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-
TarratiT Event Agenda

14:00 - 14:05 | Welcome and introduction

14:05 - 14:25 | Overview of TerraDT & the Urban Impact Model

14:25 - 14:40 | UrbanAIR presentation

14:40 - 15:10 | Use Case Showcase & Demonstration

15:10 - 15:40 | Coffee break & Networking

15:40 - 16: 40 | Expert panel: User perspectives

16:40 - 17:45 | (In person only) Interactive Session: collecting user needs and requirements
17:45 - 18:00 | Wrap-up and closing

18:00 - 19:00 | Networking cocktail
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New Digital Twin for

Terra DT Destination Earth: TerraDT

Digital Twin of Earth system for Cryosphere, .
Land surface and related interactions Devaraju Naraynappa * and whole TerraDT team

*CSC-IT Center for Science, Espoo, Finland.
Email: devaraju.narayanappa@csc.fi

Funded by Workshop: Urban Impa i
the European Union 23 February 2026, Barcelona, Spaln
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TerraDT project key details

. Call: HORIZON-INFRA-2024-TECH-01

. Project name: Digital Twin of Earth system for Cryosphere, Land Surface
and related Interactions (TerraDT)

. Duration: 1.1.2025-31.12.2028 (4 years)
. Co-ordinator: CSC— IT Center for Science, Finland

TerraDT website

Of=10
[=]

. Website: www.terradt.eu



http://www.terradt.eu/

- Consortium- 18 partners across Europe (10 countries)
TerraDT
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< Context — Why new DT for DestinE is needed?
TerraDT

« Destination Earth builds Digital Twins of Earth to support decision making
- Climate DT for high-resolution global climate projections & impact assesments

« However, there are some limitations in DestinE Climate DT

« Km-scale climate models have shortcomings for some key components of Earth
system - cryosphere, land surface etc.

« Adding new components to core models is challenging as the models are not built
in modular manner

« Information relevant for some impact sectors are limited

TerraDT responds to these needs by developing new Digital Twin components (DTCs),
impact models and modular software infrastructure

Enhanced DestinE infrastructure providing more reliable and relevant information
for climate adaptation and mitigation!




Why new LandSurface DTC?
Terra DT Relevant to Urban IM workshop !

CMIP Climate Models Land types representation

Current CLMS Land Surface Data
WODE Lang Coves: Map Percentage. Ciop Coarser resolution

Fine resolution

Integrating Land Data To Represent Land Usé in CLM5

Current CLMS5 Land Surface Data
MODIS Land Cover Map Percentage Needleleaf Evergreen Trees

Lawrence et al LMWG presentation (2022)



DestinE Animation on the Climate Change Adegtation Di itaIT\fin . : : s
10 create global climate projections

over multiple decades!
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 a Primary Objectives of TerraDT

TerraDT

* Modular & Interoperable Platform — we’re extending
ClimateDT using portable, plug-and-play Digital Twin .
Components (DTCs)

* Improve Climate Projections & Impact Assessments .
Enhance representation of cryosphere and land-surface — Improve Climate

processes and integrate Al/ML-based models for more accurate Modular & \\ Projections & Impact
and actionable climate insights. Interoperable Assessments
Platform N z

e Strengthen User Engagement & Accessibility
Interactive interfaces and impact models to deliver user- ‘
oriented information and foster adoption by scientific, public, O/o
and private stakeholders. m ~—

* Ultimately, Advance the DestinE’s Vision Strengthen User Ultimately, Advance
Expand the interoperable and interactive DestinE (ClimateDT) Engagement the DestinE's Vision
ecosystem to support more effective climate adaptation and Al generated image (copilot)

mitigation strategies.




TerraDT
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- DTCs Enhances Capabilities of DestinE core climate models
TerraDT
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g Expanding DestinE Capabilities to Explore new Impact sectors
TerraDT
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o DestinE-Compliant Software Infrastructure

TerraDT

e DestinE core Climate Models software

e Workflow infrastructure compatible: seamless integration with existing
systems

e Computing infra- EuroHPC machines

e Generic coupling Interface: scalable, interoparable and

portable solution for expanding DestinE DTs
YAC




One Year ON — Progress highlights

1-day test simulation

Te r ra DT Before After Greenland surface mass balance

>

\

Generic coupling interface: Strengthened modularity
and interoperability by maturing YAC-based coupling
interface

Landlce DTC: Prototype coupling established between
Elmer/lce and ICON via YAC coupler.

redits to Y. Schrader (MPI-My**
—

Sea-lce DTC: Decoupling sea-ice from FESOM and Al
based sea ice emulator tested for 7yr rollout. —)

Emulated

Aerosol DTC: A simplified aerosol model (HAM-LITE)
tested and integrated into (open) IFS model.

