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https://upload.wikimedia.org/wikipedia/commons/9/97/Strommast.JPG
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How to model extreme winds?
— Global climate models

http://www.cs.toronto.edu/~sme/PMU199-climate-computing/pmul99-2012F/Globe_as_a_grid.jpg

3-dimensional grid to compute
temporal changes of
atmospheric variables

E
Prognostic Variables:

e wind, pressure, temperature,
humidity
> Integrated by solving the
* Navier-Stokes-Equation
« Continuity-Equation
e 1st Law of Thermodynamics

o

[ Diagnostic variables:

e precipitation, cloudcover,
radiation, ...

> Calculated by using
parameterizations
(sub models) for each grid cell

Horizontal resolution:
— around 200 km
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How to get a higher spatial resolution?

— Regional Climate Models

/

Global Model
Low resolution (~200 km)
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Regional Model
High resolution (~20 km)

(Giorgi et al., 2006)
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* Process oriented

> Identify individual
cyclones and follow
then in space and
time

e Data IO, NOAA, U.S. Navy, NGA, GEBCO .
Sl Image @ 2011 TerraMetrics b Google
Image IBCAO

"85 ©2011Transnavicom, Ltd

“N 4850'50/94" W elev -11516 ft

Eyealt 7168.10 mi O




How to study extreme windstorms?

* Process oriented

> identify individual
cyclones and follow then
In space and time

GOOgle

ye alt 7168.10 mi

* Impact oriented

0.06
|

> study the wind climate at 1
a certain point in space

Density
0.04
1

0.02
l

0.00
[

I [ [ [ [ I
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Wind speed [m/s]
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How to gain robust information about events that occur
only a few times in our whole time series?

— Extreme Value Statistics

Fisher-Ti ppet-Theorem: Generalized extreme value densities

Block maxima of a sequence of independent S 7
and identically distributed random variables
converge to the Generalized Extreme Value @ |
(GEV) distribution

0.

0.3
1

=

Density

GEV/(z; p, 0, €) = exp {— 1+&(54)]

0.2

0.1

0.0

X
All with n=0, o = 1. Asterisks mark support-endpoints
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Extreme value statistics in practice:

 Take a time series of wind speeds

e Calculate the annual maxima

 Fit a GEV distribution to annual maxima
e Determine the so called “return levels”

- For example:

» the 20-year return level is exceeded on average every
20 years

* The probability of exceedance in one year is 1/20=0.05

» Building regulations are usually based on the local return
levels of wind speeds
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An example
Data: regional climate model output for one grid point in Germany
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Can we fit a GEV distribution with parameters
that depend on time?

« Stationary case — parameters of GEV distribution are
constant in time:

GEV(u,0,¢)
 Non-stationary case — parameters of GEV distribution are
depend on time Radiative forcing (RF) of
RCM simulations
GEV(u(t),o,§)  fr

 Linear trend .

p(t) =Bo+ B1-t
 Dependence on another variable

u(t) = Bo + p1 - RF(t)

Rad. forcing anomaly [W/m"2]

1980 2000 2020 2040 2060 2080 2100

Year
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Non-stationary examples:
for regional climate model output for one grid point in Germany

Winter half-year maximum of
daily maximum 10 m wind speed
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of statistical models for a given set
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Non-stationary examples:
for regional climate model output for one grid point in Germany

Winter half-year maximum of
daily maximum 10 m wind speed

Which model is the best?

« The Akaike Information Criterion
(AIC) measures the relative quality
of statistical models for a given set
of data
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parameters to the maximum of the
likelihood function
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Non-stationary examples:

for regional climate model output for one grid point in Germany
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daily maximum 10 m wind speed
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Which model is the best?

« The Akaike Information Criterion
(AIC) measures the relative quality
of statistical models for a given set
of data

e AIC compares the number of
parameters to the maximum of the
likelihood function

AIC values for different models

GEV(u,0,§) AIC= 347.6
GEV (u(t),o,&) AIC= 346.6
GEV (u(t),o(t),§) AIC= 347.5
GEV/(u(t),o(t),&(t)) AIC=348.8
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Winter maximum wind speeds
Time period 1970-2100
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