera sites

Piece of paper = speed camera

If you don’t believe the piece of paper caused the change in the
number of sixes, why should we believe that speed cameras change
the number of casualties?
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Lying with Statistics

Speed cameras

Hands–on I: Part D (discussion)

Remember the previously quoted figures:

Before After % change

Elwick Road 35 13 –63%
Nevinson Avenue 9 4 –56%

This is typical:

Accident “blackspots” are chosen as speed camera sites

“blackspots” have an abnormally high number of casualties

In any “after” period, the number of casualties would
probably come down anyway, even without a speed camera
being installed!

This is known as Regression To (the) Mean, or RTM
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Probability and Statistics

Lying with Statistics

Speed cameras

Hands–on I: Part D (discussion)

So how much of the quoted reduction is due to the speed cameras?

We can work this out statistically using the Poisson distribution.

% change
Before RTM After ‘The lie’? ‘The truth’?

Elwick Road 35 23 13 –63% –43%
Nevinson Avenue 9 6 4 –56% –33%

What else could cause the number of casualties to come down

anyway, even without a speed camera?
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Lying with Statistics

Speed cameras

Regression To the Mean

RTM was first written about by Sir Francis Galton in his 1886
paper Regression Towards Mediocrity in Hereditary Stature

Tall parents have tall children...

... but the children don’t usually grow as tall as their parents!
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Lying with Statistics

Speed cameras

Regression To the Mean

Another example

Give a class of students a multiple choice exam in a subject
they have no knowledge about

The average score should be about 50%

Take the top 5 students (whose mean score might be, say,
80%) and give them another multiple choice exam

They’ll probably do worse the second time around, and their
mean score will “regress” toward 50%
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Probability and Statistics

Statistics of Extremes

Environmental extremes

Motivation

Statistical modelling of extreme weather has a very practical
motivation: reliability.

Anything we build needs to have a good chance of surviving the
weather/environment for the whole of its working life.
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Statistics of Extremes

Environmental extremes

Motivation

This has obvious implications for civil engineers and planners.
They need to know:

how strong to make buildings;

how high to build sea walls;

how tall to build reservoir dams

how much fuel to stockpile.

This motivates the need to estimate what the

strongest wind;

highest tide;

heaviest rainfall;

most severe cold–spell,

will be.
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Statistics of Extremes

Environmental extremes

Rainfall: Flooding in North–West England, 2009

£100 million worth of damage

A number of deaths

Massive transport disruption
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Statistics of Extremes

Environmental extremes

Drought
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Statistics of Extremes

Environmental extremes

Sea–surge: Hurricane Katrina, 2005
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Statistics of Extremes

Environmental extremes

Sea–surge: Hurricane Katrina, 2005
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part A

If we’re interested in flooding, or drought, or hurricane–strength
wind speeds and sea–surges, we’re not interested in averages –
we’re interested in the extremes!

Consider sea–surges in New Orleans. Suppose measurements are
taken offshore in the Gulf of Mexico once every day.

Since we’re interested in the extremes, we select the maximum
value for each year, and throw the rest away!
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part A

Shown below are these annual maxima for the years 1955–2004
(inclusive).

6.0 2.6 2.1 4.3 4.1 4.5 9.2 5.9 5.0 4.5
6.9 4.8 2.2 3.4 5.7 2.6 4.2 4.2 5.6 11.8
8.3 4.8 3.0 3.4 12.8 3.7 5.5 3.0 3.1 9.1
4.0 13.3 5.5 11.0 4.8 5.1 3.2 3.9 3.3 3.4
4.5 1.7 2.7 2.9 12.4 7.9 9.7 5.0 11.8 3.8

What is the probability that the annual maximum sea–surge will
exceed 10 metres?

P(sea–surge exceeds 10m) =
6

50
= 0.12
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part A

2. What is the probability that the annual maximum sea–surge
will exceed 14 metres?

P(sea–surge exceeds 14m) =
0

50
= 0

3. What is wrong with the probability in question 2?

It suggests that we will never see a sea–surge in excess of 14
metres. We are trying to work out the probability of
something more extreme than has ever happened before!
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part B

The mean of our data is 5.5 metres; the standard deviation is 3.1
metres.

