The effect of baroclinicity on the wind profile in
the atmospheric boundary layer
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Outline

@ Should we account for baroclinicity when looking at 'tall’
profiles?

@ Meteorological masts usually not high enough to investigate
large-scale effects, but now we have long-term measurements from
longe-range wind lidar

o WREF analysis simulations to get large-scale parameters from both
locations for two years.
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Barotropic and baroclinic flow in homogeneous,
stationairy PBL
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Barotropic and baroclinic flow in homogeneous,
stationairy PBL
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Barotropic and baroclinic flow in homogeneous,
stationairy PBL
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Barotropic and baroclinic flow in homogeneous,
stationairy PBL

Barotropic
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Measurements Hgvsgre
Observations

Data source Heights [m]

Cup 10, 40, 60, 80, 100
Sonic 10, 100
Lidar 100 - 2000 (50 m interval)
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Measurements Hgvsgre

Observations

Data source Heights [m]
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Measurements Hgvsgre
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Measurements Hgvsgre

Observations

Data source Heights [m]

Cup 10, 40, 60, 80, 100

Sonic 10, 100

Lidar 100 — 2000 (50 m interval)
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Measurements Hamburg
Observations

Data source Heights [m]

Sonic 10 (small mast), 50, 110, 175, 250 (big mast)
Lidar 100 — 2000 (50 m interval)
Radiosondes 0 — 4000 (averaged into 50 m interval)
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Measurements Hamburg
Observations

Data source Heights [m]

Sonic 10 (small mast), 50, 110, 175, 250 (big mast)
Lidar 100 — 2000 (50 m interval)
Radiosondes 0 — 4000 (averaged into 50 m interval)
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Measurements Hamburg
Observations

Data source Heights [m]

Sonic 10 (small mast), 50, 110, 175, 250 (big mast)
Lidar 100 — 2000 (50 m interval)
Radiosondes 0 — 4000 (averaged into 50 m interval)
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WRF V3.4 setup

@ YSU (first order): v'w’ =

3
(i) )
NOAH land surface

Thompson microphysics scheme,

RRTM long-wave radiation

Dudhia short-wave radiation
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WREF simulations 1 april 2010 — 1 april
2010 (Hgvsgre)

WREF simulations 1 april 2011 — 1 april
2012 (Hamburg)

10 day 'analysis’ simulations, 1 day
spin-up

Boundary conditions NCEP FNL
Analysis, global sea-surface temperature
analysis NCEP

Nudging above 10th model level in
outermost domain
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Grid boxes for deriving gradients

@ Used grid box from WRF simulations, 18 and 6 km hor. res.

@ Ugo and Vo account for curvature of the isobars in this area
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Is the influence of thermal wind significant?
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Baroclinic wind profile: in theory
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Baroclinic wind profile:

High wind veer, U = 10 ms—!
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in practice

High wind shear, Ujp =7
ms—1, Usgg = 14 ms~!
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Long-term mean wind profile — radiosondes
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Long-term mean wind profile — Hamburg (rural
and urban sector)
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Long-term mean wind profile — Hgvsdre (easterly
sector)
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Turning of the wind with height
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Geostrophic drag law
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Geostrophic drag law
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Conclusions

@ Barotropic PBL is an exception, not the rule

e Taking into account baroclinicity improves agreement with
estimated wind speed at PBL top compared to observations

@ Baroclinicity largest for easterly sector for Hovsore, also sondes and
hamburg lidar baroclinic

@ Turning of the wind and normalized stress profiles often influenced
by baroclinicity

@ Not taking into account baroclinicity can explain part of scatter in A
and B

=
—_
=

DTU Wind Energy
Department of Wind Energy

M



	Introduction
	Theory
	Barotropic, baroclinic and gradient wind

	Methodology
	Observations
	WRF simulations

	Results
	Baroclinic wind profile
	Turning of the wind

	Conclusions

