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Mars is a leading candidate for future human
exploration and possible habitation. However, its
atmosphere remains difficult to predict, with hazards
such as dust storms threatening mission safety.
Earth weatherforecasting has rapidly advanced with
Al and machine learning models.

Mars lacks a robust Machine Learning-based system
for forecasting its weather.

This project explores whether we can adapt a Earth-
trained ML weather model to work on Martian data.

Model Selection

Conducted Literature Review consisting of 12+
publications comparing different Machine
Learning models for predicting climate on

Methodology

Allcomputations were performed on the Great Lakes High-Performance Computing (HPC) Cluster atthe University of Michigan.
We tested the full model pipeline by following the "Predictions for ERA5" example on Aurora's documentation to ensure we
obtainthe sameresults.

We modified to run on cluster infrastructure using PyTorch, Xarray, and NetCDF4 on the Jupyter Notebook interface for

easier visualization and debugging

. The heat maps on the left
represent Aurora's predictions for
the ERAS at two different
timesteps.

*  The heat maps on the right
represent the actual results from
the ERA5 dataset at two different
time steps.

. Comparing Aurora's predictions to
the actual data, we can see they
are nearly identical, concluding
that Aurora gives accurate
predictions forthe ERAS
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Conclusion

While we cannot make accurate predictions for Mars
usingrhe EMARS dataset due to missing variables and
incorrect parameters, our results demonstrates
successful model adaptation from Earth to Mars and
serves as a critical step toward future ML-Based Mars
Weather Forecasting.

Ourinference-ready pipeline may be used in the
future for fine-tuning, by computing gradients and
extending Aurora with new variable.

Instructions on how to fine-tune is available on

Earth.
*  Weproceeded with Microsoft's "Aurora" model .
for our experiment based off three factors:
1. Dataaccess/Feasibility

Aurora's documentation

Transitioning to Mars, we then used the Ensemble Mars Atmosphere Reanalysis System (EMARS) +  Our project will be open-source on GitHub:

dataset which uses the Local Ensemble Transform Kalman Filter (LETKF) for data assimilation with the
GFDL/NASA Mars Global Climate Model (MGCM)

2. Scalability * Observations thatare assimilated include the Thermal Emission Spectrometer (TES) and Mars Climate

3. Fine-Tuning Capacity Sounder (MCS) temperatureretrievals.
More specifically, we used Aurora's 0.25° +  Making predictions with the model involves three steps:
Pretrained model because of its ability to be fine- 1. prepare a batch of data, iy
tuned at any resolution 2. construct the model and load a checkpoint, and O ek Ay

3. runthe model on thebatch.
In order to use EMARS data for our experiment, we must manipulate our data tofitthe expected batch
PrOblem Statement layout and formatting requirements for Aurora's pretrained model before fine-tuning: References

1. Tofit Aurora's dimensions of (721, 1440), we interpolated each variable in our EMARS netCDF

fileto have latitude and longitude dimensions of 721 and 1440, respectively .
Aurora expects the latitude coordinates to be strictly decreasing(90... -90) but our EMARS

data isincreasing(-90 ...90) so we must sort them in descending order

Weinspect our variables from EMARS and their shapes with Xarray and "ncdump" and match

themto Aurora's variables, ensuring their dimensions and units match (for example, Aurora .
expects "t" temperature in Kelvin for one of its atmospheric variables, and we use EMARS'

atmospheric temperature also named "t" with the same unit Kelvin

Results
The heat maps on the left

The observed state of the atmosphere and surface ata
discrete time t as a multidimensional array: 2.

Xt = (8, A 3

is splitinto surface (S?) and atmospheric (AY) components:
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*  VsandV,arethe number of surface-level . «  Hersbach, H., Bell, B., Berrisford, P., Hirahara, S.
and atmospheric variables, respectively. represent Aurora's A e Hordnvi. A.. Mufioz-Sabater. J.. Nicolas. J.. Peube
s predictions for the EMARS oranyi, A., Mufioz-Sabater, J., Nicolas, J., Peubey,
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To predict a future state attime t' > t, a results from the EMARS o
X X1, x?) — ftH dataset attwo different
simulator ®( - = maps the observed states
at the previous time X' and current time X'to a predicted -
—~t+1 -
state X' at the next time step.
For predictions at later time steps, an autoregressive roll-

out is obtained by applying the function ® iteratively, a

time steps.

Note: Due

to missingvariables to
support Mars' surface and
land structure, we will not
be able to accurately plot
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