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Background

The Greenland and Antarctic ice sheets lost a total of 7.6 trillion tonnes of ice,
contributing 21 mm to global mean sea level rise between 1992 and 2020 (IMBIE).

EO data can be exploited to gain understanding into ice sheet surface processes.

6000 — - Antarctica
- (Greenland
-7000 — - Antarctica+Greenland

Cumulative Mass Change (Gt)

-8000 —

O O S I P
O D O O O O K O O & & & N
CHECHIC R R M R i S SR RN

17N Otosaka, I.N., Horwath, M., Mottram, R. et al. Mass Balances of the Antarcticand
Greenland Ice Sheets Monitored from Space. Surv Geophys 44,1615-1652 (2023).
https://doi.org/10.1007/s10712-023-09795-8

imbie’



5
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Increasing surface hydrology on the Greenland and Antarctic ice sheets.

Mapping Supraglacial Hydrology

4D Antarctica

Traditionally studies have used the NDW!I thresholding method to map supraglacial lakes

over ice sheets.

(Corretal., 2022)
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4DGreenland

Mapping Supraglacial Hydrology

Traditional methods use an NDWI static thresholding approach.

NDW!I static thresholding requires intensive manual post-processing.

Not suitable for large scale studies or near real-time mapping.
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First-pass: surface
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detected by NDWI
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water detected by
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4DGreenland

Mapping Supraglacial Hydrology

Traditional methods use an NDWI static thresholding approach.
NDW!I static thresholding requires intensive manual post-processing.

Not suitable for large scale studies or near real-time mapping.
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Mapping Supraglacial Hydrology

Developed machine learning methods to map
supraglacial hydrology from optical data, capable of
operating over large spatial and temporal scales.

The Random Forest algorithm resulted in a more
robust, transferable method.
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ADGreenland

Exploring spatial distribution of supraglacial

meltwater.

lcesheet wide product (Greenland only) of
supraglacial lake extent and depths at monthly
sampling between 2013-2021.

More information on 4DGreenland
website:
https://4dgreenland.eo4cryo.dk/
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Mapping Supraglacial Hydrology

July 2016 Maximum Supraglacial Hydrology

Extent and Volume.



https://4dgreenland.eo4cryo.dk/
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4DGreenland Supraglacial Hydrology: Opportunities

Wintertime lake evolution: towards automated mapping of winter lakes from Sentinel-1 SAR
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Supraglacial Hydrology: Opportunities

Constraining volume estimates.
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Measuring Surface Mass Balance Processes using Altimetry

First CryoSat-2 derived estimates of 0
run-off.

Elevation change (m)
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(Slater et al., 2021)




I I I I I [ I |
First CryoSat-2 derived estimates of 0 1
run-off. E -1 .
=
> -2 i
8
o -3 -
C
O
T 4 A
>
CH
4 (m) -~ vy _:"“f‘f"u 3 Qﬁ;.-’, '_«*rq‘ ""t "d’/“._ - .f,’""‘.»“'a" 5 g z : -
e ES %L e LS s 15 Ta L. LS.
) i 3 A hoey A L, 8 i . < ) Py B ) & K ¥ a4 .
id A B g i I w Y8 A A\ N ' 2 WY/ & i I > 74 A 5
ol ) ) MAU-FOM ) i CryoSat-2 ~, )15 2016 2017 2018 2019 2020 2021
600} CryoSat-2' ' ' ' Year
RACMO2.3p2
,:500 — MARv3.11
>
= L
& 400
%5 3001
C
T 200
100
o | | | |
1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

(Slater et al., 2021)

Ablation
Runoff

SlOW




Watson catchment: 2.0% of
total ablation zone of the GrlS

(Slater et al., 2021)
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Watson catchment: 2.0% of
total ablation zone of the GrlS
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Method differences at catchment scale:

* Ingestion of Cryo-TEMPO data.

* Avoids needing to use Gaussian smoothing used in previous solution.
* Implementation of sliding window instead of a static epoch average.
* Implementation of single spectrum analysis.




Watson catchment: 2.0% of ADGreenland integrated assessment
total ablation zone of the GrlS surface run-off
0 —— CryoSat-2 time series 141 Year e
—— SSA time series @® 2014 P
-1 121 @ 2015 L
= ® 2016 ¢ el
@ 27 ~ 101 @ 2017 e
o £ ® 2018 e
2-3 £ 81 @ 2019 L R
c = ® 2020 Jead
2 -4 5 2021 o0
g -5 4 d 4 ’,,’, o ©
_6 - 2 I,/’
-7 01 o
’9\;, ’9\} "\9\?) '»0\"’ ¢°\’°> ’]9\9 f&\'« ’19\,% ’9\9 ’&,]9 f»&\’ '19'0 m°’f 0 2 4 6 8 10 12 14

4DGreenland run-off estimate (kms3)

Promising comparison to run-off derived in 4DGreenland integrated assessment (surface run-off only).
Potential to apply to other study sites.

Potential to extend to other altimeters.




Future Opportunities

In future, work towards:

Multi-sensor approach to monitor surface mass balance processes and inform process-based

understanding of mass loss.

Work towards model-observation integration towards future predictions.
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Future Opportunities: Data Assimilation

Current approaches are:

1991

» Built for a single in-orbit mission at any one time.

» Difficult to handle parallel missions with different uncertainties.

» Not naturally suited to operational frameworks.
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Ultimately we want to assimilate altimetry into physical ice sheet models to support future
forecasts and projections.




Kalman Filtering + Gaussian Mixture Modelling
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Future Opportunities: Data Assimilation

Model
Prediction
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ADGreenland Active Areas of Research

1.Wintertime lake evolution
2.Constraining volume estimates - method development — potentially using deep learning.
3. Sub-glacial lakes: GLOBE.

4. Kalman Filters.
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Supraglacial Hydrology: Opportunities

Sub-glacial lakes: The Greenland Subglacial Lake Observatory (GLOBE ERC project)
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