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*2023-31 JPA(Joint Project Agreement) SOUND 2022 oA Aomust wesing_/ Polar Panel

Southern Ocean UNDerwater studies of climate impacts (SOUND)

ROK: Won Sang Lee (Korea Polar Research Institute)
US: Robert P. Dziak (PMEL, NOAA)

¢ Purpose: The SOUND project facilitates exchanging ideas and data sets to better understand

the Southern Ocean responses and changes to global warming.

% 2023 Objectives

» Subtask T2 <Observing the Southern Ocean in a warming world> Exchange observation (in-situ/remote
sensing) and research experiences and data sets through the JPA project to better understand physical and
biogeochemical changes in the Southern Ocean in response to climate change.



*Who am 1?

® Major
- Physical Oceanography
- Field observation expert (14 times research cruises)

® Main Research Area
- East Sea
- Southern Ocean (Ross Sea, Amundsen Sea...)

® Research Interest

- Ocean responses to climate change
- Air-Sea interaction

- Ice-Ocean interaction

- In-situ data QC

® Career summary
- Assistant Prof, KNU (2021.03 ~)
- Postdoc, KOPRI (2017.09 ~ 2021.02)
- Ph.D., SNU (2011 ~2017.08)
- Awarded 5 times since 2017
- 15 Publications since 2008
(11 SCIE papers & 4 SCOPUS papers)
- h-index: 9
- More than 40 times conference presentations

East Sea (R.V. HY2000)
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am an assistant professor at Kyungpook National Univer
Sciences). My major is physical oceanography, and | am
climate change through field observations. To briefly intrc
on the long-term variation of heat content and ventilatior
Antarctic Ocean to climate change during my PostDoc pe
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oceanographers whao can study and protect the Earth anc

Opportunities ¥ Our Community v Join us




* Introduce OCL (Ocean Climate Change Lab)

Korea Network for Observation and prediction of ice sheet

Since 2021.03 ~ and sea level changes in a Warming world (K-NOW)

Member: 1 PhDc, 3 Msc,
2 Undergraduate intern

l'“l

Circulation of glacial meltwater in the Ross Sea ...
Antarctica using seal-tag hydrographic data
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1. Introduce the Antarctic Ocean
1.1. Climate Change

v From IPCC Instagram
ouTube .
DW News - 4:55 .

© Instagram 74
® »-

SPECIAL REPORT ON THE OCEAN AND CRYOSHPERE IN A CHANGING CL' 2/2

Nations Unie:

FAQ: 1.1 ANSWER

The ocean and cryosphere regulate the climate

and weather on Earth, provide food and water, support
economies, trade and transportation, shape cultures and
influence our well-being. Many of the recent changes in
Earth’s ocean and cryosphere are the result of human
activities and have consequences on everyone's life.
Deep cuts in greenhouse gas emissions will reduce negative

The end
of global warming?

impacts on billions of people and help them adapt to changes
in their environment. Improving education and combining
scientific knowledge with Indigenous knowledge and
local knowledge helps,communities to further address

the challenges ahe o1

o

Era of global boiling
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1.2. Characteristics of melting [Holland et al., 2020] o

E [Rignot et al., 2019] F1979~2017

Ice shelf thickness change
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- Relatively warm and salty Circumpolar Deep Water

(CDW) is a key component of the Antarctic Circumpolar
Current (ACC).

Potential Temperature (°C)

20F "

[Orsi and Wiederwohl, 2009] -

> 2 o)
+
¢ % A - 0 o
Py ‘e H ¢ K
|S M u I

N
(4]

340 341 342 343 344 345 346 347 348 349 350
Salinity



- There are two types of cavity (Cold VS Warm)

Ross ice shelf
Amery ice shelf

Nansen Ice Shelf western Ross Sea

A Cold water cavity

Strong winds

\v

Marine ic

Seaice
Ice shelf

Antarctic
slope
front

Circumpolar
Deep Water
(CDW)

West Antarctic ice shelves
(Thwaites, Pine Island, Dotson...)

B Warm water cavity

Weak winds Easé%hes

Seaice

Ice shelf

Warm water Circumpolar
cavity Deep Water
(CDW)




1.3. Uncertainty in Antarctica

- The Antarctic Ice Sheet Is buttressed along most of its periphery by floating extensions
of land ice called ice shelves and floating ice tongues.

