Risk Management in the
Real World!

Lecture 3!

More on Fat Tails and Power
Laws!



Not Very Funny!!
a(A+B)=mm(aA, aB)

1
a(A") = — a(A)

n
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Derivatives

¥!'They pay In square ---typically!
¥!Variance swaps depend on E[X ?]
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Grass Not trees!

Payoff from Mildly OTM Options, SP500, 1986-2006
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Payoff from Deep OTM Options, SP500, 1986-2006
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o Stopping Time!
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Stable Distribution

For an introduction:!
¥!Wikipedia Is (as of March 2) correct!

¥!http://academic2.american.edu/
~|pnolan/stable/chapl.pdf !
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Pareto-Levy-Mandelbrot

¥1|d!
¥IBasin of Attraction!
¥!Triplet (sigma, beta,mu)!

¢ Let X, and X, be independent « stable random variables, with X, is a
S, (o.,B.,u),then X =X, + X, is a stable random variable with distribution S, (o, S, 1)
_ po” + B0,

with o =(0," +0,")"", B — ,
o +0,

s U=+ U
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Levi process alpha=2
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Levi process alpha =1.99




Switch to the tall

A Power law starts Oin the tailO!
Where Is the tail?!

You need to know the exponent to
know where the tail is E.and you
need to know the tail to know the
exponent!

Do not confuse Levi-alpha with PL
alpha (physicists call it mu)!



Not too fastt

¥!Speed of

Convergence Is : [ >~/

| o
slow for power L \;\\
laws (even If | J_,,..; S,
second moment is . aw W

Pnite)!
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Convergence to a Gaussian!

Moments are debned up to the alpha!

Convergence can be slow, very slowE!
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Convergence!

Scalable Regimes

Gausslan Regimes
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ItoOs Lemma with a Finite
Variance --but Scalable!
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Inverse Problems
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Student /Lognormal
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Levi process alpha =1.99!
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Log Characteristic Function

(-2 Mlog(¢™)
[ 20

Cn N)= ,
(—32 log (@) -1

¥!The Log of the Fourier Transform

allows for extraction of excess
moments under convolutions N!

¥1See attached note!
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The ldea of Preasymptotics!
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Distribution
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Share of Max Quartic Observation
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Fourth Moment Contribution
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Sampling Error & Talls!

¥! Shortfall EXTREMELY

sensitive to "

Alpha and mildly OTM Option
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Temporal Instability

Crude 0il: Annual Kurtosis 1983-2008
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Figure 1- Behavior of Kurtosis under aggregation: we lengthen the window of changes from 1 day to
50 days. Even for variables with infinite fourth moment, the kurtosis tends to drop under aggregation
in small samples, then rise abruptly after a large observation.
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Past & Future
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Regular is predictive of
regulat
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Risk Management!
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Use & Moment! M, =% " #"

Mo! M1! M2+!
OTrue/False! Expectations!
Medicine! Finance (Investments)! Derivative payoffs!
Psychology! Insurance! Calibration of nonlinear
models!

Bets (prediction markets)! General risk management! Kurtosis-based
positioning (Ovolatility

tradingO)!
Binary/Digital Climate! Cubic payoffs (strips of
derivatives! out of the money
options)!
Life/Death! Economics (Policy)!
What Else?! Security: Terrorism,
Natural catastrophes!
EAbout

EVERYTHING !l



APPLICATION!
DOMAINI!

Distribution 1
(Othin tailedO)!

Distribution 2!
(no or unknown
characteristic

scale)!

M :II

m

Simple payoffs!

MO!
(m=0)!

Safel

OK~!

p# d#

Complex payoffs!

M1+!
(M "1)!

OK~!

LIMITS of
Statistics!
(explosive,
pending on left/
right skewnesk
exposure)!




Option Pricingd

¥1Attached Note!
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Next Lecture

¥INext Lecture March 11!
¥IStarts at 5:30!
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