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1115 -11:30

204

2l Aot T2t

et 2igl

OFL

l.

LY

of

IMAXIEE

o

Ok
i
xr <l
oo Ulo
" Ok

SS-03-10

11:15 - 11:45

11:45 - 12:15

2

¥

212

72 421 09:00 - 14:45 | CH

207

oflA1e] EMIC TtE

&

Wil

§5-04-01

09:00 - 09:30

208

Test of triggering conditions for electromagnetic ion cyclotron waves using in-situ

satellite observations in the Earth’s magnetosphere

$5-04-02

09:30 -10:00

209

Ground-based observations for the polar upper atmosphere research at KOPRI

SS-04-03

10:00 - 10:30

Break Time

10:30 - 10:45
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10:45 - 11115

11:15 - 11:45

11:45 -12:15

12:15-13:15

13:15-13:45

13:45 - 14:15

14:15 - 14:45

09:00-09:20

09:20-09:40

09:40-10:00

10:00-10:20

10:20-10:45

10:45-11:05

11:05-11:25

11:25-11:45

11:45-12:05

12:05-12:25

S$5-04-04

SS-04-05

$5-04-06

$5-04-07

$S-04-08

$S-05-01

$S-05-02

$5-05-03

$5-05-04

SS-05-05

$5-05-06

SS-05-07

$5-05-08

$S-05-09

2

210
Mission and Data Preview of the Korea Space wEather Monitor on GK-2A
oI 211
Scientific Instruemnts on SNIPE mission
CET
Initial Operation of the Instrument for the Study of Space Storms (ISSS) onboard 212
NEXTSat-1 and Its Data Distribution Plan
Lunch
azd 213
Development of the Regional lonospheric Model over Korean Peninsula and neighbors
o|Yx
Aurora, dynamical instability and radar echoes in the polar mesosphere and lower 214
thermosphere induced by energetic electron precipitation
E9| 3 0j23)
AL 2) 72 42 09:00 - 12:25 | £X|
UENS
el 217
NEAE U TS st HXIE S5 BRIIT BiE
g 218
x| ME 9 S48 CO2 XISHE AlE]
i 219
HIAMSEZ|E2] X|E MEE 2t BXISETII0M Al=32 88 dfot o172
ans 220
A3 HOIE A AES I3t 9F MR 54 o1nef e
Break Time

o|&s&t 221
YEAES Plot 4B 7Y o1ne] By
s 922
OFQYAREEZ |8 XM EAE FXEY ZAF Y HIP|& LA
B 224
CHA 5fZFetol A2 flow path A=0f CiEH E4 24
#ad 225
DEIYASH S| NEHES S5t 7[plete] #2IXEEY §4 o1
azd 226
DS} A|B20| S 0|85t Mz-EE2510|E 917
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13:15-13:30

230
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}
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SS-06-02

13:30 - 13:45

231

A

A 0]
g +9

AEEE

IL

5
=L

5=l
=o

ojzd
gy HRlsE=

$S-06-03

13:45-14:00

232

ofl OF

SS5-06-04

14:00 - 1415

233

X132 514{]

Z1
=]
HF
=

$5-06-05

14:15 - 14:30

Break Time

14:30 - 14:45

234

S5 Z& 2| At

=]

Af= 2HLA] B=

=13
=

ETEE

<+
N
RSN

3
of
o)

$5-06-06

14:45 - 15:00

235

S

S$5-06-07

15:00 - 15:15

s

SS-07

382

o

78 54 09:00 - 10:45 |

239

$S-07-01

09:00 - 09:15

240

§S-07-02

09:15 - 09:30

241

k-

2t
+

0[71
=

$5-07-03

09:30 - 09:45

o-

]

