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The Right Answers to the Wrong Questions

“The Unreasonable Effectiveness of Mathematics in the 
Physical Sciences”  Eugene Wigner, February 1960

• “It is not at all natural that ‘laws of nature’ exist, much less that 
man is able to discover them.” (Quoting Schroedinger)

• “The only theories which we [Physicists] are willing to accept 
are the beautiful ones.” (Quoting Einstein)

• “It is important to point out that the mathematical formulation 
of the physicist’s often crude experience leads in an uncanny 
number of cases to an amazingly accurate description of a large 
class of phenomena.”
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The Right Answers to the Wrong Questions

“The Unreasonable Effectiveness of Mathematics in the 
Physical Sciences”  Eugene Wigner, February 1960

• “Mathematical models in Physics allow us (in very limited 
circumstances) to predict and therefore control the future.

• NASA Cassini Mission
– Newton’s Equations (and Einstein’s)

– Maxwell’s Equations

– Quantum Mechanics

• It would be surprising if Economists did not attempt to emulate 
the amazing success of the physical sciences (and engineering) 
in using mathematical models in Finance.

• However...
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The Right Answers to the Wrong Questions

“The Unreasonable Effectiveness of Mathematics in the 
Physical Sciences”  Eugene Wigner, February 1960

• “It is not at all natural that ‘laws of nature’ exist, much less that man 
is able to discover them.”

• There is no guarantee that ‘laws of economics’ should exist or 
that economists should be able to discover them.

• This is a very ambitious goal which should be approached with 
caution.
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The Right Answers to the Wrong Questions

“The Unreasonable Effectiveness of Mathematics in the 
Physical Sciences”  Eugene Wigner, February 1960

• “The only theories which we [Physicists] are willing to accept are the 
beautiful ones.” 

• This is also true of Economists (or at least of Economists who 
attempt to exploit mathematical models).
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The Right Answers to the Wrong Questions

“The Unreasonable Effectiveness of Mathematics in the 
Physical Sciences”  Eugene Wigner, February 1960

• “It is important to point out that the mathematical formulation of 
the physicist’s often crude experience leads in an uncanny number of 
cases to an amazingly accurate description of a large class of 
phenomena.”

• It is perhaps unkind, but nevertheless accurate, to point out the 
this has not been the case for the mathematical models of  
Economics.
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The Right Answers to the Wrong Questions

What do I mean by ‘Finance’?
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From Robert Merton’s Nobel Prize lecture: 

“The special sphere of finance within economics is the study of the 
allocation and deployment of economic resources...in an uncertain 
environment.”

I will focus on aspects of finance in which academics attempt to model 
features of financial markets in general and risk in particular.
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The Right Answers to the Wrong Questions

What do I mean by ‘Mathematical Model’?
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The use of a mathematical object (such as an equation) to describe 
a process from Finance (such as the determination of a price from 
known inputs or market data).
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The Right Answers to the Wrong Questions

• What is the correct price of risk?

• The risk of selling Apple shares to buy CitiGroup shares

• The risk of buying Greek Government bonds

• The risk of insuring against a default by General Motors

9

One Question in Finance is Always the Right Question
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The Right Answers to the Wrong Questions

Too Often the Question Answered is:
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What would the price of risk be if markets behaved as our 
models say they do?
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The Right Answers to the Wrong Questions

A Selection of 10 Missed Opportunities, 1900-2010
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The Right Answers to the Wrong Questions

1) Louis Bachelier’s Théorie de la Spéculation, 1900

• Bachelier’s thesis provided a mathematical model for prices of 
French Government bonds (and options on those bonds)

• In a tour de force of mathematical invention he anticipated 
Einstein, Kolomogorov, Ito and others in important discoveries 
in what we now call stochastic calculus.

• He used market data to test his model and reported reasonable 
agreement (as did the distinguished panel of thesis examiners).

