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Dust in the Martian atmosphere

m Dust in the Martian atmosphere greatly influences
optical depth and temperature structure.
(Smith, 2009, etc.)

June 26, 2001 September 4, 2001

Global Dust Storm
https://www.jpl.nasa.gov/

Dust Devils (Recorded by Rover Spirits)
http://mars.nasa.gov/mer/gallery/press/spirit/20050819a.html



Dust in the Martian atmosphere

m Dust in the Martian atmosphere greatly influences
optical depth and temperature structure.
(Smith, 2009, etc.)

m Kahre et al. (2006) simulates seasonal variability of

dust distribution on Mars General Circulation Model
(MGCM).
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Dust lifting schemes

m Wind Stress (KMH scheme; Kahre et al., 2006)

S Fy . Dust flux [kg/(m? s)]
Efficiency factor
) Surface wind stress
T [N/m?]
7" Threshold value [N/m?2]

® Based on observational results on the
Earth (Sahara desert). (Westphal et al., 1987)

m Dust Devil (DDA scheme; Newman et al., 2002)

aw -

Fw = aw x 2.3 x 107°7 ( .
-

b px—l—l _ px+1 R
Fp=apF,(1—-b) b=t Peam ==
p = apFi ) (Ps — Peon) (x + 1)p5 Cp
Fp : Dust flux [kg/(m? s)] ps : Surface Pressure . Specific gas
F. . Sensible heat flux [W/m?Z] [Pa] * constant

Pcon - Pressure at the c. Specific heat
top of PBL [Pa] P " capacity

® Based on the thermodynamics of dust devils as a heat
engine. (Rennod et al., 1998)

> Thermal efficiency is used for expressing dust flux.

o p . Efficiency factor [kg/J]



Problems of parameterization

m Schemes have been developed without
considering details of wind structures.

® Wind stress schemes are suspected to include effects
of dust devil schemes.

KMH Scheme DDA Scheme
oda Fomorvel n

Wind Speed Convection Energy

Dust Lifting
diagnosed by Wind

L = o= o

Heat Flux

m Adjusting parameters are necessary in order to
simulate observational results.

® Wind stress threshold value should be decreased
compared to experimental value. (Greeley and Iversen, 1985)




The highest resolution LES for the Mars
m Nishizawa et al. (2016)

® Domain:
Horizontal 19.2 km, Vertical 21 km

® Horizontally periodic boundary
conditions.

® Resolution 5, 10, 25, 50, T00 m
> About 4.8 x 1010 grid points in 5 m

Vorticity distribution
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Purpose of this study

m Our purpose is to reconsider the dust lifting
schemes with examining relationship between
wind microstructures and large scale
convective structures.

® What are characteristics of the wind field?
® How much is the strength of the wind stress?

m We make hypothesis that dust devils are very
important phenomena to consider dust lifting.

® |n observational results, there are many dust devils on
the Mars.

m In this study, we examine LES with several km
domain.



Model / Settings

m SCALE-LES ver.3 (Nishizawa et al., 2015; Sato et al., 2015)
® http://r-ccs-climate.riken.jp/scale/

® 3D fully compressible non-hydrostatic equations model.
® Developed by RIKEN/R-CCS.

m Surface model
® Louis-type bulk method (Louis 1979, Uno et al., 1995).

m Thermal forcing

® The heating rate and surface temperature are given
by one-dimensional simulation by Odaka et al. (2001)

m Initial State

® 10 - 100 m resolution :
Stable stratified stationary atmosphere
with tiny random temperature perturbations at LT = 0:00

® 5 m resolution : (LT = Local Time)
interpolated 10 m result at LT = 14:00.
m Integration period

® 5 m resolution: from LT = 14:00 - 15:00
> The dataset is every 5 minutes.



