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Probability distribution of sea surface winds: Why do we care?

Surface Exchange
surface fluxes depend on surface winds, in general nonhnear

= mean fluxes depend on higher-order wind moments

Power Generation
wind power potentially significant source of energy
wind power density scales as cube of wind speed; higherorde
moments important
Extremes
extreme high winds have important social, economic impacts

This talk will consider influence of variable surface sfiasition and
boundary layer thickness on the wind speed pdf
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Vector Wind Moments
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Mean and Skewness of Vector Wind

Joint pdfs of mean and skew for zonal and meridional winds
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Wind Speed Moments
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Wind Speed pdf: Weibull distribution

The pdf of wind speea has traditionally (and empirically) been
represented by 2-parameter Weibull distribution:
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Wind speed pdfs: observed and modelled
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Notation

along-mean wind component
= cross-mean wind component
(u,v)

wind speed

= boundary layer depth
SAT-SST

N 8 2
|
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Wind speed pdfs: mechanisms

®m Mechanistic model op(w) based on boundary layer momentum
budget
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Wind speed pdfs: mechanisms

Mechanistic model op(w) based on boundary layer momentum
budget

Previous work considered combined influence of
surface drag (nonlinear)

downwards mixing of momentum from aloft (constant)
“ageostrophic forcing" (mean and fluctuating)

Momentum budget averaged over BL (neglecting horiz. adwelct
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BL momentum budget: direct stratification effects

Earlier studies assumed 30

® neutral surface
stratification

W constanth

Non-neutral surface
stratification influences drag
coefficient
™ unstable stratification
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W stable stratification COARE Parameterisation
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Wind speed pdf: direct stratification effects

Wind variability on shorter timescale than
Sensible to think ofv pdf equilibrated to instantaneois p(w|T)
Then have
p(w) = [ plwlT)p(T) T
h constant=- analytic solution of Fokker-Planck equation fgro|T")

For simplicity, takep(7T") Gaussian

p(T) ~ N(ur,07)

p(w) computed over realistic range pf, o

Surface stratification effects- insignificant influence on shape of
p(w)
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Wind speed pdf: direct stratification effects
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Wind stress - SST coupling: observations

Average over May-June 2003
{a) Kuroshio (b) GuIf Stream

Spaﬁaﬂy High-Pass FJMefed

Wind Stress Magrituce (him’) i

Fig. 2. Maps of spatially high-pass filtered 2 months (May-June 2003} average wind stress magnitude (Mm%, color) and 55T
{*C, contours, interval 0.5°C, zero contour omitted ). Data from QuikSCAT scatterometer and AMSR-E. {a) Morth-west Pacific,
Kuroshio region, (b} North-west Atlantic, Gulf Stream and North Atlantic Current region, (c) South-west Atlantic, Brazil-Malvinas
confluence, and {d) Southern Indian Ocean, Agulhas Return Current.

UVi C Warm SST=- faster winds (e.g. Small et al., Dyn. Atmos. Oceans, 2008)
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BL momentum budget: variable A

Marine boundary layer
thickness variable, driven by
surface and BL top buoyancy
fluxes, shear
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BL momentum budget: variable A

® Marine boundary layer
thickness variable, driven by
surface and BL top buoyancy
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® Variable boundary layer depth
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= dilution (concentration) of
turbulent fluxes in thick (thin)
BL

From ERA-40 Reanalysis
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BL variability: idealised model

W Simple model of BL variability

d 1 C
e lhawi s
dt Th +we—|—7'h
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BL variability: idealised model

Simple model of BL variability

d 1

e Ly &
o dt Th TH

where( ~ red noise

Entrainment rate in momentum budget given by

1
We = w: - _max(Ca O)
Th

“Large-scale" winds equal in BL
U(z,t) =u(t) z<h

and relax toward specified shear in free atmosphere

1
gU(z,t) = —(Us+Az—-U) z>h

@ UVic ot Tenn
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Wind speed pdf: variable BL effects

skew(w)
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Wind speed pdf: variable BL effects

h = const
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Conclusions

|dealised mechanistic model accounts for shapg ef), but unable to
capture large positive skewness

Surface stratifications- insignificant influence on shape pfw)

“Observational" evidence that positive skew associated with highly
variable BL height

Accounting in model for variablé = larger skeww) values, better
agreement with observations

Main cause: dilution (concentration) of turbulent momentiluxes in thick
(thin) BL
Agreement still imperfect

very coarse representation of BL processes

model neglects feedback of winds on BL evolution

Need for more complex BL model; goal of future research

) UVic

The ndf of Sea Surface Winds:Effects of Variable Stratifmmatnd Boundarv Laver Height — p. 18/18



	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?
	small Probability distribution of sea surface winds: Why do we care?

	
ormalsize Vector Wind Moments
	
ormalsize Mean and Skewness of Vector Wind
	
ormalsize Wind Speed Moments
	
ormalsize Wind Speed pdf: Weibull distribution
	
ormalsize Wind Speed pdf: Weibull distribution
	
ormalsize Wind Speed pdf: Weibull distribution
	
ormalsize Wind Speed pdf: Weibull distribution

	
ormalsize Wind speed pdfs: observed and modelled
	
ormalsize Notation
	
ormalsize Wind speed pdfs: mechanisms
	
ormalsize Wind speed pdfs: mechanisms
	
ormalsize Wind speed pdfs: mechanisms
	
ormalsize Wind speed pdfs: mechanisms
	
ormalsize Wind speed pdfs: mechanisms
	
ormalsize Wind speed pdfs: mechanisms

	
ormalsize BL momentum budget: direct stratification effects
	
ormalsize BL momentum budget: direct stratification effects
	
ormalsize BL momentum budget: direct stratification effects
	
ormalsize BL momentum budget: direct stratification effects
	
ormalsize BL momentum budget: direct stratification effects
	
ormalsize BL momentum budget: direct stratification effects
	
ormalsize BL momentum budget: direct stratification effects

	
ormalsize Wind speed pdf: direct stratification effects
	
ormalsize Wind speed pdf: direct stratification effects
	
ormalsize Wind speed pdf: direct stratification effects
	
ormalsize Wind speed pdf: direct stratification effects
	
ormalsize Wind speed pdf: direct stratification effects
	
ormalsize Wind speed pdf: direct stratification effects
	
ormalsize Wind speed pdf: direct stratification effects

	
ormalsize Wind speed pdf: direct stratification effects
	
ormalsize Wind stress - SST coupling: observations
	
ormalsize BL momentum budget: variable $h$
	
ormalsize BL momentum budget: variable $h$
	
ormalsize BL momentum budget: variable $h$
	
ormalsize BL momentum budget: variable $h$
	
ormalsize BL momentum budget: variable $h$

	
ormalsize BL variability: idealised model
	
ormalsize BL variability: idealised model
	
ormalsize BL variability: idealised model
	
ormalsize BL variability: idealised model

	
ormalsize Wind speed pdf: variable BL effects
	
ormalsize Wind speed pdf: variable BL effects
	
ormalsize Conclusions
	
ormalsize Conclusions
	
ormalsize Conclusions
	
ormalsize Conclusions
	
ormalsize Conclusions
	
ormalsize Conclusions
	
ormalsize Conclusions
	
ormalsize Conclusions
	
ormalsize Conclusions


