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SUMMARY

I. Title

O Development of monitoring techniques for subglacial lake using synthetic

aperture radar

II. Purpose of R&D

O Development of techniques for precise observations of surface displacement and

activity monitoring of subglacial lakes using satellite synthetic aperture radar

III. Contents and Extent of R&D

O Development of techniques for morphological characterization of subglacial lakes

using satellite synthetic aperture radar

- Construction of interferometric synthetic aperture radar pairs and measurement

of surface displacement of subglacial lakes around David Glacier

- Design of remote sensing technique for retrieval of surface displacement by

subglacial lake activity
- Defining area and morpholgical characteristics of subglacial lakes

O Research on subglacial lake activity monitoring techniques based on time-series

satellite synthetic aperture radar

- Development of technique for retrieving surface displacement according to the

velocity of water level change of the lake

- Establishment of methods for analyzing the changes in water level and water

body of subglacial lake from its time—series surface displacement

(O Understanding the mutual influence of subglacial lake and ice sheet flow



- Measurement of ice surface flow around the subglacial lakes

- Analysis of the interaction between subglacial lake activity and ice sheet

surface velocity

IV. R&D Results

O Established subglacial lake surface displacement retrieval technique based on

double—differential radar interferometry
(O Established spatial information of subglacial lakes around David Glacier

O Analyzed the activity characteristics of subglacial lakes from surface

displacement derived by the radar interferometry

O Estimated the effect of changes in the subglacial lake activity on variation of ice

sheet surface velocity

O Estimated drainage network of subglacial lakes around David Glacier

V. Application Plans of R&D Results

O Identification of the shape, changes in water level and water body, and the

filling—-draining system of subglacial lakes

(O Updating geospatial information and monitoring activity of subglacial lakes of

Antarctic inland ice sheet

O Utilization as important basic data for development of technologies for

geophysical survey and hot water drilling of the subglacial lakes
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(b) Ground Track 1 Right beam (Track number 1000, Ascending node)
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Abstract Regional changes in the flow velocity of Antarctic glaciers can affect the ice sheet mass
balance and formation of surface crevasses. The velocity anomaly of a glacier can be detected using
the Double-Differential Interferometric Synthetic Aperture Radar (DDInSAR) technique that removes
the constant displacement in two Differential Interferometric SAR (DInSAR) images at different
times and shows only the temporally variable displacement. In this study, two circular-shaped ice-
velocity anomalies in Campbell Glacier, East Antarctica, were analyzed by using 13 DDInSAR images
generated from COSMO-5kyMED one-day tandem DInSAR images in 2010-2011. The topography
of the ice surface and ice bed were obtained from the helicopter-borne Ice Penetrating Radar (IPR}
surveys in 2016-2017. Denoted as A and B, the velocity anomalies were in circular shapes with radii
of ~800 m, located 147 km (A} and 11.3 km (B) upstream from the grounding line of the Campbell
Glacier. Velocity anomalies were up to ~1 cm /day for A and ~5 cm/day for B. To investigate the cause
of the two velocity anomalies, the ice surface and bed profiles derived from the [PR survey crossing
the anomalies were analyzed. The two anomalies lay over a bed hill along the glacial valley where
stick-slip and pressure melting can occur, resulting in temporal variation of ice velocity. The bright
radar reflection and flat hy draulic head at the ice bed of A observed in the IPR-derived radargram
strongly suggested the existence of basal water in a form of reservoir or film, which caused smaller
friction and the reduced variation of stick-slip motion compared to B. Crevasses began to appear at
B due to tensile stress at the top of the hill and the fast flow downstream. The sporadic shift of the
location of anomalies suggests complex pressure melting and transportation of the basal water over
the bed hill.

Keywords: Campbell Glacier; DDInSAR; lce Penetrating Radar; velocity anomaly

1. Introduction

Antarctic glaciers flow from the inland to the shore, forming an ice shelf or glacier
tongue, and are eventually discharged into the ocean. As the motion of the glacier is closely
related to the seaward ice flux, ice flow velocity is an important indicator of global climate
change and sea level rise [1-3]. The flow velocity of a glacier changes due to mass balance
variations caused by snowfall accumulation or sublimation on the surface of the glacier,
changes in physical properties occurring inside and at the bed of the glacier, and basal
shiding [4-6].

Apart from the surface mass balance, a number of studies have been conducted on the
observation of glacial flow rates due to the action of the ice bed influenced by the basal
water. The presence of melt water at the ice bed is an important factor in the change in ice
velocity because it causes lubrication, reducing friction between ice and the bedrock, and

Remote Sens. 2021, 13, 2691, https:/ / doiorg,/10.3390 /1513142691
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- ul= University of Washington, University of California-San Diego, University of

California Santa Cruz 37892 2003d 55 20083712 59 F=2] ICESat # o]
A A=A Ao Ale7hE Wstge AbEsto] 124719 #A4 WA S E W 3H(Smith
et al, 2009; 139 45)

- ICESat 9149 A% 2 #HolAd =7

944 LEA AREZREH YAS B Y

0.1 5
Volume range (km~)

719 45, ICESat #lolA &=l 28§ WAS T4 A5 (Smith et al, 2009)

- 9= University of Leeds®} University College London,

FYSFH(ESA) FEATH L
dolt] w=A ©Al 49l CryoSat-2¢] W3 BEARZRE YAE $A9) 339 A

T3 2 93 7|EeS LT McMillan ef al, 2013; 18 46)
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- CryoSat-2 #lojt] %A #2257 WA S vjg o|ME =AHo| &34

ftlo
L
o,
it

775

\ 765 770

Easting (km)

9 46. CryoSat-25 83 WA T F3 W3 AF(McMillan et al, 2013)

- 1l=r Colorado School of Mines®} Scripps Institution of Oceanography &% -14
ICESate] $% 9142 ICESat-29] dolA 1%/ #FAEZEH G5 WA &4

S #4243 (Siegfried and Fricker, 2021)

- ICESat-29] #<2 A% 4 2 =& I3 AEEE 7€ AFHAH =A%) ICESat,
CryoSat-2 Bt} ¢ a3 ow WAL &% RUHY AFEZ 7t e AWsh(1dy
A7)

120 140 160 180 200 220
elevation [m]

% 47 ICESat-2 &8 ®WA%E EUHF <+ (Siegfried and Fricker, 2021)
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2  E: David st =¥ HAH S XY DDInSAR &4t

O David W3} ¥ 2o dia] 2017d 29 847 20173 3¥ 16¥9] 5% Sentinel-1
SAR 9Ato 2R E F(master) DINSAR 4362 A7k 71 A8)E AA

O 2017 29 20¥95H 2022 29 18Y7HA] AAIG(LHF 7|7 AehH=E g5¥ Sentinel-1
SAR 94& &85t 36¢ AIZF 71 A H(slave) DInSAR 945 5 12871 A4

O F DInSAR <7 A - DInSAR 73S zHEsto 24 F 128712 DDInSAR 34 A%}

O 7} DDInSAR 7% stee] F+ @4+ 5 DInSAR G4 Alztel A& SAR 97 270 9]

O A9 DDInSAR 945& YAZe] F9Ws $27k Azbe] wheh B2, DDINSAR 7]
W B 94 nEART 3 AL 992 FAT 5+ 9SS 49Y
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