LandSurface DTC: ML based Dynamic vegetation model
work is underway

2013-01-02 - Lead time: 0 days

] . . SIT [m]
Progres_s has also_ .b.een made in advancing impact s T 5 G Florent, Nils, Nikolay, AW), GEOMAR
modelling capabilities and User Interface. Forest, 2

Urban, Sea lce and Land Ice




E Envisioned integration with the DestinE infrastructure

TerraDT

Commits on Tags Clima tT

—-
Develops Pulls for
new DTCs production

simulations
GitLab repos (ICON),

Bitbucket repos (for IFS-
NEMO and IFS-FESOM)




- Climate models and coupler integration
Terra DT Developments in TerraDT

Operational ClimateDT

EuroHP

Land Ice Generic coupling C

DTC Interface (YAC) itoring &
monitoring

evaluation

Land surface
DTC

. Common Database for
Generic format & data grib2 output

Sealce coupling climate governance
DTC Interface models
(YAC) Schematic from Sebastian Millinski, ECMWF

Land surface
Al Sea lce DTC Aerosol DTC

emulator

Generic coupling
Interface (YAC)




- Impact models integration )
Terra DT Sea Ice Impact Urban Impact

model model
TerraDT/ ClimateDT climate model simulations

/ EuroHPC

DestinE Platform
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JupyterHub, use
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applications,
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Application Polytope
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Schematic from Sebastian Millinski, ECMWF


https://platform.destine.eu/services/service/insula-code/
https://destination-earth.eu/use-cases/
https://destination-earth.eu/use-cases/
https://platform.destine.eu/services/
https://destine.ecmwf.int/climate-change-adaptation-digital-twin-climate-dt/#Access-the-Climate-DT-data

Integration of TerraDT components to DestinE

TerraDT

« TerraDT builds on DestinE Climate DT approach and adds new technical and scientific
capabilities.

Land lce DTC Sealce DTC
TerraDT Impact TerraDT Impact
i
Generic State DestinE Data DestinE DestinE Core Service
SErS PUMSIS Tode Vector (GSV) Bridge Platform (DESP)

LEGEND

Common ClimateDT
I.and:rtgface Aerosol DTC Qm"‘g::m‘-;“:;"nv Aﬁm::t.lg:s & TerraDT approach
TerraDT solution -

TerraDT




Looking Ahead — TerraDT outcomes
TerraDT
> Full coupled climate models including new DTCs - enhanced version of Climate DT
> Multi-decadal coupled simulations with the new DTCs
> New Impact sector models linked to land ice, sea ice, forests and urban
> Generic coupling interface developed

> Model performance improvements and data governance & workflow solutions compatible
with DestinE

> Strengthens partnerships and expands DestinE capabilities to new impact sectors (e.g.
Agriculture, sea level rise and maritime navigation etc.).




. Take away message
TerraDT

TerraDT will mark a significant leap forward for DestinE by enhancing the

DestinE infrastructure with new scientific and technological capabilities




THANK YOU

TerraDT

Digital Twin of Earth system for Cryosphere,
Land surface and related interactions

B9 info@terradt.eu

“ @terradt.bsky.social

D @TerraDT

m TerraDT

zod Zenodo
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State-of-the-art capabilities of the Urban Impact Model

Liisa Kulmala
(Finnish Meteorological Institute)

23 February 2026 | Barcelona [ES]

Funded by
the European Union




Context and State-of-the-Art
for Urban Impact Modelling

TerraDT

Digital Twin of Earth systgm for C.ryosphere,
Landsixiacmsndeiiad nersctions Liisa Kulmala, Finnish Meteorological Institute

Ana Oliveira & Inés Girao, CoLAB +Atlantic

Funded by
the European Union




——— What do cities, planners and residents

TerraDT expect from urban nature?

Residents

® (Cooler, greener, healthier neighbourhoods
® Access to nature & recreation

® Access to shade

Cities

* Climate resilience: heat, drought & extreme weather
®* Cooling (Health + lower energy demand)

®* Progress toward carbon neutrality
(

Cost-effective climate solutions
Planners

® Reliable, scalable data & models

® Tools for carbon & cooling scenarios

® Evidence for different choices (species/soil)
® |Integrating NBS into zoning & design




Urban characteristics ¢,
TerraDT  affect urban heat N
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* More evaporation from porous surfaces

* Less evaporation from non-porous surfaces
* More latent heat flux * Less latent heat flux

* Less sensible heat flux * More sensible heat flux




Support the Guardian Prist subscriptions  Search jobs ) Sign s

— Urban characteristics T
News Opinion  Sport Culture  Lifestyle @ lll'(l r( l’(lll
TerraDT affect urban heat ==

Weather tracker: Europe and China in
midst of record-breaking heat

Weather tracker
Satsune sl

Temperatures over 40C rocorded In Portugal and Spain,
while Ching endures heatwave conditions in high g3on

Climate and Environmental Hazards are LOCAL =l
Their monitoring and forecast IS NOT T

Chenate hangs |+ AM et

Climate change increases threat of heat deaths
in European cities

Currently, weather, climate and
environmental monitoring lQCkS

spatial detail

“Leave no one behind” must be central to
Europe’s climate resilience efforts

v' OK regarding WHEN
I NOK regarding DETAIL
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TerraDT

