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Digital Twin Component for Ice Sheets

Ice Sheets are essential 

as an digital twin

Why Ice Sheets are Essential

A Critical Link: A central pillar connecting Cryosphere, Ocean, and Atmosphere.

Uncertainty Factor:  Resolving the single largest source of uncertainty in climate projections.

The Gravity Paradox: Lowers local sea levels but drives far-field rise due to gravity shifts.

Surface climate & hydrology: Super-resolution 

surface modeling to support climate science, 

hydropower planning, and local fisheries.

Ice shelves, state & fate: Early-warning system for 

ice-shelf instability via ice-ocean feedback insights.

Sea-level fingerprint: Improved ice-sheet-driven 
sea-level projections for regional coastal planning.

Lewright et al. (2026) Nat Commun
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DTC Ice Sheet Stakeholders

Policymakers, Climate Scientists, Industry, and Coastal Communities.

Key Stakeholder Needs:

Improve Climate Resilience: Enhanced projections for coastal flooding and infrastructure risk.

Real-Time Monitoring & Prediction: Super-resolution surface modeling for near real-time insights.

Optimize Energy Planning: Hydropower forecasting via precise meltwater runoff estimates.

A Single, Reusable Digital Twin: A high-res process replica, serving as a testbed for bridging observations and models.
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Building the Ice Sheet Digital Twin Component
Fusing observations and AI algorithms into a unified system.

Integration & Training Coupling & Upscaling

The Building Blocks
EO, In-situ data & algorithms.

The Ecosystem
Integrated into the full Digital Twin Earth.

The Component
A specialized Ice Sheet Replica.
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DTC Ice Sheets: A Unified, Reusable Digital Replica
A platform that integrates Data (EO, in situ and reanalysis)

Data store  (EODS)

EO 

e.g….

Re-

analysis 
data

Data- 
cubes

In-situ
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Gaussian 

Random 

Field

Covariate 

Analysis

Spatio-
temporal 
Insights

Cross-Twin Compatibility: Developed for ice sheets, but 

generic enough to be published and used by other Digital Twin 

components.

Community Library: A growing repository of analysis tools 

(e.g., Covariance, GRF) ready for reuse.

DTC Ice Sheets: A Unified, Reusable Digital Replica
Standardized building blocks shared across the Digital Twin ecosystem.
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Data- 
driven

model 
discovery

Ice 

mass 

balance

SEL-

REM
Super

Resolution

Future

DTC Ice Sheets: A Unified, Reusable Digital Replica
Data-driven AI for mass balance, sea level, and super-resolution.

Deep learning for 

complex processes
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John Palmer 

Data Scientist, 
Earthwave

What can the data tell us about process, connection, and impacts?

Covariate 

Analysis

Spatio-
temporal 
Insights

EO data

Re-

analysis 

data

In-situ

SEL-

REM

Let’s ask the DTC Ice sheet: 
Which ice shelves are vulnerable today, and what are the impacts on the EU sea level   

Tabea Rettelbach
Postdoc, 

DTU Space



ESA DTE Components OSM, February 2nd, 2026 DTC Ice Sheets 9Sebastian B. Simonsen, ssim@dtu.dk

Data- 
driven

model 
discovery

Ice mass 

balance

Let’s ask the DTC Ice sheet: 
What if Greenland warms by 2 ºC ?
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Supporting the Green Transition 

in Greenland

Supports to exploit untapped renewable energy 

and reduce fossil fuel dependency.

Dynamic Modeling for Water Resources

Past != Future: Historical data (last 30 years) can no longer 

predict future water availability.

The DT Solution: Forward-looking, dynamic modeling of 

meltwater runoff ensures resilient, long-term energy planning.

Unlock Greenland's Hydropower Potential

High-Resolution Catchment Analysis

Let’s ask the DTC Ice sheet: 
What is the seasonal distribution and year-to-year variability in proglacial discharge now, 
and how might it change in the future?
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Dr Amber Leeson
Reader in Glaciology,  
Lancaster University

Gaussian 

Random 

Field

Let’s ask the DTC Ice sheet: 
What is the seasonal distribution and year-to-year variability in proglacial discharge now, 
and how might it change in the future?

Functional 

time-

series

Data- 
cubes
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Modules & Workflows Data Layer API & Access

DTC-IS

STAC 

server

ERA5

via

DestinE EDH

Other

operational

sources

Extensible to other DestinE data access APIs

Internal STAC potentially publishable to DEDL

Publishable to DeltaTwin & Insula Processing

Compatible with internal DestinE infrastructure

Notebooks to be published in Insula Code

Dashboard onboardable as DestinE service

Cloud-Native, Flexible & Portable Across Platforms 

Containerised & Orchestrated

Standardised I/O schemas

Abstracted data access

On-the-fly GeoZarr conversion

Unified external API

Decoupled dashboards & notebooks

…

Future opportunities and next steps: 
Evolution towards DestinE
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(core twin)

Scale-Up Existing Use Cases

Hydrology: Implement catchment 

delineation, water flow routing modeling, and 

basal melting estimation. Fishery as an 

added-value stakeholder group. 

Sea Level Fingerprint: Integrate with Ocean 

DTCs to create holistic, region-specific sea 

level projections.

Antarctic Ice Shelves: Develop "early 

warning" functionalities and "Antarctic 

Companion" GPT.

Surface Climate: Broaden the set of climate 

variables (e.g., snow accumulation, albedo) 

and improve super-resolution modeling.

Process Gap:

Deep Physics: New modules for 

dynamic firn, internal flow & bedrock 
processes.

Future opportunities and next steps: 
Towards a Full Ice Sheet Digital Twin

A Polar Ocean DTC
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(core twin)

Enhanced Surface Climate

The DT leverages super-resolution 
modeling techniques to enhance 
the monitoring and prediction of 

surface climate conditions over 
Greenland and Antarctica.

Hydropower in Greenland:

The DT estimates meltwater runoff, 
enabling better forecasting of 

hydrological resources for renewable 
energy planning.

Sea-Level Rise:

The DT improves projections of 
sea-level changes driven by ice-
sheet melt to support regional 

coastal planning across the EU.

DTC Ice Sheets: A Unified, Reusable Digital Replica
Explore our four reference applications designed to demonstrate tangible value for stakeholders.

Antarctic Ice Shelves

The DT tracks ice-shelf change 
using satellite data and modeling to 

help assess risks and feedback 
between ice and ocean.

dtc-ice-sheets.org
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