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Digital Earth Lighthouse Activity,

:_J Cross-Cutting WCRP Activity supporting development of integrated s i
interactive digital information systems providing global and regional e i
information, including both natural and human systems

Areas of activity

* Fully coupled km-scale regional and global models: Foster a global
research network in km-scale modeling of the Earth system and individual
components (km-scale = Ax<10km)

- Data-Fusion for climate: Establish an active community for climate data
assimilation and data driven modeling (e.g. Machine Learning/Al
methods), expanding on numerical weather prediction and re-analysis

« Beyond the Physical Earth System: Include human interactions on and
impacts to human systems in ESMs
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Digital Earth LHA Structure 2025

Webinar Series Co-chairs Steering Group OtherLHAs

Km-Scale Model-Data Fusion Beyond Phys System
[C. Hohenegger, MPI- [A. Subramanian, U. Colo, [D. Niyogi, U. Texas]
T. Beucler, Lausanne]
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Regional & Global Km-Scale Models  regionai cimate Mogel 4xm)

Rasmussen et al 2023, BAMS

(a) CONUS404 Mean annual precipitation: WY1986-WY2020  mMm

CORDEX Regional Climate Models @ km-scale (FPS)

2100

~10 global km-scale atmosphere models Iiiiﬁ
- >1yr simulations with ~3km atmospheres (7 models) icis
1350

Several km-scale coupled models developed e
- Testing down to 1km global! o
600

Science use cases needing global models: 0
- Small scale impacts on general circulation, Teleconnections o

- Coupling across ‘spheres’ (e.g. ocean — atmosphere) Simulated sea ice leads/cracks in the Arctic
Ocean (FESOM at 4-5km)

Radar reflectivity
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DE km-scale Modeling Science Initiatives

Nurture the development of process comparisons/teams
- Km-scale Land-Atmosphere interactions
— Convective organization team re-forming
— Gravity waves may be forming with APARC

Km-scale model working group (regional and global): with WGNE

Seminar Series on km-scale modelling
Participating in conferences/workshops
— Hosting/supporting meetings/sessions where necessary

Global ‘pan-hackathon’ for km-scale modelling this week
— Multiple models, sharing tools and workflows, data sets

— Increase ability of users to analyse km-scale models
— Bring analysis capabilities and data to users worldwide

All these activities are for global AND regional models
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WCRP Digital Earth Lighthouse Activity
Global km-Scale Hackathon
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When: 12-17 May 2025
Where: 11 regional nodes worldwide

Join us and contribute to strengthening
collaborations in weather and climate research,
driving advances in storm-resolving models for

better predictions!

Organisers: WCRP Digital Earths Lighthouse, in collaboration with other 4 : :f} |

international partners and initiatives
Our partners:
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700 participants

10 cutting edge models

+ Observations and Al teams
Over 1000 plots in a week!

Prototyped new methods for
delivery of climate innovation
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Hackathon Technical Stack
Object Storage (S3)
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Plot data on a map

See the plotting with cartopy example of easy.gems for more detail.

egh. healpix_show(ds sel(tine="2020-05-10T00:00:00"), cnap="infern

<Figure size 640x480 with 0 Axes>
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casesa2_10kn_cumslus (tisesPTEN", zoseed)

CAS-ESM 10 km simulation

CAS-ESM2 atmosphere-only smulstion at 10 km

resolution with deep convection. Run for 1 year
month and 11 days starting in 20th Jan

2020,

Simulation:

Horizontal grid: lat-lon, 18013600

Vertical grid: 36 full levels

Indtial canditions: From IFS for date 2020

01-20700:00:002

Resolution:

Atmosphere data at HEALPix level 0

°
°
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casess2_10kn_socumulus (tises'PTeN', zosemd)
s

T, T, PTEN
023456089
CAS-ESM 10 km simulation

CAS-ESM2 atmosshere-only simulation at 10 km
resolution with deep convection off. Run for 1
year and 1 month and 11 days starting in 20th
Jan. 2020.