Observations

Sensors, loT,
Crowdsourcing

State of the art in science and in practice:
ML for Urban Climate Prediction

Synoptic (Background)
Weather
Reanalysis, Forecast
and Climate
Projections

Local (Time-Fixed) Predictors

Landscape and
Urban Features

/Topography Green Featurb

Terrain, Vegetation
Topographic Density and
Wind Exposure Type, Phenology

Urban Features Blue Features

Urban Density,  Proximity to the
Imperviousness, Coastor Large

\S\ky View Factor Water BodiesJ

Machine Learning

Domain-Informed
Data-driven
Downscaling




. am State of the art in science and in practice:

TerraDT ML for Urban Climate Prediction

CERRA (0.05x0.05°) AROME - IBI (0.025x0.025°)




. State of the art in science and in practice:
TerraDT ML for Urban Climate Prediction
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’ State of the art in science and in practice:
TerraDT ML for Urban Climate Prediction
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Aerial photo: National Land Survey of Finland (2023)

Orchard Forest Street trees Meadow

09/02/2026 Photos: Esko Karvinen, Yasmin Frihauf, Jesse Soininen




Photos: Esko Karvinen
Yasmin Frihauf
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<@ Model testing and development with the
TerraDT observations
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TerrapT Scaling in space and time
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THANK YOU

TerraDT

Digital Twin of Earth system for Cryosphere,
Land surface and related interactions
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Overview of the UrbanAIR project

Jan Mateu

(Barcelona Supercomputing
Centre)

23 February 2026 | Barcelona [ES]

Funded by
the European Union
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Towards a digital twin of
the urban atmosphere for
decision support

Jan Mateu Armengol

on behalf of

Femke C. Vossepoel, Maarten van Reeuwijk,
Natalie Theewes, Nele Veldeman,

Florence Gignac, Sam Pickard

Funded by
the European Union

Funded by the European Union under Grant Agreement number 101188131. Views and opinions
expressed are, however, those of the author(s) only and do not necessarily reflect those of the
European Union or European Research Executive Agency (REA). Neither the European Union nor
the granting authority can be held responsible for them.
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urbanair-project.eu

UrbanAIR

URBAN simulation for Alr quality and heat Resilience strategies

484

Climate adaptation

Urban heat and
other extremes
Wind comfort

[&1Tat Tt

Urban planning and

design

High- versus low-rise
Green spaces
Mobility choices

OO

Hazard response/
Health

Evacuation toxic
gases

* Crowd control

« Air quality

.*"*. | Funded by
| the European Union
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urbanair-project.eu

UrbanAIR

URBAN simulation for Alr quality and heat Resilience strategies

484

Climate adaptation

« Urban heat and
other extremes
e Wind comfort

[&1Tat Tt

Urban planning and

design

High- versus low-rise
Green spaces
Mobility choices

&P ”
Climate Urban planning -c_—a/ Hazard .IB.
response

@ @ @ adaptation & design

Hazard response/
Health

Pillar 1 Pillar 2 Pillar 3

DestmE Service Platform

Uncertainty quantification

Evacuation toxic

gases
 Crowd control
. ! Behavioural modelling
« Air quality LB R (WC L

Regmnal scale (S>1km)

Funded by

the European Union
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UrbanAIR

urbanair-project.eu

UrbanAIR collaboration

Scientific
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social agents

Business sector

Public
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UrbanAIR

urbanair-project.eu

UrbanAIR collaboration

* Interdisciplinary:
environmental modellers, social scientists,
stakeholders, mathematicians, software
developers, computer scientists, communication

specialists

« Building on existing tools and technologies

« Connecting to Destination Earth infrastructure

| Funded by
ML the European Union




U n urbanair-project.eu

UrbanAIR

Cascading resolutions in atmospheric models

Extremes DT Climate DT

/ Destination Earth
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Uncertainty quantification
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UrbanAIR

urbanair-project.eu

Behavioural and
decision-making
aspects
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UrbanAIR

Involving action cities and learning cities

Action Cities Learning Cities
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UL Three User Journeys

UrbanAIR

* Green potential maps

Where and how can we cool
the cities?

