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m Teach 2nd/3rd year courses in Statistics
m Teach 1st year Statistics course for Business students
m Research: Statistical models for extreme weather events
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Introduction

Why is Statistics important?

m Probability and Statistics are the study of risk and
uncertainty

m What we eat and drink...

m ... Catching the bus...

...

m Any scientific experiment requires the analysis of data

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

m Although the questions can become complex, the solutions
almost always involve simple ideas of probability and
statistics!
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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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This has obvious implications for civil engineers and planners.
They need to know:

m how strong to make buildings/bridges;
m how high to build sea walls;

m how tall to build reservoir dams;

m how much fuel to stockpile.

This motivates the need to estimate what the
m strongest wind ;
m highest tide ;
m heaviest rainfall ;
m most severe cold-spell ,
will be.
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Rainfall: Flooding in North—West England, 2009

m £100 million worth of damage
m A number of deaths
m Massive transport disruption
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Sea—surge: Hurricane Katrina, 2005

Hurricane Katrina : Some facts
m killed nearly 2000 people
m displaced well over one million people
m cost the US economy an estimated $ 110 billion

Billed as the “storm of the century” — just a few weeks later,
Hurricane Rita battered Texas and Louisiana.
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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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Hands—on: Part A

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

60 26 21 43 41 45 92 59 50 45
69 48 22 34 57 26 42 42 56 118
83 48 30 34 128 37 55 30 31 91
40 133 55 110 48 51 32 39 33 34
45 17 27 29 124 79 97 50 118 338
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Shown below are these annual maxima for the years
1955-2004 (inclusive).

6.0
6.9
8.3
4.0
4.5

2.6
4.8
4.8
13.3
1.7

2.1
2.2
3.0
55
2.7

43 41
34 57
34 128
11.0 438
29 124

4.5
2.6
3.7
51
7.9

9.2
4.2
5.5
3.2
9.7

5.9
4.2
3.0
3.9
5.0

50 45
56 118
31 91
33 34
11.8 3.8

What is the probability that the annual maximum sea—surge will
exceed 10 feet?
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Shown below are these annual maxima for the years
1955-2004 (inclusive).

6.0
6.9
8.3
4.0
4.5

2.6
4.8
4.8
13.3
1.7

2.1
2.2
3.0
55
2.7

43 41
34 57
34 128
11.0 438
29 124

4.5
2.6
3.7
51
7.9

9.2
4.2
5.5
3.2
9.7

5.9
4.2
3.0
3.9
5.0

50 45
56 118
31 91
33 34
11.8 3.8

What is the probability that the annual maximum sea—surge will
exceed 10 feet?

P (sea—surge exceeds 10ft) =

6
— =0.12
50
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2. What is the probability that the annual maximum
sea—surge will exceed 14 feet?

0
P (sea—surge exceeds 14ft) = 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 feet. We are trying to work out the probability of
something more extreme than has ever happened before!
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Hands—on: Part B

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

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(5.5,3.1%)
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1. Now find the probability that the annual maximum
sea—surge will exceed 10 feet, i.e.
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1. Now find the probability that the annual maximum
sea—surge will exceed 10 feet, i.e.

Normal distribution for annual maximum sea-surges
Mean=5.5, St. Dev=3.1
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Hands—on: Part B

10 - 55
PX>10) = P(z>—_>°
(X >10) ( ~ 731 >
— P(z > 1.45)

= 1-P(Z <1.45)
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10 - 55
PX>10) = P(z>—_>°
(X >10) ( ~ 731 >
— P(z > 1.45)
— 1-P(Z <145)

= 1-0.9265
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P(X >10) = P<Z>103_15'5>

— P(Z > 1.45)
= 1-P(Z <1.45)
= 1-0.9265

= 0.0735
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Hands—on: Part B

2. Find the probability that the annual maximum sea—surge
will exceed 14 feet, i.e.

Dr. Lee Fawcett Probability and Statistics
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2. Find the probability that the annual maximum sea—surge
will exceed 14 feet, i.e.