Horizontal grid: at-lon, 180143600
Vertical gric 26 full levels

eitial condiions: From IFS for date 2020
01-20T00:00:002
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Atmosphere data at HEALPix level 9.
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if5_tcod999-0g5_rcbat (dimm'20', tiaen'PIIN',

Coupled simulation at 2.8 km reslution, with

deep convection parameterzaton swched off

Run for 1 year and 2 months, starting in 2020.

(Oniine access via EERIE cloud)

General

© The Integrated Forecasting System (IFS),

developed at ECMWWF, & 2 spectrab
transform atmaspherc model with two-
time-level semi-implicit, semi-Lagrangian
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L
1FS-FESOM 2.  original | | #S-FESOM 2. , original
IFS variables 1FS variables

Cougled simuation at 2.8 km resolution, with
reduced cloud base mass flux. Run for 1 year and
2 months, starting in 2020. (Online access via
EERIE cloud)

Generat

© The Integrated Forecasting System (IFS),
developed at ECMWF, = a spectral
transform atmosgheric model with two-
time-level semi-mplicit, semi-Lagrangian
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Km-Scale Model Working Group

Model/Center Name Location
ICON Cathy Hohenegger Germany (Chair)
MetOffice Huw Lewis UK
NCAR/Earthworks Bill Skamarock USA
DOE-E3SM Hassan Beydoun USA
NASA-GEOS Bill Putman USA
NOAA-GFDL Lucas Harris USA
NICAM Daisuke Takasuka Japan
COSMO (Regional) Nikolina Ban Austria
MCV Xingliang Li China
ECMWE-IFS Benoit Vanniere UK
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Km-Scale Model Working Group

Joint with WGNE: needs some discussion

* Group has not metin 6 months or so.

* Was meeting regularly every ~ 4-6months

* Typically: updates on latest developments/ or discussion of a particular issue
* One key topic: organized convection at km-Scale

 Seems like interest from model development groups, but might need some
more organization or structure
— Could find a new chair and co-chair
- |Is the membership right

* One option: use results from km-scale hackathon to prompt a series of
discussions on particular topics
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Physical to Virtual Data Fusion for Climate

Chairs: A. Subramanian (Univ. Colorado), T. Beucler (Laussane univ.)

« Data Assimilation for Climate
— Co-hosted several workshops (Boulder 2022, Boston 2024)

— Connecting with coupled DA efforts lead by WWRP DAOS

- Climate DA: participating in investigations of ML based DA, currently it does NOT
outperform traditional methods

* Machine Learning and Data Driven Modeling
- Coordinating efforts for Climate (with ESMO): joint group
- Connecting to WWRP PDEF who are starting a new ML effort for NWP
- ML Exploration in all aspects of ‘digital earth’

« Urban Digital Twin group at UT-Austin has produced a ML Hindcast Dataset, we
are helping to advertise it for community use.

- Bi-monthly webinars and WG meetings will start soon
- Several DE members attended GRC- AI/ML meeting in summer 2025
- Planning a meeting on Al/ML Climate modeling for September 2026 (Boulder, CO
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Human Systems: Beyond the Physical

Chair: D. Niyogi (U. Texas)

« Core competencies of Earth System Models: Water, Energy, Land

- Emerging efforts with: Hydrology, Energy Systems, Crops
- Example: GEWEX Regional Hydroclimate Project (RHP) for the US (H2US)

 Humans dominate in Urban
environments 2024 Paris Olympics Weather Forecast by Street....

- Urban Digital Twin effort started: data Eie R
sets, academic/city twins W

(Dev Niyogi, U. Texas) o

- Connecting with CORDEX Urban FPS (g \ =

- Also WWRP Urban warning systems
project
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Interactions with WGNE
How can Digital Earth Help?

* Machine Learning and Al
- DE is focusing on climate (not weather generators, but climate and coupled models)
- DA and initialization for climate simulation

 Km-Scale Model Development
- Is the km-scale Working Group useful?
- Goal is to nurture development and discussion of development issues
- Focus has not been on forecasting, but km-scale model development
- How to structure this between DE, WGNE, WGCM (and where will it eventually land)
« This may be something to discuss as part of WGCM relaunch

Thoughts? Discussion? Next Steps?
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