ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
FINNISH METEOROLOGICAL INSTITUTE

Effects of Stability on
Wind Gusts

Irene Suomi
Timo Vihma

Carl Fortelius
Sven-Erik Gryning




gL
Al

4445

—

?

Why gusts




Challenges in the boreal reglons v

s ) 4

Representatlwty oL
* Measur
o1 Q

&

tv'

ko AQ

S




IIIIII

FINN

TIETEEN LAITOS

ISH METEOROLOGICAL INSTITUTE

Definitions

Gusts at Finnish AWS stations are recorded as a
maximum of 3 s averages during a 10 min sampling
period (WMO standard)

Mean wind speed is an average over 10 min period

Gustiness is a measure of how much the gust wind
speed differs from the mean wind speed

Umax
U
U

Peak factor; 9i1 =
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Gusts and stability?
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Gust and mean wind speeds in near neutral conditions (green) are larger than
in stable conditions (black/blue), unstable conditions (red) are spread over a
large interval.
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Gust factor and stability?
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Gust profiles over a grassland...
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These cases include profiles for which the 10 m level
mean wind speed is within the range 4.5 -5.5m s
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...and over a forest
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These cases include profiles for which the lowest level (30 m) mean wind speed is witl
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Comparison of the surface types
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Over a flat grassland G= U Over a forest
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Gust stations In Finland
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10 min data mainly available from 2006 onwards, except Helsinki Kaisaniemi (from 2001)
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Gust factors, differences between stations

U Mean G Sector mean G: max — min
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Dally extreme gusts
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Two types of parametrizations for gusts

A) Surface methods B) Profile method(s)

» Wieringa (1973) » Brasseur (2001)

« Woetmann Nielsen ja Petersen « (Operational ECMWF/IFS method)
(2001)

Wischer Schreur ja Geertsema
(2008) — (in operational HIRLAM)

Suomi et al. (2012)
Operational ECMWF/IFS method
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Gust parametrizations: surface methods

Mainidea: U_, =U+u'=U +g,;0,

max

Same as derived from the definition of a gust factor:

Umax :]__'_Umax_U :1_|_Umax :1+gtT_

G =
U U s, U T U

Two parameters needed:

U
1) Oir = = 2) Oy
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A) Surface method used in HIRLAM

o _ Umax -U
G =1+ gt,T FG U gt,T o o,

Assumptions

« oy =Vv2E where E is the turbulent kinetic energy from the model

» Coefficient for the ratio of observed and model standard deviation

T .4\ 0-555
Tor— <1 — 0.069 - exp (—2.3 : 4 - )) - exp (0.116 . (UN ) )

» Peak factor is derived from probabilistic considerations and turbulence spectra

g=|2xIn 5 ! 1/2 T:[ Jo S(f)df ]1/2
T /27 In (%) 2n [ f28(f)df
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A

l

B) Profile method: Brasseur (2001)

Boundary layer top

Weeimae = Max[VU%(z,) + VA(z,)]

Basic idea:

Surface gusts are formed by turbulent
eddies which deviate air parcels moving
at some height within the boundary layer
down to the surface so that they retain
their original wind speed and form the
gust at the surface.

Hence, the wind gust estimate (WGE) is
the maximum wind speed of the layer
where the mean turbulent kinetic energy
is larger than the integral of the buoyancy
flux.
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Example: neutral case
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Example: unstable case
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Example: stable case
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Comparison of model results:
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Comparison of model results:
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Comparison of model results:
Rantasalmi (lake)

Rantasalmi, z=12 m
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Comparison of model results:
Rantasalmi (lake)
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Comparison of model results
Lammi Evo (forest)
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Comparison of model results:
Lammi Evo (forest)
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Example case: Tapani storm 26 December 2011

Observations
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Hirlam surface method
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Example case: Tapani storm 26 December 2011

Observations Brasseur profile method
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Summary

The largest factor determining the gust factor is surface roughness
Gustiness conditions at Finnish AWS stations are highly variable

Gust factor forecast is good over lake (and coastal regions), but has
large differences over land: model turbulence (the gust factor) is
estimated too large in the example cases

Gust wind speed forecast can be good even though the gust factor is
overestimated and/or the mean wind speed is too small in the model

Effect of stability is included in (some of) the gust parametrizations.
Over boreal regions this signal can, however, be hidden by the
effects of surface roughness.
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