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❖ Largest Earth’s fresh-water reservoir 
❖ Largest uncertainty in future sea-level change 
❖ Key role in Earth’s energy balance through impacts 

on atmosphere, ocean, primary productivity

The Antarctic Ice Sheet
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Mass change trend among ice-
sheet models which are tuned to 
the current state of Antarctica 
(thickness and surface velocity)

Seroussi, 2019

Seroussi, 2020

Thinning and acceleration (mean and 
standard deviation) in the ISMIP6 
coordinated experiments 

Mean

Std dev

Thinning Acceleration

Simulating the Antarctic Ice Sheet
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Modified from Nowicki 
and Seroussi, 2018

Deretski, NSF

Snowfall Rainfall Evaporation/
Sublimation

Bell et al., 2018

R. Fletcher

Larsen B ice 
shelf collapse

Wei et al., 2020
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Demonstration activities towards a full reconstruction of the Antarctic system

• Focus on Amundsen Sea Sector

• Dedicated data lake 

• Automatic detection of supra- and sub- glacial lakes

• Data assimilation into a regional climate model

• EO and simulation of the Antarctic system

• Dynamic and interactive 4D environment

DTA demonstrator
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R. Fletcher

ML classification (RF) 
of supra-glacial Lakes 

Demonstrator: 
Surface melt - Data assimilation

Sentinel-1 

✤ Data assimilation in regional climate model MAR

✤ Space-based automatic and NRT detection of liquid water at the surface 
of the Antarctic Ice Sheet, and space-based mapping of surface albedo
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Malczyk et al., GRL, 2020

Image and time-series analysis 
to automatically detect location, 
timing and flux from active sub-
glacial Lakes

✤ Billions of time-dependent measurements tracking the ice sheet’s surface
✤ ML algorithms detecting subtle patterns in surface elevation change - deriving onset, 

extent, and fluxes 

✤ Coupling of EO-based lake fluxes with simulations 
to track melt water fluxes through the system 

Demonstrator: 
Tracking subglacial melt water fluxes 
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Ice sheet, sub-glacial, ocean, sea-ice, bio-chemistry interactions - joined Observation and Numerical 
simulations across all 5 systems

From analogues in Greenland we can expect that the buoyancy added by runoff 
causes
• Mixing near the grounding line
• Increased melting, and modified circulation along coast
• Transport of nutrients from subglacial environment (iron) 
As part of the demonstrator:
- Coupled ice sheet - ocean model - Subglacial hydrology model 
- Subglacial run-off implementation in ocean model
- Coupling of bio-chemical model (BLING) with MITgcm

Subglacial water flux

Impact on ocean 
circulation and ice 
shelves melt rate

Impact on bio-chemistry

ice shelf melt

Ocean dynamics

Demonstrator: 
Tracking impact of subglacial melt water on ice-ocean-biology interactions  
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Overview of ice sheet, sub-glacial, ocean dataset 4D slicing

User stories

Demonstrator: 
Virtual 4D Environment

Dashboards

Exploration, analysis
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Digital Twin Earth – Antarctica
Next steps

Analysis-ready data-cube of the “Antarctic system”
- Across ice sheet, subglacial, ocean, atmosphere and biological systems
- Collection of observations, re-analysis products, simulation 
- AI-based feature extraction 
- Need for constant stream of new products

Observations

Observations with calibrated modelled data

Hogg et al., GRL, 2017

Hugonnet et al., Nature, 2021
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Tipping points e.g. MISI, MICI

SROCC, 2021

Key processes modulating ice sheet response to climate
Buttressing

Digital Twin Earth – Antarctica
Next steps
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Li, X. et al., 2021

Climatic drivers to ice loss, 
e.g. tropical teleconnections, 
greenhouse gases, ozone depletion

Digital Twin Earth – Antarctica
Next steps
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