• This was the first appearance of the normal distribution as a 
model for price changes. It was largely unknown for the next 60 
years

12
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The Right Answers to the Wrong Questions

 Louis Bachelier’s Théorie de la Spéculation, 1900

• We know now that relative price changes (returns) are more 
appropriate.

• Definition of today’s return:

13

3 Missed Opportunity: 1900 Louis Bachelier’s Théorie de
la Spéculation

In 1900 Louis Bachelier’s thesis, dedicated to Henri Poincaré who was then Professor of
Mathematical Physics and Probability at the Sorbonne, was accepted by a distinguished
panel of mathematicians and published in the Annals of the Ecole Normale Supérieure.
This remarkable work anticipated Einstein’s results on Brownian motion by five years
and contained a wealth of new material that was largely forgotten and rediscovered by
other stellar names in mathematics over the subsequent sixty years. (Ref to Mark Davis’
book)

-The idea of random draws from a probability distribution ( the Normal Distribution)
as a model of price movements. - Box of ping pong balls with positive and negative
percentages. - restrictive nature of this assumption. Everybody has a copy of only one
box. To make any box from this one, we have only to know two numbers, A (which must
be positive) and B (which can be anything). We take the standard ping pong balls, one
at a time and a stack of new balls and for each number we draw out of the standard box
we multiply it by A and add B to the result. We print that number on the new ball and
start again.

Everyday the holder of the IBM box draws a ball and records that result as the
return on IBM for that day. Now the idea is not to say that IBM prices move each day
because of such a process, but to say that if there was such a process, nothing we observe
about IBM prices would be any di!erent from what we see now.

The audacity of this model is breathtaking! IBM listed on the NY Stock Exchange in
1916. Ping pong balls were made from cellulose back then and IBM made hand cranked
adding machines. But we’re supposed to believe that the same box of ping pong balls
still describes the price changes today. Likewise, another box that was put into service
in 1980 has been producing the prices for Apple Computer without change for the last
30 years.

Not only does the IBM box di!er by only the two constants from the standard box,
it follows that it di!ers only by two similar constants from Apple’s box and from the
box that models the US-Canadian Dollar exchange rate, the price of oil, the Shanghai
Stock Index and so on. You get the idea. This is not exactly plausible. Or is it?

Bachelier studied the price behaviour of French Government bonds (and options on
those bonds) and compared the predictions of his models with real market behaviour.
According to the report of the examiners the agreement was good.

He studied price changes however it would have been more consistent to have studied
returns , that is, relative price changes. These are what matters to the value of your
investment. When returns are used in what follows we will typically look at daily
percentage returns.

rToday =
PriceToday ! PriceY esterday

PriceY esterday
" 100 (1)

Here is an example of the di"culty of comparing such a theory with reality.
Picture of the Duck and Mouse companies. One of which is Walt Disney Co. The

others are constructed by computing the mean and standard deviation of the daily re-
turns for Walt Disney Co. and generating random draws from a normal distribution with
those parameters. The sequence of these ‘returns’ applied to the initial price produces
the other price graphs. They all look similar to each other in t

The First Missed Opportunity was the failure to follow up Bachelier’s proposal with
statistical analyses of markets, making use of the burgeoning power of modern statistics.

3

• Treating returns as if they were drawn independently from a 
normal distribution is a legacy of Bachelier’s approach. 
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The Right Answers to the Wrong Questions

 Louis Bachelier’s Théorie de la Spéculation, 1900

• A model of the model

– Imagine a very large box filled with ping pong balls.  

– Each has a percentage marked on it, 2.3%, -1.2%, 0.45% etc.

– Every day your job is to stir up the box, draw one ball at random, 
record the number and replace it in the box.

– If your box is labelled IBM, these numbers will be the daily 
percentage changes in IBM’s share price at the close of trading.

14
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The Right Answers to the Wrong Questions

 Louis Bachelier’s Théorie de la Spéculation, 1900

• A model of the model cont’d

– To make a new box we simply need two new numbers ‘a’ (which 
is positive) and ‘b’ which can be any real number. 

