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(3) Earth Observation Data & Model Outputs
Snow: Fraction and snow state (wet / dry).

(4) AI Modelling

(2) DTC Structure
Diagram outlining the architecture of the SvalbardDT digital twin and data flow through the system.

(5) Terrestrial / Marine Navigation

Glacier: Velocity, surface elevation change, and mass balance.Sea Ice: Concentration (fraction), edge, and displacement.

(1) Overview
The Svalbard archipelago, which sits at the boundary between the warm midlatitudes and cold Polar 
region, is warming six times faster than the global average. SvalbardDT is a Digital Twin Component 
(DTC) of ESAs Digital twin Earth (DTE) programme and represents the ice and snow across the 
archipelago since 2010 in near real-time. The DTC is being optimised using the Svalbard super site of 
in situ observations in a pan-Arctic context which will enable us to undertake a thorough validation of 
the DTC outputs.

Aim: Harmonise multi-modal EO data to produce a set of 4D data cubes 
that are gap filled and homogenised to a common coordinate system, 
resolution and spatio-temporal scale.

(6) Rain on Snow & Ice (ROSI)
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Figure 4.1 AI fine-tuning process.

Offline AI Modelling: Initially, the Aurora model is fine-tuned based on 
Svalbard cryosphere EO data sets between 2010 and 2025. This is 
computed offline using the Aberdeen HPC cluster.

Figure 4.2 Offline AI modelling to produce Level 2 (homogenised data cubes).

Figure 4.3 Real-time AI modelling.

Real-time AI Modelling: Real-
time integration of EO data 
products into SvalbardDT will 
be used to further fine-tune the 
AI model. This will enable the 
production of real-time data 
cubes and the simulation of 
‘what-if’ scenarios for end-
users. Re-fine-tuning the AI 
model produces up to date 
Level 2 data cubes that can be 
accessed by stakeholders and 
be used for visualisations.

Functional tools:
▪ Toolbox #1: Quantify number of ROSI events
▪ Toolbox #2: Map where ROSI events have directly impacted glaciers / 

snow / sea ice
▪ Toolbox #3: What if scenarios: AI forecast of potential ROSI events

Targeted user services & functionality
▪ 2D/3D Visualisation: Of snow risks, glacier conditions and sea ice.
▪ ‘Out of Hours’ Updates: real-time data, 7 days a week.
▪ Daily to Weekly Forecasts: Operational forecasts.
▪ Route Planning: Suitable navigation routes for local stakeholders.

Figure 5.1 Example visualisation of snow cover (Malnes et al., 2024).

Figure 6.1 Avalanche locations, a possible consequence of ROSI events.
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