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Practice for Mars
Exploration Dama

Demo Exploration
Framework on Mars

Human Presence
on Moon

Current Scope of - 5
M2M Objectives Human Presence L . Future
on Mars 1 Destinations

Partial Scope

Identified goals and objectives are designed fo first achieve the Moon to Mars endeavor, which will strategically position space exploration to extend
beyond these destinations, reaching farther into the solar system fo achieve the blueprint vision.

https://www.nasa.gov/sites/default/files/atoms/files/m2m_strategy_and_objectives_development.pdf

P ’
’ Foundation Surface Habitat Expanded habifation capability
Gateway augmented and Habitable Mobility Platform  added to Gateway to enable Mars mission
Expanding the range with international habitat  delivered to complete Mars mission dress rehearsal dress rehearsal with

for increased capabilities  Artemis Base Camp at the Moon longer in-space

of surface exploration
and surface durations

and ISRU demonstrations

Testing landing and
ascent capabilities h
ne-
e
Foundation

£d
1 Surface Habitat |

45 7 ' 1 e Se
' (g gt 4565

Luntar Terrain Vehicle Mobility Platform

SUSTAINABLE LUNAR ORBIT STAGING CAPABILITY AND SURFACE EXPLORATION

PORTUNITIES | TECHNOLOG) D OPERATIONS DEMONS

MULTIPLE SCIENCE AND CARGO PAYLOADS | INTERNATIONAL PARTNERSHIP OP
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- NASA Exploration Ca'mpvaign
~ NOTIONAL LAUNCHES | | (B I I O [ A N T |
EARLY SCIENCE & TECHNOLOGY INITIATIVE

&8 swp-pristine Apalio Sample, Virtual Institute|
& HEO/SMD-Lunar CubeSats 1
SMD/HEO-Science & Technology Payloads

SMALL COMMERCIAL LANDER INITIATIVE

HEO-Lunar Catalyst & Tipping Point
SMD/HEO-Small Commercial Landers/Payloads

MID TO LARGE LANDER INITIATIVE TOWARD HUMAN-RATED LANDER = LR
e HEQ/SMD-Mic}sized Landers (~500kg-1000kg). _ Al HEO/SMD-Human Descent Module Lander (5-6000kg)
_N..— SMD/HEO-Payloads & Technology/Mobility & Sample Return
= SMD-Mars Robotics

HEO—Orion/SLS (Habitation Elements/Systems) i g i § i
< HEO/SMD=Gateway Elements (PPE, Commercial Logistics)/Créiv Support of Lunar Missions =i F -3 1
y 4 b, /}.,-_.,, MD-Lunar Sample Return Support
2018 2019 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Timelines are tentative and will be developedl rin FY ]
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microwave )
0.1nm 0.0Tnm 0.00Tnm
CosmoQuest™
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H=dE

DO X| F A Z (High Energy Cosmic Ray)

FH = X7 &7 (Magnetometer)

E
vE H =4 HX| Z7 (Dust Detector)
Zt 7| &% (Electric Field Measurement Unit)
St Y X} =7 (Medium Energy Particle Detector)

\/OK_TI_
=AM al

SO X

vE /S 7|
v Egt=o} gHE (Thermal Plasma Detector)
F=: (Electrostatic Analyser)

vXof|uXx| Eet=0of &
v B M/=SEH| (Cubesat Impactor)

2023 BHEA|FatEE| EHAA(FE A




PAPNI=Y

dm

SHALE QIS TXH| KIGAM

= [

2 A&, XE, %t

[0

v 115l & = 7}H| 2} (High Reolution Camera)
vER2d 47| (Hiperspectral (VIS-NIR) Imager)
v'O0| 3 21} (Micro Radiometer)

vE|O|X 11 & A (Laser Altimeter)

vZtopH 22 7] (Gamma-Ray Spectrometer)

v & ’dXt = 7| (Neutron Detector)

valAM 22 7| (X-ray Spectrometer)

2023 BHEA| St EH G A (A HRY

RN B 2 e KIGAMm

v'1969-1972H, 67} O}FE 2 O|M

v382kg O} &2 Al 7 3t
cSHEHO| QM FO| A|F, ZUE, B3,
X

HX|
v'2200 2| E AR =, 332 K|
v374e] AT HEHA|F, 300g

V805 HEA R, 1.72kg
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Lunar Mare Soil (wt. %)
8 .
) 21
|
- W Si
o = 0>Si>Al>Fe>Ca>Na>K>Mg e
15
Al
=h (HiC} Mare) 0>Si>Fe>Ca>Al=Mg>Ti .:fg
" ca
= (1.8, Highland) 0>Si>Al>Ca>Fe>Mg s i
L]
Earth's Ma ke—up Lunar Highlands Soil (wt. %)
10 i
B
[} E S|
=0
[ Oxygen A
I Silicon Fe
[ Aluminum s i
Wiron T
[l Calcium
[E Sodium
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0.5-4.0% €2 () depending on thickness of overlying dry regolith layer
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Mid-Infrared Camera Images from
LCROSS Shepherding Spacecraft