– For each ball in your box we get a new one by multiplying the 
return by ‘a’ and adding ‘b’. This gives us the box for another 
company.

– The boxes labelled Apple, Goldman Sachs, The Walt Disney 
Company and so on generate the daily returns for these 
companies.

– In every case, over time a record of the results will look like 
random numbers drawn from a normal distribution.

15
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The Right Answers to the Wrong Questions

 Louis Bachelier’s Théorie de la Spéculation, 1900

• This is an incredibly audacious model!

– Every stock price distribution differs from a given one only 
by changing the two parameters ‘a’ and ‘b’.

– IBM listed NYSE 1916 and Apple Listed Nasdaq 1980 differ 
in this model only by adjusting the parameters ‘a’ and ‘b’ of 
the underlying distribution.

– However implausible this may seem, there are reasons for 
having tried it.

16
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The Right Answers to the Wrong Questions

 Louis Bachelier’s Théorie de la Spéculation, 1900

• The next picture shows how much price histories can look as if 
they were generated in the way this model suggests.

• One is the Walt Disney Company. The rest are generated by 
random draws as in Bachelier’s model with the same ‘a’ and ‘b’ 
as the Walt Disney Company.

17
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The Right Answers to the Wrong Questions

 Louis Bachelier’s Théorie de la Spéculation, 1900
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The Right Answers to the Wrong Questions

2) Fisher, Standard and Mean Absolute Deviations 1920

• Ronald (later Sir Ronald) Fisher the famous statistician engaged 
Sir Arthur Eddington, the famous astronomer, in a somewhat 
esoteric debate.

• The subject was the use of two competing statistics for 
estimating the variability of a population from a sample. 

19
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The Right Answers to the Wrong Questions

Fisher, Standard and Mean Absolute Deviations 1920
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Bachelier’s approach would later be developed by Samuelson, Black, Scholes, Merton and
others to answer the question: What’s the price of an option when returns are normally
distributed. (They aren’t, unfortunately, and that’s how you get the first right answer
to the first wrong question.)

4 Missed Opportunity: 1920 Fisher,Eddington, the Stan-
dard Deviation and the Mean Absolute Deviation

It is particularly ironic that Ronald Fisher (later Sir Ronald Fisher FRS and one of the
main contributors to the development of modern statistics) was in the right place at the
right time to have discovered a statistical tool that allows us to distinguish the real Walt
Disney Co. price chart from the Disney Impersonators.

Those of you who have some familiarity with statistics will remember that the most
basic operation is the calculation of an average. In the case of our model for IBM prices,
if we could empty the box and average all of the returns we’d know the long term trend
of IBM’s share price. If we now want to measure the variability around that average we
have two choices (you may have only been show one of them). They both involve taking
an average. In the first case we just measure how far each draw is from the mean - so
if the mean is 0.05% per day a draw of -2% is 2.05% away from the mean and a draw
of 1.55% is 1.5% away from the mean. If we average all of those distances we get the
mean absolute deviation. Now humour me and divide the result in half. That number
is denoted by the lower case Greek letter ‘omega’ .(If you are still in the audience on
Friday you’ll find out why this is a good thing to do).

If instead you square all of the distances from the mean, average those and then take
the square root of the answer, you get what is called the standard deviation. There’s a
Greek letter for this one too, it’s ‘sigma’.
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(ri ! µ)2 (3)

Both " and ! are good measures of the dispersion of the results of your draws about
the mean. But there’s a very good reason (which you have to wait until Friday for) to
prefer ! to ". In fact one is always a constant multiple of the other so and that multiple
is just the ratio !