242

Geochemistry of minerals grown from melt inclusions in the Dokdo and Ulleungdo

SS-07-04
volcanic rocks

09:45 -10:00

243

o[2Ix|

SS-07-05

10:00 -10:15

244

OrE HE

o

5=

RO
8o

$5-07-06

1015 -10:30

245
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$S-08 AHANIEIM QLRI

I HEts(EdEtw) 78 5% 09:00 - 09:45 | HX= 3
HEEAlZE ACHS e =
oL
09:00 - 09:15 SS-08-01 TR TG FIP ZES ot 1R4El AT DE Lt 249
288
09:15-09:30  SS-08-02  m3f x| 2hxiA OI0)A EHAIEH XX EA Y EA (High-resolution analysis of 250
source characteristics of earthquakes at Pohang EGS site)
gl
09:30 - 09:45  SS-08-03
4 Zot X HUX M HAFEX] X|E X2 o] AR AlZts & 54 21
|
GS-01 KGU 2YHHIM
ESPN A= ENE [l igm) 72 52 10:00 - 11:00 | HEE 3
HhEAIZE ICHS ShEx =
10: 1011 G 1-01 ElxIg 2
00710 GSOVO e iz sizie aicye) agcEe) S 2 H47) @S ey >
#xel
10:15-10:30 GS-01-02 256
MFE sHMEEZ o] X Asfets M oluf 22l tHEof Cffsh &
10:30 - 10:45 GS-01-03 Ol=X] 257
' ' e CHOLE Opo| A BHIStE0l Aolof Zhst ofH|oi R
|4
10:45-11:00  GS-01-04 Conodonts from the ‘Lower Limestone’ and Haengmae Formation in western 259

Jeongseon, Korea and their implication for lithostratigraphic correlation
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POSTER SESSION

JS-01

J5-02-08

J5-02-09
J5-02-10
JS-02-11

J5-02-12

J5-02-13

J5-02-14

ofAH HS -, SA 2210 Q12

78 39 13:15 - 7& 4 12:15 | CHEHE 24|

265

72 321 13:15 - 7€ 4 12:15 | CHEHE 24|

N =

0|58
A method of analyzing a total of 31 nitrated polycyclic aromatic hydrocarbons (NPAHSs) using gas 269
chromatography-mass spectrometry (GC-MS)
OlEfA 270
FUY HEA| TEC7| QBES| AT 2t HEY S5
32 271
SHItE X[&F O|MIEIX] s FHES et O|MEIX|SF Z[4F0IXIe| &Ets B4t 8AX 7|H &8 oA+
iolkl

=4 o 272
CH2 | BAHZE FHe AlS2t 22 0= & ZLEHE
=80l 273
B XR0f 7|5t A ERZEHO IHE 7| 2Y2E 55 £F S4
4sy 274
X HI8 HM HEYAES 0|83 E24 QUSH s AN BZHEE 24
OI-II_|§

Relationship between source air masses and inter-day isotopic changes of nitrate in PM2.5 at Seoul and 275
Baengnyeong Island, South Korea
1A

276
Mineralogy and structures of Asian Dust Particles

Js-03 Al M (IS HILAl &

72 32 13:15 - 72 421 12:15 | CHEHEH 24|

g l=)
axs 279
Ground based observation of proton aurora from polar region with All-Sky Camera

22 The 2nd Korea Geoscience Union ¢1&{|sh&CH3]



JS-04
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J5-06-06
JS-06-07

J5-06-08

o - Yo&e

72l 321 13:15 - 7€ 4 12:15 | CH&HE 24|
BrER|2

233

Air-sea fluxes of moisture, heat, and momentum at Socheongcho Ocean Research Station in the Yellow 283

Sea

WAIGISIS a0 AN

72 320 13:15 - 7€ 42 12:15 | CHEHE 24|

gl
228 287
Influence of Soil-Plant System to Horse Health at Hustai National Park in Mongolia
Anamika Khanal 988
Quantitative Analysis of Nitrogen-Cycle Related Gene from Rice Paddy Soil.
orzls 589
YASE LSu7(of EFE SA7IHS SESf T XH[Fof chst o1

JS-07 =NIAE

J5-07-14

J5-07-15

J5-07-16

JS-07-17

J5-07-18

JS-07-19

JS-07-20

78 3% 1315 - 78 44 12:15 | Cf2tE 2H|

N

120|

o
293
Y= Hercules Neve snow pitS] SotESQ/@lAH| His EN
LT 294
£ S E20j2= Styx HR0{e] £2 0j28E 24 2 54
Uz
H2H 52 PM10 5o ZH B0l st B3 &i4/o| Y5F (Impact of Arctic Sea Ice Concentration on 295
Interannual Variability of PM10 Concentration in South Korea during winter season)
Pl 296
37| Yol A0 22| FR0|ZE+ S STE 9/t MEiro| HPEE 24
o|alg|
- . . , 297
Modulators of the Arctic summer climate modes; from storm to global teleconnection
Lo 298
SAHE2E 0/&st 2t OF27FIH X{7|2te| g& o1+
Yalalt Nyamgerel 999
Water isotopic composition of Styx Glacier firn cores and its association to air temperature
0|z
Paleoceanographic changes during the past one million years in the Central Basin, northwestern Ross 300
Sea
&St x|, =™ot= K|ttt 23



