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< SUMMARY >

Purpose

The proposed project will develop truly international partnership between|
ROK-Norway in order to better address “ice loss from Antarctica” and “global
sea-level rise” through SCAR-RINGS. The primary objective of RINGS is to
provide more accurate and complete reference data for robust assessments of
ice discharge from all around Antarctica.

Contents

To achieve research objectives:

- Share observation data near the Antarctic coast, which has been secured
by both collaborating institutions, based on standardized formats and
platforms.

- Strengthen collaborative researches between RINGS and LIONESS through
various international exchanges.

- Conduct research to develop a plan for a next-generation polar personnel
training program between the two countries.
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Results

[Personnel and Technical Exchange]

- Apply international standards (FAIR principles) to the secured data for data sharing.

- Utilize Quantarctica, which can be used by all polar researchers, to share
data and establish joint field exploration plans.

- Conduct collaborative research for joint research paper submissions
through observation data sharing and analysis.

- Establish a concrete system for promoting joint research and inviting researchers
from the host country to collaborate during future polar field explorations.

[Conference Hosting]

- Host five in-person/virtual meetings.

- Host a training course for beginners on Quantarctica based on QGIS
developed by the NPI.

[Follow-up Collaboration]

- Contribute to the publication of the SCAR-RINGS White Paper to promote
the development of SCAR's scientific research program.

- Continuously utilize discussion channels to expand the field of interest beyond
the RINGS collaboration between Korea and Norway to similar areas of interest.
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Expected
Contribution

[Expected outcomes of RINGS-LIONESS collaboration]

- The purpose of this research project is not only to produce research
results but also to establish a close collaboration system between Korea
and Norway (RINGS-LIONESS), with the goal of contributing to the
successful research performance of RINGS in particular.

- Previously collected data related to the Antarctic ice sheet bed topography
has been one of the most fundamental and important data in Antarctic
research, and has a significant impact on related field research.

- Considering the above, it is expected that the research results derived from
RINGS after 2023 will also be utilized as important research data that can
open up new fields of polar research.

[Enhanced International Collaboration]

- Based on the active contribution of RINGS through this research, it is
expected that better relationships will be established with other collaborative
research within SCAR, as RINGS is an Action Group under SCAR.

International Cooperation Korea—Norway Antarctica
Keywords Polar Sciences SCAR—-RINGS
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Fig. 1. (left) Histogram showing the radar data availability in the vicinity of the ice—sheet margin. Bins are each 0.5
km, and about 28% of the margin has no radar data within 20km: (right) Availability of radar data within < 1km,
1-5km and > 5km from the ice-sheet margin. The pie charts show the fraction of these availabilities in each region
around Antarctica.

1
2
3
4

)
)
)
)

https://www.ipcc.ch/assessment-report/ar/

Grounding line: |A0] S22 2o £7| AlZtets XM R o[RS S1HE 39 U2 2F s+ A2z FAH
2021 38 WEEof 27 #55k= SCAR Ateh AT Initiative, =M &7 8 X|ehd 22 TSHAMT SIMAUSKIE S SE
Land-Ocean/Ice Network Exploration using Semiautonomous Systems: S X4 FELo| IHSSHEAS

HAANF2=Z 670= 970 7| &o| Zoistol 4= WA gdlof wE si5+H ASS o557 g o7 852 8

-5 -

ZIEZ=5]
7|zesto] M2 ZZ4% 3K YSZ JIEIlEls Sl 45 olFe =AM E elslly| flstol, g
X4e 22 DM FXXE S IHFH AFHA 315 7|0 U X|H7EsE A7 Y SHE QE
ch-290] ¥3 YEI 5
- AEER 242 % druse,
1. BEESHE M4 Ol ZSHES HiEo 2 ¢ HET|HM 7| st g3 X 22 AEKE 37
2. Ot I X2 E S RINGS-LIONESS &HE ¢l 43t
3. Y7 KMICH IR AN =20 T A 7
[mF AH]

1. ®1KH Z|2|(CHH; SCAR-RINGS 9{3& HAM, 2g0|

EE2, 2022.06.27-30)

» SCAR-RINGS ¥3& &Mt =90
« 2 WER Fro| IHEH 25 T

2. M2} 22| (@}4t; 2022.08.16)

o o290 XM SX| AFA 17 =9



https://www.ipcc.ch/assessment-report/ar6/

b |
4. T4t B|o|(CHBH/HICHH 10| 2| =; LIONESS 3. XtH|E7}

5. ®Isxt 3|9 (@t 2022.10.14)

o

213 &, MZF, 2022.09.14) 2. FHLE X Ao MAIE Hieb Z0] A|E CHH| RE SEE ©4

AZL} Moz B/ 5|9 53] 7H%| 3! Quantarctica 23 Training courseS 7§ A38}0]
oh-lc290] ¥ o I FX| A7 MY oz 7|o