Need to know air quality, heat,

and wind
Focus on Antwerp

Green (Tree) Potential Map

Tree recommendations " Recommended(Heat)
I No need for new vegeation [ Recommended (wind comfort)
Il Not recommended (Air quallty) - Reoommended (Heat + Wind comfort)
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UL Three User Journeys

UrbanAIR
Green (Tree) Potential Map
Tree recommendations " Recommended(Heat)
I No need for new vegeation I Recommended (wind comfort)
*  Green potential maps i (A""“"”’-Rmme"ded (Hea“wmd)
»  Where and how can we cool AL R ' -—_' ¥
the cities?
* Need to know air quality, heat,
and wind

*  Focus on Antwerp

* Climate extremes and hazards
* Example of Paris, summer 2023




UL Three User Journeys

UrbanAIR

Green (Tree) Potential Map

Tree recommendations " Recommended(Heat)
I No need for new vegeation I Recommended (wind comfort) '
Il Not recommended (Air quality) Il Recommended (Heat + Wind comfort) 3

* Green potential maps i
«  Where and how can we cool e == hﬂ*—‘%-
the cities? : :
* Need to know air quality, heat,
and wind
*  Focus on Antwerp

* Climate extremes and hazards
* Example of Paris, summer 2023

Input parameters {

Concentration threshold (ug/m3) LyPesi

Probability of exceedance (%)

*Traffic reduction (%)
°

* Air quality directive
* Exceedance maps
* Focus on Barcelona

Output

Pr. Exceedance (%)
(40 pg/m?)

100
80
60

@ Area affected e A
. Bt e/ (8
O Population exposed .

() **Perception SNk

Q Vulnerability (social categ.)
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Building blocks

urbanair-project.eu

Destination Earth

Data

uQ/DA

Models

Users and user input

Scenarios
decision
problem

Desired outcomes

Potential maps

Uncertainty/risk
maps

Behavioural
outcomes

Funded by
the European Union



Un Use case: Clean Air Directive, Barcelona

urbanair-project.eu
UrbanAIR




Uﬂ Use case: Clean Air Directive, Barcelona

urbanair-project.eu
UrbanAIR
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CRIADO, A., et al. Street-and census-level NO2 data for Barcelona with uncertainty and exceedance probability mapping. Scientific Data, 2026.



Un Use case: Clean Air Directive, Barcelona

UrbanAIR

urbanair-project.eu
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CRIADO, A., et al. Street-and census-level NO2 data for Barcelona with uncertainty and exceedance probability mapping. Scientific Data, 2026.
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Un Use case: Clean Air Directive, Barcelona

urbanair-project.eu

UrbanAIR
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CRIADO, A., et al. Street-and census-level NO2 data for Barcelona with uncertainty and exceedance probability mapping. Scientific Data, 2026.



Uﬂ Use case: Clean Air Directive, Barcelona

UrbanAIR

urbanair-project.eu

Input parameters

Concentration threshold (ug/m?3)
L

Probability of exceedance (%)
L

Output
@ Area affected
() Population exposed

41.45°N:

41.42°N-! =

-
h 2

41.39°N:

41.36°N/

41.33°N;



Uﬂ Use case: Clean Air Directive, Barcelona

UrbanAIR

urbanair-project.eu

Input parameters

Concentration threshold (ug/m3) 414N
L
Probability of exceedance (%) # % 1
o a142°N B GEE

-
h 2

¢ T

*Traffic reduction (%)

L]
41.39°N:
Output
@ Area affected 41.36°N:
() Population exposed
Q Source Apportionment
41.33°N:
Regional “ Local
Background Traffic
18 pafm3 12 pgim?




Uﬂ Use case: Clean Air Directive, Barcelona

urbanair-project.eu
UrbanAIR

Input parameters

Concentration threshold (ug/m3) *'4™N

&

Probability of exceedance (%)

neeeh K
° & =
*Traffic reduction (%) w
L]
41.39°N:
Output
@ Area affected 41.36°N:
() Population exposed
Q Source Apportionment
O Perception 41.33°N:
- . Regional Local
O Vulnerability (social categ.) E“acﬁgrnund rzragr?c!
pg/m? Hglm
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UrbanAIR
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In summary, the UrbanAIR DT wiill...

* Be case-specific, designed together with the
end user

Community and
social agents

Business secto

Scientific
community

Public
administration




U n urbanair-project.eu

UrbanAIR

In summary, the UrbanAIR DT wiill...

* Be case-specific, designed together with the
end user Users and user input

Destination Earth Data Models

Climate data

* Consist of modules linking to the DestinE
components A

uQ/DA Desired outcomes

Potential maps

Uncertainty/risk Behavioural
maps




U n urbanair-project.eu

UrbanAIR

In summary, the UrbanAIR DT wiill...

* Be case-specific, designed together with the 1
end user Skm—- Global

* Consist of modules linking to the DestinE
components

Pis. ight of the 17° June 2022, 22UTC ) A '\“
~ -

ns Zm!K 2 B 2m T[K] i
. /

Resolution
Domain size

* Integrate atmospheric models with
behavioural models in a decision-analysis
framework

50m —

DALES UrbClim MesoNH OpenFOAM CALIOPE




U n urbanair-project.eu

UrbanAIR

In summary, the UrbanAIR DT wiill...