The arrow points to the thermal signature of
the Centaur impact. This image was collected
at an altitude of ~600 kilometers above the
lunar surface with a resolution of ~1020
meters / pixel. White colors (approx. +35°C),
red colors are approximately +18°C, and dark
blue colors (approx. -45°C). Black areas
(below -50°C). 2023 S AR| R0k 8] THZ LYY

LRO-LAMP Observations

KIGAM

After Impact, Noise Subtracted

130-170 nm

1 LCROSS Plume

190 nm

LCROSS/ LRO O] M 9]

LCROSS /LRO (LAMP)

A — T — 7T 77—
H Ca LAMP Data
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E C v = —=~=2q Error of Smoothed LAMP Data E
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= (o] Fe .
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‘g Si As
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A 0-23 sec B 23-30 sec C 123-180 sec
& Dat: Model F 12 iy 1.2 I
L) e—tOtOLER ) Data — Model Fit il ° Dpata == Model Fit ’
ol il 1 ~~~~~ Residual Emor— H20(s) | I Residual Emor — H20(g)
1.2 — H20lce — H2s i 1.2 | — H20(@) — OH i 1.1 = H20(s5) coz
— co2 CH30H f <] — so2 CH3OH — CH4 C2H4
BB (350K) C2H4 — o2 1 — NH3
— CHa — BB (500K) i t Il
@ w1‘1 [ \
o
@ ? 2
£ £ g
5 Il 5
@ @ o
0.9
i = 08
Approximate impact (sec) o
© NASA b / 07 .
https://www.nasa.gov/mission_pages/LCR 13141516 171819 2 212223 13141516 17 1819 2 21 2223 1314151617 1819 2 212223
0SS/main/LCROSS_impact_images.htm|
Wavelength (pm) Wavelength (um) Wavelength (pm)

Model fits to the NIR reflectance spectra for three periods after impact. The fit (“Model Fit”) was produced
using the various volatiles indicated by the curves (each curve is normalized to water ice to show relative
abundances with respect to each other) at the lower part of each figure [H,0(g) and H,O(s) are water
vapor and water ice, respectively].

Colaprete et al., Science 330, 2010
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Widespread indigenous water in lunar pyroclastic deposits

<0.001 0.02
L
<50 ppm 100

Miliken and Li 2017
nature geoscience

30°N
» Water abundances of up to
150 ppm are estimated for
large pyroclastic deposits,
3
2 0° > Localized values of about 300
| to 400 ppm at potential vent
areas
30°S

90°W 60°W 30°W g 30%E
Longitude
2023 SHEX| PO EH LA (AR 2121

BIC|(LADEE) O| MO M2 & EH S0 a8t A &r  KIGAM

Benna et al. 2019. Nature Geoscience

The lunar water cycle as suggested by the NMS observations.
v" The cycle relies on the existence of a desiccated strata overlaying
hydrated soils.

v' Solar wind-implanted hydrogen
=>» main exogenous source of water production.

v" Synthesized water diffuses vertically
=>» can be sequestered in the hydrated layer or lost
at the surface.
v" Water from the hydrated soil
=> is extracted by the far-reaching shockwaves generated
by large micrometeoroids that strike the surface.

v" The liberated water escapes or is redeposited elsewhere.

v" To sustain water loss from meteoroid impacts, the hydrated soil layer
requires replenishment from a deeper ancient water reservoir.

22
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NASAS| A L|OH(SOFIA) HEH|S 7|, UX| EHOAM & LA KlgAM

Detection of Water

v" 6 um (only water) by SOFIA

¥" 100 to 400 pg/g H,0 at Clavius

v Tycho crater 300/200 ug/g (SOFIA/M?3)
v' 3 um (water, hydroxyl(OH)) : M3

https://www.nature.com/articles/s41550-020-01222-x#_blank

4
clavius-maon-how-see/

Credits: NASA/Daniel Rutter
NASA's Stratospheric Observatory for Infrared Astronomy (SOFIA)

