B universitat Characterization of near-surface turbulence in the stable atmosphere of the Alpine Inn Valley

M innsbruck

Austrian Science Fund (FWF): V 791-N

Manuela Lehner (manuela.lehner@uibk.ac.at) and Mathias W. Rotach

EGU21

Click on the orange buttons throughout this page to access further details and

\

r Sl | | . d nfl0_Ivil nfl0_Ivil
plots on subsequent slides. (4) Slope vs. valley winds 2
r(1) Observational dataset Y | North-facing sidewall (nf10): Classifying the data into - 1
) ) southerly downslope winds and along-valley winds. n
* i-Box measurement platform in the = Datafrom 5 eddy- . £
Austrian Inn Valley covariance stations Downslope ¢
= 7-year dataset winds 2>
= Wind field characterized e 1o 20 30 40 5o
by valley and slope winds b V(ms™)
Valley
w . 2.0 4
Data processing winds > _
" 5-min block averages £
= Double rotation @
- OnI\I/ stadble (z/L>0) data - Other slope sites: o
analyze : : 00— . " r )
y 0.0 1.0 2.0 3.0 4.0 5.0
JAN ° Vi(ms1
( . .. : AY4 e e : N\
(2) Hockey-stick transition (Sun et al. 2012) (3) Classification into weakly and very SBLs (Mahrt et al. 1998)
V Valley floor: 0.25 slope for large V X sidewall: intermediate V range with slope \/ Valley floor: weak decrease of H with z/L X sidewall: constant or weak increase of H
exceeding 0.25 for large z/L with z/L for large z/L
vfO_Ivil nfl0_IvIl vfo_Ivil nfl0_lvil
2.5 2.5
2.0 2.0
e 7 T T
€ €
£ £ z z
@ 1.0 @ ; ;
0.5
0.0 T T T T T T -80 I T T T — -80 T T T —
0.0 1.0 2.0 3.0 4.0 5.0 0.0 1.0 2.0 3.0 4.0 5.0 0.01 0.1 0.2 0.5 1.0 5.0 0.01 0.1 0.2 0.5 1.0 5.0
V(ms1) V (ms) zZ/L zZ/L
\ Turbulence velocity scale as a function of wind. All sites: L Sensible heat flux as a function of z/L. All sites: y

Summary: = Results from the valley-floor site agree with findings in previous studies. = Results from the slope sites differ, particularly during downslope winds.
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( Characterization of near-surface turbulence in the\

i-Box (Innsbruck Box)

The i-Box project was designed to study near-surface turbulence in
complex, mountainous terrain (Rotach et al. 2017). Six eddy-covariance
stations are located in an approximately 6.5-km long section of the 2-3-km
wide Inn Valley, Austria, approximately 20 km east of Innsbruck. The valley
floor is about 2 km wide and the mountains extend about 2000 m above
the valley floor. The measurement sites were selected to represent
different topographic and land-use characteristics, including sites on the
valley floor, the north-facing and south-facing valley sidewall, and a
mountain top.

Rotach, M.W., Stiperski, I., Fuhrer, O., Goger, B., Gohm, A., Obleitner, F., Rau, G., Sfyri, E. and Vergeiner, J., 2017:

Investigating exchange processes over complex topography—the Innsbruck box (i-Box). Bull. Amer. Meteorol. Soc., 98, 787—
805.
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K Location of the i-Box measurement installation in the Austrian Inn Valley. j
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VFO (Valley-floor)

= Slope angle: 0°
= 3vertical levels
. level 1: 4.0 m AGL (CSAT3, EC150)
= level 2: 8.7 m AGL (CSAT3)
. level 3: 16.9 m AGL (CSAT3, KH20)
= Mainly valley winds during stable conditions

Wind direction distribution at 4.0 m

\ AGL during stable conditions.
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SF8 (South-facing sidewall)

= Slope angle: 9°
= 2 vertical levels
= level 1: 6.1 m AGL (CSAT3)
. level 2: 11.2 m AGL (CSAT3, KH20)
= Downslope winds or valley winds during stable conditions

Wind direction distribution at 6.1 m

\ AGL during stable conditions.
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SF1 (South-facing sidewall)

= Slope angle: 3°
= 1 vertical level

= level 1: 6.8 m AGL (CSAT3, KH20)
= Mainly valley winds during stable conditions

Wind direction distribution at 6.8 m

\ AGL during stable conditions.
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NF10 (North-facing sidewall)

= Slope angle: 11°
= 1 vertical level
= level 1: 5.7 m AGL (CSAT3, KH20)
= Mainly downslope winds during stable conditions

Wind direction distribution at 5.7 m

AGL during stable conditions.
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NF27 (North-facing sidewall)

= Slope angle: 25°
= 2 vertical levels
= level 1: 1.5 m AGL (CSAT3)
= level 2: 6.8 m AGL (Irgason)
= Mainly downslope winds during stable conditions

Wind direction distribution at 6.8 m

\ AGL during stable conditions.
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Hockey-stick transition (HOST, Sun et al. 2012)

Turbulence velocity scale v/e vs. horizontal wind speed V:

= Regime 1: +/e is small and increases slowly with increasing V
Local shear dominates turbulence production.

= Regime 2: +/e increases strongly with increasing V (dv/e/dz = 0.25)
Bulk shear dominates turbulence production.

Sun, J., L. Mahrt, R. M. Banta, Y. L. Pichugina, 2012: Turbulence regimes and turbulence intermittency in the stable boundary
layer during CASES-99
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\ Turbulence velocity scale vs. horizontal wind speed, based on Sun et al. (2012). ) o Return
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Classification into weakly and very stable boundary layers (SBL) (Mahrt
1998, Mabhrt et al. 1998)

Sensible heat flux H vs. z/L:

= weakly SBL (WSBL): H increases with increasing z/L

= transition: H decreases strongly with increasing z/L

= very SBL (vSBL): H is small and decreases slowly with increasing z/L

Mahrt, L., 1998: Stratified atmospheric boundary layers and breakdown of models. Theoret. Comput. Fluid Dynamics, 11,
263-279.

Mahrt, L., J. Sun, W. Blumen, T. Delany, and S. Oncley, 1998: Nocturnal boundary layer regimes. Boundary-Layer Meteorol.,

88, 255-278.
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\ Sensible heat flux as a function of z/L, based on Mahrt (1998). )
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\/ vfo_Ivil

Vv vf0, sf1: 0.25 slope for large V
X sf8, nf10, nf27: intermediate V range with slope exceeding 0.25
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\ 5 analyzed i-Box sites.
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Turbulence velocity scale as a function of wind speed at the different vertical levels of the
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v

H(Wm™2)

vfo_Ivil

X sf8_lvil

H(Wm™2)

v vf0, sf1: weak decrease of H with z/L for large z/L
X sf8, nf10, nf27: constant or increasing H at large z/L
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Sensible heat flux as a function of z/L at the different vertical levels of the 5 analyzed i-Box
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\ Turbulence velocity scale as a function of wind speed.
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\ Sensible heat flux as a function of z/L. j
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