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High-resolution, kilometer-scale information on regional climate impacts is critical for effective
adaptation and mitigation strategies. The European Commission’s Destination Earth (DestinE)
Climate Adaptation Digital Twin (Climate DT) aims to address this need; however, actionable
impact assessments remain limited by incomplete representation of key Earth system
components and their interactions. The Horizon Europe funded TerraDT project tackles these
limitations by developing a state of the art Digital Twin focused on the cryosphere, land surface,
aerosols, and their coupled processes, fully interoperable within the DestinE ecosystem.

TerraDT pursues three objectives: (1) build and deploy new Digital Twin Components (DTCs) to
strengthen process realism and enable impact assessments; (2) deliver a modular, scalable,
interoperable platform integrating advanced software, high-performance computing, and data
workflows that can host physical models and Artificial Intelligence (Al)YMachine Learning (ML)
emulators; and (3) foster user uptake through early engagement and a User centric Interface (Ul).

In its first year, TerraDT achieved several milestones:

= Cryosphere: A prototype Land-lce DTC was established by coupling Elmer/ice with ICON
climate model via YAC coupler, supported by curated glacier dynamics datasets. Development
of the Sea-lce DTC (FESIM) began in mid-2025, including YAC-mediated coupling and an Al sea-
ice emulator capable of ~100-day to multi-year rollouts, producing smoother fields than
physical models.

= Land Surface: A prototype time-varying land use dataset was generated for ECland and ICON
land surface models.



= Aerosols: A simplified Aerosol DTC was tested, with integration into (open) Integrated
Forecasting System (IFS). ML components were prototyped in HAM-LITE to capture advanced
aerosol physics (e.g., hygroscopicity) at reduced computational cost.

Impact modelling advanced across multiple domains:

= Sea-ice: Assessments of ice season duration, severe condition probabilities.

= Forest: Integration of 3PG and Prebasso models, calibration across European ecosystems, ML
emulation of Prebasso, and characterization of old-growth forests.

= Urban: A carbon-sequestration emulator validated in Helsinki, with planned extensions to
Lisbon, Barcelona, Munich, Paris, and Zurich. Key data sets required are prepared in
combination with ML methods, and will be applied to build advanced Urban impact models for
assessing climate extremes.

Infrastructure and interoperability were strengthened through YAC based coupling (ICON-Energy
Balance Firn Model-Elmer/Ice on LUMI and Levante Supercomputers), and Sea Ice DTC I/0 plans
were aligned with DestinE workflows. A map-based Ul architecture was designed to expose high
resolution impact assessments for decision support.

By advancing new DTCs, AI/ML emulators, and generic coupling interface, TerraDT is being
developed for full integration into the DestinE framework, ensuring compatibility and enhancing
the overall ecosystem’s capability to inform climate adaptation and mitigation strategies. This
presentation will summarize first year progress, outline objectives, and present the roadmap
toward fully coupled simulations, validation, and dissemination of impact indicators through
TerraDT Ul for policy and stakeholder communities.
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