inlit-surf: i n

https: .nasa.gov/pr fia-disc

. . 23
The 5t Korea-Russia Science Day

2023 SHEX| PO EH LA (AR 23

2t AL AL KIGAM

shA Sl ol A or2|H 4
2001 2HELREAMO] 1992 SELEXH 997 spgmyATIOIG THEE B

olzje 7 1969 43, 3hd 2,3 == H
Flyby =M & shd A&
1971

of2|L] 1971
Flyby

2013 Hjo|=

1976 HIO|Z1 & H}O|H 2

2023 BH= K| Fatet s EH YA (HEAY 24

AEZEX: NASA HAOIE




SHM BEHO|AM Q| ZOIM/SMXL A B UA KIGAM

High Gain Antenna

B -
-e
'/
1000
3 K
3 1460
7 Si
— |
@ | i 1779
=
= e <
N Th
£ 100 - 2614 4438
= E ’/ (Doppler
8 3 / broadened) (o]
§ . 6129 Fe
i \
10 | r M
5“ d
o o Fe Fe
ﬁ esc2| |esc1 esc?| |ese1

[ I I I | I I 1
1000 2000 3000 4000 5000 6000 7000 8000keV
Energy (keV)

2023 BHEA| St EH G A (A HRY

2001 Mars Odyssey GRS XFEZEK: LpL, GRS ALO|E

o8 2HO| EXlot= = KIGAM

FEx & X (B3
Water Equivalent L

Hydrogen Abundance . L;;Alamqs %-?—I E Xl 0_:|| 7=|'ul‘ﬂ % X| E

0%

H,0 (W1%)

50% e S 75 100%

120 180°
st XI5t = EXH

2023 BH= K| T atet s EH YA (HERY 26




2023 SHRRITBIE| EHSSUHSILEE

” Inferred
Schematic Portrayal of . Absoliste
the Evolution of Tharsis Heat Flow Inundations Time System
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HESpETian—Amazonian - I| 0—1&1 §|‘ﬂ' %% J_ll' Ol%
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S0, + 130+ H,0—SOH,
CO,+ H,0 —COH,
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Volcanism

Bollide impact:

‘\\Aund mmnnus<

K and Th leaching

/

Local Volcanism — Cataclysmic Flows
Transient Oceans — Glacial Response

J. M. Dohm et al., PSS 57 (2009) 664-684
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Shoreline information placed on MOLA data prepared for regional GRS summing
J. M. Dohm et al., PSS 57 (2009) 664-684
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Phoenix Mars Lander (2Hd | S A £J/ M) Ki .{%AM

Oct. 20, 2008.

X 1o HRAEEQI SAISH EH X|EHo £
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S0t 20, Sol2a

¥ ’
http://www.nasa.gov/mission_pages/phoenix/images/
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0020RCM1_full.html
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Two Different Aqueous

Meridiani rocks Sheepbed

- Agueous environment was not habitable - Very fine-grained sediments represent the

due the extremely high acidity of the water. record of an ancient habitable environment
- Likely sediment deposition under water.

Contains a 5-km sequence of layers that vary from
clay-rich (nontronite with some Al substitution) near
the bottom to Mg sulfates at higher elevation.

Top of mound appears to be higher than the crater
walls. It appears that thick sediments once covered
most or all of the crater but were removed from
many areas.

Inverted channels visible in some areas
Safe landing ellipse

2 upper»
© " membg

'.--.&---.------‘--

middle
member

Layers suggestive
of shorelines:
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SCENIC OVERLOOK

Jet Propulsion Laboratory
California Institute of Technology

Magnetite has less oxygen than hematite and

Opportunity's panoramic camera at a target . . Ll
called "Guadalupe" inside Eagle Cratepozsa=rirastz 5%\2%%9‘!?(% more co.mpat|ble WIFh ek bty
and the preservation of organics.
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Brushed Vein in 'Rona’ on 'Vera Rubin Ridge' KIGAM

vein-rich rock
unbrushed rock
brushed rock

Composition / Portage soil

T T T T T T T T T T T T
NapO MgO Alp03 Si0O2 P205 SO03 Cl KoQ Ca0O TiOz2 Cr03 MnO FeO

2023 BHRA| TS S| EH G AL YR




2023 BHRX|ITIEIE| FHSSUHEILEL

Chlorobenzene (NIS’
Cumberland (SAM)

~N
o
Relative MS response
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O 13 = _John Klein
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Chloromethane Dichloromethane

Blank Run

Dichloromethane
Blank Run s

QMS Intensity w——>

180 200 220 240
GC Retention Time (seconds)
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Definition of In Situ Resource Utilization by NASA

(3) Resource Processing/
Consumable Production

(1) Resource Assessment (2) Resource Acquisition
(Prospecting)

N

% 2

Gerald B. Sanders, NASA, Presentation to ASTRO-18 May 15, 2018
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5250“"(05_& ?“e Regolith Excavation Red Header = Within scope of current ISRU Project
aracterization e s Blue Header = Out of scope of current ISRU Project
) - Brown Header = Funded by other ETDP Project

.

!

