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Introduction:  It is well known that there are vari-

ous scales of dust activities, from the small-scale ‘dust 
devil’ [1] to the global dust storm [2], in the Martian 
atmosphere. The dust cycle on Mars is similar to the wa-
ter cycle on Earth; in which airborne dust absorbs solar 
radiation and emits in the infrared, and the created local 
heating and cooling affect the atmospheric dynamics at 
various scales [3]. 

Regional dust storms occur due to the strong wind 
stress on surface [4], mainly at sloped regions and edge 
of seasonal polar caps [5] possibly induced by thermal 
tide [6] and fromtal activities [7]. Also, dust is thought 
to be continuously supplied to the atmosphere by con-
vective activities [8]. Recent studies indicate that such 
dust activities may induce the gravity waves (GWs) 
which strongly affect the dynamical features in thermo-
sphere [9,10]. 

The theories of dust lifting (effects of surface wind 
stress and small-scale convection) have been parame-
terlized and implemented into Mars general circulation 
models (MGCMs) [11-13]. But the mutual impacts be-
tween small-scale dust activities and global-scale dy-
namical features have not been well investigated as the 
horizontal resolutions of those MGCMs were low (grid 
interval of ~5° or ~300 km). In this study we implement 
the parameterizations into our high-resolution (T106, 
grid interval of ~1.1° or ~67 km) MGCM [14,15] to in-
vestigate the mechanisms of the occurrence of local dust 
storms and their impacts on the generation of GWs. 

 
Model Description:  Our MGCM, DRAMATIC 

(Dynamics, RAdiation, MAterial Transport and their 
mutual InteraCtions) has been developed based on the 
CCSR/NIES/ FRCGC MIROC model [16] with a spec-
tral solver for the three-dimensional primitive equations, 
on which the physical parameters (surface topography, 
albedo, thermal inertia) and processes (condensation of 
CO2 gas, snowfall and generation of seasonal polar 
caps) have been implemented [17,18]. In the vertical di-
rection, the model domain extends from the surface to 
~80–100 km and is represented by 49 sigma-levels. The 
MGCM utilizes the LTE radiation scheme for CO2 mol-
ecules in infrared (including the 15 µm band) and near-
infrared, and radiative effects of dust from ulterviolet to 
far-infrared. 

In this study we have implemented the dust lifting 

scheme which accounts for the lifting, transport by local 
winds and gravitational sedimentation [19]. The change 
of dust distribution by the scheme is interactive with the 
radiative calculations, which provides the feedback to 
the atmospheric wind and temperature. Dust is injected 
into the atmosphere by the parameterizatios of two pro-
cesses: wind stress and convection. 

Wind stress parameterization.  The wind stress for 
the dust lifting, 𝜏𝜏, is defined as follows: 

 

𝜏𝜏 = 𝜌𝜌𝐶𝐶𝑀𝑀∗ �
𝑘𝑘𝑘𝑘(𝑧𝑧1)

ln(𝑧𝑧1 𝑧𝑧0⁄ )�
2

, 

 
Where  𝜌𝜌 is the atmospheric density, 𝑘𝑘(𝑧𝑧1) is the wind 
velocity at the lowest layer of atmosphere (z1~50 m 
height), 𝑧𝑧0 is the surface roughness [20], and k = 0.4 is 
the von Karman’s constant. 𝐶𝐶𝑀𝑀∗  is the stability function 
of momentum which is a function of the Richardson 
number 𝑅𝑅𝑅𝑅. 𝐶𝐶𝑀𝑀∗  is defined as follows [21], 

 

𝐶𝐶𝑀𝑀∗ =
1
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𝐶𝐶𝑀𝑀∗ = 1 − 64𝑅𝑅𝑅𝑅     (𝑅𝑅𝑅𝑅 ≤ 0). 

 
The dust flux from the surface due to wind stress, 𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤 
(in kg m-2 s-1), is defined as follows [11], 
 

𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤 = max �𝛼𝛼𝑁𝑁
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where 𝑔𝑔 is the gravitational acceleration, 𝛼𝛼𝑁𝑁 is the lift-
ing efficiency and 𝜏𝜏∗ is the threshold wind stress for lift-
ing. In this study 𝛼𝛼𝑁𝑁  and 𝜏𝜏∗ are set to be the order of  
10-7 m-1 and 0.05 N m-2, respectively. 