Normal distribution for annual maximum sea-surges
Mean=>5.5, St. Dev=3.1
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P(X>14) = P (z > 143_15'5>

Dr. Lee Fawcett Probability and Statistics



Hands—on: Part B

P(X>14) = P (z > 143_15'5>

= P(Z >274)
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Hands—on: Part B

1455
PX>14) = P(z>-2">°
(X >14) ( ~ 731 >
— P(Z >274)

= 1-P(Z <2.74)
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1455
PX>14) = P(z>-2">°
(X >14) ( ~ 731 >
— P(Z >274)
— 1-P(Z <274)

= 1-0.9969
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Hands—on: Part B

1455
PX>14) = P(z>-2">°
(X >14) ( ~ 731 >
— P(Z >274)
— 1-P(Z <274)
— 1-0.9969

= 0.0031

Dr. Lee Fawcett Probability and Statistics



Hands—on: Part B

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

m The figures are quite different

m The “simple” approach uses real data

m The Normal distribution allows us to work out probabilities
beyond the range of our data...
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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

m The figures are quite different

m The “simple” approach uses real data

m The Normal distribution allows us to work out probabilities
beyond the range of our data...

m ... however, is the Normal distribution appropriate?
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Hands—on: Part C

1. Shown below is a histogram of the New Orleans
sea—surge data.
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1. Shown below is a histogram of the New Orleans
sea—surge data.

Annual maximum sea-surges at New Orleans, 1955-2004

Frequency

6 8 10
Sea surge (metres)
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Hands—on: Part C

Some comments
m Doesn't look like the Normal distribution!
m Quite asymmetric — positively skewed
m This could invalidate the Normal distribution calculations!
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We have a special distribution that we can use for extreme
values.

Dr. Lee Fawcett Probability and Statistics



Hands—on: Part C

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

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

Dr. Lee Fawcett Probability and Statistics



Hands—on: Part C

We have a special distribution that we can use for extreme
values.
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It is positively skewed and matches the shape of extreme data
very well.
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Hands—on: 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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Unlike the Normal distribution, we don’t have tables of
probabilities for the GEV.
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Instead, we use the following cumulative distribution
function (CDF) to find cumulative probabilities:
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Instead, we use the following cumulative distribution
function (CDF) to find cumulative probabilities:
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probabilities for the GEV.

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

P(X gx):exp{— [1+§<X;M)]_l/§}.

m 4 (“mu”) is the location parameter
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Hands—on: 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 gx):exp{— [1+§<X;M)]_l/§}.

m 4 (“mu”) is the location parameter
m o (“sigma”) is the scale parameter
m £ ("xi") is the shape parameter
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Hands—on: Part C

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

w=45 oc=22 £=04

Dr. Lee Fawcett Probability and Statistics



Hands—on: Part C

For our data, it can be shown that the best values to use are:
uw=45 c=22 £=04

This gives the following distribution:
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Hands—on: Part C

For our data, it can be shown that the best values to use are:
uw=45 c=22 £=04

This gives the following distribution:

Annual maximum sea-surges at New Orleans, 1995-2004

Frequency

6 8 12 14

Sea surge (metres)
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Hands—on: Part C

3. Using the CDF for the GEV distribution, find the probability
that the annual maximum sea—surge will exceed 14 feet,
i.e.
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Hands—on: Part C

3. Using the CDF for the GEV distribution, find the probability
that the annual maximum sea—surge will exceed 14 feet,
i.e.

GEV distribution for annual maximum sea-surges
mu=4.5, sigma=2.2, xi=0.4

14
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Hands—on: Part C

P(X>14) = 1-P(X <14)
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P(X>14) = 1-P(X <14)

Dr. Lee Fawcett Probability and Statistics
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P(X>14) = 1-P(X <14)

- e froe ()] )
~ 1-exp {_ 1404 (14255)}1/0-4}
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Hands—on: Part C

P(X>14) = 1-P(X <14)

- e froe ()] )
~ 1-exp {_ 1404 (14255)}1/0-4}

= 0.0782
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Hands—on: Part D

Comparison between the Normal and GEV distributions
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Comparison between the Normal and GEV distributions

P(X > 14) % Next 100 years
Normal distribution 0.0031 0.31% | Not even once!
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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!
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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
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Normal distribution 0.0031 0.31% | Not even once!

GEYV distribution 0.0782 7.82% | About 8 times!
Comments

m Much higher probability under the GEV
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Comparison between the Normal and GEV distributions

P(X > 14) % Next 100 years

Normal distribution 0.0031 0.31% | Not even once!

GEYV distribution 0.0782 7.82% | About 8 times!
Comments

m Much higher probability under the GEV
m Probably more realistic — looks more like the real data
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Hands—on: Part D

Comparison between the Normal and GEV distributions

P(X > 14) % Next 100 years

Normal distribution 0.0031 0.31% | Not even once!

GEYV distribution 0.0782 7.82% | About 8 times!
Comments

m Much higher probability under the GEV
m Probably more realistic — looks more like the real data

m The GEV has a mathematical foundation for extremes as
well!
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Hands—on: 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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Hands—on: Part D

We want the value z such that
P(Z >z)=0.001,
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Hands—on: Part D

We want the value z such that
P(Z >z)=0.001,
giving z = 3.0902.