Polar Volatile
Extraction

Site Preparation
(roads, pads, berms, etc.)

Hoppers &
Ascent
Vehicles

Mobile Transport
of Oxygen

Habitats & Shelters

Power Source

(Solar Array or Nuclear Reactor) j
\ .l g' ol - .
In-Situ Energy ’ 1
Generation & Storage | e Dt
M1nu{actunng Non-RegoInh scavenging
feedstock

1 Resource P d t St

\ Processing 0 uc arage

Mission
' Bl iy consumables
Manufacturing & & waste

Repair (Modified LSAM Cargo Lander)

Oxygen & fuel for
uféys%gpon. fuel
cells,

propulsion

Surface
| Mobility Asset

o Life Support

allVaston 2007 203084main_ISRU TEC 11-07 V3
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ISRU Resources & Processing

ISRU Functions & Elements Modular Power

= Resource Prospecting/Mapping g::;"‘c’;‘::aﬁ';f‘ RegokiSol Excavation Systems
= Excavation ~ Life Support
* Regolith Transport & EVA

= Regolith Processing for:
— Water/Volatiles

Regolith/Soil 4

o N
Solar & Nuclear

e Oxygen Transport
i ‘ Viat Iv e, Pressurized Rover
= Atmosphere Collection Extraction

= Carbon Dioxide/Water Processing

<

.“

Re'_gslerative
uel Cell

Support Functions & Elements
= Power Generation & Storage

co.&
= H,0, CO,from & Trash
?rza;n'-sl‘};a? e Soil/Regolith A Iwasm UTT /://'

CO; from M
Potentially Shared Hardware Amosphere &

to Reduce Mass & Cost ]
& Iashcs

= Solar arrays/nuclear reactor
[ ¢ [

= Water Electrolysis
= Cryogenic Storage
Civil Engineering, Shielding, & Construction
In-Space Construction In-Space Manufacturing

e ]
Surface Hopper

— | P

= Mobility

Lander/Ascent

Storage Lander/Ascent

Jerry Sanders 2016. L-8: In-Situ Resource Utilization Capabilities
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NASA’s MOON TO MARS ARCHTICTURE A Summary of the 2022 architecture concept review process and results — April 2023
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Phase 1 L Phase 2A | Phase 28
Boots on the Moon ! Exploration and Mobility ' Mars Forward,
Habitation,
[ and ISRU

Mission Sequence

Gateway

Lunar Orbit

Luna 26@

Lunar Surface

ISRU: Demonstrators/Small-scale Production

Return to the Moon T SPR delivery A ISRU Pilot Plant Enhanced Rovers for
Two crew land - 2 Two to Four crew, Two to Four crew, 30 delivery 14 day eclipse Four crew, 42 day Four crew, 42 day
o 6.5 day surface % Four crew, 30 day S8
6.5 day surface 30 day day surface mission Four crew, 30 day Four crew, 42 day " surface mission
duration _ surface mission
duration surface mission surface mission surface mission

South Pole Region

Jppsuriacen
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P} AL 2 H GRS 235 et SHE. (3-9)4L oo A0t 2348 TH ¢+t

—0.1087sinf — 0.0217sin (¢ —0)
1+ 0.0507cosf —0.0217cos(dp—6)

tan (g +¢) = (3-10)

2 2% 4 Atk wdo] RR-RE-AE RWOAW ¢ +e7t F AL b 284 eE (3-7)

1] —0.1087sinf — 0.0217sin (¢ —0) Can ! —0.087sin6
)

=N 00507050 — 0.0217cos (¢ — 6 1+0.029¢c0s0

¢=00]" g, =00] H}.
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1+0.0507cosf — 0.217cos(¢p—60) —0.01175cos (¢ — (¢, + )
olq-.

