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ABSTRACT: In January 2016 during the 2015/2016 Amundsen Sea Exped/tlon we deployed four autonomous phase senszt/velodto echo sounders (ApRES) on the Getz Ice Shelf (GIS) to measure the
ice-shelf basal melt rates. The four sites are located on the west side of GIS: (i W1 near the Siple Island ondGWZ“’G W4 to the southwestfrom GW!I1. The radars deployed at GW2 and GW4 are still
alive although other two stopped sendlng their data in August ?916"15he melt rateswe 3 ated from the ice- sFle' thinning rqres offset by thestram ratej_bm‘l[gh_the ice column. The estimated

melt rates show temporal variations and‘shg?vtly dlffereﬁpattem,s betweer&westem and eastern parts of the WESF,&:BGI;S We:m#fuﬂ‘tfer discuss on anolyzmg the > APRES data in terms of reldf/onshlp

e e el

between melt rates and other forcings (i.e. ,-tﬁdé osallaifron o%ﬁpl?ﬂfc L’Iﬁggmeaj w, etc.) and defining vertfeaf'baundoﬁes gﬂfi stt_ciegorg&;nihedm,est 5@&@6/5 AdlelonoJIVsomemethods =
- of ice mass bo/anCé'estfmdtlon—usmgA' RESﬁnd chﬁﬁi‘éidatm@j troduced for the | urereseorch. pal —P?ﬂ:f_%’ — = :;;-_.._;- o e ;
INIIR@BIYECTION & NECKLACE program loKebea,
D - The NEtwork for the Collection of Knowledge on meLt of \’y?’o . °@ |
¢ Motivation | | Antarctic iCe shElves, SOOS-endorsed activity o "3
- The strongest thermal forcing and highest melt rates - Aim to install instruments on all the major Antarctic ice . 3
were found near the deep grounding line of some shelves to collect measurements of the rate of ocean- o '
glciers, and melt rates are strongly correlated with driven melting (Fig.3, www.soos.ag/news/current- | £
ocean thermal forcing (Rignot & Jacobs, 2002) news/162-necklace) 2 . ¢
- Half of the meltwater comes from 10 small Southeast & Measurement of ice shelf basal melt rates A o

Pacific ice shelves occupying only 8% of the area

(Fig.1) and basal melt exceeds a calving flux (Rignot et Fig.1 Basal melt rates (2003 2008)
al., 2013) (Rignot et al., 2013)

- An Autonomous phase-sensitive Radio Echo Sounder
(ApRES) can provide the variability of key parameters from Fig.3 NECKLACE program logo

-/ _ , , seasonal down to a day, such as the melt rate at an ice-
- Antarctic ice-sheet loss driven by basal melting of ice shelf base (Brennan et al., 2014: N/cholls et al., 2015)
shelves (Fig.2, Pritchard et al., 2012) (‘
| Name | Basal Melt Glyr (miyr)
Antarctic Peninsula 191 (1.5) 44
East Antarctica 480 (0.7) g oomy G
West Antarctica 654 (0.9) D ! ' ‘ ResearCh ObjeCt|Ve ¢
Total surveyed 1,325(0.85) e
Gotz 1449 (4.3) o G - To determine the sensitivity of the ice shelves around
PE e WOL2 (62 H adh the Amundsen Sea to changes in ocean circulation
Thwaites 97.5 (17.7) 8 ‘ . . 10 12 14 16 18 20 22 24 26 28 30 1 3 6§ 7 9
T ol PV and temperature using ApRES and ocean moorin
Jetsen :278) Fig.2 Basal melting and ice-sheet loss P 9 AP J Fig.4 Observed basal melt rate on
(Pritchard et al., 2012) measurements Ross Ice Shelf (Nicholls et al., 2015)
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@ Installation of ApPRESs on the western GIS ‘_ Ic§|:e> SV icz)cr::{ofrriﬁm ﬁgzis GPS | '
- Four ApRESs deployed on 27 Jan. 2016: averaged Iocatigon (Fi ¥a b) na & o
GW1~GW4 (Table 1 & Fig. 5) a9 9.1, > | e DR
o O . - Moving northwestward 7z, ’
- Initial burst samples to find ice base (Fig. 6) (downstream) with ~ 350 m a- - - o ol | --.@ i
Spee d (F|g7C) '7-‘1‘5456732 l-125.74s| -12:3.744 | -125.74I -1|25‘736 | 28306 -126l.|304 |-126l.302l -1I2'6.3 —I_g:;vi;s

