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Motivation ACINN

Simulation of boundary-layer processes in complex terrain with
high-resolution NWP models

Mountain boundary layer NWP model (Ax= 1 km)

Rotach and Zardi (2007) Rotach and Zardi (2007)
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Motivation ACINN

Simulation of boundary-layer processes in complex terrain with
high-resolution NWP models

Mountain boundary layer NWP model (Ax= 1 km)

Rotach and Zardi (2007) Rotach and Zardi (2007)
Challenges:
e High-resolution input data necessary M
e Correct terrain representation 1
e Parameterizations (developed for hhf terrain): v

e.g. Turbulence scheme (gray zone, 1D turbulence) after Honnert et al. (2013)
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Mesoscale NWP Model COSMO ACINN

How does the model perform in complex terrain?

e COSMO - COnsortium for Small-scale MOdeling
Initially developed at DWD (German Weather Service)
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Mesoscale NWP Model COSMO ACINN

How does the model perform in complex terrain?

e COSMO - COnsortium for Small-scale MOdeling
Initially developed at DWD (German Weather Service)

e Pre-operational setup of MeteoSwiss (minor differences)

e Turbulence parameterization: 1.5 order TKE closure
buoyant production vertical shear
Other options: TKE Advection; 3D TKE scheme
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Mesoscale NWP Model COSMO ACINN

® Inner model domain:

e Ax=1.1km

» 80 vertical levels

* Lowest model half-level at 10 m
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i-Box Turbulence Measurements ACINN
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6 flux towers at representative locations in complex terrain
e Turbulent fluxes
e Turbulence kinetic energy (TKE)

e TKE production terms:
buoyant production, shear production,

e and many more ...
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Methods

o No classical model verification
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Methods ACINN

o No classical model verification

e Process-oriented analysis — Case studies:
Focus on boundary-layer processes for selected days
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Methods ACINN

o No classical model verification

e Process-oriented analysis — Case studies:
Focus on boundary-layer processes for selected days

Comparison model - measurements
Gridpoint “ensemble”:

== Median near gp
== (Closest gp
&=¢ Obs
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Daytime valley wind (July 1, 2015)
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Daytime valley wind
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Daytime valley wind
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Daytime TKE (valley floor) ACIN Kj
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Daytime TKE (valley floor) ACIN Kj
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Daytime TKE (valley floor) ACINN
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Daytime TKE (valley floor)

Om wind speed (ms~!)

15:00 18:00, 21:00

1
o
9|
S
9
@
=]
S
=]
2
=]
S
=1
]
IS]
[S]
N
=]

—
X
m

== Median near gp

:00 03:00 06:00 09:00 12:0f 15:00 18:00, 21:00

0.010 0.10

TKE budget =
I
0.005 @ 0.05
Y E
£ 0.000 = 0.00
5
o
-0.005 >  |-0.05
e O
o oo o° S
[sa]
AN . v -0.01 0.1
1300 0300 06100 09:00 12.00 15:00 16:00 21:00 010 10

time (UTC)

Afternoon:

Vertical shear generation
together with valley wind
Shear term drastically

underestimated (missing
horizontal contributions)
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Daytime TKE (valley floor) ACINN
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Nighttime down-valley flows (July 1,2015) ACINN

height a.m.s.l. (m)
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Nighttime down-valley flows

10m wind speed (ms 1)
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Nighttime down-valley flows
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Nighttime TKE (slope)

%306 500 1800 21:00 00:00 03:00 06:00 09:00

oy 400 ~
v 8 350 =
£ g
o 6 k3]
35 2
o4 -
=3 150 ©
£ 100
s 2 =
- 1y ’ £
5 oD% ok fo - X, 2
21800 1500 18:00 200 00:00 0300 06:00 09:00
20

a5

"

g 10

w

X osf

0.010

TKE budget
terms

o}
%00 ©

_0'18:00 15:00 18:00 21:00 00:00 03:00 06:00 09:00
time (UTC)

o
o
S
a

o
o
S
[S3

-0.005

-0.010

Median near gp
Closest gp

Obs

0.10
B
* 0.05
o
E
=~ |o.00
o
g
S |-005
o
=1
53}
-0.10

17th Conference on Mountain Meteorology, Burlington, VT, 2016-06-28

9/11



Nighttime TKE (slope) AC Nﬁ
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Nighttime TKE (slope)
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TKE:

Drastically understimated
by the model

Unresolved TKE
production mechanisms
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Nighttime TKE (valley floor)
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Nighttime TKE (valley floor) ACINN
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Summary & Conclusions ACINN

Daytime TKE

e Correct simulation of the daytime TKE production
mechanisms (buoyant production, vertical shear)

e \ertical shear production not sufficient —
3D TKE scheme
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Daytime TKE

e Correct simulation of the daytime TKE production
mechanisms (buoyant production, vertical shear)

e \ertical shear production not sufficient —
3D TKE scheme

Nighttime TKE
e Missing TKE production mechanisms — TKE Advection

e Unresolved TKE production mechanisms —
Simulations with higher horizontal grid spacing

v\
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TKE Equation ACINN
08 g0 _ s 9 U, o(uje) 1 0(up)
at+Ufax,-_5’397(“"9)_““0x_ ox,  p ox

%...Storage; U,g—fl Advection

5/39%(u,’-0(,)... Buoyant production/consumption

uul (())LXJ ...Shear production/loss
a(ule nra .
—(8)’(] ) Turbulent transport; l#. . Pressure correlation

(Observations: calculation after VeCenaj et al. (2010))
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Stations
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ACINN

Kolsass (valley floor)

ham.s.). =545m
hmoder = 579 m

hsensor = 8.6 m
PvodeiLever = 10 M

Hochhéauser (north-facing slope)

ham.s.,. =1009 m
hModel =844 m

hsensor = 6.8 m
hmodeiLever = 10 M

Qg = 27°
OtModer = 15°
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