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MARIS-IHM Breakout session:
Beacon high-performance data lake

1. Datalake using Beacon - introduction (Peter) 5
2. IHM Proof of Concept Beacon application (Pim) 5
3. Beacondemo’s (Tjerk) 10’

a. Studiodemo
b. Jupyter notebook application

4. Discussion 20’

Peter Thijsse (MARIS)
Pim van Avesaath (IHM)
Tjerk Krijger (MARIS)
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Data lake using Beacon - Introduction

A HIGH-PERFORMANCE DATA LAKE AND PROCESSING PLATFORM DESIGNED FOR ACCESS
AND SUB-SETTING LARGE QUANTITIES OF CLIMATE DATA

Peter Thijsse (MARIS)
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Origin of Beacon

Challenge:
m Large collections of observation data (e.g. SeaDataNet CDI) can contain millions of files.

m Access to files (datasets) is possible, but data sub-setting proves to be difficult. SeaDataNet CDI
= How to optimize the systems for Machine2Machine access to subsets, enabling easy T
access to Jupyter Notebooks and other applications. 2

m How to go from files to serving applications as an actual “Data lake”?

Example:
m  Request: Give me all the temperature data in the North Sea, from 2000-2010, in

degrees Celsius, at a depth of 0-5m.
m Response: One NetCDF file containing exactly this data, which is then on the fly, directly
usable in a Jupyter notebook and for HPC.

The goal of Beacon is to provide an easy-to-use, fast, reliable, and scalable solution for e o
storing, processing, and retrieving large amounts of climate data. e

Beacon has been part of various EU projects such as PHIDIAS HPC, FAIR-EASE &
EOSC-Future and is currently part of Blue-Cloud 2026 and national initiatives (a.0. IHM).
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https://www.phidias-hpc.eu/
https://fairease.eu/
https://eosc-future.maris.nl/
https://blue-cloud.org/blue-cloud-2026
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Beacon — DATA LAKE SOLUTION

m Beacon (open-source) provides users with fast and easy access to multidisciplinary
data originating from large collections, on the fly, with high performance, and is able
to extract specific data based on the user’s request.

m It returns one single harmonized file as output, regardless of whether the input
contains different data types.

m Allows for:
m Provider: To set-up their own Beacon ‘instance’ to enhance the access to their
data;
m User: To use one or more existing Beacon instances from for example well-known
data infrastructures such as Euro-Argo, SeaDataNet or the World Ocean Database
for fast and easy access to harmonized data subsets.

m Beacon fast and easy to deploy: Allows to set-up individual data lakes for any type of
large data collection in a very timely and simple manner (less than 1/2 day for 10
million+ datasets). : - S

m Support harmonised access: Parameter mappings/grouping, unit conversion, from | 7 S e
different data collections, on the fly. .

m High performance: Gives really fast results on large collections (i.e. 20 seconds
request time for source set containing 100 million rows of data).

m Developments started from the perspective of the marine domain [| Applied to
well-know marine data infrastructures [ | But proven to work in other domains too.

07-11-2025
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Beacon in a nutshell (more in webinar soon!)

Uses Apache Datafusion for processing

&
Harmonization
Plugins

*  Open-Source High Performance ARCO Data Lake

¢ Written in Rust + C \ x
*  Runs on any platform using Docker
*  Consists of: ( ®F
o Rest API Beacon Data Lake Engine
° Core Libraries (heavy |Iftlng) Data Collections/interacting with fife formals
e Data Harmonization Libraries (single output file) K
e Supports Reading & Writing data from/to
° Any S3 Compatible Storage ERAS (Logical Table) SeaDataNet (Logical Table)
| | AWS S3 1950.zamr ¢ —— dataset1.nc ':J
u Mmloh buck 1951.zam # Beaoon:\?s:;aa Sto catasetzne B
m  Any other S3 bucket e lerpice. -
e Local File System N e

*  Supported Data Formats (s3, local, nas)

: gi:/r (any structure, timeseries, gridded, cruises & supports parallel chunked =.J—H z ﬁ@
’ ’ ’ ARROW ICEBERG 27 Parquet =L % i =
reading) @ % Parq N . 7arr beacon
netCDF FORMAT
o Parquet

*  Apache Iceberg

* Arrow / [t \
e NetCDF (any structure, timeseries, gridded, cruises & supports chunked
reading) f
e Beacon Binary Format (also ARCO)
e Icechunk (Work in Progress)
e Creating Real Time Collections (Logical Tables)
*  Ontop of existing files:
m  Eg:seadatanet/*.nc
m  Eg:era5/*.zarr Cloud Storage