J5-07-21 301

e

CI>_|-
JS-07-22  9INBS XRE BEE HulE ST 00125 YMSIELL, 0ptE1EL, BELHE|SO) AIZZIH £E Y 302
5t

J5-07-23 e=
BEAG) WETHE X0t ME| HEZE X451 E[XE 7[2IX| ] 303
E R

JS-07-24 Preliminary result: Investigation of microbe-mineral interaction in the paleo-Subglacial lake: Crystal 304

Sound, Antarctica

ESH
JS-07-25 150l ) , ) . 305
Seasonal Changes in As, Bi, Cd, Mo and halogen elements recorded in Greenland EastGRIP snow pit
BN
JS-07-26 o o : , , 306
A Critical Role of Extreme Atlantic Windstorms in Arctic Warming
i |
JS-07-27 307

River discharge over the pan-Arctic region at the end of 21st century

JS-09 SOHIOH2AT 22 - Y, Al 1212 OiH

72 321 13:15 - 7€ 4 12:15 | CH&E 24|

FCHS UENS
st N
J5-09-06 " ) o 3 _ L e 311
CHEIO1 T4 O|AHES 0] OIS 8ISl XS 0|83t HZ aliX] MAX| By Siix| 22| X|E8Ix SH =24

72 320 13:15 - 7€ 42 12:15 | CHEHE 24|
_‘T"_EH § %“EX‘"%
B

JS-10-06 ) L ) , 315
Solar Dynamic Activities in the Perspective of Outer Coronal Dynamics

JS-11 & st} EHMOI AFH, SRR, 2212 Oid

78 3% 13115 - 78 44 12:15 | CHtE 2H

ACcHE g =)
MH{ D

15111 ee= o - 319
KMAG : Scientific payload to investigate Lunar magnetic field
zoM

JS-11-12 320

Detection of lunar subsurface void in lunar gravity model
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J5-11-13

JS5-11-14

JS5-11-15

MR}

321
Water Ice Area Variation with Solar Incidence Angle on Ceres
ol
1SM . _ . _ 322
(The lunar candidate landing sites around Mare Vaporum and Sinus Aestuum)
21204
=T 323

Lunar landing candidate site for future Korean lunar exploration mission

Js-12  AlraEiMY S

JS-12-12

JS-12-13

JS-12-14

J5-12-15

SS-01

$S-01-16

72 32 13:15 - 72 421 12:15 | CHEHH 24|

g L=)
olze
Application of Deep Learning to Astronomical and Geophysical data: 8. Prediction of major solar flare 327
profiles using LSTM
ols}&!

Application of deep learning to astronomical and geophysical data: 3. Generation of solar magnetograms 308
and UV images from historical sunspot drawings

Hy3g

Application of deep learning to astronomical and geophysical data: 6. Generation of future 329
magnetograms from past ones

HIS A
—Il‘:'l'

Application of Deep Learning to Astronomical and Geophysical data: 2. Generation of Solar UV Images 330
from Magnetograms

K-10DP 92

729 42013:15 - 7€ 52 11:00 | CH2HY 24|
WER|S

o|5|AH
Estimation of in situ stress in the northern Hikurangi subduction margin, New Zealand

333

Eun Young Lee

Quantitative analysis of Cretaceous subsidence of the Naturaliste Plateau, offshore SW Australia (IODP 334
Expedition 369, Site U1513)
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78 4201315 - 78 52 11:00 | CH2HHE 24|

ICHS SUENS
gu7
SO 2z gusssgoy pame 28 HeR e 2 337
ol
$5-02-12 = 338

Risk Evaluation of Geologicial Hazard of Lava Flow using Computational Simulation

79 4213:15 - 78 59 11:00 | CHEHY 24|

341

78 42 13:15 - 78 52 11:00 | CHEH 2H]

ACHS SN2
Lty
SS-04-09 345

Neural network prediction model for relativistic electron flux at geostationary orbit
xz=

$5-04-10 Structural analysis of Qualification Model for scientific payload unit for the Small scale magNetospheric ~ 346
lonospheric Plasma Experiments mission

S

x|+ @7 2t 259182 2pst EHA Al IS 2 E W (Development of the Engineering Qualification 34~
Model (EQM) for scientific Payloads for scientific instruments for Small scale magNetospheric
lonospheric Plasma Experiments (SNIPE) mission)

E
=
|
(-

$S-04-1

0I5

$5-04-12 Improve radiation belt distribution algorithm performance using VAP electron flux accompany GOES-13 348
electron flux

oA

$5-04-13 la2 _ . 349
Simulation Analysis of Langmuir Probe for ISSS onboard NEXTSat-1
e

$5-04-14 Characteristics of lonospheric scintillation in GNSS signals measured at single site, Jang Bogo Station 350

