
KEY POINTS

• We introduce a novel method for processing regions that overlap the 
anti-meridian by utilizing cylindrical layers within a Vision 
Transformer neural network. 

• Using the ERA5 dataset at 5.625° resolution for 2-meter air 
temperature (in Kelvin), formatted as a global rectangular grid, we 
hypothesize that our cylinder-based patch embedding approach will 
perform as well as or better than traditional NWP models (Hersbach 
2020). Unlike NWP methods, which are equation-based and rely on 
computationally intensive ensemble calculations, our method 
tokenizes small sections of data through cylindrical convolutional 
layers, optimizing processing efficiency and reducing compute 
demands.

• This approach leverages the Vision Transformer architecture, where 
cylindrical convolutional layers embed patches across the globe, 
allowing the model to process geospatial data with high precision and 
adaptability.

BACKGROUND

RESULTS AND EVALUATION

• Equivalent ViT architectures optimize more quickly with GeoStride, 
providing especially improved results for undertrained models. 

• Darker colors represent actual values; lighter colors are averaged over 
iterations.

•Extreme and unpredictable weather conditions are worsening 
existing security risks.
•Existing numerical weather prediction (NWP) models are 

computationally intensive and expensive, requiring long 
processing times and significant compute resources.
•Foundational machine-learning (ML) based methods require less 

time and less computationally expensive resources.

FUTURE EFFORTS

• Apply patch embedding to similar architectures, e.g., convolutional vision 
transformers, U-net/residual connections.

• Increase resolution to down scale predictions for regional localities.

• Increase trustworthiness of the model by developing communication of the 
model’s uncertainty.

• Adjust size of patches based on latitude.

• Apply to other domain areas of geospatial data, including infectious 
diseases and wildfires.

• Develop a GUI to lower barrier of entry to AI/ML predictions.
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Ground truth weather data

Damaged incurred by Hurricane Michael at Tyndall Air Force Base, 
Florida. (DVIDS, n.d.)

Overlapping patches, indicated 
by sliding squares moving across 
the data below, provide a more 

spatially agnostic representation 
with better inductive bias. 
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GeoStride – Proposed Patch Embedding
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•Department of Defense (DoD) 
incurred estimated damages 
of $4 to $5 billion from 
extreme weather events. 
(Hauptman 2022)

•Ensemble forecasts represent 
the majority of 
computational expenses at 
NOAA R&D and operations 
($4.55 Billion) (NOAA 2024)
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The internal representation 
produced by the embedding 

(small example shown) is 
passed through the 

transformer backbone. 

DATA & METHODS

Sampling uniformly from Δt=U[6, 168] after 50 training epochs, we obtain 
average validation mean squared error (MSE) of:
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