\_ S

1950.zarr dataseti.nc

Local File System
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STATUS

Beacon Demo “MARIS_~ Documentation >

Beacon freely available under Open Source license at:

o https://beacon.maris.nl/

e Docs: https://maris-development.github.io/beacon/

Beacon

e GitHub: https://github.com/maris-development/beacon
e  Studio (user interface for IHM POC): b fiiepuifrmanceiimeie i mation WSk ik msokiion uealis

o  https://beacon-ihm.maris.nl/studio R T O

m Documentation >

e Pythonlibrary:
o  https://pypi.org/project/beacon-api/
o  Example from IHM POC:

m https:/github.com/maris-development/beacon-poc
-rws/blob/main/IHM beacon.ipynb

e Allows you to set-up your own Beacon instance

o  With your data collection g - FAIR- 3
EDSC Future DEeOSC |FAIR-CASC :&EPHIDI_AS E
@) See. . 17 Futeype o Vo i st Al e Se
https://maris-development.github.io/beacon/docs/1.3.0-in
stall/
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https://beacon.maris.nl/
https://maris-development.github.io/beacon/
https://github.com/maris-development/beacon
https://beacon-ihm.maris.nl/studio
https://pypi.org/project/beacon-api/
https://github.com/maris-development/beacon-poc-rws/blob/main/IHM_beacon.ipynb
https://github.com/maris-development/beacon-poc-rws/blob/main/IHM_beacon.ipynb
https://maris-development.github.io/beacon/docs/1.3.0-install/
https://maris-development.github.io/beacon/docs/1.3.0-install/
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EXAMPLE: 1950 - 2020 NORTH SEA TEMPERATURE
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data_type

2020-08-02 10:49:39 |

Argo profile

temperature_standard_name
temperature_units

salinity
salinity_standard_name
salinity_units

depth_

8ea_water_temperature
degree_Celsius
34.37900161743164
sea_water_salinity

psu

pressure

latitude

10

-163.3560028076172

16.982999801636742 1%

4902948
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Dnea Tatles

Map Viewer
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ERAS - Climate and Atmosphere
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More technical details will follow in a Beacon Webinar

When: December 2025 (tbd.)
Where: Online, organised as part of DigiShape

- the European Union 07-11-2025

NextGenerationEU
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IHM and Beacon

Background
Application cases for Beacon

Pim van Avesaath (IHM)

07-11-2025
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Core tasks: Digishape day topic:
1. NL Platform for marine data Efficient

2. MSFD - coordination (data) reporting o

3. Liaison ¢ nwinnhen

4. Datamanagement Wozep—MONS—DEM ® uniformeren

o0 1 . e harmoniseren
X) Innovation

van data
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a2 |HM Mission

DELTAS

Core tasks:

1. NL Platform for marine data

2. MSFD - coordination (data) reporting
3. Liaison

4., Datamanagement Wozep-MONS-DEM

(X) Innovation

Link with digishape topics:
Efficient

® |[nwinnen
e uniformeren
e harmoniseren

van data
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Core tasks:

1.

2.
3.
4

NL Platforr
MSFD - coc
Liaison

Datamanag

(X) Innovation

A Beacon Plans Demo FAQ Contact us

Beacon

The high-performance climate & marine @ data lake solution used to
store and subset millions of NetCDF datasets and terabytes of data
with powerful query possibilities and lightning 4 fast retrieval. Beacon
is released under an Apache V2 license. Most up-to-date versions of
the Beacon software are downloadable from our Github.

View documentation

Beacon is free for academic/non-commercial use, support is offered
when requested, and commercial use can be requested too. Register
for the best experience and community connection.

View plans

~MARIS
rmat
Marien

Informatiehuis

)ape topics:
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&Bﬂﬂc‘?ﬂe‘“" IHM and Beacon - triggers ™ ==

1. Inspiring presentation by Peter during Digishape Day, Marin, 14-12-2023

2. IHM’s ambitions with respect to international disclosure of

marine data

3.incidental budget ‘leftover’ triggers

non-invasive et very fast
| Cross-Domain
arge many )
uer
datasets datasets 2 y

1 export file

input: ‘as-is’ (but  findable
endpoints for

StrUCtured) harmonisation .
" dexed data lake At the ‘back’ APl addicts
highly simple’
compressed open
source