" . This issomething like a fingerprint of a distribution. Every box
of ping pong balls created from the master box has the same ratio. And if we draw a
sample from any one of those boxes we will get a number close to that one. The bigger
the sample the closer it will be. Unlike a fingerprint it doesn’t give us a positive ID. It
does the next best thing and tells us when we can rule out the possibility that a sample
has come from a particular distribution. In the case of the Normal distribution:

CS1 =
"

2# (4)

which is approximately 2.51. There were 283 days of returns in the time period on the
graph of prices and the next picture shows the result of 33 days of taking consecutive
samples of 250 days from that data. We know (i.e. Cascon and Shadwick know) that with
samples from a normal distribution only 5% will be above 2.58 or below 2.44. (This is
what is known as a confidence interval). The impostors all fit easily between these bands.
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Eddington said ‘omega’ and Fisher said ‘sigma’.
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The Right Answers to the Wrong Questions

2) Fisher, Standard and Mean Absolute Deviations 1920

• Fisher won, but certainly by giving the right answer to the 
wrong question.

• He missed a powerful statistical fingerprint of a distribution: the 
ratio of the two statistics.

• Where statisticians saw an argument, geometers saw an 
invariant. The ratio, which we call the first CS character, is 
invariant under changes of  the parameters ‘a’ and ‘b’. 

21

Bachelier’s approach would later be developed by Samuelson, Black, Scholes, Merton and
others to answer the question: What’s the price of an option when returns are normally
distributed. (They aren’t, unfortunately, and that’s how you get the first right answer
to the first wrong question.)

4 Missed Opportunity: 1920 Fisher,Eddington, the Stan-
dard Deviation and the Mean Absolute Deviation

It is particularly ironic that Ronald Fisher (later Sir Ronald Fisher FRS and one of the
main contributors to the development of modern statistics) was in the right place at the
right time to have discovered a statistical tool that allows us to distinguish the real Walt
Disney Co. price chart from the Disney Impersonators.
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Friday you’ll find out why this is a good thing to do).
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does the next best thing and tells us when we can rule out the possibility that a sample
has come from a particular distribution. In the case of the Normal distribution:

CS1 =
"
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which is approximately 2.51. There were 283 days of returns in the time period on the
graph of prices and the next picture shows the result of 33 days of taking consecutive
samples of 250 days from that data. We know (i.e. Cascon and Shadwick know) that with
samples from a normal distribution only 5% will be above 2.58 or below 2.44. (This is
what is known as a confidence interval). The impostors all fit easily between these bands.
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The Right Answers to the Wrong Questions

2) Fisher, Standard and Mean Absolute Deviations 1920

• For a normal distribution CS1 is approximately 2.51.  In a 
sample of 250 points from a normal distribution there is only 1 
chance in 20 of observing a value greater than 2.58.

• There’s only one chance in 100 of observing a value greater 
than 2.68.

• In Bachelier’s model we should see a value close to 2.51 for the 
returns of every stock.

• Here’s what we see for the ‘Duck and Mouse’ Company 
returns.

22
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The Right Answers to the Wrong Questions

Remember What the ‘Price Histories’ Look Like
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The Right Answers to the Wrong Questions

Here’s What the CS1 Statistics Look Like
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The Right Answers to the Wrong Questions

3) Fisher and Tippet Discover Extreme Value Statistics 
Before the 1929 Crash

25

Yes, it’s the same Fisher.

But don’t apply them to Stock Market Prices.
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The Right Answers to the Wrong Questions

Extreme Value Statistics Before the 1929 Crash
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• Imagine that your grandparents (or great-grandparents) got the 
IBM box in 1916. 

• Since then your family has kept a record of all of the largest 
numbers drawn in every 5 days, every 10 days, every 20 days, 
every N days etc.

• These ‘extreme values’ are also random numbers.
• As N goes to infinity they will appear to have been drawn from 

one of only 3 possible boxes. (Even if your box is not a normal 
distribution.)

