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Weather forecasting



Weather forecasting
Graphcast ECMWF ex-HRES

Lam, Remi, et al. "Learning skillful medium-range global weather forecasting." Science 2023 ECMWF charts (charts.ecmwf.int)



Problem
Medium-range forecasting

Predict future global atmospheric state at medium-range timescales 

Δt ≤ 15 days

Traditional method: Solve Navier-Stokes numerically 
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Medium-range forecasting

Predict future global atmospheric state at medium-range timescales 
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Traditional method: Solve Navier-Stokes numerically 😅  



Global weather forecasting
as a regression task

t0 + Δtt0

Input Target



ERA5
ECMWF reanalysis 1940-present

Surface Atmosphere
temperature

pressure

wind velocity

temperature

geopotential

wind velocity

humidity

Hourly global grid (0.25 degrees, 31km resolution) 

from surface up to height of 80km

…

…

5 petabytes



ERA5 lite

Surface Atmosphere
temperature

pressure

wind velocity

temperature

geopotential

wind velocity

humidity

Daily global grid (0.92 degrees, 300km resolution) 

with 13 height levels

2007 - 2017

reduced resolution

1 terrabyte



Pangu Weather
volumetric transformer

Bi et al. "Accurate medium-range global weather forecasting with 3D neural networks." Nature 2023



Pangu weather
Shifted windowed attention

Liu et.al. “Swin Transformer: Hierarchical Vision Transformer using Shifted Windows”, CVPR 2021

SharkD 2018 Bi et al. "Accurate medium-range global weather forecasting with 3D neural networks." Nature 2023



Pangu weather
Shifted windowed attention

Liu et.al. “Swin Transformer: Hierarchical Vision Transformer using Shifted Windows”, CVPR 2021

SharkD 2018 Bi et al. "Accurate medium-range global weather forecasting with 3D neural networks." Nature 2023



Grids on the sphere
Equiangular grids

Górski et.al. “HEALPix: A Framework for High-Resolution Discretization and Fast Analysis of Data Distributed on the Sphere” ApJ 2005SharkD 2018



Grids on the sphere
Hierarchical Equal Area isoLatitude Pixelation (HEALPix)

Equal area grid with pixels on isolatitude bands

Originally developed for cosmic microwave background data

Górski et.al. “HEALPix: A Framework for High-Resolution Discretization and Fast Analysis of Data Distributed on the Sphere” ApJ 2005



HEALPix
Nested indexing

Górski et.al. “HEALPix: A Framework for High-Resolution Discretization and Fast Analysis of Data Distributed on the Sphere” ApJ 2005



PEAR
Pangu Equal ARea model

🍐

HL, Christoffer Petersson, Daniel Persson, and Jan E. Gerken. "PEAR: Equal Area Weather Forecasting on the Sphere." arXiv:2505.17720



PEAR
Windows and patches

HL, Christoffer Petersson, Daniel Persson, and Jan E. Gerken. "PEAR: Equal Area Weather Forecasting on the Sphere." arXiv:2505.17720



PEAR
Window shifting

HL, Christoffer Petersson, Daniel Persson, and Jan E. Gerken. "PEAR: Equal Area Weather Forecasting on the Sphere." arXiv:2505.17720



PEAR
Window shifting

HL, Christoffer Petersson, Daniel Persson, and Jan E. Gerken. "PEAR: Equal Area Weather Forecasting on the Sphere." arXiv:2505.17720



PEAR
Longer forecast time

t0 + Δtt0
🍐

t0 + 2Δt
🍐

HL, Christoffer Petersson, Daniel Persson, and Jan E. Gerken. "PEAR: Equal Area Weather Forecasting on the Sphere." arXiv:2505.17720



Evaluation
Metrics

HEALPix

Equiangular



Evaluation
Metrics

Anomaly Correlation Coefficient (ACC)

Correlation between deviation from “climate average” between  
data and model predictions

Δy = E [ ̂y] − y
yearly



PEAR
Quantitative evaluation



PEAR
Quantitative evaluation



PEAR
spatially resolved prediction errors

temperature 
error (RMSE)

wind speed 
error (RMSE)



PEAR
ACC



PEAR
compute



Outlook

Azimutal equivariance

gapindnns.github.io

Full ERA5 dataset

Increased resolution 🍐



PEAR
Data shape


