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Antarctic Peninsulaice shelf disintegrations
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Hydro-fracture model:  (other factors as well...)

Stress intensity at the tip of a crevasse depends on

1. tensile stress; 2. lithostatic stress; 3. water pressure
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Icebergs - away to learn more about ice shelf disintegrations

Images from Intl. Space Station hand-held camera

22 Jan 2004 looking ~nadir



Icebergs - away to learn more about ice shelf disintegrations

1
AN
2 5

A" 22 Feb 2004
(A43B disinte

~.30

39‘: w

_50 il \50

27 Jan 2004
(A43B first event

30 Nov 2003 38B broke up)

59 55

60 60

54° 30’ S

13 Oct 19 65

Fs
W \
-
2
. 1

Jan 27 2004

\)0

Scambos et al., 2005 GRL; 2008, J. Glaciol.



AMIGOS:
Automated
Met-lce-Geophysics
Observing Stations

* GPS

e Camera

flag lines
accum/ablate
surface events

e Weather data
¢ |ce melt and
thickness




Icebergs - away to learn more about ice shelf disintegrations
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Antarctic Peninsulaice shelf remnant at Scar Inlet --- destabilizing
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‘Glacier’ AMIGOS System, for placement on moving ice

AMIGOS:
Automated Met-Ice-Geophysics
Observing Stations

* Weather data

Vaisala system: wind, temp, press, humid

» compact precision GPS system
(Topcon GRS-1000)

operating 20 min, 4x to 8x /day

« Camera
six images, 2x /day
accum/ablate, surface processes, flag line

* Thermistor string (12 m)
mean annual temperature
melt penetration into firn

» Albedometer
solar power, surface melt onset

Scambos, Ross, et al., 2013 Annals of Glaciology



AMIGOS and iceGPS sites in the Scar Inlet Area
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Flask Glacier AMIGOS System installed
10 February 2010 (data until March 2016) Cl'
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Weather and albedo data from Flask AMIGOS, single day

Hind speed and direction {True} Air temperature degl

M -9 T T T T T T T

330 38

Celsius
I
=
&

W 278 'EEECT LERRP EETPRR RERPRN RPN I "] 3
A5 4 s iz dg 2o Cknots]

248 128 =17

date time 833118 844581 =19
date tine 033118 184562 180 083/31 a3/31 83731 83/31 083/31 a4/81 B4/01 84/81 a4/81

5 84:88 ag:00 12:00 16:00 2Ei?8 08:08 B4:00 a3:00 12:8
date tine 940118 104562 083/31/2610

~2m wind ~2m Air Temp

Pressure nBars Yolts fron Solar sensor for snow & sky
984 T T T T T T T 8.9 T T T T T T T
Sky --
983,5 | 4 | Snou -- ]
8.8 [ patio Sku/Snou —-
o83 | 1
0.7 | ]
982,5 | 1
0.6 [ ]
082 | 1
0.5 | ]
4 H
5 981.5 1 E
] 2
0.4 1
981 | 1
.3l J
980.,5 | 1
988 | 1 ez ]
979.5 - | 8.1 - 1
a7e H H i i i H H o H i i H i i H
83/31  83/31  €3/31  683/31 83/31  @4/81  BafB1  BAfBL  BA/E) 83/31 03/31 03/31 03/31 03/31 Ba/a1 0a/81 8a/01 84781
94:88  ©8:80  12:80  16:00 29:90  00:80  B4:00  ©6:00  12:0¢ 84:00 05:00 12:00 16:68 29:p0 00:08 04:68 88:68 12:8¢
03/31/2010 93/31/2618

Pressure Sky, Snow, Albedo

Scambos, Ross, et al., 2013 Annals of Glaciology



Monthly mean GPS ice speed data from Scar Inlet AMIGOS,
2010-2017
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Formation of multi-year fast ice in Larsen B embayment (March 2012) has
stalled ice shelf speed-up; seasonal modulation associated with fast ice
strength; Pettit et al., 2017 in prep



AMIGOS high-resolution camera overlooking the Scar Inlet Area

24 April, 2012

Flask lCIacier_‘ s

23 November, 2011

Scambos, Ross, et al., 2013 Annals of Glaciology




The new concern: Ice-Ocean interaction
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AMIGOS-II: designed to study weather, ice, and
the sub-ice-shelf environment

IRIDIUM uplink s

AMIGOS-II

Table 1: AMIGOS-Il Proposed Design Components ;
Solar Panels(2) : Camera, Wind Sensor

