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Introduction:  Regional and global dust storms on 
Mars cause major changes to the atmospheric state due 
to the impact of changes to the spatio-temporal distri-
bution of dust abundance and particle size on heating 
rates and hence circulation [1]. Quantifying the near-
surface meteorological impact of storms is important 
because: (i) it impacts future dust lifting via wind 
stress and dust devils, hence provides insight into the 
feedbacks important to the growth of dust storms; (ii) 
the modified circulation during storms may be im-
portant for understanding aeolian observations; (iii) the 
success of present and future robotic and manned mis-
sions may rely on accounting for the near-surface 
weather that occurs during such extreme events; and 
(iv) unusual conditions test the performance of numer-
ical models designed to simulate Martian weather, in 
particular their physical parameterization schemes. 

Two major dust events occurred in MY34: a global 
dust storm (GDS) that was observed on the surface 
from Ls~182° by the Mars Science Laboratory (MSL) 
Curiosity Rover, and a regional dust storm that was 
observed on the surface from Ls~320° by both MSL 
and the InSight Lander. Both storms were also ob-
served from orbit by the Mars Climate Sounder (MCS) 
on Mars Reconnaissance Orbiter and Thermal Emis-
sion Imaging System (THEMIS) on Mars Odyssey.  

Using column dust opacities retrieved from MCS 
and THEMIS data [2,3], we prescribe the dust distribu-
tion inside the MarsWRF atmospheric model [4] and 
use this to simulate both storms. We compare the ob-
served and modeled atmospheric response and use the 
model to investigate causes of the observed changes in 
pressure, temperature, and winds during both storms.   

Methodology: The MarsWRF multi-scale atmos-
pheric model is run with higher-resolution domains 
‘nested’ inside its global domain, with a three-fold 
increase in resolution from nest to nest. The nests used 
for modeling the circulation at InSight’s landing site 
are shown in Figure 1; for modeling the circulation 
seen by MSL, domain 4 is moved to sit over Gale 
Crater and an additional nest is added inside it, in order 
to resolve the internal crater topography.  

 
Figure 1: Topography in each domain of a nested MarsWRF 
simulation of InSight’s landing site circulation; contour in-
tervals change in each domain to cover only the range of 
values present. InSight and MSL’s locations are also marked. 

Surface meteorological datasets: MSL carries the 
Rover Environmental Monitoring Station (REMS) [5] 
which returned surface pressure, air and ground tem-
perature, UV flux, and water vapor relative humidity 
for the period covering both dust storms. Wind data 
were not returned due to MSL’s already-damaged wind 
sensor failing completely in MY33. InSight carries the 
Auxiliary Payload Sensor Suite (APSS), consisting of 
a surface pressure sensor plus two booms with an air 
temperature and wind sensor on each, and also carries 
the Heat Flow and Physical Properties Package (HP3) 
infrared radiometer to provide ground temperature [6]. 
InSight landed after the global storm ended but re-
turned data for the regional dust storm period. 

Observed and modeled impact of a global dust 
storm in Gale Crater.  Figure 2 shows (in color) the 
observed diurnal cycles of pressure, ground tempera-
ture and air temperature, both prior to and during onset 
of the MY34 global dust storm which began at 
Ls~182°. Also shown is the modeled atmospheric re-
sponse to the evolving dust distribution using the 
MarsWRF model (in black). The key signature of the 
global storm is an additional maximum in pressure 
peaking at about midnight local time, signaling a 
strengthening of the semi-diurnal tide, which is largely 
captured by the model. There is also an increase in the 
diurnal pressure range, which is over-predicted by the 
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model. MarsWRF also captures the observed decrease 
in the ground temperature diurnal range, with peak 
temperatures slightly decreasing and overnight temper-
ature greatly increasing due to the amount of atmos-
pheric dust present, as well as the subtler increase in 
overnight air temperatures during the storm. The im-
pact on temperatures is greater, in both the model and 
data, as the storm develops further (not shown).  

 
Figure 2: Diurnal cycle of (top) surface pressure relative to daily 
mean, (middle) ground temperature, and (bottom) air temperature at 
MSL’s location inside Gale Crater, (left) prior to the MY34 global 
dust storm (Ls~175-178°) and (right) during the global storm 
(Ls~188-191°). Colors show different sols observed by MSL-REMS. 
Black shows 7 sols of MarsWRF results at the same location and Ls. 

Observed and modeled impact of a regional dust 
storm in Elysium Planitia.  Figure 3 shows the diur-
nal cycle of surface pressure, wind speed, and wind 
direction as observed by InSight (in color) and simu-
lated by MarsWRF (in black), before and during the 
regional storm. The surface pressure curve changes 
considerably both in amplitude and shape during the 
storm. The diurnal amplitude is increased by roughly 
80%, and this increase is very well captured by 
MarsWRF. The relative strength of the semi-diurnal 
tide is also strongly increased, causing a stronger sec-
ondary peak at ~midnight local time, also as largely 
captured by MarsWRF.  

MarsWRF captures most time of day variations in 
wind speed and direction, but misses the strongest day-
time turbulent wind gusts, which cannot be simulated 
at the resolution of the innermost nest (~4.4km). Both 
gustiness and the minimum wind speed appear to de-

cline during the storm, also as predicted by MarsWRF. 
The wind direction prior to the regional storm is cap-
tured very well by MarsWRF, although predicted 
winds are slightly too northerly between ~15:00 and 
03:00. However, the model nicely captures the very 
repeatable daily change to a ~westerly wind direction, 
which develops in the pre-dawn hours due to strength-
ening downslope winds on the dichotomy boundary. 
By contrast, during the storm the wind direction turns 
through 360° over the course of most sols, which is 
captured very well by MarsWRF. Investigation shows 
that this is due to the stronger influence of tidal circu-
lation components than slope winds during the storm.  

 
Figure 3: Diurnal cycle of (top) surface pressure, (middle) wind 
speed, and (bottom) wind direction, (left) prior to the late MY34 
regional dust storm, Ls~311-314°, and (right) during the storm, 
Ls~320-324°. Colors show different sols observed by InSight-APSS. 
Black lines show 7 sols of MarsWRF at the same location and Ls. 

Conclusions: The MarsWRF multi-scale model, 
driven by observed dust distributions, reproduces much 
of the observed atmospheric response to global or re-
gional dust storms. This model output may then be 
investigated to indicate the likeliest processes and 
feedbacks that are present in the real atmosphere.     
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