(74.62°S, 164.22°E), in Antarctica

2EY

55-04-15 4 , , 351
lon Reflection Mechanism At The Earth's Bow Shock
240l

$5-04-16 Forecasting lonospheric Parameters over Jeju Station (126.300E 33.430N) using Long Short-Term 352
Memory Method
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S$5-04-18

SS-04-19

$5-04-20

$5-04-21

SS-04-22

$5-04-23

S$5-04-24
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Aol

Identification of high latitude trough by Swarm observation
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I=

2f

|>1 ok

ﬂlltl

oK K| LY20] HAE 0|29 HE 7 oi

o 110

e 23, 2457 |0l|A9] ENQF RFFIZ=2[off CiSH HX|H = ATHEE MAF S A Hofo) EfotE F7i0to| 4

o b
og oM
I

X

Estimation of neutral atmospheric temperature profiles in the mesosphere and lower thermosphere
region from meteor radar observations

Az

MEQZEX[F0) el EMIC Pcl-Pc2 if=9| S7|& ©17 Statistical study of EMIC Pc1-Pc2 waves observed
at subauroral latitudes

o

A statistical study of Pi2 pulsations observed in the upper ionosphere using Swarm magnetic field data
7

Development of a Verification System for ASSA-Spot Prediction Model

QUCtod]

Prediction of Major Solar Flares Based on Short, Mid, and Long-term Active Region Properties

353

354

355

356

357

358

359

360

78 421315 - 78 5 11:00 | CHE 24|

$S-06 Al HEAIRY BEN HE

ICHS

$5-06-08

363

72 4213115 - 78 52 11:00 | CH&H 24|

367

HEN =S
e
xESA AR A P |EE el 2t51Hg 2l F2t
$S-08  AHAIEI QEAIT
78 4201315 - 78 52 11:00 | CHRH 2|
e =

=

$5-08-04

oIS H|

o]

The 2017 Mw 5.4 Pohang earthquake, South Korea, and poroelastic stress changes associated with fluid
injection

{0
oot
o
Rl
H
H
[l
_O't

371

27



GS-01

28

ICHS

GS-01-05

GS-01-06

GS-01-07

GS-01-08

GS-01-09

GS-01-10

GS-01-1

GS-01-12

GS-01-13

GS-01-14

GS-01-15

GS-01-16

GS-01-17

GS-01-18

GS-01-19

GS-01-20

GS-01-21

GS-01-22

KU 28N

78 4201315 - 78 52 11:00 | CH2HHE 24|

WEA|S

5 L DNAPL S}t 91 of214+ 31840 Chst a3 ] 245

olze!

Predictability of Boreal winter Temperature over South Korea in PNU CGCM Ensemble Forecast System
o|F3]
Development of ECLSS for the Manned Space Exploration

