Floods and Droughts Research Infrastructure
Accessing FDRI gridded time series

data with Python and R notebooks
(215t April 2026)

Kit Macleod (Facilitator), Matt Fry (WP2 lead), Mike Brown (Technical
expert), Clare Jones (Research project manager), Anna Rose Klaptocz
(Comms), Matt Coole (RSE), Matt Dalle Piagge (RSE), and Faiza Samreen
(software architect)

Guidance:
By participating you have agreed to data sharing/ethics.

Please say in the Teams chat if any difficulties.
Please allow all to participate equally.

Qs/comments in the chat. Feel free to raise hands and unmute.
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1.0utline and objectives

Outline Objectives
T.Introduction and today 1.Introduce FDRI users to FDRI work on
2 FDRI and gridded data work notebook-based access to existing gridded data

3.Learn about you and your needs 2 .Understand needs for notebook-based access

3.Feedback on examples of notebook based-
access

4 Demonstration of notebook based-access

5.Learning what you would like from our
work (6-12 months)

6.Summary and next steps
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2.Floods and Droughts Research
Infrastructure (FDRI):

Digital programme

Matt Fry
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Data from the UK National River Flow Archive.
Contains Ordnance Survey data © Crown Copyright

and database right 2024. All rights reserved.



What FDRI will deliver
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FDRI phases

UKRI announce intent to
fund (£38M over 5 years)

Reports published Funding secured Infrastructure installed

PHASE |
2020-2022

l

PHASE 2
2022-2024

l

- R

PHASE 3
2024-2029

PHASE 4
2029
onwards

SCOPING PLAN & DESIGN | IMPLEMENTATION | OPERATION

Features: Features: Features: Features:

+ Community * Business case * Procure, build and test « Maintain and develop
Engagement development * Establish innovation infrastructure

* |dentify priorities * Detailed design programme * Enable science

« Define scope *» Codesign with existing « Establish capacity community

infrastructure
+ Keep community informed

building programme
* Engage community

* Data access
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WP2 Objectives

The FDRI digital programme aims to support the uptake and use of hydrological
data by the hydrological research community and beyond by:

Enhancing Providing

access to Supporting platforms for
existing the (FDRI) data-driven

Delivering
new FDRI

monitorin : .
data : hydrological community hydrological

data research
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Previous FDRI Workshops

2024 explored question of enabling
reproducibility in hydrological research

Report: https://tdri.org.uk/resources/reproducibil

ity-workshop

2025: understanding user interface and
experience requirements

Report: https://fdri.org.uk/resources/2025-
digital-user-groups

FDRI Digital Workshop

Enabling reproducibility in hydrological research

Ali Rudd (UKCEH), Matt Fry (UKCEH), Gemma Coxon (University of Bristol), Kit Macleod (UKCEH)

User interfaces and experiences
workshops
May 2025

Kit Macleod, Matt Fry, Mike Brown, Mollie Cooper, Alice Hope, and Eunice Agyei
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FDRI Digital Product 12: Gridded time series data and notebooks

Objective: improving the provision of gridded time series data and notebook-based access

Planned: Gridded datasets available through FDRI and simple notebook(s) for each dataset

Who: Kit Macleod (Product owner), Matt Dalle Piagge (Technical lead), and Matt Coole (Technical lead)

Why->what

» Very large datasets increasingly difficult to download —> provision of cloud-hosted datasets

« Technical barrier to understanding and accessing datasets —> provision of simple code notebooks
 Barriers to running code to access datasets —> simplify web access to notebook platforms
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FDRI Digital Product 12: Gridded time series data and notebooks

Existing examples of this

approach through

Copernicus and other
companies, e.g. Earthmover

_—

& Home / Marketplace / ERAS Surface

. earthmover-public

ERAS5 Surface

| Direct Access | Create Organization to Subscribe

README Dataset License

ERAS is the fifth-generation global reanalysis produced by the Copernicus Climate Change Service at ECMWF, providing
hourly estimates of atmospheric, land-surface, and ocean variables from 1940 to present on a ~31 km (0.25°) grid. This

Earthmover analysis-ready cloud-optimized (ARCO) edition delivers 18 essential single-level surface variables spanning

1975-2024, optimized for both spatial and temporal analysis patterns through dual chunking strategies stored in a ~60

TB Icechunk Zarr v3 store—making it ideal for climate research and ML/Al weather model training.