tan(Q1+QQ+Q3):
%E‘} %% Q1+Q2+Q3;L§_]' %11501]}\1 Q1+QQ% -3t %}:% “H% oé% g
p=10°%0 4%, & A gof (3-14)A=
—0.087sinf — 0.01175sin (g, + ¢,)
. .) = -15-1
tan (q: + 4>+ g5) 1+0.029c0s6 — 0.01175¢c0s (g, + gy) (3-15-1)
7F &=t o] Mol ¢, = g3 = 00]7]9]
—0.087sinf —0.01175sin
h o (3-15-2)
1+0.029¢c0s6 —0.01175c0s¢
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van o 4 ) = —0.1087sin0 — 0.0217sin(r—0) _ —0.1087sinf —0.0217sind (3-16)
an\q; T g 1+0.0507cosf —0.217cos(mr—@0)  1+0.0507cosh+0.217cosb
__—0.1304sin0
140.0724cos0
of "t & 4oty dolch. 6=90°% @ Aot Hedl 3 e (g tg),, =7°2546"0lck olA]
(3-14)A12 ¢, =00]7]9]
(g +q) = O 108Tsing —0.02175in (7 —0) +0.01Tssin (v — (g, +4)) o 1.
tanlq +q) = 140.0507cos# —0.217cos (r —8) —0.01175cos (7 — (¢, +¢,))
 —0.1304sinf +0.01175sin (g, +g,)
~ 1+0.0724c0s0+0.01175¢05 (¢, + @)
o] &o] o5 A2jstH (3-16)A]0] =r}
ZEdoz (3-14)Ao] F JHIARNE FE £ Qv Aol (3-7)AF (3-14)A1& o] &5tH
Qo = ¢+ q3 WS OMCE [ 312 o]@A 23t Alab A Modern Almagesto]]l £01%1 ¢, ¢,, ¢;9F v]l5}
o] 4% 22 o] B YT JHHAL EAL MES v2otdl, FYS 1 e FY EAFQ w7
A& e shelct
) ollAlet Bl
o o, #E Aitel 29 [ 1]



E4X=2
(2 2] 29 AFRJ=7t 120%, 2t §jF AfolQ] ZfA2]7t 110% o of 7FAr ALt
2o} A5y 120
g-gg A 110%
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iy g 1 0
o] 37] 0.0797
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ajAl =27 0.029
U4l =g 0.0145 -0.02511
NESEF] 0.0217
A& WE] 0.01085 0.018793
ZrE WE 0.9855 -0.07534
tan(ql) -0.07645278
ql -4.37191661 ~4522819%
A9 A7) 0.0217
A5 HE 0.003768165 -0.02137
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§7ko] 37 0.985212688
oz A7) 0.01175
Apolzt 220%
Oﬁ';ﬁjﬂ:‘@ tan(q3) ~0.00759671
a3 -0.43525112 -2687%
q2+q3 -2.79623213 -2547846%
ql+q2+q3 -7.16814874 -751085%
EIES 0.994242398
55 9E 0.008053454 -0.00856
e HE 0.98647162 -0.12406
olg  |tan(al+q2+a3) ~0.12576464
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ABSTRACT

Meteorological processes are investigated during the development of deep convective clouds over the Yellow
Sea inside a quasi-stationary rainy front in the East Asian region. WRF-Chem simulations were conducted to
assess the PM.s concentrations and hydrometers to the cloud microphysical process in deep convective clouds
and the associated precipitation. A reduction in the south—north air temperature gradient induced an inactive
quasi-stationary rainy front with nonlinear zonal clouds during the Changma period in the East Asian region in
2017, causing intensified surface heating by solar radiation. A mesoscale cyclone was formed near the
Shantung Peninsula inside the inactive quasi—stationary rainy front, extending the eastward tongue of the
troughs across the Yellow Sea. Deep convective clouds (CC16 on July 16, CC17 on July 17, and CC18 on July
18) formed in a severe mode on the east side of the mesoscale cyclone over the Yellow Sea at midnight as
a warm type, as the warm and humid south—-southwesterly winds present at that time produced convection
energy. In addition, PM.s from eastern China flowed into warm-type CC16, CC17, and CC18 areas, with the
PM.s scavenging to produce cloud droplets below 500 hPa. In contrast, cloud—borne PMys created by in—cloud
chemistry intensified updrafts by releasing additional condensation heat under efficient environmental cooling at
nighttime, promoting cold-type ice production to a top convection height of 15 km. It was found that
WRF-Chem simulated PM,s enhanced the precipitation over 10 mm hr' with regard to developing cold-type
convective clouds.

Keyword : Inactive rainy front, Cold-type convective cloud, Meteorological process, Aerosol indirect effect, PMos
contribution
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Geochemical signatures of barite and talc from the serpentinization—driven

hydrothermal vents in the Central Indian Ridge

Jihun Kim'?", Dhongil Lim'?

'Korea Institute of Ocean Science & Technology, Busan, 53201, Republic of Korea (jhkim1010@kiost.ac.kr)
*University of Science & Technology, Daejeon, 34113, Republic of Korea