HE=X|
o

I
EMEfEHY Z7 0 A250] LYo LIEXMIf vz

ojol=
LA A2 7|AS] HIEHA HEEAE S8t MEHSOl tizt D&
HEAXY

5SS
D/okT} SAT OFe)s] SE BTy SFAtRIE
qen

Tidal Acceleration of the Planets and Satellites

f8x

On the Use of Radial Velocity in the Mass-Balanced Planetary System
8

Growth of Proto-planet and Condensation of its Core

f8x

The Loss and Retention of Atmospheres in the Solar System

The 2nd Korea Geoscience Union ¢12i|8H&LH 3|

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392



THE 2™
KOREA GEOSCIENCE UNION

Qig et =2

Plenary
Session






PS-02-01

PLENARY SESSION

HokR 3~ B o
_r__%E%mo__oanaoI,MI
== K B 2D S RnR . %=
= g0 o lezﬂm:ﬂ ur RO TR =X 0 5T =
OF Awﬁllﬁﬁ%Mlmarro_ =od =50 R e
— S oo R R EO_J._EIm 50 S s me _Imad
= @aﬂm__x:@ﬂziw@1mx$m? B‘@LZN EEM%%
nH ol X@ram_;__:ﬂuw_HMﬁ:oEEERS Eﬂn_%m,%_ M%%%H_ﬂ
I.IL|_ — o o = _ — ol T [
= OF 9__&@4x|@ = g Smws %9 sEod="
R Ok Ewggewagamﬁ%?aﬂag RSB SR g
oF) m_|+%3§a;=_ffmraw S .l BRO o ST
z) 5 o Lm_ﬂéﬁﬂ|ﬂgw CLyBE. = =
1 o_.__.__mu__o_.ﬂw__o_.lﬂ vz m_uo = = .JWAHMW oF _J,lro_._ =
=1 e R m= S R TR m Hl e G R T I s
o A uﬁu___w..__o_&_ofr%%:.uoélm m Do emMOﬁc:::A
®ow z 2 %E_XT%E imo;__@ﬁl ~ °SZsm O m_a:ioﬁ
ol g £ mﬁmemggogxamm @éqggh @wmmmw
) 70 X0 m%gxa___%ﬂgwm_moazfgwﬁw H__u.mmmow __H%:.E_E%I
i~ urm g . B j;l%_uﬁw@:f%ﬂu =S kW Im_ﬂcomﬂ
mJ ol Sz o0  OF B i = = 83 o M o a 9
oJ o .mmo_.AJ_.___u_nNo_.sa%J_.m_Aum_L_Au E_EoMnﬂlA._m_. E“_E._ozol_Kwo
83 5 ) Hl ol et A o duZadz IOA_Dﬁ
ar ol c;iu:_qur_ggoT-roﬁ = A A B = 3 0
g x @W_EAgrggu Ry op R M S SEgmo
o o ol - = =< &l el _ETAE.__ < o
QM __HEEA;_ LT T 2 o W0 m K __OT%‘O_M_LMT
&) M&Héxaaﬁm_aaLWIxm ﬂqm____&__Ho gom_o____ur,e
i ugfi_éﬂmoguﬂmwmo:_.JW_JE::;T PeWs o
ol ) oo Q5 o 30 o 30 g K A O o
o R o OH ol SRS W<k 5 o & Mo oo ol o, W0
ok ! o - %0 — Ss 00 U o~ oo K o
?anm_xz__m_?m e o o= T o W B =
0{0 _:I__g ol _ 2 K ioll _J._S:_Im_x RS oo
i L.IﬁEroﬂ_.A__owL__ap._Al __po___PMo.r_o_ g0 AOP__Lo_r%_E
__omﬁ_aaulm:_ga;x|z 1o 5 g = 2 9y = B RO B X
< 00 ) T o K r = = S o <z 2 T oE S X
uEnﬂ._aaW TAOLQOoEaEm_w_mo_EEWoE._o._Lmo_.._zo]*
E_..__ASOo_.c_Lu_._Ll._A.o_.A._uT_N_LOx._TAO._P_._MPmMA._OtMﬂumE
W.rm, A.___Oj.m Eiz_._mMEHHL.EUuEJ.Loo 1T
+ag3§_=_ﬁaﬂo__ﬂm_9 L wmxaoc|m_wga;f
o e LI H.mmc_l___ﬂo_ga_lww ﬁ%r?mua A
e = S |ﬁmmg5§q40|ro§|.&m%
o= EIFE _ K Pr.r6||;xﬂEIﬁPO| S
nvncwmomuoﬂm_._n_.mmgéx%aroxa 30 = K& N oo X000
_.AuAno.r._r____mon_.Fm.@go.om_%Aomumwa_.___m_|m_=.rE._.Ao_..__.u__.AOJ|__:L||r
i = ms ST w © uﬁo_moa___cl_ <D
TR __HoATl,MaA:T@ ~nlzml __FEI%ﬂl,mM
M E AR g IIH__auNFM F::.ro_o:_ao_xﬁ =
SBwD s R m;p_mo___xnﬁmwma_am Ko S
R0 o) JIJ OF oJ uwm._uM@me_.r_‘||mw,_.A|m:
0l m_/E‘_ .A._H_I@FTAW 1]
1ﬁwm@ﬂkﬁo:_eémc_e
o — <0
Ui o7 o

31






THE 2
KOREA GEOSCIENCE UNION
Aiefef =Ll

iy







THE 2™
KOREA GEOSCIENCE UNION

Qig et =2

JS-01

S0 B=

e L. O

: 3p7] #ix{ 22| 1 oj|






JS-01-01

felliet =8ol & Hik Olci 100¢

StEtE F=HoHE ol WA OlcH o= HSE EIiotD MLot)| ot - A2
O 2 +=doIRULH AIZ2S 22 &XF 055 WAz 2

v5)0IH, CORE JI=&8zZ 2 M (Large and Yeager,
2004)2 Hgot0d X 500E2t AHY HMEZZ2 AFGIJACE 01F CMIPS XIRAIAHIEH
(Coupled Model Intercomparison Project 5, Earth System Models)S 2% & 22 M2 C