* Be case-specific, designed together with the
end user

* Consist of modules linking to the DestinE
components

* Integrate atmospheric models with
behavioural models in a decision-analysis
framework

* Provide uncertainty assessment, integrating
data and models and making use of Al tools
for enhanced resolution and reduced
computing time
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Mapping of heat-exposure extremes in cities

Inés Girao
(+ATLANTIC Colab)

23 February 2026 | Barcelona [ES]

Funded by
the European Union
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MAPPING OF HEAT- E
-!:Ie!:rystamRT EXPOSURE IN CITI

Land surface and related interactions
Inés Giréo

+ATLANTIC ColLAB

Funded by
the European Union
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TerraDT THE PROBLEM

Climate and Environmental Hazards are LOCAL
Their monitoring and forecast IS NOT

Currently, weather, climate and
environmental monitoring lacks

spatial detail

v' OK regarding WHEN
' NOK regarding DETAIL

Q FINANCIAL TIMES

RLD US COMPANIES TECH MARKETS CLIMATE OPWION LEX WORK&CAREERS LIFESARTS HTSI

Climate change ( + AddtomyFT

Climate change increases threat of heat deaths
in European cities

SupporttheGuardian  @EEE) 3 priatsubscriptions Search

The.. -
News Opinion  Sport Culture  Lifestyle e Gllardlan

tracker: Europe and China in
midst of record-breaking heat
Matt Andrews (MetDesk)

40C recorded in
e St s

< Share

\\v European
> Environment
/ Agency

“Leave no one behind” must be central to
Europe’s climate resilience efforts
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TerraDT THE SOLUTION

2022-07-20 03:00 [DANRA, 0.0 I“"uiu'll :

Coarser Meteo Data
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TerraDT  THE SOLUTION

—

Downscaled Meteo Data
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TerraDT THE SOLUTION

Observations Synoptic (Background) Local (Time-Fixed) Predictors Machine Learning
Weather
Sensors, loT, Reanalysis, Forecast Landscape and Domain-Informed
Crowdsourcing and Climate Urban Features Data-driven
Projections / \ Downscaling
Topography  Green Features
Terrain, Vegetation

Topographic Density and
Wind Exposure Type, Phenology

Urban Features Blue Features

Urban Density,  Proximity to the
Imperviousness, Coast or Large

\S\ky View Factor Water BodieS/




Pre-processing 1
Coarse Resolution Gridded Inputs High Resolution Gridded Predictors In-situ Ground Truth

TerraDT  THE SOLUTION

Natural Landscape

|

|
I [ ]
| ) |
. NWP/C3S/ gridded data Attificial Factors Meteorological 1

. . DEM measurements

| Satellite gridded data Air Temperature Tree Cover Density LCz 1
1 Wind U/V components IMD CWS,WMO 1
|
I I | I I | I
Biogeographical regions 1 Collocation and harmonisation into same target grid Quality Control |

in Europe, 2016 |
A | | | \ !
5 Alpine 1 Target Response Variable |
[ Anatolian 1
g 1 Feature Engineering and Feature Selection I

rctic 1 I
Bl Atlantic | l l l 1
[ Black Sea 1 :
Bl Boreal : Train Dataset Validation Dataset Test Dataset |
I Continental | 1
W Massicieds e | === === === == — e e e e N = === ==
_ OO O o o e e e e e il il |
[T7] Mediterranean | L
| Training |
B Pannonian I |
[] steppic | 1
Outside data coverage 1 Model Fitting ; ) I
— Hyperparameter tuning using

| (ML) cross-validation with RMSE metric !
1 |
Project Acronym 1 1
1 |

[Expected ML availability]:
Country: Functional Urban Area

: Testing :

HORIZON EU Terra DT | !

[Mar 2026]: |

SRS " ES: Barcelona 1 !

Canary Is. o Azores Is| : b PT: Lisbon I !

0 W, FI: Helsinki | ; |

. °‘?o r DE: Munich | Final Model "
u > FR: Paris

Madeira 1s.] 0| 500 1000 1500 km 1 !

T 1 1 |

| |

Input satellite data Input high-resolution data Processes Target In-situ data Datasets _ Final Model
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TerraDT

CERRA (0.05x0.05°) AROME - IBI (0.025x0.025°)
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CERRA (0.05x0.05°) AROME - IBI (0.025x0.025°)




TerraDT

@ <= CERRA AROME diff |
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CERRA (0.05x




LCZ 123 Compact mix-rise
LCZ 456 Open mix-rise
LCZ 8 Large low-rise

LCZ 9 Sparsely built

LCZ 10 Heavy industry
LCZ A Dense trees

LCZ B Scattered trees
LCZ C Bush, scrub

LCZ D Low plants

LCZ E Bare rock or paved
LCZ F Bare soil or sand
LCZ G Water

Barcelona

Helsinki

Lisbon

I T I

30 40 50
Area (%)

20

30

Area (%)

50 60

Oliveira et al., 2020



Munich

LCZ 123 Compact mix-rise -
LCZ 456 Open mix-rise -
LCZ 8 Large low-rise

LCZ 9 Sparsely built

LCZ 10 Heavy industry -
Lcz A pense trees - ENENGTNNENEGEGEGEGEG

LCZ B Scattered trees -
LCZ C Bush, scrub

LCZ D Low plants

LCZ E Bare rock or paved —ﬂ
LCZ F Bare soil or sand -

LCZ G Water -F

0 10 20 30

Paris
0 10 20 30 40 50
Area (%)

