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Introduction:  Impacts have been suggested as a 

mechanism for potentially inducing transient periods of 
warm and wet climate conditions on early Mars [1, 2, 3, 
4, 5]. Some studies specifically suggest that impacts 
may have been capable of inducing a metastable warm 
climate state [3, 6]. 1-D and 3-D climate models have 
been used to simulate post-impact climate conditions on 
early Mars, accounting for the water and energy injected 
into the atmosphere [1, 2, 7, 8]. These works find that 
impacts can induce significant rainfall, but that warm 
conditions do not persist beyond 10s of sols to a few 
Mars years. Global climate modeling of these events by 
[7] suggests that impacts may distribute surface ice such 
that albedo feedback can keep mean annual tempera-
tures cooler than they were before an impact. None of 
the post-impact scenarios simulated by [7] (30- to 100- 
km impacts in 150-mbar to 2 bar atmospheres) result in 
mean annual surface temperatures above 273K at 10 
years after an impact. Given the sensitivity of mean an-
nual temperatures to surface ice distribution in [7], it is 
important to understand what drives those distributions 
in post-impact climates and the time scales over which 
surface ice might move back to its original distribution.   

Additionally, [7] find that the distribution of precip-
itation during the short period (10s of sols to a few Mars 
years) following an impact depends on the season at 
which post-impact climate simulations were initialized. 
Impact simulations initialized at northern spring tend to 
result in a band of heavy liquid precipitation centered 
around the northern subtropical latitudes (20° - 30°N) 
and minimal precipitation in the southern mid latitudes 
[7]. Conversely, a test initialized at northern Autumn 
(LS 180°) results in heavy precipitation at southern lati-
tudes (10° - 40°S), where more valley networks are lo-
cated, and minimal precipitation at northern low to mid 
latitudes [7].  

Here, we explore where precipitation falls following 
early Mars impacts at different seasons. We examine 
how post-impact circulation at different seasons drives 
resulting precipitation distributions and aim to explore 
whether different resulting surface ice distributions may 
influence climate in the long term.  

Methods: We simulate 50-km diameter impacts in 
1 bar early Mars atmospheres that occur at different sea-
sons (LS 0°, 90°, 180°, 270°). We utilize the NASA 
Ames Research Center (ARC) Legacy early Mars 
Global Climate Model (eMGCM) with the ARIES dy-
namical core version 2 [7, 9]. A 2-stream radiative trans-
fer scheme with correlated-k’s accounts for gaseous 

CO2 and H2O absorption. Collision induced absorption 
between CO2 molecules are accounted for, as are the ra-
diative effects of liquid and ice H2O cloud particles [7]. 
Physical treatments of water cloud microphysics in the 
eMGCM include bulk H2O cloud condensation and sub-
limation when the atmosphere is supersaturated or sub-
saturated (with condensed cloud mass distributed 
equally between a constant number of spherical parti-
cles; 105 condensation nuclei per kg of CO2), precipita-
tion when cloud mass mixing ratios exceed 0.001 kg of 
H2O per kg of CO2, gravitational sedimentation, and 
moist convection [7]. In these simulations, the CO2 cy-
cle is excluded such that CO2 does not condense onto 
the surface nor condense to form clouds. Dust exists as 
condensation nuclei for H2O clouds but is not radia-
tively active, is not lifted from the surface, nor advected 
through the atmosphere. To represent the faint young 
Sun approximately 3.8 Gya, solar flux is decreased to 
75% of its present day value [10]. Constant values are 
used for surface thermal inertia (250 J m-2 s-1/2 K-1 ) and 
surface albedo (0.2 for regolith, 0.5 if surface ice is pre-
sent, 0.07 if liquid surface water is present). 

Results: The impact scenarios at the four principle 
seasons (LS 0°, 90°, 180°, and 270°) produce different 
global distributions of cumulative precipitation at the 
end of 10 Mars years (Fig. 1). The majority of this pre-
cipitation falls during the first two simulated years, after 
which annual global mean precipitation rates are lower 
by an order of magnitude. For all four impact scenarios 
in Figure 1, high latitudes (north of +60° and south of -
60°) receive large amounts of precipitation.  The distri-
butions between these four cases primarily differ at low 
latitudes.  Impacts at LS 0° and 90° (top row, Figure 1)   

 
Figure 1: 10-year cumulative precipitation in cm fol-
lowing impacts at LS 0° (top left), 90° (top right), 180° 
(bottom left), and 270° (bottom right). The majority of 
precipitation falls in the first 2 years after impact. 
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produce precipitation maxima along longitude bands 
between 0° and +50° while producing minima between 
0° and -40°. In the cases with impacts at LS 180° and 
270° (bottom row, Figure 1), more precipitation falls be-
tween 0° and -40° and there is less precipitation in Ara-
bia Terra and Chryse Planitia compared to the cases 
with impacts at LS 0° or 90°.  

Discussion: We examine the prevailing global cir-
culation in the atmosphere following these impacts in 
order to understand what drives these different resulting 
precipitation distributions. Figure 2 shows the zonal av-
erage mass stream function for each of the four impact 
cases at various times following the impact: after ~100 
sols, 0.5 years, and 1 year. The arrows superimposed in 
Figure 2 denote the direction of atmospheric flow 
(counterclockwise in red, clockwise in pink). Following 
an impact at LS 0° or 90°, the circulation is such that 
upwelling occurs in the northern hemisphere, causing 
air to cool as it is brought to higher regions in the atmos-
phere, condense to form clouds, and lose water via pre-
cipitation. In these scenarios, there is downwelling in 
the southern hemisphere, resulting in drier conditions in 
latitudes between ~0° and -40°. This northern upwelling 
circulation persists throughout the entire first year fol-
lowing an impact at LS 0° or 90°, at odds with antici-
pated Hadley cell reversal/southern upwelling during 
southern summer that is expected given Mars’ circula-
tion today.  

When impacts are simulated at LS 180° or 270°, the 
circulation exhibits southern hemisphere upwelling and 

correspondingly more precipitation in the southern 
hemisphere, with downwelling and drier conditions at 
northern low latitudes. Impacts simulated at LS180° and 
270° do not influence global circulation for an entire 
year like those at 0° or 90° (Figure 2). Instead, the Had-
ley circulation reverses (to northern upwelling) as it typ-
ically would during the transition to northern summer. 
We are continuing to explore the influence of the impact 
on circulation and possible explanations for why these 
effects might be longer at some seasons. 

These differences in the climate response to impacts 
at different seasons do not last beyond two years, and 
therefore may not be significant in the long run. We plan 
to examine how the final surface ice distribution differs 
between these cases, explore the potential influence of 
surface ice on surface temperatures and precipitation, 
and determine how long these effects may persist.  
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Figure 2: A. Zonal average mass stream function averaged over 10 degree intervals of LS at 100 sols (top row), 0.5 
years (middle row), and 1 year (bottom row) following impacts which were initialized at (columns from left to right): 
LS 0° (spring equinox), LS 90° (summer solstice), LS 180° (autumnal equinox), and LS 270° (winter solstice). Solid 
lines and overlaid pink arrows denote clockwise flow while dashed lines and overlaid red arrows denote counterclock-
wise flow. B. Zonal average mass stream function averaged over 10 degree intervals of LS for a simulation with no 
impact at LS 0° (top left), LS 90° (top right), LS 180° (bottom left) and LS 270° (bottom right).  
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