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data challenge of high-
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Why do we need but avoid to use Lossy Compression?

Future Outlook

The Compression Laboratory

An Online Open CliMet Science Laboratory
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The Problem – Exponential data growth

Weather and climate science has 

reached the exascale for data 

storage

Data needs to be produced, stored, 

analyzed, transferred, published, and 
archived, which all have I/O costs

Cost per stored petabyte (PB) is 

~10k € for cold (tapes) and ~100k € 

for hot (disk) storage

https://climate.copernicus.eu/sites/default/f iles/2019-11/Martin%20Palkovic.pdf
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The Solution? – Lossy compression can provide huge savings
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The Problem – Lossy compression is scary

Computer scientist: "I can give you great savings by using lossy compression."

Domain scientist: "Nice! … Actually, did you remember to keep the …

▪ logarithmic error norms small for specific humidity
▪ 𝑳𝟐 error small for temperature
▪ budgets correct when integrating over long climate trajectories
▪ 𝑳∞ norm small for extreme precipitation events
▪ integral in the vertical correct even though it sums across several orders of magnitude
▪ delta at high precision for CO𝟐

And how does lossy data compression change the enthalpy budget when cold rain is entering
a warm ocean and changing the vertical layering of the vertical column in an ocean model???"

Computer scientist: "Goodbye.”
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The Problem – We need lossy compression but avoid to use it

Lack of Trust in Lossy Compression
to uphold the safety requirements

for everyday domain-scientist users

Lossy Compression is crucial to handle Data Growth

Safety Requirements for lossy compression
in weather and climate science are vague
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The Roadmap to Fearless Lossy Compression

Simplify building Trust in Lossy Compression:
(1) Benchmark existing methods for safety and performance

(2) Provide safeguards to make any compressor safe
(3) Convince yourself in an Online Compression Laboratory

Lossy Compression is crucial to work with Data Growth

Establish clear Safety Requirements
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A brief overview of the Compression Laboratory Notebooks

Examples case studies

How to compress?

What compression?

Which datasets?
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Example: Introduction to loading and compressing data
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Example: Comparing lossy compressor performance
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Example: Opening large remote datasets



A brief overview of the Compression Laboratory Notebooks

Examples case studies

How to compress?
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Which datasets?
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Work in Progress:

Compressing precipitation
with Clément Bouvier (UH), Joona

Cornér (UH), Peter Dueben (ECMWF), 
and Milan Klöwer (Oxford)

Compressing model states 
during runtime

with Madeleine Ekblom (FMI) and 
Milan Klöwer (Oxford)
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An Online Open CliMet Science Laboratory



Why build an Online Laboratory? – Try and Convince Yourself

Trying out code has a setup/installation time cost
Reduce this friction to engage more stakeholders

Trust in lossy compression requires convincing yourself

Convincing yourself requires trying things out yourself,
with your own data and analyses
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Compression should be easy to try out

Let’s reduce the barrier to experiment and convince yourself,        
a serverless WebAssembly container within your browser:

compression.lab.climet.eu

Why build an Online Laboratory? – Try and Convince Yourself

Trying out compression … the easy way
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https://compression.lab.climet.eu/




Why build an Online Laboratory? – Ease of Use

Easy and quick to pick up and go

Just open a website, no installation, try it out!

Open as easily as documentation, but interactive
3x-5x slower Python is sufficient for examples

Motivate and excite first, only then ask for setup
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Familiar Stack
on a server

The technology behind the Online Laboratory

Server icon by Adeel Anjum at https://www.vecteezy.com/vector-art/337165-vector-server-icon
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https://www.vecteezy.com/vector-art/337165-vector-server-icon


Familiar Stack
on a server

The technology behind the Online Laboratory

Serverless container
in your browser

Benefit from the shared ecosystem of Python packages:

Same Code
Same Interface
Same Results

No installation
Easy sharing

Pure Python
(xarray, zarr, fsspec, …)

PyPi

Scientific Ports
(numpy, scipy, sklearn, …)

Pyodide Community

Earth Science Ports
(eccodes, netCDF4, cartopy, …)

Online Laboratory
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Focus on reducing user friction and working with big data

Remote streaming access to large datasets (GB, TB, …)

Downloading smaller datasets:
Access via urllib, ecmwfapi, cdsapi, earthkit.data, …

Load via the native cfgrib / netCDF4 / h5netcdf / zarr driver

Zarr

natively chunked
fsspec filesystems

NetCDF4

separate metadata
JIT with kerchunk

GRIB

requires full scan
prior with gribscan
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Local datasets of any size can be mounted and read in-place



Why build an Online Laboratory? – Community Collaboration

Service to the greater community

Locked Python environment with pre-installed packages

Your local notebooks and data never leave your device

Easy sharing of code samples and experiments:
e.g. lab.climet.eu/v0.2/github/:org/:repo/:branch/*
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Why build an Online Laboratory? – Interactive Documentation

https://lab.climet.eu/v0.2/raw/github/ecmwf/earthkit-plots/main/docs/examples/gallery/grid-types/reduced-gg-point-cloud.ipynbhttps://earthkit-plots.readthedocs.io/en/latest/examples/gallery/grid-types/reduced-gg-point-cloud.html

< 1 min

Static Code Example Executable Code Example
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https://lab.climet.eu/v0.2/raw/github/ecmwf/earthkit-plots/main/docs/examples/gallery/grid-types/reduced-gg-point-cloud.ipynb
https://earthkit-plots.readthedocs.io/en/latest/examples/gallery/grid-types/reduced-gg-point-cloud.html
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Upcoming Online Laboratory Community Service Features
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Anyone can produce, share, and try out ready-to-go 
interactive documentation, analyses, or code examples

Open existing repositories or notebooks

Customize the locked Python package versions

now

05/25

2025



The Roadmap to Fearless Lossy Compression

Safeguards to safely use any lossy compressor
Recommendations for Operational Lossy Compression

Establish clear Safety Requirements
Benchmark the Safety and Performance of compressors

Community Outreach facilitated by the Online Laboratory
Collaboration with and Service for other projects
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Thank you very much!

CASTIEL2 Code of the Month, 19.02.2025

Funded by the European Union. This work has received funding from the
European High Performance Computing Joint Undertaking (JU) under grant
agreement No 101093054.

Disclaimer: Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect those of the European
Union or the European High Performance Computing Joint Undertaking (JU). Neither the European Union nor the granting authority can be held responsible for them.

Thank you also to everyone who has helped with this project:
Clément Bouvier (UH), Hood Chatham (Pyodide @ MIT), Joona Cornér (UH), Alex Crichton (WASM @ Fermyon), 

Milan Klöwer (Oxford), Daniel Köhler (UH), Juha Lento (CSC), Iain Russell (ECMWF),
Jeremy Tuloup (Jupyter @ QuantStack), and James Varndell (ECMWF)
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