If we assume a Normal distribution for our annual maximum
sea-surges, then we would write

X : Annual maximum sea surges (in meteres)

X ∼ N(5.5, 3.12)
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part B

1. Now find the probability that the annual maximum sea–surge
will exceed 10 metres, i.e.
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part B

P(X > 10) = P

(

Z >
10− 5.5

3.1

)

= P(Z > 1.45)

= 1− P(Z ≤ 1.45)

= 1− 0.9265

= 0.0735
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part B

2. Find the probability that the annual maximum sea–surge will
exceed 14 metres, i.e.
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part B

P(X > 14) = P

(

Z >
14− 5.5

3.1

)

= P(Z > 2.74)

= 1− P(Z ≤ 2.74)

= 1− 0.9969

= 0.0031
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part B

3. Compare your answers to those obtained in Part A.

P(X > 10) P(X > 14)

Simple 0.12 0
Normal dist. 0.0735 0.0031

The figures are quite different
The “simple” approach uses real data
The Normal distribution allows us to work out probabilities
beyond the range of our data...
... however, is the Normal distribution appropriate?
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part C

1. Shown below is a histogram of the New Orleans sea–surge
data.
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part C

Some comments

Doesn’t look like the Normal distribution!

Quite asymmetric – positively skewed

This could invalidate the Normal distribution calculations!
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part C

We have a special distribution that we can use for extreme values.

It is called the Generalised Extreme Value (GEV) distribution.

It is positively skewed and matches the shape of extreme data very
well.

In fact, it has been mathematically proven to be the limiting

distribution for extremes!
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part C

Unlike the Normal distribution, we don’t have tables of
probabilities for the GEV.

Instead, we use the following cumulative distribution function
(CDF) to find cumulative probabilities:

P(X ≤ x) = exp

{

−

[

1 + ξ

(

x − µ

σ

)]

−1/ξ
}

.

µ (“mu”) is the location parameter

σ (“sigma”) is the scale parameter

ξ (“xi”) is the shape parameter
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part C

For our data, it can be shown that the best values to use are:

µ = 4.5 σ = 2.2 ξ = 0.4

This gives the following distribution:
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part C

3. Using the CDF for the GEV distribution, find the probability
that the annual maximum sea–surge will exceed 14 metres, i.e.
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part C

P(X > 14) = 1− P(X ≤ 14)

= 1− exp

{

−

[

1 + ξ

(

14− µ

σ

)]

−1/ξ
}

= 1− exp

{

−

[

1 + 0.4

(

14− 4.5

2.2

)]

−1/0.4
}

= 0.0782
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part D

Comparison between the Normal and GEV distributions

P(X > 14) % Next 100 years

Normal distribution 0.0031 0.31% Not even once!
GEV distribution 0.0782 7.82% About 8 times!

Comments

Much higher probability under the GEV

Probably more realistic – looks more like the real data

The GEV has a mathematical foundation for extremes as well!
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Statistics of Extremes

Hurricane Katrina: New Orleans

Hands–on II: Part D

3. Much of the levee (sea wall) system protecting New Orleans
was destroyed during Hurricane Katrina.

The authorities now want to build a new levee that is tall
enough to withstand the once in a thousand year sea-surge.

Using the Normal distribution, how high would the authorities
need to build this sea wall?
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Statistics of Extremes

Hurricane Katrina: New Orleans

What about if the GEV distribution is used?
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Mathematics & Statistics at (Newcastle) University

Why do Maths & Stats?

You’ll work on real–life, interesting problems

You’ll gain lots of transferable skills, e.g.

Numeracy skills (obviously)

Problem–solving skills

Report–writing skills (Statistics)

Computing skills

Team–work on projects

Employers love this!

Dr. Lee Fawcett Probability and Statistics



Probability and Statistics

Mathematics & Statistics at (Newcastle) University

Maths & Stats at Newcastle

Three “Sections” – Pure, Applied and Statistics

First year

Mathematical Methods (core)

Probability & Statistics (S)

Modelling with Differential Equations (A)

Number systems (P)

Other topics to choose from – even non–maths courses!

Assessment – exams, coursework, CBAs

Timetable – about 18 hours per week
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Mathematics & Statistics at (Newcastle) University

FAQs

I don’t want to miss out on the ‘student life’ – so surely I should
move away from home?

Where is Newcastle in the ‘league tables’?

Can I combine Maths/Stats with other subjects?

What are the facilities like?

What can I do after my Maths degree?

What is the MMath?
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Mathematics & Statistics at (Newcastle) University

All done!

☛

✡

✟

✠
Thank you!

Bear us in mind when you make your choices!

lee.fawcett@ncl.ac.uk
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