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Shortcutting cloud 
migrations with
VirtualiZarr, Icechunk, 
and Earthmover 
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About me
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Three Trends Causing Disruption

Access data directly from 
cloud object storage.

Access scalable compute 
instantly without owning 
infrastructure.
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Cloud 
Computing

Open 
Science

AI/ML 
Workloads

AI has a voracious appetite for 
training data. Teams need 
access to entire archives.

Funders and journals 
increasingly mandating the 
sharing of open data.



Old-School Data Distribution Systems:
Struggling to Keep Up
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DATA 
PROVIDER

GRIB / NETCDF FILES

● On-prem servers struggle to fulfill 
throughput demands.

● GRIB and NetCDF files give poor 
performance in the cloud…

Provides download access for GRIB 
and NetCDF files.

DATA USER



Pressure to move to the cloud…
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GRIB / NETCDF FILES

● Top-down mandates

● Amongst shrinking budgets

● Lack of cloud expertise

Naive “lift and shift”



Result: Pile of files
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Problems:

● Not organised ❌
● Poor performance ❌
● Not discoverable ❌

VirtualiZarr, Icechunk, 
and the Earthmover 
Platform solve these 
issues!



Example: GOES-16
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● In AWS Open data bucket ✅
● Not cloud-optimized (NetCDF) ❌
● Impossible to download everything ❌

○ 300,000 files for one product

○ 66PB for one product

● Structure not apparent ❌
● Only sort of discoverable… ❌



But the data does have structure!
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Time

Bands



The Emerging Standard: Cloud-optimized Datacubes
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Cloud Optimized - Data are stored in cloud object 
storage using a cloud-native file format (Zarr), 
enabling high throughput and low latency queries. 
Icechunk enables ACID transactions for Zarr.

Datacubes  - Data are organized into hypercubes 
which allow arbitrary slicing across forecast time, 
forecast step, space, and ensemble dimensions. No 
files to think about!

Analysis Ready Cloud Optimized

☑ All variables

☑ All timesteps

☑ Any query



Rewrite as Zarr?
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66PB +66PB



What if it just looked like Zarr…
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Icechunk stores “Virtual Chunks”
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Transactional, 
cloud-native storage 
engine for Zarr

Works with Zarr-Python 
and Xarray

Supports virtual chunks

Core implemented in 
Rust; thin Python 
wrapper

100% open source 
(Apache 2.0)



VirtualiZarr extracts “Virtual Chunks”
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import virtualizarr as vz

vz.open_virtual_dataset(                  )

“Chunk Manifest”



Discoverability through Arraylake
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Data Owner’s Cloud 
Object Storage

Platform

         Icechunk

User applications
Web Apps and 

Dashboards

Earthmover: The ARCO Data Platform
Big Data 
Analytics

AI Model Training 
and Inference Open ScienceData Science / ML

Open Source Cloud-optimized 
Storage Format

Archival binary file formats GRIB FITS ….

Catalog

Access Controls

Webhooks m
ar
ke
tp
la
ce

Listings

Subscriptions

Metrics / Logs

OGC Tiles

OGC EDR

OPeNDAP

VirtualiZarr



Earthmover Data Marketplace
ARCO Data from Trusted Providers
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https://app.earthmover.io/marketplace 

https://app.earthmover.io/marketplace


Earthmover’s Vision
Frictionless global 
scientific data exchange 

Come find us @ booth 711 for 
a Marketplace demo!
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