=

t=

JIE2HME =2H(GFDL ESM2M, MPI-ESM-LR)2 X Eot0 I)f o= BsSH s 224
&(1951-2005E) 0 RCP 4.5 AlLtel22l Olef a3 H3g WsSAE(2006-21008)s 2+2
23 ALH. 5 JIZEZHEUHMS =3E TEILF ct FHH2 WA M ASES M2 2H
Imm/yr 271 B &9 X0|(spread)2S t'OII]4 XIIE0 st o= ASE L *I4 HEH
D& ost é;*% IS HlnE otst &9 J_DIE LIEFRHCH Dt D12 S 2o/& 2Lt
b = XGaie B2 i+ Hale S 2o, SS=200AM 2F H=He &S ZE2
LIEFLHOY, Olel D12t dil+=H Hg= S ol A& 25 WA D240 Blol 4589 It &4
82 UENCH 280M HMAIsks ail#=22 HMI=(steric component) & HIME A2
(nonsteric component) 42 Sot0 RelLict FHM Y2 WAL Ol i+ &S JAS

E44otd HIAlIGHAULCE.

ZAIS 2 1 0] APE 20198 HYSAE TACZ StANYUSI|=TERA2 X (SAEH
HY HY-UD] ASHE L EHHE S2s 4 AR)Y st=2oiL WS )= WA X (EM
Bt =8t J|&: BHESH0| St FHlY Bl 22 =80 0IXls g8H)ez 8
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Sea Level Change around Korean Peninsula based on
observation data and numerical model

A&t F2H, W% YA o2’ HEd

Yong—Yub Kim'! , Yang—Ki Cho! , Ki—Jong Han? , Duk—jin Kim! , Eunil
Lee?, Kwang Young Jeong3

Aetstn! | Goll~E212 | T LA’
Seoul National University! , UST212 , Korea Hydrographic and Oceanographic Agency®

2100 RI2=A01 1989F 2H 2017 2F OHAIE D ASTE Y A5 012 NEE
2O STALR AAIZFH L SAIAE(KOOFS)H A +=&ot0 2A6IJALCH =S4
NS 22H ASSH iYE dis+H BSE2 Yalloh(MzF 22 X&) 3.19 mm/yr Soller 3.05
mm/yr, Mot 2.00 mm/yr =2= = LIEFSCE 1980E@ 2 H 20053 A0l <e2lLtet =H
MEUA o= HPE 22 ASE2 3.54 mm/yr2 UEIRCH 28 X/AsTas
FHO MASEN N CE2 JEg2 2L Sol B8 XS4 B2 AAANE o+
ASEE2 FHEOD F O 014 =3 UES =, Ole I ASE Ble 24 &5
O[5t HE0| 2 U2 EHOIotRULH

Lelltet =9 oo ol s MMEHSIE OoloHotd] fI5t0 1/20° S MENE
Aol x2S S350 U4 3048 J12t2 THEOIECH HEFHN 2 2LLZuE
BlWatJ|l f16t0d SODA (Simple Ocean Data Assimilation) 3.4.2 &4 X2 (Control), & X3
JIE24d = 5tLRl NorESM1-M X & (Nor), NOAAWA HSBots dl+=H M7rEX=
(ReSSH)E ZHZ ol ASEZS =3I LH DolAE NYlY2e2 2ol NSH29 =1
X S0l F2 g2t K2, RRAIL HE, XY HY4o S S 4802
MESBHACEH 1980E 2 E 20054 JPII control, ReSSH, Nor && Z 1t f2lLiet =¥ HH 9
HA i+ AsS2e 22 2.59 mm/yr, 3.66 mm/yr, 3.13 mm/yrOIACtH. 2=& DolaE
Ny X222 0I5t JIZBS AlL2IQ0 2 2100ENtXI2 LelLiet =3 AAl
=2 HIE =g olEoIt
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2100 XA2=A01 1989EF 2 H 2017 2F OHAIE di+2 ASTZ Y 2S5 012 UEE
IO YT ALR A A2 LA S A AE(KOOFS)0IA =80l 240U ZA2ASA
N2 2L2H AES Y i BSES2 HoloHHF= 22 E&) 3.19 mm/yr, Sall2t 3.05
mm/yr, Moot 2.00 mm/yr =22 = LIEFSCE 19802 H 2005E A0l <e2lttet =4
HAOA o= M7E 22 ASES 3.54 mm/yrE LEGD 28 XS iaEs
FHO ASEN AN CE2 Zaes BAL Sol Z& T2A=sA0 HLR AAMKE HxH
ASES FHED F i 014 =H UEtH=d, Ol A ASE 2Ele 254 &oto
o5t A&l 2 242 HOIoHLCH