Marine Ilce Sheet Instability ‘Ice Shelf ke P —

Lo o Collapse’ ==
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Acceleration of ice flow !!

Phytosl

d Surface meltwater/rain
Crevassing, hydrofracturing




2. LIONESS

Land-lce/Ocean Network Exploration using Semiautonomous Systems

= LIONESS-WRS (continue with K-NOW)

o : 2014. 06 ~
™ Terra Nova Bay, Western Ross Sea, Antarctica
% (Cold water cavity)
Bt = LIONESS-TG (continue with K-NOW)
Impact on Ecosystems - 2019. 06 ~

Accumulatio‘

Tectonics

: Thwaites Glacier, Amundsen Sea, Antarctica
(Warm water cavity)
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* 9times CTD/LADCP (2014. 12; 2015. 12; 2017. 1~2; 2018. 3;

- CTD/LADCP/SADCP (2020. 1~2) 2019. 1; 2020. 3, 2020. 12; 2022. 3; 2022. 12)
- CTD/LADCP (2022. 1~2) . Mooring (DITN(2014~2022), DITD(2017~2022),
- CTD/SADCP (2009 & 2014) LDEO(2017~2018), TNBD(2018~2019))

« Over 11,325 profiles from Seal-tagging (2021 & 2022 & 2023)

¥ Mooring (EGGTG1(2020. 1 ~), EGGTG2(2020. 1 ~))



3. Responses of the Ross Sea

A Cold water cavity [Holland et al., 2020]
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In the Ross Sea [Orsi et al., 2002]. arctic Bottom Water (very cold)
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[ Physical Geology - 2nd Edition by Steven Earle ]

Nova Bay [Jendersie et al., 2018].



DEEP WATER POLYNYA SHELF WATER POLYNYA

. "~ Polynya’

50 km

A

e (N

Katabatic winds

- HSSW is formed via polynya (sea-ice free area) activity
[Budillon and Spezie, 2000; Gordon et al., 2009; Rusciano et al.,
2013; Jendersie et al., 2018; Yoon et al., 2020].

Temperature-salinity
profile

Brine rejection’

Frazil ice
crystal




Ocean Sci., 16, 373-388, 2020

Potential Temperature [°C]
https://doi.org/10.5194/0s-16-373-2020
© Author(s) 2020. This work is distributed under
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[Miller et al. will be published in NC]
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Imjflnence of sub-mesoscale eddy
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Deployment;

4000 m

- We found that seals foraged more frequently
In modified shelf water and ice shelf water
compared to Antarctic surface water. This
preference could be connected to greater food
availability.
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[Chung et al. submitted]
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4. Responses of the Amundsen Sea

B Warm water cavity

_ S it - Westerly wind induces equatorward Ekman transport in the
J\’\\__,_ o continental shelf break region, increasing the flux of CDW onto the

Ice shelf

continental shelf.

/V\hrm water Circumpolar
cavity Deep Water ’

(— - The West Antarctic ice shelves have been greatly influenced by the
" (CDw)

CDW.
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A Change in grounding line ice discharge 4 Total change in mass

(Red: acceleration; Blue: Deceleration)

- The West Antarctic ice shelves have experienced extensive
melting together with the rapid grounding line retreat in recent
decades. The primary driver of the melting is an increased input of

ocean heat into the sub-ice-shelf regions.

- The most apparent mass loss occurs in the Thwaites and Pine

Island Glaciers.

(Red: loss; Blue: gain)
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Dymamics jfor hewut supply to the sub-ice shelf ull (o
[Dotto et al., 2022]

®Wind stress into the ccean
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[Webber et al., 2017] Melmwaier influence jfrom other ice shelves
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Mleliwaier jfeedback

Distance [km]

[Yoon et al., 2022]

- A feedback loop is suggested as follows,

(i) increase in PI1S melting

caused

(if) an increase in meltwater outflow

(ii1) strengthening the anticyclonic gyre and
Increasing the meltwater accumulation within the
gyre

(iv) decreasing the available OHC delivered
towards PIIS by a deeper convex downward
thermocline depth

(v) resulting in a reduction in the PI1S melt rate
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Mleliwater distribution

Araon 19-20_CTD station map figure
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Latitude