Convective cellular structures (14:30)
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Surface stress probability density distribution

m Bin width : 0.002 Pa

(1/Pa) threshold :
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Horizontal distribution of vortices (14:30)

Red dot : Vortex, Cross mark : strong stress (> 0.017 Pa)

w T

g ()
~ *
n R .
»
- . 2 5 -~ K
. )
. ¢ XY ? \\
_F - . s
$
- >~ 3 S

'F"\-. ¢ ’ LI

=

.t
.--
o, .

19.2 km

s

o . .
Ll " “

o . ¢ ':]

N ., . K3 .* .

+ -~ . * . B .

., ¢ . wo® o ° y ", "
» + N o - 1
e . “ =

:F s
’. '+_F

Vortices align
along to

1 convective cell
boundaries.

v

.1 We suppose that
+ strong surface
% stress is

produced by

strong vortex.




Dust flux in intense/weak vorticity regions
m Dust flux estimated by KMH scheme

- Threshold value 7™ :0.03 Pa

m 2 kinds of regions are considered.

- Intense vorticity region : inside 50 m from vortex
centers with intensity over 15x0 (o : Standard deviation)

- Weak vorticity region : Other region
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m Strong vortices are important for dust lifting.




Summary

m We are analyzing LES result for Martian
atmospheric boundary layer aiming for
reconsidering dust lifting
parameterization schemes used in MGCM.

m Analysis of 5 m resolution results

® Surface stress exceeds threshold value of dust
lifting in the analyzed period (30 minutes).

® Strong vortices are important for dust lifting.
> In intense vorticity regions, total amount and
average of dust flux is higher than other region.
m Considering strong vortices is important
for reconsidering dust lifting
parameterization scheme (future work).
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How to detect vortex structures
m Rankine Vortex Fitting (Nishizawa et al., 2016)

U . Tangential wind speed [m/s]

B UT/R r< R " :Vortex radius [m]
u(’r) — UR/’I“ r> R [] :Maximum tangential

wind speed [m/s]
R :Radius at u = U [m]

m Before apply the fitting,
we extract points by
/R( vorticity value which
- has over some level of
/ standard deviation
U




Vortex Structures distribution

19.2 km

Vertical wind [m/s] (horizontal)
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Dust in the Martian atmosphere

m Dust in the Martian atmosphere greatly influences
optical depth and temperature structure.
(Smith, 2009, etc.)

m Various space-time scale dust phenomena exist.
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Regional
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_/
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Dust Devils (Recorded by Rover Spirits) 10m 10 km 10,000 km
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MGCM calculation including dust processes

m Kahre et al. (2006) simulates seasonal
variability of dust distribution.
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Dust lifting schemes used in MGCM

m Kahre et al. (2006) uses 2 types of dust lifting
parameterization schemes.
® Wind stress lifting schemes

> The seasonal variability
of dust amount can be simulated.

® Dust devil lifting schemes Globally averaged 9 ym opacrcy

> An amount of background
dust can be simulated.
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Wind stress lifting schemes
s KMH scheme (Kahre et al., 2006)

X
Fv = aw X 2.3 x 107372 (T ;T )
Fw : Dust flux [kg/(m?2 s)] Parameters in i(ahre et al. (2006)
aw : Efficiency factor 4 Aw
7 : Surface wind stress [N/m?] 10 x 10° 0.02
7" . Threshold value [N/m?] 225x 103 | 0.1

35 x 103 0.45

m Based on observational results on the Earth
(Sahara desert). (Westphal et al., 1987)

m Adjusting to the Martian conditions. (Kahre et al., 2006)
® Atmospheric density, gravitational acceleration.



Dust devil lifting schemes
m DDA scheme (Newman et al., 2002)

F F,(1—b) i I
=’ — b= X = —
D Dos (Ps — Peon) (X + 1)p5 Cp
Fp : Dust flux [kg/(m?2 s)] D, : Surface . Specific gas
F, : Sensible heat flux [W/m?2] _ Eressure [Pa]h * constant
- con * Pressure at the ¢ : Specific heat
ap : Efficiency factor [kg/J] top of PBL [Pa] L capacity

m Based on the thermodynamics of dust devils as a
heat engine.
(Renno et al., 1998)

m Thermal efficiency is used for expressing dust flux.