Now we know that

2 _
z = H
g
?-55
3.0902 =
3.1
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We want the value z such that
P(Z >z)=0.001,
giving z = 3.0902.

Now we know that
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Hands—on: Part D

We want the value z such that
P(Z >z)=0.001,
giving z = 3.0902.

Now we know that

?_
z = o
g
?-55 .
3.0902 = 31 giving

3.0902x31 = ?-55
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Hands—on: Part D

We want the value z such that
P(Z >z)=0.001,
giving z = 3.0902.

Now we know that

?_
z = o
g
?-55 .
3.0902 = 31 giving

3.0902x31 = ?-55 i.e.
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Hands—on: Part D

We want the value z such that
P(Z >z)=0.001,
giving z = 3.0902.

Now we know that

?_
z = o
g
?-55 .
3.0902 = 31 giving

3.0902x31 = ?-55 i.e.

957962 +55 = 72, so

? = 15.08 feet.
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Hands—on: Part D

What about if the GEV distribution is used?
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What about if the GEV distribution is used?

Recall that we have
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What about if the GEV distribution is used?

Recall that we have

P(X S?)Zexp{— [1+g<?;u>yl/f},
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Hands—on: Part D

What about if the GEV distribution is used?

Recall that we have

P(X S?)Zexp{— [1+5<?;u>}‘1/5},

and that you were told that for our data, i = 4.5, 0 = 2.2 and
£=04.
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Hands—on: Part D

So we want

5 _ —-1/0.4
oo - [1r0a(2532)] "} - osns
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Hands—on: Part D

So we want

2 —45\] 104
exp {— [1 +0.4 ( 52 >] = 0.999
?—-45

[1+0.4<' 2; )]1/0'4 = —In(0.999)
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Hands—on: Part D

So we want

B ~1/0.4
exp{ [1+04( 45>] } = 0.999
5

[1+04< —4 )]1/0'4 —  In(0.999)

2.2
2 — 4.
1+0.4 ( 5 5) = [-In(0.999)]7%4
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Hands—on: Part D

So we want
B —~1/0.4
exp{ [1+04< 45>] } = 0.999
[1 +04 ( 52 )] = —In(0.999)
—4.5 o —04
1+04 ( 52 ) = [-In(0.999)]
?-45 [—In(0.999)]—°‘4 -1

2.2 B 0.4
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Hands—on: Part D

So we want

B ~1/0.4
exp{ [1+04< 45>] } = 0.999
5

-1/0.4
[1 +04 ( 2; )] —  In(0.999)
1+0.4 ( ;; 5) = [-In(0.999)]7%4
?-45  [-In(0.999)] %% -1
22 0.4

? = 371144 x22+45
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Hands—on: Part D

So we want

B ~1/0.4
exp{ [1+04< 45>] } = 0.999
5

-1/0.4
[1 +04 ( 2; )] —  In(0.999)
1+0.4 ( ;; 5) = [-In(0.999)]7%4
?-45  [-In(0.999)] %% -1
22 0.4

? = 371144 x22+45

? = 86.15feet

Dr. Lee Fawcett Probability and Statistics
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Why do Maths & Stats?

m You'll work on real-life , interesting problems

m 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

m Employers love this!
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Maths & Stats at Newcastle

m Three “Sections” — Pure, Applied and Statistics
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m Probability & Statistics (S)

m Modelling with Differential Equations (A)
[ ]

|

Number systems (P)
Other topics to choose from — even non—maths courses!
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Maths & Stats at Newcastle

m Three “Sections” — Pure, Applied and Statistics

m First year

Mathematical Methods (core)

m Probability & Statistics (S)

m Modelling with Differential Equations (A)
[ ]

|

Number systems (P)
Other topics to choose from — even non—maths courses!

m Assessment — exams, coursework, CBAs

m Timetable — about 18 hours per week
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m | don’t want to miss out on the ‘student life’ — so surely |
should move away from home?
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m | don’t want to miss out on the ‘student life’ — so surely |
should move away from home?

m Where is Newcastle in the ‘league tables’?

m Can | combine Maths/Stats with other subjects?
m What are the facilities like?

m What can | do after my Maths degree?
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m | don’t want to miss out on the ‘student life’ — so surely |
should move away from home?

m Where is Newcastle in the ‘league tables’?

m Can | combine Maths/Stats with other subjects?
m What are the facilities like?

m What can | do after my Maths degree?

m What is the MMath?
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All done!

Thank you! |

Bear us in mind when you make your choices!

| ee. fawcett @cl . ac. uk
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