Connecting RINGS projects

all around Antarctica

4 ®7ZA| BE A
[ % 7l 1R
- o5 A7 37 got
.« 7| g Xt2(YS S O[T, ApRES S)0 TSt ZHIEZE HE(FAIR Principles =&)310] Xl 29
« IE IX| ARXIF O|8F £ Q& Quantarctica 22310 X2 38 U S5 WH EAF AE
< LIONESS 92| 3JoJofq oF-=2=9]0] &3 ®= |+ SCAR-RINGS & J[HF ZI= SEAIZ 25 &8 - BE XE 37 W 2MoE ZEHTEE (Reviews of Geophysics, IF 24.946) F1E 2[5t & A =8 F
ghot ATY 2 ogke =280 #ot =& Hd =9 - OIF w2 diot
. g_h;é-?—ll(il gant grtl CHRpZE 3 DHEU o MO =X AP HY =2 AY 59 o B 290 ¥E YEQD TR0 LS 39| HAA| e SR FE U ojMIpERE MM 7|E R
=2 QI3t A2 3o (Reviews of Geophysics, IF 24.946 3SX|¢ HE= -
olacinel o) 2 =290] F& 2o/7|E 3 B 7|9 29
o 22 SX| HFEMA FAHZM HOUE ARX = SSHT FUMA FHS

=3 MOjLt 7HZ|(Quantarctica, CHH/H|CHH t0| B 2| E; XA LA, 2022.09.19.)

[Er=dAL 7))
- f13& 5 MojLt A= drot
- H|CHH 3|0|& 2datsto] A 13 I 7HE|(CHsHR|
* NPIOA 7H2SE QGIS 7Yt Quantarctica B STX} Ci4
Z28r XM

Hote| YASXZALIY] MOlLE AlRI= 28 Tts)

raining course JHE3I0| L ALSXt

—

A= 8 X£Itstt HH HESS &3t
£ 7|0{510] SCAR IStHAPTE MO E UH F7
s FRIATL-NPI 2 $24F19~ 240 = HIXY z
29

o ZEAT XA TH
- L2900 7H RINGS B2 o SAb B HOIE YIS HIY 4+ YEE XA =0 ¥IZ ¥S

mE=I % 28 s8]

- RINGS-LIONESS &8 o4& =& Hat
o« B AN E S AP ANE EEGT| HOhs o 290|ZHSCAR RINGS-LIONESS) 21 2ot
YE oS HANAS PHSID, S5 RINGSS| MBH AT 58 7|0{7} 27
e o ItA 2 WAH XY A Xt2e 3 A7 JHE J|xFHo|l % AERER, AEFE 2003
7tk 918 (BEDMAP2, 2013, 1800%] 0|4 QI8; BedMachine, 2020, 400%| 0|4 08) &&= & &3 £2O0F

Insmule

2002 2010

e . i | A7l e 2 Fere
e = e o 7] LHES 12{sl™ 2023 O|= RINGSZ EZE AT Zit 9| 2X| A7 M2 BE € 5
o

A= 52 FTAEZE 28 7|0

- 2 Y

* RINGSE SCAR 4t8t Action Group2 2 £ AT E 8% H3H 7|0{E HE2E SCAR W 7|Et
=8 % Xtz f2EY 0|8 9IF Quantarctica 274 R 2& ZOYEMX thah S o170t B BA ME oAb
=

Jy
Rl
o
rc fo)a]
o7
Pl
i
ok

=1
BE HEE J|1ZM AR TS =

X LIONESS é,’—, A WECeE £EI0 SXNAFLO)N 2RO gE Loz MOjLf HE




5. dFaPgollM +TsH o2l HH

2) 88H €1}

- SCAR-RINGS A& & 3 ZAH L8 FE AOE:
https://www.scar.org/scar-news/rings-news/rings-workshop-recordings

- SCAR-RINGS &7t White Paper HE AO|E:
https://www.scar.org/scar-news/rings-news/white-paper,

- Quantarctica EH|O|X|: )
https://www.npolar.no/en/quantarctica/

SCAR-RING White Paper ZH4 %0j

6. duEd

[

- Fox-Kemper, B, H.T. Hewitt, C. Xiao, G. Adalgeirsdottir, S.S. Drijfhout, T.L. Edwards, N.R. Golledge, M. Hemer,
R.E.Kopp, G.Krinner, A. Mix, D. Notz, S. Nowicki, I.S. Nurhati, L. Ruiz, J.-B. Sallée, AB.A. Slangen, and Y. Yu
(2021), Ocean, Cryosphere and Sea Level Change. In Climate Change 2021: The Physical Science Basis.
Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L.Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb,
M.Il. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.Matthews, T.K. Maycock, T. Waterfield, O. Yelek¢i, R. Yu, and
B. Zhou (eds.)]. Cambridge University Press, Cambrid%e, United Kingdom and New York, NY, USA, pp.
1211-1362, https://doi.org/10.1017/9781009157896.011.