ABSTRACT

New active hydrothermal vent fields were recently discovered in the middle region (8°S - 14°S) of the Central
Indian Ridge (CIR) during deep-sea exploration conducted by the Korea Institute of Ocean Science &
Technology. The Onnuri hydrothermal vent field (OVF), in particular, is a typical off-axis ultramafic-hosted
system, located on the summit of the dome-like ocean core complex. The abundant occurrence of talc and
barite grains, not previously reported in CIR hydrothermal sediments, is intriguing for the off-axis OVF
hydrothermal vent. Talc grains with pure end—-composition and boxwork-like microstructure are interpreted as
being directly precipitated from  Si-rich  hydrothermal fluds that seep out from the
serpentinized-peridotites/gabbro reaction zone. This interpretation is further supported by the &Sr/Sr ratios
(0.70656 - 0.70825) for talc samples, which are similar to (but slightly less than) the ratio of present-day
seawater (0.70917). Barites, which occur in a typical rosette morphology consisting of tabular or plate crystals
with mainly hexagonal forms, have average contents of 78.5 = 5.0% for Ba, 21.0 = 3.8% for S, and 4.5 = 1.3%
for Sr. Their §*S and ¥Sr/*Sr values ranged from +21.2 to +23.0%, and 0.70569 to 0.70753, respectively, which
are comparable with their values (+21.0 + 0.2%, for §*S and 0.70917 for ¥Sr/®Sr) of present-day seawater.
The occurrence and geochemical compositions of barite and talc support that the OVF is a high temperature
hydrothermal circulation system (possibly > 250°C) driven by the serpentinization of peridotites including partly
gabbros. [This conference presentation is partly based on a paper published by Lim and Kim et al. 2022
Characterization of geochemistry in hydrothermal sediments from the newly discovered Onnuri vent field in the
middle region of the Central Indian Ridge. Frontiers in Marine Science, 9, 810949

Keywords : hydrothermal sediments, barite, talc, serpentinization, Central Indian Ridge
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Spatiotemporal variability in ocean—driven basal melting of cold—-water cavity
ice shelf in Terra Nova Bay, East Antarctica: Roles of tide and cavity

geometry

Taekyun Kim'Ji-Seok Hong?Emilia Kyung Jin®, Jae—Hong Moon',Sang-Keun Song', and Won
Sang Lee®

"Jeju National University (tkkim79@ gmail.com)
’Korea Institute of Ocean Science and Technology,
3Korea Polar Research Institute

ABSTRACT

Mass loss from ice shelves occurs through ocean—driven melting regulated by dynamic and thermodynamic
processes in sub-ice shelf cavities. However, the understanding of these oceanic processes is quite limited
because of the scant observations under ice shelves. Here, a regional coupled sea-ice/ocean model that
includes physical interactions between the ocean and the ice shelf is used as an alternative tool for exploring
ocean—driven melting beneath the Nansen lce Shelf (NIS) which is a cold-water cavity ice shelf located
beside Terra Nova Bay (TNB) in East Antarctica. For the first time, this study identifies the spatiotemporal
variability signatures for different modes of ocean—driven melting at the base of NIS. In February (austral
summer), basal melting substantially increases where the ice shelf draft is relatively small in the vicinity of the
ice shelf front, contributing 78% of the total NIS melting rate. As the dominant source of NIS mass loss, this
melting is driven by tide-induced turbulent mixing along the sloping ice shelf base and summer warm surface
water intruding beneath and reaching the shallow parts of the ice shelf.In contrast, the NIS has relatively high
basal melting rates near the grounding line in September (austral winter) primarily because of the intrusion of
high—salinity shelf water produced by polynya activity in TNB that flows into the cavity beneath NIS toward
the deep grounding line. Of the total melting rate of NIS in winter, 36% comes from regions near the
grounding line. In addition, the contributions of tides and realistic cavity geometry to NIS basal melting are
identified by conducting sensitivity experiments. Tidal effects increase the melting of NIS throughout the year,
particularly contributing as much as 30% to the areas of ice draft shallower than 200 m in summer. Sensitivity
results for uncertainty in cavity geometry show that spurious vertical mixing can be locally induced and
enhanced by interaction between tides and the unrealistic topography, resulting in excessive basal melting
near the NIS frontal band. The sensitivity experiments have shown that tides and realistic cavity geometry
bring a significant improvement in the estimation of basal melt rates through a numerical model.

Key words: Ocean -ice shelf interaction, Ocean—-driven basal melt, Cold-water cavity ice shelf, Tracer
experiments, Numerical simulation, Antarctica



2023 SHRRITBIE| EHSSUHSILEE

Occurrence of subsurface eddy in Terra Nova Bay and its impact on basal

melting of Nansen Ice Shelf

Ji Yeon Go', Taekyun Kim? Jae-Hong Moon?, Jinho Lee', and Emilia Kyung Jin®
"Jeju National University (ehowlwjaxhd@gmail.com)
2Jeju National University
Korea Polar Research Institute

