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Introduction: Current theories of past climate on 
Mars lean towards a series of brief, warm, wet 
episodes for past Mars, with an otherwise cold, dry 
climate.  While there is evidence of abundant 
hydrologic activity in the Noachian, the presence of 
liquid water since that time is undetermined.  One of 
the most intriguing signatures of past surface water 
on Mars is large outflow channels believed to have 
been carved out by gigantic flood events in the late 
Noachian or Hesperian (3.0-3.8 Ga). We are 
interested in both the effects of outflow events on 
climate (temperature, winds, etc.) and the transport of 
some water from the outflow Here, we attempt to 
answer these questions using General Circulation 
Model simulations with water emplaced onto the 
surface of a Mars similar to current day Mars, and 
with the incorporation a cloud scheme. 

Methods: Boundary conditions, including North 
Polar Water Ice Cap equilibration: In order to model 
a realistic present day, moist atmosphere with a 
hydrologic cycle, the model is initialized with a 
North Polar water ice cap 100 meters thick.  The 
outflow water is introduced starting at five years after 
model initialization, to allow the model to reach 
steady state with a North Polar water ice cap.  The 
model is set up with all other present day boundary 
conditions (topography, thermal inertia, etc.), with 
the exception of two important differences: the 
surface pressure is assumed to be 15 mbar to account 
for higher atmospheric pressures expected in the past, 
and solar luminosity is reduced to 75% of its current 
values, because the Sun is thought to have been less 
luminous in the past. 

Model: This research uses the NASA Ames Mars 
General Circulation Model (MGCM) version 2.0.  
The MGCM is initialized with current day orbital 
configurations prior to the start of the Northern 
Hemisphere fall season.  The model is run at 7.5 x 9 
degrees resolution. 

At the start of the fall season, the outflow is 
initiated in the Chryse basin, approximately in the 
same location as the Ares Valles outflow channels.  
We assume the rate of flow is 108 m3/s with a total 
volume of 106 km3 based on published estimates [1-
5].  Water is placed in up to ten grid cells, over a total 
period of 150 days.  Water fills each flooded grid cell 
up to approximately 215 m depth.  For now, we 
assume pure water composition, and discharge 
temperatures slightly at 273 K.  

Cloud scheme:  The cloud scheme used in these 
simulations are adapted from and provided by 
Colaprete (see [6], which used this code in 1D) and 
include microphysics such as the calculation of cloud 
particle concentrations, mass and radii.  Particle fall 
velocity is also calculated, determining fluxes to the 
surface.  Background dust is assumed in order to 
provide nucleation surface for the cloud particles. 

Earlier Work:  Previous model simulations, 
done with present day luminosity and with only 50 
days for the model to equilibrate before the outflow 
(as opposed to five years, as in this current study), 
showed that water accumulates at the given winter 
pole at a given time, but with more water migrating 
to the South Pole (Figure 1).  Vertical temperature 
profiles suggest a temporary shift in temperatures that 
is almost gone a year after the outflow begins.  
Results also indicate areas in the southern hemisphere 
where liquid water could be present on the surface.  
Overall, water seems to go to the poles and does not 
precipitate locally. 
 

Figure 1 

Fig. 1:  Zonal average of surface water depth (in 
meters), latitudinal average versus time.  This is for a 
preliminary run, out 1280 days, with present solar 
luminosity and outflow initiation 50 days into the 
simulation. 
 

Discussion and Future Work: Outflow events 
added a huge inventory of water to the Martian 
atmosphere, which preliminary studies suggest might 
have affected vertical temperature profiles because of 
radiative or latent heat effects.  The specific drivers 
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of climate must still be distinguished with further 
analysis.  Water transport might also have occurred 
after these outflow events, leading to the presence of 
water in locations where conditions exceeded the 
triple point for water, allowing liquid water on the 
surface (see Figure 2 for one possible scenario).  
Overall, water seems to go to the poles and does not 
precipitate locally, at current obliquity and 
eccentricity.  However, orbital parameters may have 
varied greatly in the past which could greatly affect 
where water is transported to. 

Current work to be presented:  We are 
currently running the model out for five years with a 
Northern water ice cap, then releasing the outflow 
water into the simulation.  The simulation is 
continuing for 10 years past the outflow release.  We 
will compare pre-outflow and post-outflow climates, 
and focus on surface and atmospheric water 
distributions. 
 

Figure 2 

 
Fig.2:  Areas of liquid water (depth > 1 cm), one year 
after outflow.  Blue shading is where surface water is 
greater than 1 cm sometime over the course of a day, 
and the red hatched area is where surface temperature 
is above 273 k.  Blue and red overlap indicate liquid 
water.  Note:  This was for current day solar 
parameters (higher than likely in the Hesperian). 
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