Lelltet =3 o2 o= s MMHSIE OoloHotd| {50 1/20° S MENE
ANl X128 +36t0f U4 30E It THSOIRCH MEZHN e 2LZUE
BlwatJl f16t0f SODA (Simple Ocean Data Assimilation) 3.4.2 &4 XtZ (Control), 8 X7
=24 = 5HLER!l NorESM1-M XtZ (Nor), NOAAGIA HMEots ol4=H HIREX2

(ReSSH)E ZHZ ol ASS =3I LH DHAE NIiY2H2 2o NSHL9 =T
TL, SHS =2 8t RELY, TIANL HE, LAY MBS & S8 4352z
Mot CEH 198032 E 20059 Dt control, ReSSH, Nor &l& 21t fc2lLtet =8 aH2
HZ ol As82 22 2.59 mm/yr, 3.66 mm/yr, 3.13 mm/yrOIACH. =&t DA E
NS =XN2HS 0l2ot JIFEBG AlL2I20 [HE 210080HX12] Relliet =8 AAl
=2 HHIE =g dFO0IC
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OlZotd 20MI01Z THHI 21 AMIDI2Sl Lelltctel DleH of+=% HstE =40t UL

ZAS 2 0] s JIA4E IIALEE DAY IISHLEATR, IJIFHE
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Contribution of the Antarctic Ice Sheet to Future Sea Level
Rise by a Fully Coupled Model

Jun—Young Park™ Fabian Schloesser®, Axel Timmermann'*?,

Dipayan Choudhury!, June—Yi Lee?*, David Pollard®

Center for Climate Physics, Institute for Basic Science, Busan, South Korea'
Department of Climate System, Pusan National University, Busan, South Korea?
International Pacific Research Center, University of Hawaii, Honolulu, Hawaii, USA®
Research Center for Climate Sciences, Pusan National University, Busan, South Korea*

Earth and Environmental Systems Institute, Pennsylvania State University, University
Park, Pennsylvania, USA®

Antarctic ice sheet (AIS) has a large potential contribution to future global mean sea level
(GMSL) rise under anthropogenic global warming. While observational data indicates the AIS
meltwater flux to be recently increasing, it has been hypothesized that positive—feedbacks
between AIS meltwater flux and subsurface Southern Ocean warming could substantially
accelerate AIS melting. Thus, GMSL projections using uncoupled ice sheet models which do
not account for this feedback may need to be reevaluated. Here, we present GMSL
projections with a three—dimensional coupled climate—ice sheet model for the
Representative Concentration Pathway (RCP) 8.5 scenario. By the 2100 year, rapid AIS
collapse equivalent to 1.28 m leads to GMSL rise 0.12 m. Independent sensitivity
experiments show that ALS meltwater flux causes subsurface Southern Ocean warming
which leads to an additional 20% AIS melting. But the AIS meltwater flux also induces a
negative—feedback to 0.3°C reduction in surface temperature projections by the 2100 year.
However, subsurface Southern Ocean temperature increasing over a threshold value may
lead to substantial AIS retreat and unexpected future GMSL rise.

Thanks : This research was conducted by the Institute for Basic Science support (project
code IBS-R028-D1).
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Impact of Antarctic meltwater forcing on East Asian climate
under greenhouse warming.

Ji—Hoon Ohl, Jong—Seong Kugl, Won—Sun ParkZ, Hyung—Gyu Lim?,
Kyung—Min Noh!

'Division of Environmental Science and Engineering, Pohang University of Science and
Technology (POSTECH), Pohang, Korea
2GEOMAR Helmholtz Centre for Ocean Research Kiel, Duesternbrooker Weg 20,
D—-24105 Kiel, Germany

Under global warming, the contradiction had been observed as long—term cooling trend
in Antarctic climate. In contrast, it has been reported that Antarctic warming is also
observed in recent decade, that releases the enormous meltwater from the melting Antarctic
ice sheet and ice shelf into the Southern Ocean. The previous studies suggested that the
increase of Antarctic meltwater could delay global warming in the Southern Hemisphere.
However, the impact of enormous meltwater forcing on the global climate is not
comprehended. In this study, we employed Kiel Climate Model (KCM) to investigate the
effect of meltwater in global warming via the idealized Antarctic meltwater forcing
simulation. We found that the Antarctic meltwater accelerates additional warming in the East
Asia while the meltwater forcing reduces the positive trend of global warming in the
Southern Hemisphere as shown as previous studies. In this experiments, the Antarctic
meltwater leads to the positive sea—ice concentration anomaly in the Southern Hemisphere,
which strongly reduces surface air temperature via the positive ice—albedo feedback.
Subsequently, the cold anomaly in the Southern Ocean enhances the meridional temperature
gradient, which enhances westerly winds, northward shift of Inter—Tropical Convergence
Zone (ITCZ), and in turn the negative precipitation anomaly in the Western North Pacific.
This negative precipitation induces the Gill-type Rossby—wave response, which develops
Philippine Sea Anticyclone in the lower troposphere and cyclonic flow in the upper
troposphere. The upper cyclonic flow enhances Kuroshio Anticyclone via the Rossby—-wave
propagation. In this study, we suggest a possible mechanism of interaction between both
Hemispheres, that would alter the acceleration in the East Asia warming trend.