ABSTRACT

Terra Nova Bay polynya (TNBP) in the western Ross Sea is one of important source regions of
high-salinity shelf water (HSSW), occupying 33% of HSSW production in the Ross Sea. The TNBP produces
the saltiest HSSW in the Ross Sea and is upstream pathway of the bottom water export from the western
Ross Sea. Moreover, a cold-water cavity ice shelf (Nansen Ice Shelf, NIS) is located beside the TNBP and
therefore oceanic processes in the TNBP are driven the melting at the base of NIS, creating ice shelf water
(ISW). The mixing of near freezing—point shelf waters (HSSW and ISW) with relatively warm and salty
intermediate waters (Circumpolar Deep Water/ modified CDW) forms Antarctic Bottom Water which is a key
component of the lower cell of the meridional overturning circulation. Therefore, it is very essential to
understand the water mass circulation in the TNBP and its interaction with NIS. Although because of the
significance of the region a number of studies has been performed in recent years, they mainly focused on
the large-scale variabilities (i.e., seasonal or interannual variabilites in water mass circulation and basal
melting). However, high—-frequency variabilities in oceanic process (meso— and submesoscale eddies) in the
TNBP are recently detected and it has been proposed that the coastal eddies may deliver warm surface
water beneath ice shelves to drive localized melt and trigger fracturing.

The goal of this study is to better understand role of submesoscale eddies in ice shelf cavity-ocean
exchange which could affect the ice shelf stability. Particularly we focus on the subsurface cyclonic eddy in
the summer months which deepens the warm surface water layer as well as upwelling HSSW. The
occurrence and evolution of subsurface eddies, and consequently its impacts on ice shelf basal melting are
explored by using a high-resolution regional coupled sea-ice/ocean model that includes physical interactions
between the ocean and the ice shelf. Our model results show that a submesoscale cyclonic eddy (subsurface
cyclonic thinny) occurs in the TNBP in summer months, inducing the unusually deep warm surface water and
unusually shallow HSSW, which agree well with in—situ observations. This eddy, traveling with the mean
currents in the TNBP, intermittently approaches to the NIS and is bumped against the NIS front, resulting in
the substantial basal melting beneath the NIS calving front due to the deepening of warm surface water to
the frontal ice draft.

Key words: Ocean - ice shelf interaction, Ocean—driven basal melt, subsurface cyclonic thinny, Antarctica
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The Validation of the Systems Thinking Assessment Tool for Measuring the

Higher-order Thinking Ability of Vietnamese High School Students

*3 1 4
59, AAE, g
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;ol&v! Nguyen, Thi Thuy” ,o] &%
oj) & 3 (leehd@dnue.ac.kr), ekt

"AE )8 al, “Thuan Hoa High School, *t] a5

Abstract
The purpose of this study was to verify the validity of a measurement tool for Vietnamese high school

students’ systems thinking ability. For this study, two guantitative assessment tools, Systems Thinking Measuring

Instrument (Lee et al., 2013) and Systems Thinking Scale (Dolansky et al., 2020), were used to measure
students’ systems thinking after translation into Vietnamese. As a result, it was revealed that Cronbach-a for
each tool (i.e., STMI and STS) was .917 and .950, respectively, indicating high reliability for both. In order to
validate the construct validity of the translated questionnaire, exploratory factor analysis using SPSS 26.0 and
confirmatory factor analysis using Amos 21.0 were conducted.

For the concurrent validity, a correlation analysis using structural equation modeling was performed to validate
the translated questionnaire. The exploratory factor analysis raveled that 10 items from STMI and 12 items from
STS loaded on the intended factors, and appropriate factor loading values were obtained. For the confirmatory
factor analysis, a structural equation model organized with 10 items from STMI and 12 items from STS was
used for analysis. The result of this showed that the convergent validity values of the model were all
appropriate, and the model fit indices were analyzed to be x?/df of 1.892, CFl of .928, TLI of .919, SRMR of
.047, and RMSEA of .063, indicating that the model consisting of the 22 items of the two questionnaires was
appropriate. The analysis of the concurrent validity of the two tools indicated a high correlation coefficient (.903)
and high correlation (.5717.846) among the sub-factors.

Inconclusion, both STMI and STS are valid quantitative measures of systems thinking, and it can be inferred
that the systems thinking of Vietnamese high school students can be gquantitatively measuredusing 22 items
identified in our analysis. Using the tool validated in this study with ot her tools (e.g., qualitative assessment)
can help accurately measure Vietnamese high school students’ systems thinking ability. Further, these tools can
be used to collect evidence and support effective education ODA projects and volunteer programs.