• This remarkable result says that you don’t need to be able to 
model a distribution to be able to model its ‘tails’ (i.e. the 
extreme events.)
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The Right Answers to the Wrong Questions

 Common Sense Statistics Before the 1929 Crash
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The July 1929 peak corresponds to a 71% annual increase!
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Extreme Value Statistics Before the 1929 Crash
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Dow Jones Report Worst Return Probability Expected Breach Breach
Index Date (prev. 250 days) of Loss Shortfall Date Return

Estimate

1929 31-Dec-28 -3.75 1 day in 121 -6.11 - -
31-Jan-29 -3.75 114 -6.30 - -
28-Feb-29 -3.75 101 -6.35 25-Mar-29 -4.11
31-Mar-29 -4.11 100 -7.01 - -
30-Apr-29 -4.11 107 -6.85 22-May-29 -4.22
31-May-29 -4.22 90 -7.17 - -
30-Jun-29 -4.22 101 -7.22 - -
31-Jul-29 -4.22 106 -7.15 - -

31-Aug-29 -4.22 97 -7.24 - -
30-Sep-29 -4.22 83 -7.16 3-Oct-29 -4.22

23-Oct-29 -6.33
28-Oct-29 -13.47
29-Oct-29 -11.73

Oct. Average -8.94
Breach

31-Oct-29 -13.47 411 -23.97 - -
30-Nov-29 -13.47 257 -24.65 - -

By 30 Sept 1929, the Normal Distribution said the probability 
was 1 day in 1461 and the Expected Shortfall was -4.59%.
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Extreme Value Statistics Before the 1929 Crash
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Dow Jones Report Worst Return Probability Expected Breach Breach
Index Date (prev. 250 days) of Loss Shortfall Date Return

Estimate

1929 30-Sep-29 -4.22 1 day in 83 -7.16 - -
1-Oct-29 -4.22 83 -7.19 - -
2-Oct-29 -4.22 83 -7.20 3-Oct-29 -4.22
3-Oct-29 -4.22 76 -7.27 - -
4-Oct-29 -4.22 76 -7.24 - -

7-Oct-29 -4.22 75 -7.23 - -
8-Oct-29 -4.22 75 -7.24 - -
9-Oct-29 -4.22 75 -7.24 - -

10-Oct-29 -4.22 75 -7.25 - -
11-Oct-29 -4.22 75 -7.28 - -

14-Oct-29 -4.22 75 -7.25 - -
15-Oct-29 -4.22 76 -7.20 - -
16-Oct-29 -4.22 73 -7.21 - -
17-Oct-29 -4.22 72 -7.23 - -
18-Oct-29 -4.22 71 -7.22 - -
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Extreme Value Statistics Before the 1929 Crash
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Dow Jones Report Worst Return Probability Expected Breach Breach
Index Date (prev. 250 days) of Loss Shortfall Date Return

Estimate

1929 21-Oct-29 -4.22 1 day in 67 -7.26 - -
22-Oct-29 -4.22 67 -7.25 23-Oct-29 -6.33
23-Oct-29 -6.33 143 -10.79 - -
24-Oct-29 -6.33 143 -10.72 - -
25-Oct-29 -6.33 143 -10.75 28-Oct-29 -13.47

28-Oct-29 -13.47 551 -23.35 - -
29-Oct-29 -13.47 420 -23.87 - -
30-Oct-29 -13.47 402 -24.20 - -

On 22 Oct 1929, the Normal Distribution said the probability was 1 day in 536 and the 
Expected Shortfall was -4.65%.

On 25 Oct it was 1 day in 58,000 and the Expected Shortfall was -6.67%.
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Common Sense Statistics Before the 2008 Crash

31

• Northern Rock (the UK bank that collapsed in Sept 2007) had 
a 250-day mean return equivalent to 63% annual increase in 
October 2006.

• In the same month Bank of America’s equivalent annual increase 
was 37%.

• In February 2007 Citi’s equivalent annual increase was 28%.

• Nobody who understands either exponential growth or the rudiments 
of the finance industry could have thought these numbers were 
sustainable. 
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The Right Answers to the Wrong Questions

 4) Alfred Cowles First Statistical Analysis of Market 
Prices, 1933

• Cowles asked: “Can Stock Market Forecasters Forecast?”

• His answer was “No” (but he ignored risk).

• The wrong question: Did Investment A make more money than 
Investment B?