® With the higher sensible heat flux, kinetic energy of
convection becomes larger.

® With the higher PBL altitude, the conversion rate of kinetic
energy from sensible heat flux becomes larger.

® Therefore the amount of dust flux increases.



Purpose of this study

m Our purpose is to reconsider the schemes with
examining relationship between wind
microstructures such as dust devils and large
scale convective structures.

® What are characteristics of the wind field?
® How much is the strength of the wind stress?

m We suppose that dust devils are very important

m In this study, we examine LES with several km
domain.

® Our results can be applied to MGCM.

® The most high-resolution MGCM can resolved up to
several km. (~ 11 km; Takahashi et al., 2011)



Vertical wind (bottom level z = 2.5 m)

Vertical wind [m/s] (horizontal)
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Surface wind stress

Surface wind stress [Pa] (horizontal)
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19.2 km

19.2 km

Vertical wind fields of each simulation

10 m resolution

5 m resolution (horizontal)
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m Bottom level

m Network-like
structures are
similarly seen.



Surface stress probability density distribution

(1/Pa) threshold : m Bin width : 0.002 Pa
b 903 P

< 102 - . = Result of 5 m

S o | - resolution is greatly

2 resolution . differs from those of

= 100 - more than 10 m

& omr ] - resolution results.
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g . - result has the points

S 107 \ - exceeding threshold

= 1074 - 50m . value.
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Amount of Dust Flux (Whole area)

0.00E+00

7 Dust Flux
B 2.00E-04
X —e—0.015Pa
o
=  1.50E-04 0.02Pa
LL
1 0.0225Pa
>
1.00E-04
..,D_ 0.035Pa
o
>
o
S
<

145 14583 14.666 14.75 14.833 14.916 15

Time [hour]

m Calculated by wind stress scheme in each
threshold case

m Dust is lifted the most at 14:50
- However difference of value is only a few times
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Wind structure associated with the strongest
wind stress : vertical sections
m Isolated vortex taller than

1,000 m exists in each
resolution.

el R R
¥ Contour : Vorticity [1/s]
Colr tone : Vertical wind [m/s]
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Horizontal distribution of dust flux

m Dust flux is calculated using wind stress
scheme (KMH scheme) of Kahre et al. (2006)

Dust flux [kg/m?2/s] (horizontal)

(x1000 m)
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Horizontal averaged dust flux
[10-13 kg/(m? s)]

Dustflux 391 2.89 3.64

m Adopted

parameters
7 : 0.001 Pa

aw : 0.02

m 5 m result has
extraordinaly
large dust flux



REBRXI[IKBERETIL (MGCM) IEBITBT X

8 DOTRYAMHZETELU TNEDKRKBIRD
RARSNTE:
(Wilson and Hamilton, 1996)
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(Odaka, 2001)
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JANEEEITZ2ER LI MGCM &E

m Mulholland et al. (2013) : # XA RAXA M—LALICHITS
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To improve parameterization

m Most high-resolution MGCM can resolved up to

several Km. (~ 11 km; Takahashi et al., 2011)

Year® T, Ls'= "197.5 degrees; 1.0 hour
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m Most high-resolution LES can resolved
isotropic 5 m, (Nishizawa et al., 2016)
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Summary

m Dust lifting parameterization schemes in
MGCM have problems.

® Schemes have been developed without
considering details of wind structures.

m Our purpose is to reconsider schemes
with examining wind structures.

m We are investigating high-resolution LES
to consider relationship between wind
microstructures and large scale
convective structures.

® At all times, surface stress is sufficiently strong
to dust lifting.

® Strong vortices are important for dust lifting.