60

Zurich

h

0 10 20 30

Area (%)

40

T

50 60

Oliveira et al., 2020
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Lisbon, during a heatwave day 2 ‘ , : rv;g- L b
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Input Data

TerraDT

CLIMATE DT data Reanalysis data CLIMATE DT data
(historical) (historical) (projections)
Air Temperature Air Temperature Air Temperature
Wind seep and Wind seep and Wind seep and
direction direction direction
Mean surface level Mean surface level Mean surface level
pressure pressure pressure

| I
I I
| I
I I
| I
I I
| I
I I
| Relative humidity Relative humidity —»  Relative humidity |
I I
| I
I I
| I
I I
| I
I I

I

Pre-processing

What about the future? SRS o
Bias-adjustment DO"""Sia'ed

T2m Climate

Projections

Future Projections Geospatial Time Series of
HW/CW Extremes and Corresponding Spatial

Incidence of T2m and UHI intensity

Input data = Processes
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erraDT

ATLANTIC SENSE | ®

Base Layers

Active Layers Add Layers

No layers selected

Greater Lisbon Air Temperature
Air Temperature
Average Thermal Amplitude
Heat Wave Intensity

Heat Wave Severity

®
O]
®
®
®

Cold Wave Intensity

Coastal Geomorphology
Shoreline Trends
Shallow Water Bahtymetry
Salt Marsh

Annual Shorelines

eleleo

Coastal Hydrodynamics

Total Water Level

" y ¥ 3 ' g
== | eafiet | Tiles ® Esri— Source: Esri, i-cubed, USDA, USGS, AEX, GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community

1< < > >l qﬂ
£ 13/09/2024 15:00:00 ® 38.78598, -8.10292 @




scenarios

TerraDT

Maximum Ta

Q 'Future HW day', 'Denser City' scenario Ta Diference between 'Current City' and 'Denser City'
(Tr: 32°C, Tr_d2h: 3.5°C)
B

6-8p.m.
(°C)
l >=35.0
» I =]
=3 | 32.5
How much cooler/warmer a @
- neighbourhood is, compared g i<=3o.o
to the long-term average e .
: 2 Maximum Ta
climate? 3 Difference
= °C)
. ! >=1.0
How extreme is the heat (cold) ﬁ e
# in a given neighbourhood, . i P
compared to the local B
temperature range? Future LCZ

71 LCZ 2, Compact
Midrise
i LCZ A, Dense
Trees

Which are the cooling (heating)
# acclimatization needs, in each
neighbourhood?

83



THANK YOU

Digital Twin of Earth system for Cryosphere, '
Land surface and related interactions
CoLAB

+ATLANTIC

B9 info@terradt.eu
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X @TerraDT _EU
B @TerraDT

m TerraDT
znodd Zenodo
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Mapping High-Resolution Carbon Fluxes

from Urban Green Spaces

Leif Backman
(Finnish Meteorological Institute)

23 February 2026 | Barcelona [ES]
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Digital Twin of Earth system for Cryosphere,
Land surface and related interactions

Mapping High-
Resolution Carbon
Fluxes from Urban
Green Spaces

Urban Impact Models for Climate Adaptation

Barcelona, February 23, 2026. < &

% - ol . p

S A : .
Leif Backman, Veera Vasenkari, Juha % :
Leskinen, Liisa Kulmala et al. 5
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Urban Green
Spaces Urban vegetation provides

« Heat mitigation (UHI)
 Biodiversity & well-being
« Carbon uptake

Climate change threatens these
services

Planning decisions today shape
long-term carbon balance




How Can We Estimate Current and Future
Carbon Fluxes in Urban Ecosystems?

Land Surface Models But ...
Physically based, mechanistic Difficult to run interactively
Simulate photosynthesis, soil carbon, Computationally expensive at high spatial
hydrology, etc resolution + long time horizons

Not suitable for real-time planning tools



Emulators Instead of a Complex Model

* Machine-learning model trained on:  Demonstration cities
* Predictors derived from meteorology « Barcelona, Lisbon, Munich, Paris,
(Reanalysis data, Climate model data) Zirich and HelsinKi
« Carbon fluxes from ecosystem model . .
simulations * Meteorological forcing

* TerraDT climate simulations

« Learns relationships , |
* high-resolution temperature data

 Runs in seconds/minutes instead of
hours

« Enables:
 [nteractive exploration
« Scenario testing

ILMATIETEEN LAITOS
METEQROLOGISKA INSTITUTET
IIIIIIIIIIIIIIIIIIIIIIIIIIIII E



Helsinki Demonstration Case
Emulator for carbon fluxes from urban green spaces

* Gross Primary Production (GPP) _
— Carbon taken up by vegetation through photosynthesis

 Net Ecosystem Exchange (NEE)
— Net carbon exchange between the ecosystem and the atmosphere

« Helsinki municipality area
* 50 m resolution
« Deciduous and Coniferous trees, Lawns, Crops based on landcover data

« Emulator training data for multiple ecosystem types from ecosystem model (JSBACH)
simulations

« Observation based meteorology
» for driving ecosystem model
« as predictors for the Emulator

« Vasenkari et al., (2026) Estimation of Carbon Fluxes in Urban Vegetation Using Machine
Learning Emulators of the Land Surface Model JSBACH, Manuscript.