• The right question: Would Investment A make more money than 
Investment B if both entailed the same level of risk?

32
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Alfred Cowles First Statistical Analysis of Market Prices

33
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The Right Answers to the Wrong Questions

5) Markowitz ‘Modern Portfolio Theory’ 1952-59

• Risk makes an explicit appearance in the models.

• But it is modelled by sigma.

• Normality assumption (not made by Markowitz) is the 
inevitable consequence.

• We’re still paying for this.
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The Right Answers to the Wrong Questions

6) Osborne, Log-normal Prices and Efficient Markets

35

‘Log returns’ 

Markowitz never advised the use of a normal distribution many if not most of the ap-
plications that followed assumed a multivariate normal joint distribution for the returns
on risk assets (of all types). This reduces every aspect of risk to the computation of
correlations and standard deviations and the wrong question it led to has been answered
in great detail ever since.As we’ll see when we come to the final (and most unfortunate)
missed opportunity, this played and continues to play a major role in the inadequate
approach to risk that has been institutionalized in the finance industry.

8 Missed Opportunity: 1959 E!cient Markets and Log-
normal Prices

Statistical Mechanics analogy M.F.M. Osborne. Osborne uses visual comparisons of a
variety of real data histograms and empirical cumulative distributions and notes devia-
tion from the distribution of a normal random variable in the upper and lower 5% ranges
(in other words he observes fat tails) but dismisses these departures in favour of an ele-
gant derivation of a random walk model. (Ref to Wigner’s ‘irresponsible’ physicists– at
least they have the excuse of excellent agreement of theory and experiment/observation)

This appears to have confirmed the belief that prices are lognormal. (Later used
by Samuelson as well but he may have come to it independently). This means that
if, instead of computing returns as usual, you calculate the logarithm of the ratio of
successive prices.The ‘log return’ is not what you’ll see in your retirement account. It is
given by

RToday = log(
PriceToday

PriceY esterday
)! 100 (5)

Note that if you use the approximation that

log(1 + x) " x (6)

for small x you also have R " r when r is small. This is frequently cited as a reason
(actually an excuse) for using log returns rather than returns. The error in this ap-
proximation can be very large, especially when returns are compounded (daily returns
introducing a large number of small errors or monthly returns introducing fewer but
much larger errors).

The real reason for using log returns is that if you make some simple assumptions
you can prove that the log returns are normally distributed. The same statistic that
found the impostors in the Walt Disney Co. graph shows that these ‘log returns’ are not
normally distributed either. This means that the assumptions can’t possibly be satisfied
(because the proof is correct). This illustrates the downside of mathematical models.
They can lead with perfect certainty to a conclusion that is wrong, not because a proof
is erroneous or a computation incorrect, but because the assumptions that are required
to make the model a close approximation to reality are simply not valid.

9 Missed Opportunity: 1962, 1963, 1964 Factor Models
and The Capital Asset Pricing Model (CAPM)

Linear regression model ‘explains’ pricing of risk on the assumption that risk is standard
deviation of returns and market exposure is determined by correlation.

Active managers attempt to find stocks that will rise faster than the market index
when it is rising. They also attempt to find ‘defensive’ stocks that will hold their value

7

Markowitz never advised the use of a normal distribution many if not most of the ap-
plications that followed assumed a multivariate normal joint distribution for the returns
on risk assets (of all types). This reduces every aspect of risk to the computation of
correlations and standard deviations and the wrong question it led to has been answered
in great detail ever since.As we’ll see when we come to the final (and most unfortunate)
missed opportunity, this played and continues to play a major role in the inadequate
approach to risk that has been institutionalized in the finance industry.
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The Right Answers to the Wrong Questions

Osborne, Log-normal Prices and Efficient Markets

• If ‘Log returns’ are random draws from any distribution with 
finite standard deviation, you can use a powerful result called 
the Central Limit Theorem to prove that they must be normally 
distributed.

• The proof is correct.  

• The conclusion is wrong.

