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Abstract

To understand the movement of subglacial water in Antarctica, we present an updated inventory of active subglacial lakes using
ICESat-2 laser altimetry data. The ICESat-2/ATLAS instrument’s six-beam laser array captures denser point measurements
than the previous generation ICESat and Cryosat-2 satellites, allowing us to examine the spatial and temporal variability of
active subglacial lakes with unprecedented detail. Active subglacial lakes are classified directly from the high density ATL11 land
ice time-series (60 m along track spatial resolution) point cloud data using an unsupervised density-based clustering algorithm.
The key finding we show is how subglacial lake shorelines can migrate spatially over time through fill-drain cycles. In addition,
we examine subglacial water connectivity from coupled fill-drain cycles over lakes at the Whillans Ice Stream on the Siple Coast.
This study yields new insights into the dynamic nature of the subglacial water system in Antarctica, and will be of interest
to biologists quantifying biogeochemical cycle processes and glaciologists studying the influence of subglacial hydrology on ice

dynamics.

Hosted file

agu2021_poster_animation.gif available at https://authorea.com/users/366299/articles/604090-
spatiotemporal-variability-of-active-subglacial-lakes-in-antarctica-from-2018-2021-
using-icesat-2-laser-altimetry


https://authorea.com/users/366299/articles/604090-spatiotemporal-variability-of-active-subglacial-lakes-in-antarctica-from-2018-2021-using-icesat-2-laser-altimetry
https://authorea.com/users/366299/articles/604090-spatiotemporal-variability-of-active-subglacial-lakes-in-antarctica-from-2018-2021-using-icesat-2-laser-altimetry
https://authorea.com/users/366299/articles/604090-spatiotemporal-variability-of-active-subglacial-lakes-in-antarctica-from-2018-2021-using-icesat-2-laser-altimetry

Spatiotemporal variability of active subglacial
lakes in Antarctica from 2018-2021 using
ICESat-2 laser altimetry

9 B Spatiotempaoral varisbilzty of active subglocial lakes in Antarctica from 2018-2021 using ICESat-2 laser altametry

L ]
Wi 5 Lecry? ard Huw Horgn \f/

Mook ek Cam, Vaolalekaiy o Wik, Wik, el =il

Wei Ji Leong* and Huw Horgan

Antarctic Research Centre, Victoria University of Wellington, Wellington, New Zealand &8

PRESENTED AT:

A #~1 | FALL
MM\IP MEETING

New Orleans, LA & Online Everywhere

13-17 December 2021 W l L EY

brought to you by




DBSCAN CLUSTERING

/‘“‘“‘ #7 Using an unsupervised Density-based spatial clustering of

: M applications with noise (DBSCAN)! classification method to detect
8 active subglacial lake clusters from ICESat-2 laser altimetry point
clouds.

Fig. 1 Antarctic active subglacial lakes (2018-2021).



XX CROSSOVER TRACK ANALYSIS

[VIDEOY] https://res.cloudinary.com/amuze-interactive/image/upload/f_auto,q_auto/v1639428734/agu-fm2021
/6d-02-28-03-0e-85-27-fb-44-9e-d1-0d-16-3e-4d-b6/image/dsm_whillans_ix_cycles_3-12_nclytx.mp4

Fig. 2a: Ice Surface Elevation (top) and Elevation Change (bottom) at Whillans IX over 2018-2021.

High temporal resolution (<3 months) elevation time-series from crossing ICESat-2 tracks produced
using x2sys?.
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Fig. 2b: Elevation anomaly of crossover points. 91 day rolling mean of elevation anomalies shown as
black dashed line.Inset plot shows locations of crossover points (brown) within lake outline (cyan).
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Fig. 3: Siple Coast active subglacial lakes. Coloured polygons show areas with elevation anomalies (high
|dhdt| ), going from red (surface lowering) to blue (surface uplift). Selected active subglacial lakes and
other features of interest (denoted with an asterisk *) are labelled in white. Abbreviations are. Mac1:
MacAyeal 1, K1: Kamb 1, K34: Kamb 34, K6: Kamb 6, K8: Kamb 8, SLE: Subglacial Lake Engelhardt,
SLW: Subglacial Lake Whillans, WIX: Whillans IX, WXI: Whillans XI, W7: Whillans 7, L12: Lake 12,
SLM: Subglacial Lake Mercer, SLC: Subglacial Lake Conway. Grounding line (Deepoorter et al., 2013)
is plotted as a white line. Ice flow is from top left to bottom right. Plotted on an Antarctic Stereographic
Projection with a standard latitude of 71°S (EPSG:3031).
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Ice Surface Elevation over each ICESat-2 cycle at Subglacial Lake Whillans
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Fig. 4: Along track view of ice surface elevation over Subglacial Lake Whillans from ICESat-2 Cycle 3
to Cycle 9.

ICESat-2’s high along-track resolution data revealed active subglacial lakes (e.g. WIX and SLW) filling
concurrently in multi-lobe clusters separated by 1-4km ridges that may indicate subglacial
hydrological linkage.
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Fig 5: (a) Ice Volume Displacement of subglacial lakes and (b) hydropotential contour map at 250kPa

intervals over Whillans Ice Stream.

Over the Whillans Ice Stream central catchment, a lake drainage event starting on Nov 2019 at Whillans
7 (W7) triggered downstream filling events at Whillans IX (WIX), Subglacial Lake Whillans (SLW) and

Lake 12 (L12) up to Feb 2021.

### Quick filling and steady drainage

An unusual pattern of rapid filling (0.1km3 in 3 months at WIX) and slow drainage (0.3km3 in 11
months at W7) was observed that stands in contrast to previous patterns of slow fill and rapid drainage in

the Whillans catchment4,5.
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ABSTRACT

To understand the movement of subglacial water in Antarctica, we present an updated inventory
of active subglacial lakes using ICESat-2 laser altimetry data. The ICESat-2/ATLAS instrument's
six-beam laser array captures denser point measurements than the previous generation ICESat
and Cryosat-2 satellites, allowing us to examine the spatial and temporal variability of active
subglacial lakes with unprecedented detail. Active subglacial lakes are classified directly from the
high density ATL11 land ice time-series (60 m along track spatial resolution) point cloud data
using an unsupervised density-based clustering algorithm. The key finding we show is how
subglacial lake shorelines can migrate spatially over time through fill-drain cycles. In addition,
we examine subglacial water connectivity from coupled fill-drain cycles over lakes at the
Whillans Ice Stream on the Siple Coast. This study yields new insights into the dynamic nature of
the subglacial water system in Antarctica, and will be of interest to biologists quantifying
biogeochemical cycle processes and glaciologists studying the influence of subglacial hydrology
on ice dynamics.

m -

Recovery Glacier

b Y
Rape iy

Lanbent 62"

East
Antarctica

wlle
3
B
S
A e
»
9

1 St
Antarctica Ninvod 2

0\30\2\

David Glacier

* @D Active subglacial lakes
Ice velocity

— YV

0 400 800

Cook E2

S i e S g I A IR NI 4 vy G \
(https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png)


https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png
https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png
https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png
https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png
https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png
https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png
https://agu.confex.com/data/abstract/agu/fm21/2/1/Paper_851712_abstract_790483_0.png

REFERENCES

1. Schubert et al., 2017. doi:10.1145/3068335

2. Wessel 2010, doi: 10.1016/j.cageo.2009.05.009

3. Depoorter et al., 2013. doi: 10.1594/PANGAEA.819147
4. Siegfried & Fricker 2018. doi: 10.1017/a0g.2017.36

5. Siegfried et al., 2016. doi: 10.1002/2016GL.067758