Data Characteristics

Data Variables

This dataset contains 18 hourly single-level surface variables encompassing atmospheric, land-surface, and ocean
conditions:

* Temperature: 2-meter temperature (K), 2-meter dewpoint temperature (K), skin temperature (K), sea surface
temperature (K), soil temperature level 1 (K)

* Pressure: Mean sea level pressure (Pa), surface pressure (Pa)

* Moisture: Total column water (kg m™), total column water vapour (kg m™), volumetric soil water layer 1 (m®> m™)

¢ Wind: U and V wind components at 10-meter (m s7) and 100-meter heights (ms™)

* Precipitation & Snow: Large-scale precipitation (m), convective precipitation (m), snow depth (m of water
equivalent)

+ Cloud & Radiation: Total cloud cover (0-1), surface solar radiation downwards (W m™ s), surface net solar radiation
(Wm™s)

* Atmospheric Stability: Boundary layer height (m), convective available potential energy (J kg™)

/‘.—-—-__—-—-____-_ _
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ECMWF's ERAS global reanalysis (1975-2024) with 18 hourly surface variables at 0.25° resolution. Dual-chunked for spatial and temporal queries, ideal for climate research and ML weather models

Details

Last updated Jan 21, 2026
Cloud = Amazon S3
Region us-east-1

About this provider

. earthmover-public

https://app.earthmover.io/marketplace/695bff20622fd82a1ec88780



3.1 Understanding you and your awareness of UK
gridded datasets

Understanding you
A-Select the category that best describes your organisation and your role

Your awareness of datasets
B-I am aware of and use these UK gridded datasets
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3.2 Understanding your expertise and views of data
formats

A-l am aware of and use this gridded data format
B-Examples of NetCDF, Zarr or other gridded datasets | use are
C-Painpoints/issues | have with gridded data formats and datasets include
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3.3 Understanding how you access and explore datasets

A-l am aware of and use this computer language to access and explore data
B-The packages/libraries/tools | use to open and explore gridded datasets are
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3.4 Understanding your use of notebooks

A-I'am familiar with and use these notebook and related technology options
B-I am familiar with and use these Jupyter notebook options

C-These notebook features are important for exploring datasets

D-I would want a notebook to contain this to demonstrate a gridded dataset

E-1 would want a notebook to contain this additional content to demonstrate and
explore a gridded dataset

R mﬁ__
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4 Demo

T Environmental
ol KC EH | Information Finddata Depositdata  Support News&events About Contactus  Help
HH

Data Centre

This is the most recent version of this dataset (view other versions) ~
Description

Gridded estimates of hourly areal rainfall for
Great Britain 1990-2016 [CEH-GEAR1hr] v2

https://doi.org/10.5285/fc9423d6-3d54-4671-bb2b-fc7357a3941f

Format
Spatial information
Temporal information

Provenance & quality

Licensing & constraints Download Supporting docs [§ Cite this dataset s»
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jupyter
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The problem and motivation

Dataset No. files
* There are many formats and
access methods for gridded data -
CEH-GEAR-1HR 324 113GB

« Datasets are getting larger and
harder to handle

CHESS-MET 5672 510GB

CHESS-SCAPE ~400,000 12TB
CMIP6 counting ??PB

* Inefficiencies and unnecessary
replication are common

I— ‘-—————-________
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Exploring remotely-stored Zarr datasets

The overall plan —

import oseee

« Move towards a Siﬂ9|e pOiﬂt of access View datasets in the object store buckets (using S3FS)

fo I d atas etS » ‘anon=True' means ‘access the data as an anonymous user’ which is what you wa

« Using Zarr, a cloud-optimised and
Web_acceSS|b|e data format s3 = s3fs.S3FileSystem(anon=True, client_kwargs={"endpoint_url': "https:/,

gbax = plt.axes(projection=cp.crs.0SGB()) # create the (geo) axes for the pl

 E.g.ce Nntral repository in the cloud o0t piat {axcpin, facecalors Mane’ . sdgecalorn Uiack's sorderr) & plet

rivers = cp.feature.NaturalEarthFeature('physical’, 'rivers_lake_centerlines

« The "endpoint_url' is essentially the website that is hosting the data

gbax.add_feature(rivers)
climo39001_jan.plot(ax=gbax, cmap='Blues’, zorder=0) # add the data we extra

