On the benefit of downscaling a mesocale model over the MS
coastal area of Denmark

Coastal me
* Important mete
* Low level jets
» Coastal coriolis spe
« Coastal curvature and &
 Internal gravity waves

* Observational examples and methoo
« Spectral analysis to capture coherent stru

stable coastal boundary layer



Risg National -«

W

Labor;atory — =

l—-_




It

1956 Risg is established.

1976 new objective: atomic energy and other energy
sources

1986 new name: Risg National Laboratory. New
objective: energy

1990 new objective: technology research and
development with energy as the main focus area

1994 Risg becomes a government undertaking
2000 The DR3 research reactor is closed down

2001 New strategy:
Energy — Industrial Technology — Bioproduction —
Radiation Protection




OBEJTIVES:

. Gain insight in the meteorology special for the coastal zone

with focus on small space and time scales
Motivation
. Wind-energy resources
and siteing
Environmental issues
Nutrient transport from land to sea
. Oxygen depletion in Kattegat
Method

Observational analysis of important scales in the coastal

zone combined with

Numeric simulation in an appropriate resolution to capture

the identified structures
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Thermally forced c irculations over [RIS®)
the coastal region

Coastal jet Sea breeze
©The COMET Program



COAMPS simulation example

Nonhydrostatic, Compressible Equations

Scheme C grid

Sigma-z Vertical Coordinate

Multiple Nested Grid Option

Centered leap-frog time integration
Distributed/shared memory architecture

Level 2.5 TKE Closure
Surface Layer

Convective Parameterization
Radiation

COAMPS is a parallel code running on Linux cluster at Risoe

5 and 15 km horizontal resolution
40 vertical ISigma layers
Fixed outer boundary conditions




Coamps simulation of flow during
land breeze

Contour lines for
vertical velocity

(omega)

Red arrows
indicates horizontal
wind



Coamps simulation of flow during  |RIS®
sea breeze

Fully developed seabreeze around Kattegat at 15 It
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Cross section of sea breeze
circulation

10.16 10.26
Grader og minutter gstlig leengde
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Coastal mecanical forcing




Low level jets
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Impact:
Large shear stress
on wind turbines

Large shear term ove
sea surface

Enhanced TKE and
deposition velocities
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Gravity waves in the stable MBL and its
Influence to the coastal flow — U.S west coast

= _ = EWR

Expansion fan
Hydraulic jump

Expansion fan

EThe COMET Program
What is the resolution needed to simulate this pattern ???

Do we have similar dynamics in Denmark and can it explain some

of the variability seen -- How is the transport influenced
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Gravity waves downstream from RIS
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-+ Warm south-westerly heat advection over
old sea




Observational example on internal

gravity waves

 Motivation
e Transport

* Internal gravity waves supplies and
TKE

« Heterogeneous deposition
« Large horizontal wind speeds
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Warm wind from Nw-Creating

Stable surface layer




3:00
4:00
4:30
5:00
5:30
6:00

287.5

&
N
o
(@]
© 3
o Y
o
o
(90
o 10
e 2
Q@
S 8
% v = 8 4+
< & 3 & ©
- = S
3 c 08
o 8§
S Q 2 e
N c £ Q
o O e =
T = 2 o
o) L 8 =
c S § L
<} 5%% mm
§o] s N3
® Q9 - —
— Am ()
5 =
S
o
e n
- [ee]
u 39
©
-
[¢D)
p o
e &
(¢D)
T

284.5

282.5




L2 scorertal
Frode number

>
[S]
o
]
=)
o
[
=
m
©
0
©
>
i
c
>
=
o)

Nbv

Japloy ( Japley




e
M
)
M
@)
N
-
| -
(D)
e
o
Q\
N
-
@)
)
| -
-
O
)
o
7p]
| —
()]
=
@)
al

hgjde=100 dato 20040426tidsrum 0300 til 0600

[Hz-S'1]



Summery

e FFT is used to estimate time scales
In the flow field

 Taylor frozen turbulence provides estimation of spatial
scales

 Numeric modelling hopefully provides further insight and
answers the following posed questions

 Where: (what coastal topografhy-landuse) causes
« significant forcing to the flow
« When: Under which meteorological conditions is
high resolution(100-500m) needed and beneficial
e [f: further downscaling provides additional information
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Master at University of Copenhagen

Ph.D student at Risg- A




Coastal Iinteraction with the stable IRIS©
MBL
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