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= An extreme event is most commonly defined in terms of the

= Understanding extremes is important because climate and weather

= The general problem of understanding extremes is their scarcity:
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= The extrapolation into the uncharted tails of a PDF can divided into
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[ hree Methods.to, Study. Extremes

A approach —
provides methods to extrapolate from the well sampled center to the
unsampled tails of a PDF using mathematical (asymptotic) arguments.

= The empirical-physical approach

uses physical reasoning based on empirical knowledge to provide a basis for
the extrapolation into the scarcely sampled tails of the PDF.

= The numerical modeling approach

——

. 2ims to estimate the the'tails'of the'PDF by integrating a general circulation
A-model (GCM) for a very long period.




A more General Perspective
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The study of extreme cllmatlc ‘events has been Iarqelv empmcal

Most investigators used observations or model output to estimate
the probabilities of extreme events without actually addressing the
detailed dynamical/physical reason for the shape of the PDF.

= we try to address the dynamical/physical reason for the shape of the PDF.
= we hope to better understand the dynamics/physics and statistics of
extreme events in climate from first dynamical principles.
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Measures of Non- Gau33|an|ty

Skewness Kurtosis
/— positive
negative \ (Ieptokurtic)
(platykumc)

..Skewness and kurtosis are non-dimensional measures
describing the shape of a probability density function (PDF)

For data drawn from any PDF we have (Pearson 1916):




Obsenvations

- Atmospheric Geopotential Height
- Atmospheric Vorticity and Potential Vorticity
- Sea Surface Temperature

- Sea Level Heights

And found the following properties in almost all of them:

Skewness-Kurtosis Link Power-Law Tails

kurt > %skew2 —r
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Dataset from Reynolds et al. (2006)
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log[P(lzeta’l)]
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X and Y, the anomalous nonlinear te"ndency fo fﬁ slow companent has
terms of the form

If we parameterize the fast anomaly y’ as a stochastic white-noise process n,
we obtain a stochastic differential equation with

dx, 7 - ’ 14
=...+xy+(x+x)n—xn
dt

m——

In general, the linearized univariate equation can be written:

dx’

==A . x+(0-0x"F' + R
dt eff ( ¢ )




ProperiesofiounModel

= The (excess) kurtosis '~|s-always-greater than 1.5 tlmes
the square of the skewness S minus an off-setr:
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The PDF p(x) has power-law tails:

- The observed skewness-kurtosis link,

—

the observed power-law

are consistent with our model !
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We presented a null hypothesis derived from first principles
that can explain the remarkable observed quadratic

relationship between kurtosis and skewness, as well as
the power-law tails of climate PDFs.




