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Introduction: The climate on Mars is strongly 

controlled by the amount of dust lifted and transported 

in the atmosphere, which causes fluctuations of air 

opacity and affects temperatures and winds. Recently, 

observations of the vertical dust distribution of the 

Martian atmosphere by the Mars Climate Sounder on 

board the Mars Reconnaissance Orbiter revealed a 

phenomenon which is still poorly understood: the for-

mation of detached layers of dust [1-2]. These de-

tached layers, also confirmed by the Thermal Emission 

Spectrometer on-board the Mars Global Surveyor [3], 

reside above the planetary boundary layer up to 65km 

and have been mostly observed at low latitudes.  

Different atmospheric processes can be combined 

to explain this phenomena, such as small-scale lifting 

[2], slope winds [4], scavenging by water ice clouds 

[5] or dust storms [6] (see Figure 1). 

Here we use the Global Climate Model (GCM) de-

veloped at the Laboratoire de Météorologie Dy-

namique (LMD) [7] to simulate the formation of de-

tached layers of dust. To start, we developed a new 

implementation of the water cycle, taking into account 

scavenging of dust particles due to the condensation of 

ice. However, this method didn’t yield to satisfying 

results in the GCM [5] and we are now working to 

parameterize the so-called “rocket dust storms”, gov-

erned by deep convection and able to inject dust at 

high altitudes in the Martian troposphere [7]. By cou-

pling this parameterization with general circulation of 

the GCM, we seek to model detached layers of dust 

and contribute to better understand their formation and 

their spatial and temporal variability. 

 

Model description: The LMD Mars GCM is used 

with various recent improvements, impacting dust and 

water cycles. The emission, absorption and scattering 

of both dust [8] and water ice [9] are taken into ac-

count. The model is also used with a thermal plume 

model parameterized in the planetary boundary layer 

[10], yielding subgrid scale convection. We use a 

“semi-interactive” scheme for dust, where the total 

amount integrated along the vertical axis is rescaled to 

a prescribed scenario, but the shape of the vertical pro-

file of dust is free to evolve [8]. 

 

Source 1: Scavenging of dust by water ice clouds 
When a water ice cloud forms, ice crystals grow on 

dust particles (heterogeneous nucleation), rather than 

growing without a support (homogeneous nucleation) 

[11]. Dust particles trapped in the water ice cloud sed-

imentate along with the ice crystals. Ice crystals are 

bigger than dust particles, therefore the dust population 

trapped inside the cloud fall faster than the dust popu-

lation that is free of ice. 

Figure 1: Two processes thought to lead to detached layers of dust at high altitudes in the Martian atmosphere. 
Top: Injection of dust by “rocket dust storms” ; Bottom: Scavenging of dust by water ice clouds 
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When the ice crystals reach a lower and warmer 

atmospheric layer where the temperature is above the 

condensation temperature, they sublimate and the dust 

particles are released, thus enhancing the amount of 

dust at this lower altitude. This phenomenon, called 

the “scavenging” of dust by ice particles, could explain 

the presence of dust detached layers. Scavenging is 

also a key physical process on Earth, cleaning the at-

mosphere of airborne dust through water precipitation. 

In order to simulate dust scavenging in the Martian 

GCM, we implemented a microphysics scheme that 

predicts the number of dust particles trapped in a water 

ice cloud. This scheme has been calibrated to repro-

duce observations of the water cycle [5]. Such dust 

particles follow the horizontal and vertical motions of 

the ice crystals.  

Simulations with the LMD Mars GCM show that 

including dust scavenging does not help the formation 

of a dust detached layer as seen by MCS (Figure 2). 

Thus, scavenging is most likely not the primary cause 

that could explain the presence of dust detached layers. 

�

 
Figure 2: Zonal mean dust mixing ratio for simula-

tions with (right) and without (left) scavenging by wa-
ter ice cloud, averaged between Ls=90° and Ls=120° 
(presence of numerous water ice clouds during this 
period). No significant difference was found. 

 

Source 2: Rocket storms and general circulation 

We are currently developing a subgrid parameteri-

zation of rocket dust storms in the Martian GCM, 

based on the following strategy: 

1- Dust: two types of dust is represented in the 

GCM, one corresponding to the environmental dust 

(background-dust) and one associated to the storm 

only (storm-dust). 

2- Dust injection scheme: we inject the storm-dust 

in a GCM mesh only when strong dust opacity gradi-

ent d� are observed (typically d� > 0.2, based on spe-

cific dust scenario [12]). The spatial and temporal 

storms distributions thus obtain in the model are in line 

with observations [13]. 

3- Definition of the mesh fraction where the dust 

storm is concentrated, for each GCM level.  

4- Calculation of radiative transfer through the 

mesh (background-dust) and through the storm (storm-

dust + background-dust). Heating rates inside and out-

side the storm are thus obtained.  

5- Advection of dust: considering that the increase 

of radiative energy related to the presence of a storm is 

entirely converted to adiabatic cooling, we found that 

the vertical velocity of storm-dust can be linearly con-

nected to the heating rates previously obtained (see 

Figure 3). This storm-dust is then advected in the 

GCM using a transport scheme.  

6- Detrainment within the storm: conversion of 

storm-dust into background-dust and control of the 

ascent of the storm. 

7- Horizontal transport: the dust injected in the 

higher layers of the GCM is transported horizontally 

by large scale GCM winds. 

 
Figure 3: Latitude-altitude sections of vertical 

wind in m.s-1 (left) and shortwave heating rate in-
creased by a factor of 500 in K.s-1 (right) obtained at 
local time 14:00 with the simulations of rocket dust 
storm [7], located at latitude 2.5°S.  
 

The parameterization of rocket dust storms will en-

able the injection of dust at high altitude and may lead 

to detached layers of dust comparable to observations. 

At the conference, we will present the results of GCM 

simulations using this parametrization. 
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