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Fleagle (1950)

Observations

Davos Atmos

DACA-13 -- Davos, Switzerland -- July 8-12, 2013

Previous works on katabatic flows

Analytical/ Numerical

Analvtical & numerical

Oscillations

(U, T)

Yes

(theory of compressible
warming) ~20 min
(damped oscillatory
motion)

Gravity Waves

No discussion

Katabatic layer
height

Some suggestions
100 mfor a steep
slope (over 407)

based on
de/dz
(prescribed)

Manins &
Sawford
(1979)

Test for
7e

Analytical & numerical
—anewmodel based on
hydraulic approach
(integrated equations)

Not specifically

No discussion

Yes

N.Ri

Doran &
Horst (1981)

Yes (1 tower, 30
m at the base of
several drainage
currents)

Analytical & numerical
(a simple model adapted
from Manins|and
Sawford 1979). It
includes both surface
and interfacial drag

Yes (thoughno
conclusion onthe
mechanism of Fleagle
1950)

Period observed ~90
min

No discussion

based on
de/dz

McNider
(1982)

Variable
(5°-307%)

Analytical (extension
fromFleagle). two
regimes dependingon k
(damping coefficient)
It includes surface drag

Yes;
w=Nsino

No discussion

based on
de/dz (free
parameter)

Doran &
Horst (1983)

Yes (3 towers -
6,9.18mand 1
balloonupto
500m)

Yes
(eddy-diffusivity related
to local TKE)

No discussion

0.75[0.05(@ af/f}

(derived from Manins
and Sawford)

based on
de/dz

Helmis &
Papadopoulos
(1996)

Yes—4 met
stations: towers
upto25m

Analytical (extension
from McNider (1982).
Interesting analysis of
phase of velocity

Yes (the firstto observe
phase lag (/2+g) %
Friction Period of
oscillation

30 min

Yes though not directly
(they suggest that
MeNider not conclusive
and gravity wavesand
instability may cause
oscillations

Not explicitly.

They are the firstto
recognize thatthe
work of McNider
ignores the vertical
structures andis
applicable below the
velocity maximum
These authors tend to
dismiss Fleagle
hypothesis but the aye
cautious.

N R

Montiet al.
(2002)

Theoretical
considerations

Yes. Period of
oscillation 30 min

No specific discussion
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van Gorsel et
al. (2004)

Observations

Yes. Two
towers, balloon,
microwave
temperature
profiler (passive)

Davos Atmos

Previous works on katabatic flows

Analytical/ Numerical

Oscillations

(U, T)

Yes. Period of
oscillations from 10
min to 25 min

Gravity Waves

Yes. They seem to adopt
the model of Fleagle
although aware that
Gryningetal 1985
suggest modulation of
the flow by gravity
waves

Katabatic layer
height
No specific discussion.

They discuss
interaction between
slope and valley flow.
This may change the
period of oscillations

Princevac et
al. (2008)

yes

Analytical extension
from Manins and
Sawford (1979)

Yes.

T=27n/Nsine.

Period of oscillation 50
min

Yes. They propose that
internal waves are the
main mechanism for
velocity oscillations.
They seem to struggle to
interpret phase lag
between velocity and
temperature. _

Viana et al.
(2010)

Yes. Tower
100musing 3
sonic levels and
microbarometers

Wavelet analyses

Yes. They imply that
gravity waves are
generated by the
katabatic flow...theyare
found evenalongthe
slope

No specific discussion

Fedorovich
and Shapire
(2009)

30°.60°

DNS based on Prandtl
model

These oscillatory wave-
type

motions result from
interactions between
turbulence and ambient
stable

stratification despite the
temporal constancy of
the surface buoyant
forcing (Nsino)

They discuss existence
of internal gravity waves
in the core of the
katabatic flow

Yes — Arguments
presented to indicate
howh is invariant
along the slope
(Prandtlmodel)

Largeron et
al. (2013)

Variable
(the work
is for
deep
valley)

Numerical work

Two system of
oscillationsin the
katabatic (wk) andin
the gravity wave (ow)

wE=Nsina
ow=0.7-095N

No specific discussion
(interpretation is given
for the formation of
the gravity waves at
the bottom of the
valley — so different
mechanism from
Fleagle)
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The Mountain Terrain Atmospheric Modeling and Observations (MATERHORN) Program
is a Multidisciplinary University Research Initiative (MURI) designed to improve weather
predictability in mountain terrain.

Materhorn X-1 : 30-day intense field campaign during September 25-October 25, 2102
conducted at the Granite Mountain Atmospheric Science Testbed (GMAST) of the US
Arm
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Davos Atmos
DACA-13

EAST SLOPE PROFILE

ES5~ 500 m h ~3 m (Horst and Doran 1983) h ~5 m (Princevac et al. 2008)
ES4 ~ 1100 m h~7m h ~ 11 m (Princevac et al. 2008)
ES3 ~ 1800 m h~ 9m h ~17.5 m (Princevac et al. 2008)
ES2 ~ 2400 m h~13m h ~ 23 m (Princevac et al. 2008)
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. Davos Atmosphere and Cryosphere Assembly DACA-13 -- Davos, Switzerland -- July 8-12, 2013
DACA-13

[ Towers - East Slope of Granite

Ultrasonic Anemometers (20 Hz)
Temperature and Relative Humidity
Probes (0.5Hz-1 Hz)

* ES5-20 mtower
Levels 0.5m, 2m, 5m, 10m, 20m

* ES4-28 m tower
Levels 0.5m, 2m, 5m, 10m, 20m, 28 m

=i ES3 -20 m tower
- Levels 0.5m, 2m, 5m, 10m, 20m

ES2 - 28 m tower
Levels 0.5m, 4m, 10m, 16m,20m, 25m, 28 m
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Davos Atmosp ere Assembly DACA-13 -- Davos, Switzerland -- July 8-12, 2013
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Davos Atmos DACA-13 -- Davos, Switzerland --
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Davos Atmosphere and Cryosphere Assembly DACA-13 -- Davos, Switzerland --

DACA-13

Preliminary analysis of measurements at East Slope of Granite
Mountain showed:

Several occurrences of slope flows during quiescent periods

Strong interaction between slope flows and the circulation in the valley (cf.
Chris Hocut talk)

Due to these multiscale flow interactions, slope flows appear intermittent
and disturbed with tendency to decay through the night

Slope flow develops rapidly after sunset and usually persists for 2-3 hours.
This is also the period where the flow structure resembles a “pure” katabatic
flow.

We found clear evidence of pulsations within the katabatic flow at the 4
measurement sites along the slope. Future work will focus on a deep
investigation on the nature and the type of such pulsations also taking into
account the possible coexistence of different oscillation systems.
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