• Osborne used this result to derive ‘Efficient Market’ behaviour 
from his model.
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The Right Answers to the Wrong Questions

Osborne, Log-normal Prices and Efficient Markets

• Log returns are not normally distributed.

• The proof is correct.  

• The conclusion is wrong.

• The assumptions required by the Central Limit Theorem must not be 
satisfied.
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7) Factor Models and the Capital Asset Pricing Model, 
1962-64

• These are example of what the physicists call ‘elegant’ models.

• They incorporate risk and explain how it influences price.

• They are simple.

• Far too simple.
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Factor Models and the Capital Asset Pricing Model,

• The return on a stock S is related to the return on a market 
Index (say the S&P 500 Index) by a wonderfully simple model.

40

better than the market index when the market drops. The linear regression model says
that once you know the correlation of a stock to the market and its standard deviation
you know everything there is to know about that stock. One of the things you know is
that it will rise and fall with the market with exactly the same rate,

rS = ! + "rI (7)

" = correlation(rS , rI)!
#S

#I
(8)

Among the wrong questions this leads to, perhaps the most striking is ” What is the
value added by active stock selection according to a model which says that stocks of the
sort sought by active managers don’t exist.”

This is not a purely academic point. It leads directly to the conclusion that Index
tracking funds are preferable to actively managed funds. Of course in a market downturn
of the sort we’ve just witnessed, index tracking funds tracked the S&P 500 Index as it
lost 53%. And remember that when you lose 50% you need a 100% gain to get back
where you started.

One tool that emerged from this was what is now known as the Sharpe Ratio, which
W.F. Sharpe introduced as a measure of the performance of mutual fund managers.
Returns from such managers, recorded monthly at least, are one of the rare examples
of financial returns that are close to normally distributed. Subsequent right answers to
the wrong question emerged from this as the Sharpe ratio was applied as a performance
measure to hedge fund returns, which are not remotely normal.

10 Missed Opportunity: 1962,1963,1967 Mandelbrot Stud-
ies Fat Tails in Market Returns

In the early ‘60s Benoit Mandelbrot identifies evidence in a variety of market data of tails
that are much fatter than is consistent with the by now prevailing model of lognormal
prices. He examines the mathematical requirements of a model of (log) returns as random
draws from a fixed distribution and deduces that that returns can only be modelled by
a distribution chosen from a collection discovered by Paul Lévy ( Called Stable Paretian
distributions by Mandelbrot and Lévy-stable distributions by everybody else.)

The only Lévy-stable distribution that has finite standard deviation is the normal
distribution. Mandelbrot concludes that market returns have infinite standard deviation.
Just as the academic finance community is accepting the use of standard deviation to
model risk.

Not surprisingly, his work was greeted with less than overwhelming acceptance, even
from those who were convinced that tails were too fat to be normal.

Given his subsequent (and related) work on fractals and self-similarity, it is not
di!cult to see how the financial data led Mandelbrot down the road he was going to
take anyway.

The next slide show price movements with a fequency of days in one case and minutes
in the second, with one of them rescaled. There is no time scale on the horizontal axis
and there is no hope of telling one from the other without it.

The wrong question, to which Mandelbrot gave the right answer was, ”If returns are
draws from a fixed class of Lévy-stable distributions, is the standard deviation of market
returns finite?”
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• The Fund rises or falls with the index according to its ‘Beta’ and 
this is given in terms of their standard deviations by:
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from those who were convinced that tails were too fat to be normal.
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di!cult to see how the financial data led Mandelbrot down the road he was going to
take anyway.

The next slide show price movements with a fequency of days in one case and minutes
in the second, with one of them rescaled. There is no time scale on the horizontal axis
and there is no hope of telling one from the other without it.

The wrong question, to which Mandelbrot gave the right answer was, ”If returns are
draws from a fixed class of Lévy-stable distributions, is the standard deviation of market
returns finite?”

