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Introduction

Hub height wind resource estimation

𝑈 𝑧 =  
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Rewritten	equation

Neutral	winds	at	10	m	over	the	sea

2	measurements	at	
different	heights	required



U* methodologies

Wu method

𝐶.) = 0.8 + 0.065×𝑈10×1078

𝐶.) =
𝑢 ∗

:

𝑈10
:

Ø U10 dependant

Ø Best fit U<15 m/s

C10 = drag coefficent at 10 m
U10 = wind speed at 10 m
u* = friction velocity

Wu,	Wind-Stress	Coefficients Over	Sea	Surface From	Breeze to	Hurricane,	J.	of	geophysical research,	November	1982.



U* methodologies

ECMWF method

𝑏<=> = 𝑏?
@ + 𝑏A

@ ./@

𝐶.)C =
𝑘

𝑏<=>

:

𝑏? = −1.47 + 0.93 log.)
𝑧×𝑘×𝑈.)

𝑣×𝛼L

𝑏A = 2.65 − 144×log 𝐴 − 0.0015× log 𝐴 :

𝐴 =
𝛼OP

𝑔×𝑧 × 𝑘×𝑈.)
:

Ø Charnock parameter, kinematic viscosity
& U10 dependant.

Ø It can be used for different heights and
wind speeds.

v = Kinematic viscosity of air
αch = Charnock parameter
αM = 0.11
z = height

Hersbach,	Sea-surface roughness as	function of	neutral	wind speed,	ECMWF,	July	2010



U* methodologies

Maat method

𝐻∗ = 𝐵× 𝑐@ 𝑢∗⁄ 8/:

𝑢∗ =
𝑔:× 𝐻V

:

𝐵:× 𝑐@
8

𝐻∗ =
𝑔×𝐻V

𝑢∗ :

Ø Wave age and wave height dependant.

Ø It is supposed to hold for growing pure
wind waves.

H* = Dimensionless wave height
Cp = phase speed at the peak frequency
B = empirical coefficient
g = gravitational acceleration
Hs = Significant wave height

Maat et	al.,	The	roughness of	wind waves,	Boundary-layer Meteorology,	1991.
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Z0 methodologies

Iteration

𝑈 𝑧 =  
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𝑧
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𝑧) =  𝛼W
𝑈∗

:

𝑔

g =	gravity
αc =	Charnock’s parameter	(0.0144)
U(10) =	satellite	neutral	wind	speed

1. Calculate	U*	and	z0 at	10	m

2. Calculate	U	when	z	is	the	hub	height



Z0 methodologies

Fetch, Fetch_min & DTU_age methods
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./8 Ø For	fully develop,	wind generated
waves over	deep seas

Ø 10m	neutral	wind speed	and	fetch
dependant

Ø DTU_age is	only dependant of	wave
age

x	= fetch

Astrup et	al.,	WAsP	engineering flow	model for	wind over	land and	sea,	DTU,	1999.



Z0 methodologies

Log law

𝐶.) =
𝑢 ∗

:

𝑈10: =
𝑘

ln 𝑧 𝑧)⁄ − Ψ,

:

𝛼 = 0.48 𝑢∗ 𝑐@⁄

𝛼 = 0.025 𝑢∗ 𝑐@⁄

Smith & Toba

Ø Empirical equations

Ø Wave age dependant

Ø Under neutral	conditions
this	method is	friction
velocity and	10m	neutral	
wind speed	dependant

Smith	et	al.,	Sea	surface wind stress	and	drag coefficients:	The	hexos results,	1992.



Z0 methodologies

Speed & Age
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Ø For	wave age >	33

Sea state

D	= Empirical coefficient
L	=	Wave length

Edson	et	al.,	On	the	exchange of	momentum over	the	open	ocean,	American	Meteorological Society,	August	2013.



Z0 regimes
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Locations

Ø Insitu data	composed by	two	
meteorological masts in	the	North	
Sea,	Fino-1	&	Egmond aan Zee.



Data computation

Ø Quikscat +	ASCAT	are	compared with	50-
min	averages from	Egmond aan Zee	and	
Fino-1.

Ø Rain free	measurements.
Ø Only measurements under neutral	

conditions,	Tsea≃ Tair.



Results

Egmond aan Zee
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Results

Non-sea/wave dependant methods

Classification
parameters



Results

Fino-1 



Results

Egmond aan Zee



Results

Egmond wage age < 5
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Results

Egmond wave age < 2.5
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Results

Egmond U10 < 15 m/s
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Summary
• Maat method for friction it is only working for log_law method. Practically, there is no difference

between Wu and ECMWF methods.

• Results for Non-sea-data methods are not so far from sea-data results.

• Fetch method presents the best slopes in the regressions lines. However it should be noted
that both locations can be considered long fetch.

• After filtering data, most of measurements were taken under rough conditions. So, application
of roughness regimes had very small impact, for that reason fetch and fetch_min methods
have practically the same results.

Future plans:

• Keep checking methodologies at different locatios, mainly fetch method.

• Try the four selected methods under different wave ages, wind speeds and wave height.

• If we can get wind stress or friction velocity directly from satellites, we “just” need to calculate
surface roughness.




