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How shallow a slope must be to differ from flat terrain?

 An SBL over sloping terrain leads to the development of katabatic flows

* Near-surface inversion strength plays a crucial role in katabatic flows, just
as it does over flat terrain

* How does a sloping katabatic SBL then differ from a flat terrain SBL?
 We investigate the SBL in deep katabatic flows in the Second Meteor

Crater Experiment (METCRAX II) measurement campaign (Lehner et al.
2016)
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Data set

METCRAX |l campaign: October 2013
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« Alow-angle (1°) mesoscale (30 km) slope
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e Data from the 50-m-high NEAR tower with 10 levels
of sonic anemometers
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 Six IOPs with deep katabatic flows that develop
outside the crater
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e Data post-processing: planar fit, 1 min averages,
N coordinate system oriented into the wind direction
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Flow characteristics — deep and shallow flows
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What are the flow characteristics?

e Katabatic flows with a low-level jet maximum
develop in stable stratification
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e Strongest inversion is above the jet maximum

* Jet maximum height (h,, ) varies between |OPs
— deeper (hi,; ~ 40 m)

— shallower (h;, ~ 25m)

e Strong directional shear with height

* Well-developed turbulence below 20 m and
strong damping above

* Height where turbulence ceases not related to hy,

EGU 2020 | Stiperski | SBL height

(OO



Flow characteristics — deep and shallow flows

Why does turbulence cease above 20 m?

* Profiles of flux (R¢) and gradient(R;)
Richardson numbers increase beyond a
critical value above 15 m

e This suggests the stratification is too strong
to maintain turbulence

e Since turbulence is maintained to a greater
height (20 m) than suggested by R (>>
0.21), the turbulence structure is not
governed only by the balance between
buoyancy, shear and dissipation
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Detecting SBL height — using fluxes
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Detecting SBL height — using anisotropy

Can information on anisotropy help in identifying SBL top?

* Anisotropy provides information on directionality of TKE exchange

* Quantify degree of anisotropy by third invariant yg of the barycentric map (Stiperski et al, 2019)
* Well-developed turbulence in SBL is more isotropic (yg > v/3/6) than above SBL

- Use anisotropy (yg = v/3/6) to detect SBL top: h. .. (1 min averages ®), h.nics (5 min averages X)
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Detecting SBL height — using size of most energetic eddy

How does the size of the most energetic eddy change with height?
* We perform multi-resolution flux decomposition (MRD)
* Length scale of the most energetic eddy (2ntU) is semi-invariant with height in the katabatic flow

* This is different than in non-katabatic boundary layer cases (SOP) where the length scale varies
significantly with height in line with surface-layer scaling
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Testing different flat terrain SBL height formulations

Variable Name Definition Reference
Hez Flat-terrain equilibrium SBL height Hgz = 0';:;” [1 + 0'42"*5((;;'52’;?:” Les) ] o Zilitinkevich and Baklanov (2002)
Hgzy Flat-terrain equilibrium SBL height Hgz, = 0.5u2 - [stl'l/ 2 Zilitinkevich et al. (2012)
Hgg Flat-terrain equilibrium SBL height Hgg = 10U - N7H U NIBs| ™ > 10 Steeneveld et al. (2007)
32(]B| - N")2 2. N|B,| ™! < 10
IBr Flat-terrain equilibrium SBL height Hepg = Usg - N71(If1 - N71) 12 Mironov and Fedorovich (2010)
Hpg Buoyancy length-scale Hg = (6y)s - N1 Monti et al. (2002)
Hg Shear length-scale Hg = (6)s aﬁ/azL_ Monti et al. (2002)
Hyar Prandtl scale Hyar = 1/4 - U+ - (Nsina)~!
Hyrp MRD scale Hyrp = 27Ut

