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Motivation

» Constraining subglacial hydrology is challenging:
» Buried between kilometers of ice.
» Highly dynamic.

» Highly heterogeneous over small spatial scales.
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Motivation

» Constraining subglacial hydrology is challenging:

» Buried between kilometers of ice.
» Highly dynamic.

» Highly heterogeneous over small spatial scales.

» We have rich data, increasing sophisticated statistical methods and process models.

» We have the building blocks.
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» Mining the past: Exploiting high-resolution, high volume data streams.

» Monitoring the present: Near Real Time monitoring and anomaly detection.

» Forecasting the future: Early warning systems and adaptive sampling.
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1. New insight from high resolution satellite data
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104 - 10° candidate features.
Lakes have distinctive characteristics.
Opportunities for data mining to identify new lakes.

Opportunities to leverage other data sources, e.g.
optical, SAR.

Opportunities to extract other subglacial hydrological
signatures.
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Beyond subglacial lakes

-350000

-330000 310000 -290000 -250000  -230000  -210000

-270000
A (-:

i

-180000

5

Ice surface elevation (m)

P
- o]
305 40
& o
3 20 F
20 e
]
< =0 3
) @
105 -20 =
=1 3
Pl e’
3 —40
ﬂ —r
= 2017
110
N - 2016
100
- 2015
90 e 2014
80 - "'-'l“'-'-.f‘.: = 2013
70 = 2012
= 2011
&0
A A 2010

0 500 1000 1500 2000 2500 3000
Distance along cross section (m)



Russell glacier TanDEM-X: bistatic SAR
mission, with two
satellites flying in a
closely controlled
formation
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Brickerhoff et al., 2021
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Near Real Time Monitoring and Anomaly Detection

» Deep Learning for Video Prediction.
» Established in fields such as video surveillance, traffic management etc.
» Aim is to predict the next video frame, by training a network on the preceding history of frames.

» Once the network is trained, it can be used to detect anomalies in in-streaming data.

https://ai.googleblog.com/2021/04/holistic-video-scene-understanding-with.html



We now have satellite movies of the ice sheet

R 19-07-2015




Time

13000

12014 |h 28/06/2014
/SL1
R -
A 4
-
p Supraglacial
/ streams
P
1km i
/1990 | | € 01/08/1990
i SL1 drainage
’
" P
i
d
Crevassing

Nunatak
supraglacial
lake drainage

1km
L |

Crevassing

Shadowing
indicating

depression \

Nwosn 990

Anomaly
=

-900000 -188000 -896000

-902000

-900000

-902000



Mining the past Monitoring the present Forecasting the future

Forecasting



» Where there is repetitive structure there is the potential to forecast.

» Range of conventional and Al-based forecasting approaches.
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» Where there is repetitive structure there is the potential to forecast.

» Range of conventional and Al-based forecasting approaches.

» Revolutionise our capacity to undertake targeted fieldwork and airborne campaigns.

[ Improve process-based understanding ] [ Underpin Early Warning Systems ]
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Perspectives



Information Flow from Models to Data

[ Adaptive sampling ] [ Observation QA J




Information Flow from Models to Data

[ Adaptive sampling ] [ Observation QA J

Coupling of Observations, Physical and Statistical Models

[ Emulation ] [ Model Coupling J

Brickerhoff et al., 2021




Information Flow from Models to Data

[ Adaptive sampling ] [ Observation QA J

Coupling of Observations, Physical and Statistical Models

Emulation ] [ Model Coupling J

Adaptive software, natural selection and intelligent models ]

Brickerhoff et al., 2021




Summary

» Digital Twins can be transformative.
» They will drive fundamental innovation in ways of working.
» They require sustained, long-term investment; they will deliver sustained, long-term rewards.

» Demands closer collaboration with data scientists, computer scientists and statisticians.
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