JSBACH vs. * A process-based land surface model
that simulates the exchange of

Observations carbon, water, and energy between

ecosystems and the atmosphere
Thélix, L., ef al. (2025): Carbon sequestration in o Re resentS |ant h SiOlO SO”
different urban vegetation types in Southern Finland, p p p y ?yv :
https://doi.ora/10.5194/bg-22-725-2025 Processes, and h droloc? 0 estimate
Karvinen E., et al. (2024): Soil respiration across a |UXES SUCh as G P an EE
variety of tree-covered urban green spaces in Helsinki, ° Va“dated againSt Obse rvations and
Finland, https://doi.org/10.5194/s0il-10-381-2024 :

miand, hips.folord = | compared with other models for
Tremeau J., et al. (2024): Lawns and meadows in urban green areas
urban green space — a comparison from perspectives . .
of greenhouse gases, drought resilience and plant « Soil temperature and moisture
functional types, https://doi.org/10.5194/bg-21-949- e Soil respiration
2024
« Sap flux

Stagakis S., et al (2025): Intercomparison of biogenic
CO2 flux models in four urban parks in the city of
Zurich, https://doi.org/10.5194/egusphere-2024-2475

Leaf Area Index
EC flux data (NEE)
GPP

ILMATIETEEN LAITOS
METEOROLOGISKA INSTITUTET
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



JSBACH vs.
Observations

Coniferous trees
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Data

EC data, SMEARII,
Hyytiala

ILMATIETEEN LAITOS
METEQROLOGISKA INSTITUTET
IIIIIIIIIIIIIIIIIIIIIIIIIIIII E

o

» A process-based land surface model
that simulates the exchange of
carbon, water, and energy between
ecosystems and the atmosphere

» Represents plant physiologt;y, soll
Processes, and h drc}loc?Kl o0 estimate
luxes such as GPP and NEE

» Validated against observations and
compared with other models for
urban green areas

» Soil temperature and moisture
» Soil respiration

Sap flux

Leaf Area Index

EC flux data (NEE)

GPP



Emulator vs.
JSBACH

* Emulators for both daily and
monthly fluxes for representative
ecosystem types based on land
cover

o Gradient boosting models

o Predictors derived from
o 2m temperature
o Precipitation
o Shortwave radiation

ILMATIETEEN LAITOS
METEQROLOGISKA INSTITUTET
FINMISH METEQROLOGICAL INSTITUTE
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Emulator - Mean
Annual Fluxes

« Emulators for both daily and
monthly fluxes for representative

ecosystem types based on land
cover

o Gradient boosting models

* Predictors derived from

o 2m temperature
o Precipitation
o Shortwave radiation

* Fluxes presented as multi-annual
means

ILMATIETEEN LAITOS
METEQROLOGISKA INSTITUTET
FIMMNISH METEQROLOGICAL INSTITUTE

GPP

Mean annual GPP [gC m—#]

E

Average annual NEE sum [gC m~—2]
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B Emulator daily
20 Emulator monthly
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From Land Cover to

a &% N “a Rl 9‘)\ !K?k!a! LA | -Yw‘g\l K[ wgg"\;ﬁ
Flux Maps %@%M s R

@4@' Wé# | R H%@

» Fractional coverage of each ecosystem
type on every 50 by 50 m grid cell

* Coniferous and Deciduous tree fractions
from Copernicus High Resolution Layer
Dominant Tree Cover data

* Predictors derived from air temperature,
precipitation and shortwave radiation

« Emulators trained for each ecosystem

type

« Land cover maps will be based on high- e £ -3 »

luti llite prod B : ”"i!’ ”'}CW
resolution satellite products ) b w s /i

% ,,,,,,,,,,,,,,,,, Helsinki metropolitan area land cover dataset




From Land Cover to
Flux Maps

» Fractional coverage of each ecosystem
type on every 50 by 50 m grid cell

+ Coniferous and Deciduous tree fractions
from Copernicus High Resolution Layer
Dominant Tree Cover data

» Predictors derived from air temperature,
precipitation and shortwave radiation

« Emulators trained for each ecosystem
type

« Land cover maps will be based on high-
resolution satellite products
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Lawns Under Mediterranean
Climate — Barcelona