Note: N is the buoyancy frequency, u- is friction velocity, L is the Obukhov length, ¢, is the standard deviation of vertical velocity, f the Coriolis parameter, k the
von Kiarman constant taken as 0.4, and By is buoyancy defined as B; = (w6’ )sg/av, where (W' 8’), is the kinematic sensible-heat flux. Subscript s denotes values
measured at the surface (i.e. 3m).
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Testing different flat terrain SBL height formulations

Correlation coefficient Slope of the regression line

hsg 0.73 0.18 0.65 0.71 0.64 0.12 0.54 0.78 0.54 0.79 1.0 hgg. 41.61 1.05 6.14 3.07 4.24 2.10 8 . : :
3 M = * Compare the diagnostic heights to
Z..t Nanis 0.88 0.27 0.78 0.81 0.77 0.26 0.72 0.83 0.70 0.82 hanis 1:00 084 023 5.05 1.92 3.49 3.21 0133 002 3.64 _

Raniss 08 0.85 0587 0:85 0.35 0.77 0,84 078 00|| | 08 Naniss —0.93 1.00 0148 5.91 2.59 4.09 3.89 6 detected helghts (hSBL/ hanisi hanis.S)
< hsgL 0.73 0.18 0.71 0.71 0.71 0.56 0.69 0.78 0.67 0.79|| | o g hssL —{161 1.05 0:28 2.85 3.07 1.91 0.59 . hich b : >
€ hanis 0.88 0.27 0.80 0.81 0.80 0.73 0.81 0.83 0.79 0.82 hanis —{1:00 0:84 0123 2.10 1.92 1.41 0147 005 002 060 -4 Whic uoyancy rrequency to use:

Z Naniss 0.18 0.85 0.87 0.85 0.70 0.81 0.84 0.81 0.90|| [~ 0-4 h,,is5 -0.93 1.00 2.54 2.59 1.70 0.52 N]c —_ free trO pOSpha ric

ree
. hsgL 0.73 048 0.77 071 0.77 077 0.79 078 0.78 079 | hsgL <1.61 1.05 0.29 3.99 3.07 2.69 1.71 -2 N maximum inversion
ZQ Ranis 0.88 0.27 0.85 0.81 0.85 0.89 0.88 0.83 0.87 0.82 " Nanis 1.00 0.84 023 2.75 1.92 1.85 1.12 [0.09 002 1.02 max d u ersio
Naniss —0.88 - 048 0.8 0.7 0.8 0.77 0.84 0.84 084 090 L 0.0 Naniss —{0.93 1.00 - 3.25 2.59 2.19 1.15 0 N low — averagein lowest 10 m
[ [ [ [ [ [ [ [ [ I [ [ I I I [
a U b U

t e 2 FHELLE L 5 8 22 g EEL L S 8
< I T T T < & T T £

* Flat terrain equilibirum heights using N¢... show low correlation to detected height and
significantly overestimate it

* Using local stability (N,,,, or N...,) in flat terrain equilibrium height significantly improves the
correlation with detected SBL heights

* Most appropriate formulations: Hgc using Ni..,» Hiar, Huro
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Testing different flat terrain SBL height formulations

How to best detect the SBL height?
* h

— has larger correlations to diagnostic
formulations

nis outperforms heg,

— shows better distribution of residuals

— regression slope is closer to 1

Can we detect SBL from a single level?

* Good results for Hyrp mean it is possible
to detect SBL height in katabatic flows
from a single measurement level if it is
below the jet maximum
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Conclusions

A shallow mesoscale slope (1°) leads to katabatic flow formation
e Katabatic flows determine the turbulence structure
* Determining SBL height (hcg,) is ambigous

* heg is not correlated with the height of maximum inversion or the jet
maximum height

* heg is shallower than flat terrain formulations suggest
* heg is controlled by local stability (N,,), not stability above the SBL (N¢ o)
* Anisotropy is a better diagnostic for identifying SBL height than fluxes

* |n katabatic flows it is possible to diagnose SBL height from a single
measurement level based on the size of the most energetic eddy
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