- Fretwell, P, H.D. Pritchard, D.G. Vaughan, J.L. Bamber, N.E. Barrand, R. Bell, C. Bianchi, R.G. Bingham, D.D.
Blankenship, G. Casassa, G. Catania, D. Callens, H. Conway, AJ. Cook, H.F.J. Corr, D. Damaske, V. Damm, F.

Ferraccioli, R. Forsberg, S. Fujita, Y. Gim, P. Gogineni, JA. Griggs, R.CA. Hindmarsh, P. Holmlund, JW. Holt, RW.

Jacobel, A. Jenkins, W. Jokat, T. Jordan, E.C. King, J. Kohler, W. Krabill, M. Riger-Kusk, K.A. Langley, G.

Leitchenkov, C. Leuschen, B.P. Luyendyk, K. Matsuoka, J. Mouginot, F.O. Nitsche, Y. Nogi, O.A. Nost, S.V. Popov,
a

E. Rignot, D.M. Rippin, A. Rivera, J. Roberts, N. Ross, M.J. Siegert, AM. Smith, D. Steinhage, M. Studinger, B.

Sun, B.K. Tinto, B.C. Welch, D. Wilson, D.A. Young, C. Xiangbin, A. Zirizzotti (2013), Bedmap?2: improved ice bed,

surface and thickness datasets for Antarctica, 7he Cryosphere, 7, 375-393, https://doi.org/10.5194/tc-7-375-2013.

- Morlighem, M., E. Rignot, T. Binder, D. Blankenship, R. Drews, G. Eagles, O. Eisen, F. Ferraccioli, R. Forsberg, P.
Fretwell, V. Goel, J.S. Greenbaum, H. Gudmundsson, J. Guo, V. Helm, C. Hofstede, I. Howat, A. Humbert, W.
Jokat, N.B. Karlsson, W.S. Lee, K. Matsuoka, R. Millan, J. Mouginot, J. Paden, F. Pattyn, J. Roberts, S. Rosier, A.
Ruppel, H. Seroussi, E.C. Smith, D. Steinhage, B. Sun, M.Rv.d. Broeke, T.D.v. Ommen, M.v. Wessem, D.A. Young
(2020), Deep glacial troughs and stabilizing ridges unveiled beneath the margins of the Antarctic ice sheet,
Nature Geoscience, 13(2), 132-137, https://doi.org/10.1038/s41561-019-0510-8.

7. A’dat
1) HEH dat

p.1

SCAR Action Group RINGS

RINGS:
Collaborative international effort
to map
all Antarctic ice-sheet margins

International initative “RINGS" aims to bridge the gap in disparate satellite observations
and will help constrain societally-relevant Antarctic contributions o future sea-fevel rise.

The IpCCs o ) ade
pi from Sheet. The lack data at
the margin of the ice sheet (grounding zone) i highlighted as one of the main sources of uncertainty

the stabily of the grounding zone. There is therefore on urgent need to carry out airborne surveys
around the entire Antorctic lce Sheet marin

The ce discharge of the Antarctic ice Sheet to the ocean can be calculated by 2 combination
of ice thickness data ice flow speed near the ground While satelites
such as Seninel-1 and Landsat-8 can routinely measure ice-flow speed, limited knowledge of ice
thickness leads to large uncertainties in ice discharge and eventually In overall assessments of

mass input (snowfall) to the entire ice sheet. Mass balance estimated in this way currently differs
significantly from other estimates based on mass changes from gravity anomalies detected by
‘GRACE/GRACE-FO satellites or ce-elevation changes from altimetry using the CryoSat-2 and ICESat-2
satellites

Ice thickness changes with time. However, once bed topography is measured using ice-
ie , ice thickness ch; the future can
be monitored using ice sheet surface elevation changes measured with satellite altimetry missions
such as Cryosat-2 and ICESat-2. The existing BEDMAP and BedMachine compilations provide pan-
Antarctic baselines for bed topography. While BEDMAP3 is being developed by a new SCAR Action
3 2,released in 2020, s  and
nearly 67 million radar data points collected since 2007. According to the locations of post-2007 radar
data used for BedMachine, 12% of the Antarctic margin has at least one radar data point within 1 km
from the margin, and 30% has a data point within 1-5 km (Fig. 1, Matsuoka et al, 2022, doi:
10.1025/202260220275). Therefore, the bed topography i relatively well known for about one third
of the Antarctic margin. However, 58% of the margin has no data within 5 km, and 28% has no data
within 20 km. Thy

confidence.