Upcoming season’s observation plan - Mooring (plan A)

74°S

74.5°S

75°S

104°W
Longitude

102°W

WVWPIIS influence on TG

EGGTG1 (2020 Feb. 10)
Depth: 1185m

-

KR — =

Position: 74° 37.6656' S,104° 51.2846' W
(Anchor drop: 74° 37.688' S, 104° 51.388' W)

IS

460 m

580 m

Ti0m

810 m

910 m

960 m

1010 m

1060 m

1110 m

1160 m

1165 m

10 m pp rope (green ball buoy)

Buoy Frame
Glass Buoy 3EA

13mm Chain 4m
Glass Buoy 4EA

AQD (#15109)

8mm wire rope 14m

SBE 37SM (#21246)

SBESE (#10043)

8mm wire rope 245m

13mm Chain 4m (100, 50, 50, 45)

Glass Buoy 4EA

AQD (#15116)

SBE 37SM (#21247)

SBESS (#10042)

BEEGTEN [*H“%{nm wire rope 199m

ADCP (#24540)
(downlooker)
With 40inch buoy

Ruskin (#202677)

SBESE (#10044)

SBESS (#10045)

SBE 56 (#10048)

13mm Chain 4m
Glass Buoy 5EA

13mm Chain 2m

24mm nylon rope /
13mm chain / 5m

(99, 50, 50)

AQD (#15121) (50, 48, 96, 50)

AIR (#7T021, #76829)

14m

1185m

Weight — 872 kgf (in water)

V¥ PIB circulation & CDW

EGGTG2 (2020 Feb. 10)
Depth : 895 m

Position: 74° 58.333' 5,°102 42.642' W
(Anchor drop: 74° 58.4208' S, 102° 42.6858' W)

445 m

465 m

515 m

Ti5m

785 m

BO5 m

B35 m

B65m

875 m

-

~

B =

10 m pp rope (white ball buoy)

Buoy Fra
Glass Bu

y 3EA

Bmm wire rope 14m

13mm Chain 4m
Glass Buoy 4EA
AQD (#15172)

SBE 3TSM (#21250)

SBESS (#10047)

Bmm wire rope 98m
13mm Chain 4m (50, 48)

Glass Buoy 4EA
AQD
SBE 37SM (#21255)

SBES6 (#10048)

Bmm wire rope 149m

ADCP (#24539) 199, 50)

{downlooker)
With 40inch buoy

SBESE (#10049)
SBESE (#10050)

SBESS (#10051)

SBE 375M (#21256)
AQD (#15360) (96, 50

13mm Chain 4m
Glass Buoy 5EA

13mm Chain 2m

AIR (#76828, #77022)

24mm nylon rope | 14m
13mm chain / 5m

895 m

Weight — 872 kgf (in water)



Upcoming season’s observation plan - Mooring (plun B)

CTD plan
EGGTG
New Maoring Plan

200

=200

-400

-B00

-B00

-1000

-1200

-1400

-1600

Meltwate

CDW laye

Bottom
CDW

1260 m

1265 m

1285m

7 m 24dmmnylon rope

13mm Chain 4m
Glass Buoy 4EA

8mm wirerope 14m

~ 2AQD
-~ " 3 SBE37SM
}er 2 SBE39
| 4 SBE56
| 2 AR

SBE39

13mm Chain 4m
Glass Buoy 6EA

13mm Chain 2m

AR

24mm nylonrope/14m
13mm chain/5m

Weight — 872 kgf (in water)



5. Future plan

“Korea Network for Observation and
prediction of ice sheet and sea level changes
in a Warming world (K-NOW)”

gigm Break-up Projection 2023 - 2031

Mass Balance

O DD Feedback
R <& [P Melt

-

f wes \

ITGC POS2 LNES

Processes Projection
T ﬁ
éj@ WP4 @
Mass Feedback

Balance

RNGS SNU1 LNES

EWU2 POS2 SNU1 LNES




OASUS “Development of Polynya Research

Ocean-Atmosphere-Satellite- Technology based on OASUS”
Unmanned observation System

2025 (?) ~

Satellite(5&A) . “NVASY)

\ j y };. . ‘
. /Animal-Borne(U&0)

Created by S-TY
Hope a further cooperation with NOAA !!



Thank you for listening :)

| am here !
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