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https://www.amazon.com/Dust-Devils-Space-Sciences-1SS1/dp/940241133X
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LES of dust suspension (Ito et al. 2010)

* Include dust processes

* Bulk formula for upward dust flux F, at lowest level (Loosmore and Hunt,
2000)

F =3.6(u.)3, u.:frictional velocity — (ZEE&RZ()
* Gravitational settling
* Prognostic equation of dust concentration ¢

e Noambientwind GRIERO0D & ZIZ, XX MDA EDRREENEASZHN?)
e dx=25m

3D image of dust concentration ¢ at 1500
LST

Shade: dust concentration
White circles: larger vertical vorticity
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Dust amount in CBL

Horizontally averaged dust concentration
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Shao et al. (2013) D
B YA S i ce =

Wp =

_%_'_%(L_Lﬂ) forf>fi, D>d (6)

m, myD
where w, is the particle terminal velocity. If we assume N is inver-
sely proportional to D, i.e., N = an/D with a2y being a coefficient to be
determined, Eq. (4) leads to a flux of the form

ﬁ={%PWmh+EU—ﬁ$}f;ﬁu}a

7
0 else )

The dust emission for a given particle size d; can now be estimated as
vo0 S
Ff=/u Uﬂ F-P;Lﬁl-dﬁ]mf}ﬂf (8)

Eq. (7)and (8) can be simplified for specific distributions of p{f;) and
p(f). For example, for

p,l'(ff) = o(fi — fio)

p(f) = o(f - fa)

we have

F. = %{_Wrmp-l-'rp[fu—fmg}} fu f.“-'-fm. D=d (9)
J 0 else
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Stochastic parameterization of dust
emission and application to convective
atmospheric conditions

M. Klose and Y. Shao (2013)
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Thermal creeping
 SEDENKE T, 7 X -2V (KEDF
TA/RLF A 7<> ~1
\\\—d- bﬂﬁ_i‘lﬂ@ﬁ\ b7|(

198

temperature

A

1 Darcy flow

depth

.y -y Nod
000e0e

overpressure

1 thermal creep

Kupper and Wurm (2015)

U‘L L’P’é_<73%>

7 ® 930 Pa
Q\\ entrainment 630 Pa
NE 6} 320 Pa
E sl 205 Pa ]
40
c
> 3
e
v 2t
C
Q
+= 1 .
C no entrainment
1.2 1.4 1.6 1.8 2.0 2.2

Friction velocity

Figure 6. Model fits to the ciiuan et uncsnuius vutanicu au 730Pa,
630Pa and 320Pa. The data at 205Pa were not used for fitting. The
Newtonian drag fit is shown as solid lines, and the slip flow fit as
dashed lines. Both models have a similar fit quality. For details we
refer to the text.
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LESDEXTE

« Basic equations: 3D, Boussinesq approximation
« Sub-grid model: Smagorinsky model
« Grid interval: uniform 4=50 ~bm

« Domain: e.g. 4.5 kmx4.5 km x 3.6 km (90 x 90 x 60 grids) for 4=50
m:; 1.8 kmx 1.8 km x 1.6 km (360 x 360 x 320 grids) for A=5m

« Boundary conditions
— Surface
« Momentum: Bulk-method or Free-slip

« Heat: Prescribe Horizontally uniform forcing with diurnal
variation or constant

— Lateral: Doubly-periodic

— Top: Free-slip
e [Initial conditions

— Stable stratification I'(=4.0K/km)
 Time integration: 0.2s step




Sensitivity test on diurnal variation, surface
heat flux, and ambient wind

* Impose diurnal-varying surface |
flux el
. &t-70 °
=0 __sin :
O =0 C 11 s -/
 Various sensitivity tests oalTime )

Maximum of surface heat flux Q.. .,

0.24K*m st | 0.15K-m st
Ambient | g g1 g1 Al B1

wind
5m s A2 B2
15m st A3 B3




Results

Maximum vertical vorticity (s
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FIG. 10. Time series of vertical vorticity iso-surfaces of 025 (red) and —0.25 s™' (green) from (a) 1200 to (h) 1214 LST, at 2-min
intervals. The lower domain at heights < 100 m is displayed. Circulation, calculated only for downdraft regions within a horizontal circle
of radius 300 m at eachgrid point at z = 2.5 m, is shown by color shading ( m* s™'). Regions where vertical velocities are > 0.1 m s~ 'at the
lowest model level are shown by gray isolines.
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* Temporal averaging is employed for surface model in JMANHM
* F3 Tornado in Tsukuba, Japan (2012)

e dx=1km = dx=250m = dx=50m
nest nest

For dx=50km: Usual surface friction model © Friction model based on
temporal averaged wind
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