Availabilty of bed topography data i not uniform around Antarctica (Fig. 2, Matsuoka et al
2022). For example, the Amundsen Sea sector has the best data coverage, though stil one quarter of
5km. In contrast,
5 km in Enderby Land and eastern Dronning Maud Land. Looking more locally, fast-flowing glaciers
have better data coverage than slowly moving ice in many regions, but even for glaciers that are
comparatively well-studied, data are not always available continuously along the margin. This is
because radar data are often collected along ice flowlines, rather than across the glacier. Compiling
individual datasets collected for different purposes with different standards is a pragmatic, but not
deal, solution. Systematic collection of new radar data in the vicinity of the margin specifically

valittps://dol.org/10.5281/zenodo 6638327

p.3

SCAR Action Group AINGS

challenging task, especially given the poorer weather along the coastal regions. The RINGS missions

could be split into Various national campaigns, provided common protocols are strictly followed by

these surveys. Considering the limited range of current ski-equipped aircraft, such as a Twin-Otter

(~1000 kem) and Basir (~1800 k), long-range airerafts with extended ranges up to ~4000 km would

b Along-range aircraft I

of reducing the need for fuel caches at remote locations. Such a long-range aircraft could also give
additional ata. Unmanned Acrial Vehicles (UAV)

thatare ‘going rapid change. change.

The first step of RINGS is to clarify the current knowledge gap to 2 greater extent and assess
impacts of new data that fill these knowledge gaps at different levels. This work can be done using
location data of BedMachine's input radar data and soon-to-be-available BEDMAP3 open-data

depository. ( analyze,
and airborne geophysical llected by indiidual regional efforts. The
dar survey

groups. The new SCAR's action group RINGS can be an ideal platform to complete these tasks and

the

Songtao Ai (Wuhan Univ., China), Jonathan Bamber (Univ. Bristol, UK), Lucas Beem (Montana State
Univ., USA), Robin Bell(Columbia Univ, USA), Don Blankenship (Univ. Texas, USA), Xiangbin Cui* (Polar
Research Inst. China, PRIC, China), Reinhard Drews (Univ. Tibingen, Germany), Olaf Eisen (Alfred
Wegener Inst., AWI, Germany), Fausto Ferraccioli* (Isti. Nazionale di Oceanografia e di Geofisica
Sperimentale, Italy), René Forsberg® (Technical Univ. Denmark, Denmark), Peter Fretwell (British
Antarctic Survey, BAS, UK), Alex Gardner (NASA Jet Propulsion Laboratory, JPL, USA), Vikram Goeln
(National Centre for Polar and Ocean Research, India), Prasad Goginen (Univ. Alabama, USA), Jamin

U ollege,
UsA), Stewart Univ., UK), Danela Jansen (AW
Antarctic Division, AAD, Australia), Tom Jordan* (BAS, UK), Ala Khazendar (JPL, USA), Byeong-+oon Kim
(Korea Polar Research Institute, KOPRI, Korea), Bernd Kulessa (swansea Univ., UK), Choon-ii Lee
(KOPR, Korea), , Korea), 3
Usa), Emmanuel Le Meur (Univ. Grenoble Alpes, France), Carl Leuschen (Univ. Kansas, USA), Katrin
Lindback (Norwegian Polar Institute, NPI, Norway) Joe MacGregor (NASA, USA), Kenichi Matsuoka®
(NP1, Norway), Felicity McCormack* (Monash Univ., Australia), Masahiro Minowa (Hokkaido Univ.,
Japan), Geir Moholdt* (NP, Norway), Mathieu Morlighem (Dartmouth College, USA), Francisco
Navarro (Univ. Politécnica de Madrid, Spain), Frank Pattyn (Univ. Libre de Bruselles, Belgium), Sergey
Popov (Saint Peterburg State Univ,, Russia), Catherine Ritz (Univ. Grenoble Alpes, France), Jason
Roberts (AAD, Australia), Mirko Scheinert (Technische Univ. Dresden, Germany), Dustin Schroeder
(stanford Univ., USA), Kaian Shahateet (Univ. Politécnica de Madrid, Spain), Andrew Shepherd (Univ.
Leeds, UK), Daniel Steinhage (AWI, Germany), Michael Studinger (NASA, USA], Bo Sun (PRIC, China),
Xueyuian Tang (PRI, China), Drew Taylor (Univ. Alabama, USA), Kirsty Tinto* (Columbia Univ. USA),
Douglas Wiens (Washington Univ, USA}, Paul Winberry (Central Washington Univ, USA), Junjun Yang.

(China Aero Geophysical Survey and Remote Sensing Center for Natural Resources, Chinal, Duncan
Young (Univ. Texas, USA), Chen Zhao (Univ. Tasmania, Australia)
In total, we have lbers at 37 institutions in 15 nations as of 15 June, 2022. * denotes
and " denotes the APE

vaithttps://dol.org/10.5281/zenodo. 6638327
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