—— GW2
—&—-GW1 [

&€ Data transmission via Iridium
- Current status: GW2 and GW4 are still - Speeds between GWZ. and
GW4 are in phase during —

trans_mlttmg data but GW1 and GW3 is not Fig.5 ApRES sites on the western Getz Ice Shelf austral summer but out of £
WOTrKINg.

phase during austral winter

°R 100 — —
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€ Comparison to remote sensing observations

ice shelves where INSAR is not applicable

- Ice velocity with a few 100-m grid spacing

- Sentinel-1 SAR can measure a seasonal changes
of ice velocity around the Amundsen Sea

| Fig.8 Ice S T S R R o e S
- lce VeIOCity’ basal melt rate’ etc. g Ww \éeelf[)ZCiltgeOf Fig.7 GPS monitoring: ice rkooot\;gronzeoﬁ’fg\;er 7/ days at GW2 (a) and
i : " Shelf from GW4 (b), and ice speed averaged over 15 days (c).
H “Boce. “ o LT Sentne1 @ Ice velocity from SAR observations
(S) W) (utC) Depth (m) e | tracking (16 - Using SAR images obtained over the same area
T4N3808 12520930 274n2016,1558 845 o g M &28June - \ery useful to measure ice velocity of fast-flowing
GW2  74°23.993  125°44.312° 27 Jan 2016, 09:36 475 ON < 7 W 2016)
GW3  74°29.982'  125°60.938' 27 Jan 2016, 11:55 421 (Ssggf’zpoe%) ‘ ‘ WYM

GW4  74°36.018’ 126°17.9371° 27 Jan 2016, 13:55 551 ON

-140

Table 1. Information on ApRES deployment and status. Fig.6 Initial burst samples from GW2 and GW3.
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Melt rate at GW1 Melt rate at GW2
T T T T T T T T

_ Calculated from the ice-shelf ~ :. | lrﬂ [_ u 1L M Mm"fk L - Mass conservation assumption 7 -
thinning rate, and offsetby the  ** | 1/, Mﬂwwww M TP T I i A W 1t ”‘Vt“\}m.‘ Ice thickness change(ITC)= -- o v R 7 saliite
- - ° %‘M WA oMl e B o ice flux discharge(IFD) + surface mass balance ——— & i altmeter
Straln rate through the ICe otflar1e  olApri6  oiMay16 o1 5 n16  01-Jur6  Oi-Aug16  01Se|  T-Mari6 3:-Apr-16 19-0un-16  08-Aug-16 27-Sep-16  16-Nov-16  05-Jan-17 24-Feb-17 . grounding line 425/ ’:’I
column : | L | P — O ——— (SMB) + basal melting (BM) , . PRV
| | | ] . ice sheet I ice shelf I H sea level
| | | - ITC and IFD can be estimated from satellite |
- Strong tidal frequency: . . . altimeter data, SMB estimated using climate models, ocean
- g . £ ol e A e i e E o . bedrock
semidiurnal, diurnal, and Y &*‘NMMUW&j%pfﬁﬂfﬁwﬂk~vﬁw1ffw” ﬂf\vmﬂfﬁ%rhw‘fi’”’%a:.Maﬂ‘f\’»W L. and then basal melt rate can be derived.
spring-neap (~15d) signals : | Lo | D
. 01-Mar-16 01 AP 16 01 My 6 Dat 01-Jun-16 01-Jul-16 01-At F-Mar-16 30Ap 16 19-dun-16 08Ag e Sp 6 16-Nov-16 05-Jani7 24-Feb-17 " g *
(Flg.9) Fig.9 Time series of basal melt rates at GW1 (a), GW2 (b) GW3 (c) and ¢ AmL_mdsen Sea Expedltlon 201772018 plan
GW4 (d). - Period: Dec. 2017 ~ Feb. 2018
-AtGW2 and GW3, O1 and K1y rmimnmsmimans 1 7 e i - 74 CTD stations
tidal constituents are significant ¢ e | eenonaues - ApRES: Getz IS, Dotson IS, and Thwaites G.
(red arrows in Fig. 10): This ¢ [ - Gravity survey: GIS & TG
implies that tidal mean current £ R 1 B i - T-POPs, Ocean mooring, Glider, etc.
might be dominant following W & ’ * Please contact T.-W. Kim (twkim@kopri.re.kr) for the detailed plan
the main channel. 10 . | i+ Acknowledgement
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Fig.10 Tidal harmonic analysis of melt rates at GW2 (a) and GW3 (b). to deploy/recover the instruments during the 2016 Araon Amundsen Sea Expedition.