Convective parameterization.  The dust flux from 
the surface due to small-scale convective motions (dust 
devil),  𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑 (in kg m-2 s-1), is defined as follows [11], 
 

𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑 = max[𝛼𝛼𝐷𝐷𝜏𝜏𝐻𝐻(1 − 𝑏𝑏), 0], 
 
where 𝛼𝛼𝐷𝐷 is the lifting efficiency (set to be the order of 
10-10 kg J-1 in this study), and 𝜏𝜏𝐻𝐻 is the sensible heat flux 
on the ground. 𝑏𝑏 is defined as follows [8], 
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𝑏𝑏 =
(1 − 𝜁𝜁𝜅𝜅+1)

(1 − 𝜁𝜁)(𝜅𝜅 + 1)𝜁𝜁𝜅𝜅
, 

 
where 𝜁𝜁 is the ratio of pressure at the top of planetary 
boundary layer (PBL) divided by the surface pressure, 
and 𝜅𝜅 = 𝑅𝑅 𝑐𝑐𝑝𝑝⁄ is the specific gas constant divided by the 
specific heat capacity at constant pressure. 𝜏𝜏𝐻𝐻  (in W  
m-2) is defined as follows, 
 

𝜏𝜏𝐻𝐻 = 𝜌𝜌𝑐𝑐𝑝𝑝�𝐶𝐶𝑀𝑀∗ 𝐶𝐶𝐻𝐻∗ �
𝑘𝑘

ln(𝑧𝑧1 𝑧𝑧0⁄ )�
2

𝑘𝑘(𝑧𝑧1)(𝜃𝜃0 − 𝜃𝜃1), 

 
where 𝜃𝜃0 and 𝜃𝜃1 are the ground surface temperature and 
the potential temperature of the lowest layer of atmos-
phere, respectively. 𝐶𝐶𝐻𝐻∗ , the stability function of heat, is 
defined as follows [21], 

 

𝐶𝐶𝐻𝐻∗ =
1

�1 + 15𝑅𝑅𝑅𝑅 √1 + 5𝑅𝑅𝑅𝑅⁄ �
2       (𝑅𝑅𝑅𝑅 > 0), 

 
𝐶𝐶𝐻𝐻∗ = 1 − 16𝑅𝑅𝑅𝑅     (𝑅𝑅𝑅𝑅 ≤ 0). 

 
With the fluxes  𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤 + 𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑, dust is supplied from 

the ground surface up to the top of PBL uniformly. The 
vertical extent of PBL is assumed  from the static stabil-
ity 𝑆𝑆  defined with the vertical temperature gradient 
𝑑𝑑𝑑𝑑 𝑑𝑑𝑧𝑧⁄  as follows, 
 

𝑆𝑆 =
𝑑𝑑𝑑𝑑
𝑑𝑑𝑧𝑧

+
𝑔𝑔
𝑐𝑐𝑝𝑝

. 

 
The altitude at which the static stability abruptly 
changes is assumed as the top of the PBL. Dust is as-
sumed to be able to lift from the ground infinitely, and 
no dust lift occurs from the seasonal polar caps. 

Gravitational sedimentation of the airborne dust par-
ticles is implemented into the model assuming the pure 
CO2 atmosphere [18,22]. The density and average ra-
dius of dust are set to be 2500 kg m-3 and ~1.26 µm (to 
be consistent with the dust particle size assumed in the 
radiation scheme [23]), respectively. 

 
Preliminary Results:  Figures 1-3 show the simu-

lated day-mean dust opacity (in visible wavelength) and 
dust fluxes from the surface due to wind stress (𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤) 
and convection (𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑 ) at Ls=180° (northern autumn 
equinox). The dust opacity is in overall comparable to 
the past observations (e.g. MGS-TES). The lifting by 
wind stress tends to occur on slopes, especially around 
the mountains (Olympus and Elysium) and northern 
edge of the Hellas Basin. The lifting by convection uni-
formly occurs in low- and mid-latitudes. 

In the presentation we plan to show more detailed 
results and analyses, e.g. results in other seasons/sea-
sonal variances of dust conditions, key meteorological 
features for the lifting of dust, and generation of GWs 
due to local dust storms. 
 
 

 
Figure 1: Horizontal distribution of day-mean dust 
opacity (in visible wavelength) simulated with our T106 
MGCM at Ls=180° (northern autumn equinox). 
 
 

 
Figure 2: Same as Figure 1 but the distribution of 𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤 
(in kg m-2 s-1). 
 
 

 
Figure 3: Same as Figure 1 but the distribution of 𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑 
(in kg m-2 s-1). 
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