Structure, Power, and CPU
«CPU: Triton-3 single-board computer, internal ethernet,

serial, and USB ports: Linux OS, watchdog function; snow height; @
«Iridium modem and antenna: albedometer CPU dual-freq. GPS
+10 cm tubular design, 2 m sections, total 6 m installed

(1 m sub-surface, 5 m exposed); air «ki W)(1 2m
«Li batteries for winter; 4x100 amp-hr Pb gel-cells;

2 x 80 W solar panels
Imaging: Surface /Sky condition \_"%/_Jﬂm%}

-Camera system, station view mirror, flag line (not shown)
Ice thickness changes

Weather / Climate DTS ~700 m fiber optical cable,
-Vaisala WXT520 weathgr station, 2 m; ~60m. —1 Temp profile: 0.1°C every 2m
+R. M. Young propeller wind-vector system at top of mast Nansen 12 PR:TS in ice and ocean

Ice Motion and Strain Sensors ice shelf,

*Dual-Frequency GPS — Topcon GRS-1 rcvr, PGA-1 ant.; ~300 m
Snow-Firn Energy Balance Sensors .
«Albedometer (dual Apogee SP-212 all-sky lightmeters); ground wire
- Campbell Scientific sonic snow-height sensor or similar (separate hole)
«60-meter string, 12 PRT sensors m. basal melt rate from

fiber optic cable

Ice and Sub-lce Ocean Sensors
+DTS laser fiber optic cable thermal profiling system; upper
+2 SeaBird MicroCAT SBE-37IMP CT sensors, 1 w/ press;

3 Nortek Aqua-Dopp Doppler current meters; sub-shelf . Aquadopp
MicroCAT
ocean <

~400 m Aquadopp

lower
sub-shelf Aquadopp

MicroCAT
ocean w/ press.

-_________

seabed «TTUSS—_




color - ice thickness,
150m - 750 m

AMIGOS-II
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Bathymetry




Installation of the AMIGOS-Il on Nansen Ice Shelf
hot water drill system, camp, team of 5 people.

Ice thickness — 398 m;
Two boreholes required ~7 days; camp and drill set-up required 2 days







Table 1: AMIGOS-II at Nansen Ice Shelf Components

Structure, Power, and CPU
*CPU: Triton-3 single-board computer, internal ethernet,
serial, and USB ports; Linux OS, watchdog function;
Iridium modem and antenna;
*10 cm tubular design, 3 m sections, total 6 m installed
(0.5 m sub-surface, 5.5 m exposed);
8 x 100 amp-hr Pb gel-cell batteries

Imaging: Surface /Sky condition
*Camera system, Mobotix

Weather / Climate
*Vaisala WXT520 weather station;
*R. M. Young propeller wind-vector system at top of mast

Ice Motion and Basal Melting
*Dual-Frequency GPS - Topcon GRS-1
*BAS ApRES and GPS (provided by KOPRI / C-K Lee)

Snow-Firn Energy Balance Sensors
*Albedometer (dual Apogee SP-212 all-sky lightmeters);
«36-meter PRT string; sensors at 1, 2, 4, 8, 12, 16, 24, 36m.

Sub-lce Ocean Sensors
*DTS laser fiber optic cable thermal profiling system;
+2 SeaBird MicroCAT SBE-37IMP CT sensors, w/ press. port;
+2 SeaBird Aqua-Dopp Doppler current meters;

AMIGOS-Il on Nansen Ice Shelf --- as installed

AMIGOS-II at Nansen Ice

Shelf

IRIDIUM

Camera, Prop. Wind Sensor

snow height; @—— IWx 3.5 m
: IRIDIUM
albedometer Solar Panels(2) //
i CPU, GPS
ar ApRES and ||
8x100 amp-hr GPS pole
batteries N 1 Hh (25 m north)
36 m DTS ~750 m
fiber optic cable
8 PRTs (30m on surface) .
ice shelf

grounding
wire

420 m

Aquadopp

ocean

Aquadopp

398 m (ice thickness

MicroCAT
w/ press.

420 m (22 m below ice base)

MicroCAT
w/ press.