<cartopy.mpl.geocollection.GeoQuadMesh at @x7fa3624cbebe>

*  Which allows access from e.g. crs = -32767 [m), month = 1

 Notebook platforms o160
* Scripts y

« HPC i
« Web Uls - §

Gridded estimates of hourly

o
=
o
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Exploring remotely-stored Zarr datasets

Data Access Examples

import oseee

Interactive guides ShOWiﬂg how to access View datasets in the object store buckets (using S3FS)
and eXp|Or€ |arge grldded data Sets StOred » ‘anon=True' means 'access the data as an anonymous user’ which is what you wa

. th | d * The "endpoint_url' is essentially the website that is hosting the data
s3 = s3fs.S3FileSystem(anon=True, client_kwargs={"endpoint_url': "https:/,

gbax = plt.axes(projection=cp.crs.0SGB()) # create the (geo) axes for the pl

. . cat39001.plot(ax=gbax, facecolor='None', edgecolor='black’', zorder=1) # plot
Aval |a b | e | n P 5/ l h O n & R O n rivers = cp.feature.NaturalEarthFeature('physical’, 'rivers_lake_centerlines

gbax.add_feature(rivers)

! . climo39001_jan.plot(ax=gbax, cmap='Blues’, zorder=0) # add the data we extra
multiple platforms:

<cartopy.mpl.geocollection.GeoQuadMesh at @x7fa3624cbebe>

GitHub, Colabs and Binder B s
No local installation required!

Minimal programming experience required!

Gridded estimates of hourly
rainfall [kg m-2]

- 0.10
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Exploring remotely-stored Zarr datasets

Data Access Examples

import oS eee

Interactive guides ShOWiﬂg how to access View datasets in the object store buckets (using S3FS)
a nd explore |a rge g rldded d ata Sets StO red » ‘anon=True' means 'access the data as an anonymous user’ which is what you wa

. th | d « The 'endpoint_url’ is essentially the website that is hosting the data
s3 = s3fs.S3FileSystem(anon=True, client_kwargs={"endpoint_url’': "https:/

gbax = plt.axes(projection=cp.crs.0SGB()) # create the (geo) axes for the pl
cat39e01.plot(ax=gbax, facecolor='None', edgecolor='black®', zorder=1) # plot

Avai |a b | e in Pyt h O n & R O n rivers = cp.feature.NaturalEarthFeature('physical’, 'rivers_lake_centerlines
gbax.add_feature(rivers)
multiple platforms:

climo39001_jan.plot(ax=gbax, cmap='Blues’, zorder=0) # add the data we extra
GitHub, ColLabs and Binder

https://github.com/NERC-CEH/fdri-gridded-
notebooks/blob/main/README.md

{ FDRI
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5.1 Understanding your needs for FDRI gridded data

A-These aspects of FDRI gridded work are important to my use cases

B-For my use cases, these spatial aggregations of 1 km gridded UK data are important
C-For my use cases, hourly gridded data at these aggregations are important

D-For my use cases, | need these temporal and spatial groupings of UK data

R —
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5.2 Understanding user needs of FDRI gridded data
and notebooks

A-Based on my use cases, | would like FDRI work on gridded data and notebooks to
provide this over the next 6-12 months?

B-I would like to contribute notebooks to a FDRI community resource

C-I'would also like to say this in relation to FDRI's work on gridded datasets and
notebooks

R —
—  _— —
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5.2 Understanding user needs of FDRI gridded data
and notebooks

A-Briefly what would you want from FDRI notebook-based access to gridded data
B-Would you want to be able contribute notebooks to a FDRI community resource

C-Anything else you would like to say related to FDRI work on gridded datasets and
notebook-based access

P mﬁ__
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6.Next steps, feedback, and thank you

« Report shared by middle of June
+ Providing additional feedback (next slide) and what would work best for you
+ Follow up session at BHS Leeds meeting

« Feedback form- Menti survey (menti.com; 3759 5089): help improve events
https://www.menti.com/alfnuogt8gzs

* Thank you

P — e ——
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https://www.menti.com/alfnuogt8qzs

com 3759 5089
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Thank you and evaluat
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