As we’ve already seen, the notion that a fixed distribution generates returns now
and for all time is hopelessly naive and the time series techniques that were to make
this quite apparent (and lead to Engle’s Nobel Prize) were being developed even as he
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The Right Answers to the Wrong Questions

Factor Models and the Capital Asset Pricing Model,

• These models have a lot of consequences.

• Stocks cannot behave differently with respect to the market 
when it is rising and falling.

• So active managers are searching for stocks that the model says 
don’t exist.  The model says Peter Lynch is a statistical fluke.

• This has driven the expansion of ‘Index Tracking’ funds.

• They lose 50% every time the S&P 500 Index does.
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8) Mandelbrot Studies Fat Tails in Market Data 1962-67

• Mandelbrot observed extreme behaviour in market prices (fat 
tails) inconsistent with the model of independent draws from a 
fixed normal distribution.

• Instead of changing the independent draws model he changed 
the distribution.

• Given the requirements he viewed as ‘natural’ (in the sense of 
the physicists) he was forced to choose between the normal 
distribution (which his observations excluded) and distributions 
with infinite variance.
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8) Mandelbrot Studies Fat Tails in Market Data 1962-67

• Just as Economists were embracing the idea that ‘sigma = risk’ 
Mandelbrot was telling them that sigma was infinite.  Their risk 
model was hopelessly wrong according to Mandelbrot.

• He offered no alternative risk measure.

• He still seems to be genuinely surprised that they did not 
embrace his approach to fat tails.

• Econometricians abandoned the independent draws model 
soon after. Market data is generally acknowledged to have 3 
moments-so Mandelbrot was wrong about infinite variance.
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9) J. Picklands III Unifies Extreme Value Theory Tools, 
1975

• Picklands demonstrates the relation between ‘Peaks over 
Threshold’ and the EVT of Fisher and Tippett.

• This provides the workhorse application for modelling 
extremes in the Insurance Industry.

• It has been largely ignored by the Finance Industry.

• (Not because it isn’t needed or because it doesn’t work.)
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Picklands Unifies Extreme Value Theory Tools
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10) BCBS Accepts Value at Risk, 1995 (and counting) 

• BCBS is the Basel Committee for Bank Supervision (formed in 
1974 by the G-10 Finance Ministers).

• It is the international body that recommends ‘best practice’ in 
bank regulation. 

• It sanctions a method for calculating capital reserves required 
for Banks to ensure against losses. 

• This method is called ‘Value at Risk’ or VaR for short.
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 BCBS Accepts Value at Risk, 1995 (and counting) 
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• 99% Value at Risk is the answer to the question: “What is the 
worst loss we should expect 99 days in 100?”

• Therefore it is also the answer to the question: “What is the 
least we should expect to lose 1 day in 100?”

• In either formulation it omits the critical question:

•  “What should we expect to lose on that 1 day in 100?”
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Statisticians Know the Answer: Expected Shortfall

• 99% Value at Risk is simply the dividing line between what 
happens 99 days in 100 and 1 day in 100.

• 99% Expected Shortfall answers the question: “What should we 
expect to lose 1 day in 100?”

• 99% Expected Shortfall (ES) is the average outcome on that 1 day 
in 100.
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 BCBS Accepts Value at Risk, 1995 (and counting) 
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• As a ‘risk measure’,  VaR is not the right answer to the wrong 
question.  As the physicist Wolfgang Pauli once said of a paper 
he rejected in disgust:  “It isn’t even wrong”.

• VaR has nevertheless been accepted as the method by which 
banks calculate their regulatory capital requirements. 

• The same banks that tax payers in most countries had to bail 
out...

• Because they didn’t have enough reserves to cover their true 
risk.
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 BCBS Accepts Value at Risk, 1995 (and counting) 
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• This situation can easily be corrected.

• VaR can be supplemented with Expected Shortfall.

• Both can be calculated using Extreme Value Theory (as in the 
Insurance industry).

• This would have made a great deal of difference in the current 
crisis.

• But that’s for tomorrow’s presentation.
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