- GPP simulated by
JSBACH

Sat_elllteéSentmeI 2)
derived

« ~20 lawn/meadow type
locations

Vira, J., etal. (2025). Improvm? agrlcultural
carbon monitorin with Sentinel-2 and edd y-
covariance-based plant productivit )/
estimates. Carbon Management, 16(1).
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Lawns Under Mediterranean
Climate — Barcelona

« GPP simulated by
JSBACH

Satelhteé entinel 2)
derived

« ~20 lawn/meadow type
locations

Vira, J., etal. (2025). Improvm? agrlcultural
carbon monitorin with Sentinel-2 and edd y-
covariance-based plant product|V|t1y
estimates. Carbon Management, 16(1).
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From climate data to interactive carbon
maps - TerraDT

Integrated into Destination Earth N
Service Platform (DESP) Emulators @ B
e

User TerraDT data

- =

DestinE Data Lake

User can: View:
Select city « Maps (50-200 m
Modify land cover resolution)
(e.g., add parks) + Graphs
Choose climate «  Summary statistics
scenario

Run emulator

ILMATIETEEN LAITOS
METEQROLOGISKA INSTITUTET
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What can this enable?

» Next steps

 Integration with high-resolution temperature fields
» Coupled carbon + temperature impacts (UHI)

« Compare green-space design options
» Assess climate scenario sensitivity
« Support

« Urban planning
« Climate mitigation strategies
* Nature-based solutions
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TerraDT
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TerraDT J ) urbanAR

WELCOME AND INTRODUCTION

Isra Mohamed
Husseln
CSC - IT Center for Science

23 February 2026 | Barcelona [ES]

Funded by
the European Union




TerrapT UJR) UrbanAIR

IMPACT WORKSHOP

Coffee break
1510 - 15:40

23 February 2026 | Barcelona [ES]

Funded by
the European Union




’» » U n UrbanAlR Impact Workshop

Urban Impact Models for Climate Adaptation
TerraDT & &

EXPERT PANEL: USER PERSPECTIVES

Tero Aalto

(Moderator)
CSC - IT Center for Science

Jaana Back Anu Riikonen
University of Helsinki Sitowise
(TerraDT UAG) (TerraDT UAG)

Pablo Martinez
300.000 Km/s

Dragana Bojovi¢
BSC (Impetus4Change)

23 Feb 2026 | Barcelona [ES] & online

Funded by
the European Union
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TerraDT

the barriers

it’s not only about data access,
data formats, interoperability
or quality...

actions outside their field of responsability

the gap between the challenge and reality is too big

outputs beyond 4 years / and benefits much more...

data without administrative support has no value

lack of imagination / creativity deficit




TerraDT

from science to policy
from data to decisions

Communicate, Share, Translate, Pramote
AWAreness

Advocate, Engage with policymakers, Foster
stakeholder dialogue, Policy engagement

Propose, Advise, Offer policy guidance,
Recommend actionable measures

Strategize, Design interventions, Develop
implementation plans, Cutline pathways

Implement, Execute, Apply, Operationalize

Establish guidelines, Set standards, Develop
regulatory frameworks, Formalize policies

Diseminate

Trienal Lishon 2025

Articles (not papers!)

COAC - AUS (association of sustainability in arc.)

Lobbying

MADRID 2050 (group of interest)

PEME (pla estratégic metropolita)

URBACT (european network of cities)

Eurocities

Plan clima Granada

Pla Clima Barcelona

Plan General de Madrid

Refugis climatics Area Metropolitana de Barcelona

Granollers Heatwaves

Regulate

)

Codigo Tecnico de [a Edificacion
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IMPETUSA4CHANGE: Improving near-term climate predictions for
societal transformation

AKA: Where urban practitioners, social scientists and modellers
co-create novel climate knowledge

impetus‘“change.eu




Coproduction of climate services in 14C demonstrators

Co-production framework; Step 3
(\ Empowerment. Co-development

Co-production framework;
Step 2

Involvement. Co-design
ADAPTALABS

“‘“‘“ENESS RAIS’/Ic

Engagement

Co-production framework
Co-evaluation

Empowerment Involvement




’» » U n UrbanAlR Impact Workshop

Urban Impact Models for Climate Adaptation
TerraDT & &

INTERACTIVE SESSION

Collecting user needs and requirements

Diana Urquiza

Barcelona Supercomputing Center

Antonia Frangeskou

Barcelona Supercomputing Center

23 Feb 2026 | Barcelona [ES] & online

Funded by
the European Union




Terrapt U UbanAR

IMPACT WORKSHOP

Networking cocktall
18:00 - 19:00

23 February 2026 | Barcelona [ES]




THANK YOU

TerraDT

Digital Twin of Earth system for Cryosphere,
Land surface and related interactions

&9 info@terradt.eu
“ @terradt.bsky.social

Zenodo


mailto:info@terradt.eu
mailto:info@terradt.eu
https://bsky.app/profile/terradt.bsky.social
http://www.youtube.com/@TerraDT
https://www.linkedin.com/company/terradt-eu/
https://zenodo.org/communities/terradt
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