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Unifying Approaches Examples: Easier Data Workflows for User

= Numerical km-scale climate modeling produces O(PB) per run 70t over MeteoCloud | HPC attached access
. ' ' b ' HTTP through Zarr
I\/I?chlne I?a(;nfcng (ML )-training requires fast read access to large Shared data project for ESM community at FZJ Provide harmonized access to ICON modeling results alongside e
\(/)o Tmlj;z fafl a . d N | Serving commonly used datasets to avoid duplicate data FS-based solutions (ERAb, forecasts) and observations
= Only | offers required storage anl comput.e capaC|t|e.s a-t scale Meteorological data: e.g. ERA5, CERRA, MERRA-2 Dreparation for km—scale/exascale e e — Data analysis |  browse ; federated ( browse | ML-training
= Increasing demand for FAIR and easily afcce55|b|e data within the Model Data: input data for ICON & MESSy and results for CAMS “ederated Data Systems Across JSC and DKRZ: @DKRZ STAC API @ JSC
Earth system modeling (ESM) community . _ Unified data access through Zarr over HTTP 1 T
. . e Satellite Data: e.g. AIRS, IASI, MIPAS .
— Need for a shared data infrastructure for efficient utilization o STAC for data discovery D
ML-training ready datasets for WeatherGenerator e.g. ERAD, Exploration of Fields Database as storage backend Zart over HTTP ata : Zarrhc_)ver (:—ITTlP :
HPC Systems and Storage @ JSC and DKRZ CERRA, SEVIRI e A s Gy or direct access @DKRZ | for caching/downloa

e | N - full list: https://datapub.fz-juelich.de/slcs/meteocloud/

= Julich MeteoCloud is already a large local repository

JURECA D

Julich MeteoCloud as a Joint Dataspace

L evante - Jilich MeteoCloud on ExaStore now hosts ML-training ready datasets
181 nodes 800 nodes 3503 nodes 5884 nodes 3045 nodes - :
JUST6: Disk Usage ExaStore: Disk Usage ExaStore: Inode Usage MeteoCloud : Proto.typlcal Larr over.HTTP. _vvorkflows to .make ESIYI _data more accesible
4.5% B Meteorological Dat = STAC improves the findability of data in the Julich MeteoCloud
€Leorologica atla (FA'R)
- B ML-training ready - Creation of STAC entries from datasets
& | reanalysis converted - Shared catalogs improve discoverability also across data centers
Data Mover {ExaStore] Storage to anemoi-dataset = Extending federated data repository within WarmWorld
I: $SCRATCH — $SCRATCH $SCRATCH | observational data converted
$DATA — $DATA SWORK to anemoi-dataset OUthOk
Vodel Data Extension of Jillich MeteoCloud with more d d
ST genera o APC conter |\|||:S Satellite Data D xt.en5|on or Julic eteoClou W.It .more atasets and storage
| | = Main challenge and performance risk: Inodes
JSC Cloud DKRZ Cloud Datapub - Zarr3 with sharding for storage
miscellaneous - Virtual Zarr implementations like kerchunk[4] or Cloudify[5]
Storage Systems: . = Service infrastructure to enhance Jilich MeteoCloud
. . . Free disk space :
gross capacity | capacity $DATA/SWORK | tape capacity | Center - Improved data access services
JUST6 | 216.2 PB (GPFS) 49 PB 478 PB JSC 0.1% . Deploy Zarr-FDB interface[6] as web service to open full datasets
ExaStore | > 300 PB (GPFS) 100 PB ~ 700 PB JSC total: 4.2PB total: 2.4PB total: 1 x 10 inodes . Hosting of a polytope[7] service
Levante | 130 PB (lustre) ~ 120 PB 300 PB DKRZ e.g. Automatic data movement between JUST6 and ExaStore as well as ExaFlash

= Towards ML-training metadata standards — Croissant|8]

MERRA-2 Json kerchunk  BCISCUMERR | json kerchunk Zarr over CERRA NFS . VM nginx /arr over
(netCDF3) reference file  [VA-121 for file share | HTTP (anemoi-Zarr) export ' (JSC_Cloud) whitelisting | HTTP

ECMWEF. anemoi-datasets documentation. Apr. 21, 2026. URL: https : / / anemoi .
JUST6 — public access ExaStore — public access readthedocs.io/projects/datasets/.

Background: Anemoi-Datasets
Open-source format for machine learning developed by ECMWEF([1]

_ _ _ Simon D. Smart, Tiago Quintino, and Baudouin Raoult. “A High-Performance Distributed Object-
- Based on Zarr v2 dlrectory store with a Smgle array for all data HPC attached (JUWELS/JURECA/JUSUF) 1 HPC attached (JUPITER) Store for Exascale Numerical Weather Prediction and Climate”. In: Proceedings of the Platform
- Gridded datasets (e.g. for model fields) for Advanced Scientific Computing Conference. PASC '19. Zurich, Switzerland: Association for

- Tabular datasets for spatial and/or temporally unstructured data (e.g. Computing Machinery, 2019. 1SBN: 9781450367707.

observations)
= Array layout optimized for 1/O during ML-training

- Chunking along first axis: time

STAC: SpatioTemporal Asset Catalogs. Apr. 22, 2026. URL: https://stacspec.org/.

Martin Durant. Kerchunk documentation. Apr. 24, 2026. URL: https://fsspec.github.io/

FDB access operation & VM Web services kerchunk/.

NSV communication | (JSC-Cloud) | (download GRIB)

Fabian Wachsmann et al. Technical Overview of Cloudify - An Improved Emulator of Cloud-

= Built from recipes to allow recreation of datasets

remoteEDB Tauthentication Optimized Earth. Systen.v Model Output. 2025.
B ackground: Fields DataBase (FDB) ERA5/IFS ( direct foderated ECMWF. Repository: Fields DataBase. Apr. 20, 2026. URL: https://github.com/ecmwf/fdb.
: : (G R|B]_/2) 2CCess Mathilde Leuridan et al. “Polytope: an algorithm for efficient feature extraction on hypercubes”.
Object store for geospatial datal2] identity provider In: Journal of Big Data 12.1 (2025), p. 243. 1SSN: 2196-1115.
= Operational storage for recent results at ECMWF JUSTG [ Hpc attached (JUSUF /JUWELS(/JURECA) - TR Mubashara Akhtar et al. “Croissant: A Metadata Format for ML-Ready Datasets”. In: Advances
= Access to data via metadata (MARS |anguage) lilr:CNezuggg/npf;rng;igg_golze;sing Systems. Ed. by A. Globerson et al. Vol. 37. Curran Associates,
= OStorage of data in POSIX structure based on metadata SpatioTemporal Asset Catalog to Enhance Findability with Unified Metadata
= Technical access through API (e.g. C++, python) or CLI tools [a] [a]
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