Keywords : STMI (Systems Thinking Measuring Instrument), STS (Systems Thinking Scale), Construct Validity,
Concurrent Validity
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Seasonal Prediction for Typhoon Landfalls

using Statistical-Dynamic in East Asia

So-Hee Kim', Joong-Bae Ahn*
"Pusan National University

’Pusan National University(jbahn@pusan.ac.kr)

ABSTRACT

The objective of this study is to develop a seasonal prediction model based on the statistical correlation
between East Asia (EA) tropical cyclone (TC) landfall and atmospheric circulation, and its predictability is
verified. The developed model is called statistical-dynamical seasonal typhoon forecast model (SDTFM) and
uses the atmospheric circulation predicted by a coupled general circulation model as a predictor. A total of 40
ensemble members produced through different data assimilation and time-lag methods introduced as a way to
reduce the initial condition error and model uncertainty enabled the development of the new SDTFM. According
to the results, the SDTFM developed in this study showed significant predictability in TC landfall prediction when
using the month of May for the initial conditions for the entire East Asia (EEA) and its three sub-domains:
Northern East Asia (NEA), Middle East Asia (MEA), and Southern East Asia (SEA). The predicted TC season
is July-September (JAS), and only for SEA, including South China, the Philippines, and Vietnam, it is
July-November (JASON) considering the relatively long landfall period. The models developed for each domain
significantly predict the annual variability of TC landfall at the 99% confidence level. The cross-validated results
are still significant at the 99% confidence level in NEA and SEA and the 95% confidence level in MEA and
EEA.

Keyword : statistical-dynamical model, typhoons Landfall, tropical cyclones, seasonal prediction, CGCM
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Aerial hyperspectral remote sensing detection

for maritime search and surveillance of floating small objects

Jae-Jin Park!, Kyung-Ae Park®®, Tae-Sung Kim', Moonjin Lee'
"Korea Research Institute of Ships and Ocean Engineering

2Seoul National University

ABSTRACT

Over the past decades, maritime accidents have been increasing due to the rise in maritime transportation and
ship traffic. While detecting accident—prone vessels is crucial, it is equally important to identify individuals in
distress and small floating objects. Real-time monitoring and wide—area high—resolution observations enabled by
aerial remote sensing have proven effective in maritime detection. In this study, we developed a technology for
detecting small objects by conducting two aerial experiments targeting various objects, including ships,
mannequins (human-shaped objects), and maritime safety equipment floating in coastal areas, thereby acquiring
hyperspectral image data. By utilizing the hyperspectral data, we detected the pixels corresponding to the edges
of ships and employed an ellipse fitting approach to identify the vessels, achieving a length error of 0.44 m.
Additionally, we detected small floating objects based on a spectral database using spectral matching. The N-fi
nder algorithm (N-FINDR) spectral unmixing technique was applied to detect lifebuoys, buoyant apparatus, and
mannequins, resulting in relatively small length errors ranging from 0.08 to 0.17 m. As satellite hyperspectral
sensors continue to advance significantly, it is expected that this study will contribute to future research in the
field of detecting small objects and maritime surveillance.

Keyword : hyperspectral, small object, N-FINDR, maritime search, ship, ellipse
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ZH) A review study of effect of polar groundwater on sea level rise

AZ35km | Seoul Scholars International
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Sea level rise has been drawing great attention. Using a lot of fossil fuels
affects global warming so the sea level increases because of global warming,
the glaciers in polar regions have started to melt so people started to have an
interest in it. The thermal expansion and melting of land-based ice are the
primary reasons for rising sea levels. Thermal expansion occurs as the water
warms, and its volume expands. Due to climate change, the global temperature
rises, leading to an increase of the ocean water's temperature simultaneously.
This substantially contributes to the rise in sea-level. Additionally, melting of the
ice core is also a huge influence in sea-level increasing. Warmer weather
happens to melt the ice cores faster, releasing the melt water into the ocean.
Most of these occurrences result from human-induced climate change, hence,
allowing us to acknowledge the crucialness of minimizing global warming and
reducing greenhouse gas emissions. In this work, we focus on a role of
groundwater as a reservoir for attenuating sea level rise. If we make a box for
the total amount of water on Earth then its area is 1335000000 km~*3 and
Earth's surface area is 3610000000 km”2 so the height of the box is 3.698 km.
By using this equation, mass equals density multiplied by volume. In this
equation, we recognize that the value of volume became 26.7x1076 km*3. Due
to the law of conservation of mass, we could input the value of D= 0.9167
and the value of V=26.7x10"6 km”3. As a result, the value of mass became
24,475,890 Gt, which is able to change into 2.447589 x 107~7. In summary, the
mass of the water is equal to 24,475,890 Gt. The amount of melted water is I=
24,475,890 Gt/V V=24,475890 Gt. The volume of melted water became
24,475,890 Gt. To find the increase in the height from the volume, it is
required to divide 24,475890 Gt from the area of the base which is
3,610,000,000 kmA3. Finally, the value of height became 0.07 km, which is 70
meters. If 10 percent of water goes to undergrounded water then sea levels
will rise 6.3 meters.
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