718 m

720 m (322 m below ice base)




AMIGOS-II preliminary fiber-optic data

Temperature

AMIGOS-II Fiber Optic Temperature

Sub-ice shelf caV|ty @ 420m: -1.96°C

| @ 718m: -2.05°C 3
Indicates HSSW from Terra Nova polynya;
2 3 Water flow speeds, 1-2 cm/sec J
The station stopped transmitting data on Feb 24, | .
but appears to be continuing to collect data
............ Cavrty e
e ece 1" Qcean_~

300 400 500 600 700 800
Depth, meters



NERC-NSF Thwaites Program — ~25 proposals submitted (funding ~8)

One of them is:
TARSAN -
Thwaites-Amundsen Regional Survey and Network
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Key ice-ocean interaction region: Thwaites — Amundsen

TARSAN -
Thwaites-Amundsen Regional Survey and Network
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Figure 1: Modified from Fig 1 of Jacobs et al., 2012. Bathyr?me?ry of the Amundsen Sea continental shelf, with
moorings (green dots) from BAS, KOPRI, and Universities of Gothenburg (UGOT) and Bergen (UiB). Red stars
indicate the selected sites for AMIGOS-III (Fig 7). Black line is section shown in Figure 3.




AMIGOS-III: student-led redesign, instr. upgrades TARSAN proposal

—
Iridium-NEXT uplink —

AMIGOS®-III

Table 1: AMIGOS-IlIl Proposed Design Components Camera. Wind Sensor
Structure, Power, and CPU Solar Panels(2)A

*CPU: Student-designed single-board computer, ethernet, . .

serial, and USE pors: show height; @ Command/Control
«Iridium-NEXT modem and antenna; albedometer I:l dualf GPS ’
=10 cm tubular design, 2 m sections, total 6 m installed ual-ireq.

{1 m sub-surface, 5 m exposed); air T3l Wx1,2m
Li batteries for winter; 4x100 amp-hr Pb gel-cells;

2 x 80 W solar panels.

’\A ApRES unit (BAS)

Imaging: Surface /Sky condition

«Camera system, station view mirraor, flag line (not shown)
Ice thickness changes

Weather / Climate DTS ~700 m fiber optical cable,
=Vaisala WXT520 weather station, 2 m; ~50m. —1 Temp profile: 0.1°C every 2m
*R. M. Young propeller wind-vector system at top of mast 7 P

. 8 PRTs in ice and ocean
Ice Motion and Strain Sensors Ice She|f,
«Dual-Frequency GPS — Topcon GRS-1 rcvr, PGA-1 ant.; ~300 m
Snow-Firn Energy Balance Sensors )
-Albedometer (dual Apogee SP-212 all-sky lightmeters); ground wire
« Campbell Scientific sonic snow-height sensor or similar (separate hole)
*50-meter string, 8 PRT sensors. basal melt rate from

fiber optic cable

lce and Sub-lce Ocean Sensors
=DTS laser fiber optic cable thermal profiling system; upper
*2 SeaBird MicroCAT SBE-37IMP CT sensors, 1 w/ press;

=2 Nortek Aqua-Dopp Doppler current meters; sub-shelf ) Aquadopp
MicroCAT
Oocean <

~100 m

lower
sub-shelf Aquadopp

MicroCAT
ocean w/ press.

seabed



Integrating AMIGOS mooring with AUV and gliders TARSAN proposal

Figure 6 AMIGOS stationc'E/ AMIGOS station 4+

N

Schematic showing
AUV and Glider paths
relative to the
AMIGOS installation.



Thank you




Flask Glacier AMIGOS-3 image set

Scambos, Ross, et al., 2013 Annals of Glaciology




Integrating AMIGOS mooring with AUV and gliders TARSAN proposal
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Figure 5. Seal tag data from 2014. (a) Potential temperature; (c) salinity at 300 m (Heywood et al., 2016);
Tracks of (b) Elephant and (d) Weddell seals, diamonds are tagging location, colored dots are tag number.
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AMIGOS System camera on Scar Inlet and Flask Glacier:
accumulation pole movies

SCAR Inlet; Flask Glacier:

Near-zero net accumulation in 6 months; ~0.7 m net accumulation in first 6 months;
Recent minor accumulation (10-20 cm) Recent rapid accumulation of 1m (total 1.7 m)



AMIGOS 2 and 3 Firn Temperature profiles:

Scar Inlet near the shelf stability limit; Flask is even warmer

AMIGOS 2 Scar Inlet Ice Shelf
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AMIGOS and iceGPS sites in the Scar Inlet Area

Significant speed-up in lower glacier and ice shelf since late 2006
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