BEACON
A high performance data lake and processing
platform designed for access and sub-setting large
quantities of climate data

Peter Thijsse
Robin Kooyman

o e - M CNEeOoSC Blue-Cloud2026

eusable

:n dable Ac essible Interooergble :%
@j b ’.
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IHM: Pilot 2024

Beschrijving eindproduct MARIS per 11/12/2024
“Verkenning BEACON voor marien data lake”

IHM: PoC 2025

“Beacon user
interface en uitlevering

in progress

IHM: PoC (2) 2025

".MA%{

Beacon as backend |HM f |

geoviewer

Feasibility study focussed on biological data - completed:
Beacon can handle large datasets, biological datal,
integrated (cross domain) queries of several (federated) Beacon instances

PoC User friendly interface - completed:

Ul several levels: novices, experienced users, experts W
PoC exchange towards Emodnet - ended

Physicochemical data (AQUO -> SeaDataNet standard)

Biological data (AQUO -> Darwin Core archive)

BEACON can handle the transformations perfectly

Ran out of time because of mapping issues ...need to be settled

Feasibility study Beacon as backend IHM geoviewer - in progress
Integrated single query several (cross domain) map(layers) with 1 (!) export
Export of (rel.) large datasets, demonstrator of ease and speed

Subsitute of PostGIS database and Geoserver?

Funded by LVVN 07-11-2025
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Beacon demo’s - LIVE!

Tjerk Krijger (MARIS)

07-11-2025
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"Authorization": f"Bearer {Token}",
“Content-type”: “application/json”

hH

Temperature Unit DEPTH LONGITUDE LATITUDE DATASET  cruise-identifier cast WMO_ID country dataset_id

= datetime
Q u e ry I n g B e a C O n 2010-01-01 24700001 degree C 10 -95.000000 -5.000000 moored buoy US015955 12327900 2.115095e-09 UNITED STATES 11382402
2010-01-01 26.120001 degree C 50 -110000000  0.000000 moored buoy US015969 15272646 2.115095e+09 UNITED STATES 11382406
2010-01-01 26.110001 degree C 100 -110000000  0.000000 moored buoy US015969 15272646 2.115095e+09 UNITED STATES 11382406
2010-01-01 28959999 degree C 1.5 147039993 4960000 moored buoy JP020811 12327885 2.115114e+09 JAPAN 11382401
R t . . f . d t b d 2010-01-01 25440001 degree C 10 -37.880001 20.040001 moored buoy US025451 12327924 2.115104e+09 UNITED STATES 11382426
. e r I eve S p e C I I C a a a S e O n yo u r 2010-03-01 29379999 degree C 10 -34639999 -18.860001 moored buoy BR0O01204 12332326 2,115093e+09 BRAZIL 11390007
H t 2010-03-01 27370001 degree C 10 -155009995  7.980000 moored buoy US015934 12332305 2115114e+09 UNITED STATES 11389980
re q u I re m e n S 2010-03-01 29860001 degree C 10 -170020004 -2170000 moored buoy US015927 12332281 2.115114e+09 UNITED STATES 11389956

2010-03-01 29540001 degree C 10 89989998 -1.670000 moored buoy JP032626 12327389 2115115409 JAPAN 11389989

. J S O N q u e ry O bj eC‘t a n d Se n d i ng P OST 2010-03-01 28430000 degree C 10 165130005 8050000 moored buoy US015890 12332307 2.115114e+09 UNITED STATES 11389966

308863 rows x 11 columns

re q u eSt to CI ue ry en d p Ol nt In this example we can then very quickly plot this subset of the temperature data between 0-10 meters depth
from the WOD collection of the first months of 2010 produced.
m Select columns

m Define filters for the columns ‘,
m Query!
= Using Python library -
m Retrieve data that matches your x
specified parameters, units, filters and
other criteria

Temperature [-90,-1801.{90,180] 2010-01.01-2010-03-01 [0-10m]
0w o 'E

120°E 180

305 [

S il o= 07-11-2025
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Discussion around these questions:

- About the future use of the NL marine data lake itself:
- Do you see directions for further expansion in services/use cases?
-  How can we make this NL marine data lake usable for
researchers/consultants in NL?

- About the use of Beacon tech in other organisations:
- Do you know/use comparable software?
- Are there more data collections within the Digishape community to test
on? Also non-marine, e.g. fresh water observations, climate data, etc.

- Who would like to deploy?

Funded by
the European Union
NextGenerationEU

Informatiehuis
Marien
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