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Obs-to-obs weather 
prediction, Zeus, and 

Arraylake 



Agenda

• Obs-to-obs forecasting – why do it, who is doing it

• How do we do it at Zeus

• Arraylake demo

• Discussion



Motivation

• Physical dynamics NWP (IFS, GFS, HRRR) first guess a current state in model 
space, then nudge it based on obs (“Data Assimilation”) to produce an 
analysis state (“initial conditions”) in model space, then forecast the next 
states.

• Fancy MLWP models (GraphCast, GenCast, FourCastNet3) start from 
knowing an analysis state (“initial conditions”) in ERA5-space and then 
forecast the next states.

→ We would like an MLWP that takes obs directly as inputs, and provides 
analysis and forecasts as outputs.



Obs-to-obs approach is gaining traction

• ECMWF is paying attention (AI-DOP)

• Nvidia is paying attention (HealDA)

• Google is paying attention (WeatherNext 3)

• Zeus has been here the whole time but we have a small budget



ECMWF – Pinnington et al. 2026





credit: Eulalie Boucher, 2026









Nvidia – Gupta et al. 2026



• HealDA converts raw 
observations into ERA5-like 
analysis state

• Allows GraphCast, GenCast, 
FCN3 to be used better 
operationally

• We ran HealDA with Zeus obs data 
feeds…



Google – Rasp et al. 2026



• WeatherNext 3 uses both 
kinds of inputs
• physical-dynamics analysis 

state

• low-latency observations 
from geostationary 
satellites



Why obs?

• Latency advantage
• IFS analysis state (HRES) takes 5 hours to produce – if it’s currently 05:00 and 

we want to predict what happens at 12:00, IFS/AIFS/FCN3 etc must use the 
00:00 analysis state and make a 12-hour forecast.

• Get the obs faster → gain lead time for same forecast.

• Hot take: Weather prediction used to be a physics problem. Now, it’s 
a data engineering problem.



Obs-to-obs weather prediction with 
WeatherDreamer – Duffy et al. in prep



Which obs?

• Brightness temperatures – Level 1B products
• Contain a superset of Level 2 information (Level 2 means humidity, 

temperature, etc)

• Available fastest

• ML model can figure it out



Which obs? (currently live)

• Geostationary Infrared+Vis: ABI GOES-18/19, AMI GK2A, SEVIRI 
Meteosat

• Microwave Sounders: MHS Metop-B/C, AMSU-A Metop-B/C, ATMS 
NOAA-20/21/SNPP

• Infrared Sounders: CrIS NOAA-20/21

• Scatterometer: ASCAT Metop-B/C

• Radio Occultation: GRAS Metop-B/C, COSMIC-2, GRACE-FO, Sentinel-
6A/B, GRAS-2 Metop-SG A1

• Not satellites: IGRA radiosondes, ACARS aircraft, ASOS stations



How do we get the obs

• Each sensor is different

• Example: Microwave Humidity Sounder on Metop-C (polar orbit)
• Sensor does scans
• Once per orbit, a bunch of scan files get dropped (dish)
• Files processed/published (EUMETSAT data store)
• We notice the scan files
• We download, read the data, and put them on an hourly Healpix grid.

• We run WeatherDreamer on obs from all satellites to gap-fill

and forecast and output different variables.



How do we get the obs
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• Once per orbit, a bunch of scan files get dropped (dish)
• Files processed/published (EUMETSAT data store)
• We notice the scan files
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• We run WeatherDreamer on obs from all satellites to gap-fill

and forecast and output different variables.

Latency!

0
5-105 mins
60-80 mins
5-15 mins
5 mins

Total 2-3 
hours. This 
is one of the 
slower ones.



Where to store the data

• Hourly healpix grid – how to store?

• We use Arraylake!



Where to store the data

• Zarr is a specification for storing large many-dimensional datasets

• Icechunk adds repositories for your zarrs, allowing version control, 
branches, commits, and database-like transactions.

• Arraylake provides a way to manage your icechunk repos in the 
cloud.

• Word bank: store, root, group, array, chunks



Demo

• Interactive guide to zarr: An Interactive guide to Zarr

• Click around Zeus repos – group structure, commits

• Arraylake Marketplace

• Start with GEO-IR notebook

https://open.fused.io/mjyttte444gnh4sye2bzjgd5f4?step=0


Arraylake – start with GEO-IR

• Earthmover Marketplace dataset: 
https://app.earthmover.io/marketplace/6a0f68409ee79500fd510c3d

• Colab notebook: 
https://colab.research.google.com/drive/1ToN2i35epQSDGVf4Z1Pm5
7RvlkWnhizy?usp=sharing#scrollTo=F-jf-E_97WrK

• If you want to run locally, make a new python environment with 
xarray and arraylake!

https://app.earthmover.io/marketplace/6a0f68409ee79500fd510c3d
https://colab.research.google.com/drive/1ToN2i35epQSDGVf4Z1Pm57RvlkWnhizy?usp=sharing#scrollTo=F-jf-E_97WrK
https://colab.research.google.com/drive/1ToN2i35epQSDGVf4Z1Pm57RvlkWnhizy?usp=sharing#scrollTo=F-jf-E_97WrK
https://colab.research.google.com/drive/1ToN2i35epQSDGVf4Z1Pm57RvlkWnhizy?usp=sharing#scrollTo=F-jf-E_97WrK
https://colab.research.google.com/drive/1ToN2i35epQSDGVf4Z1Pm57RvlkWnhizy?usp=sharing#scrollTo=F-jf-E_97WrK
https://colab.research.google.com/drive/1ToN2i35epQSDGVf4Z1Pm57RvlkWnhizy?usp=sharing#scrollTo=F-jf-E_97WrK
https://colab.research.google.com/drive/1ToN2i35epQSDGVf4Z1Pm57RvlkWnhizy?usp=sharing#scrollTo=F-jf-E_97WrK


ERA5 access

from arraylake import Client

import xarray as xr

client = Client()

repo = client.get_repo("earthmover-public/era5")

session = repo.readonly_session("main")

ds_spatial = xr.open_zarr(session.store, 
group="single/spatial", chunks=None)

ds_spatial.t2m.sel(valid_time="2018-01-01 
12:00").plot(cmap="coolwarm", robust=True)

https://app.earthmover.io/marketplace/6a19bcfe9aa6e97720a2fad2


Summary

• Obs-to-obs forecasting – why do it, who is doing it

• How do we do it at Zeus

• Arraylake demo

• Discussion



August Posch – OSB 320
always happy to meet for coffee

august@myzeus.ai ; aposch@uw.edu ; posch.au@northeastern.edu
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