The 2nd Korea Geoscience Union ¢12i|8H&LH 3|
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Under global warming, the contradiction had been observed as long—term cooling trend
in Antarctic climate. In contrast, it has been reported that Antarctic warming is also
observed in recent decade, that releases the enormous meltwater from the melting Antarctic
ice sheet and ice shelf into the Southern Ocean. The previous studies suggested that the
increase of Antarctic meltwater could delay global warming in the Southern Hemisphere.
However, the impact of enormous meltwater forcing on the global climate is not
comprehended. In this study, we employed Kiel Climate Model (KCM) to investigate the
effect of meltwater in global warming via the idealized Antarctic meltwater forcing
simulation. We found that the Antarctic meltwater accelerates additional warming in the East
Asia while the meltwater forcing reduces the positive trend of global warming in the
Southern Hemisphere as shown as previous studies. In this experiments, the Antarctic
meltwater leads to the positive sea—ice concentration anomaly in the Southern Hemisphere,
which strongly reduces surface air temperature via the positive ice—albedo feedback.
Subsequently, the cold anomaly in the Southern Ocean enhances the meridional temperature
gradient, which enhances westerly winds, northward shift of Inter—Tropical Convergence
Zone (ITCZ), and in turn the negative precipitation anomaly in the Western North Pacific.
This negative precipitation induces the Gill-type Rossby—-wave response, which develops
Philippine Sea Anticyclone in the lower troposphere and cyclonic flow in the upper
troposphere. The upper cyclonic flow enhances Kuroshio Anticyclone via the Rossby—-wave
propagation. In this study, we suggest a possible mechanism of interaction between both
Hemispheres, that would alter the acceleration in the East Asia warming trend.
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DIMISAl 2 & gtal A
The study on the improvement of national air quality
forecasting

FAH, %

Lim—Seok Chang, Misuk Jeong

T3 e g 7] A F 5ol BAlE
Air quality forecasting center
National Institute of Environmental Research
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Characteristics and classification of aerosol type in South Korea
using AERONET data and MERRA-2 reanalysis

=

o3|l FAF2 o] H!
JuHee Yi', Ja—Ho Koo?, Yon Gon Lee'

Zyostn o) wete | AMostn o) 3t
ChungNam National University Department of Atmospheric science! |
Yonsei University Department of Atmospheric science?

Nitrated polycyclic aromatic hydrocarbons (NPAHs) are derivatives of polycyclic aromatic
hydrocarbons (PAHSs) with one or more nitro functional groups. NPAHs are released directly
into the atmosphere during combustion processes or, in the atmosphere, formed by both
gas and heterogeneous phase reaction of PAHs with nitrogen oxides generated by OH or
NO; radicals. PAHs are commonly known for their toxic effects but NPAHs which are one
tenth the portion of PAHs presents in the atmosphere have 10 and 100,000 times higher
carcinogenicity and mutagenicity than PAHs. Despite the detrimental effects, there are few
researches and standardized methodology in Korea. In this study, we present the optimized
methodology for monitoring NPAHs in the laboratory using gas chromatography—mass
spectrometry (GC-MS). Optimization was performed by identifying optimum, column
polarity, temperature program, injection, and detection mode. A total of 31 NPAHs were
analyzed. As a result, negative chemical ionization mode, NC| was adopted. A DB-17MS
(30mx0.25mmx0.25um, film thickness, J&Q Scientific) was used. A programmed
temperature vaporization injector (PTV) splitless injection mode and a step—wise
temperature—raising program were used. For quality assurance and quality control, NPAHs
standard reference materials (SRM 2264 and 2265, National Institutes of Standards and
Technology) were analyzed displaying a great agreement with the results in the literature.
The method was applied to analyze atmospheric filter samples collected in from Tianjin,
China. This method will be used as a basis for analysis and understanding of NPAHs in our
future studies.
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Review on the Inventory of Particulate Matter in Sea Port areas

A, 244

Sangmin Hyun', Jeoungwon Kang2

Korea Institute of Ocean Science and Technologyl'2
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Polarimetric Detection of Flne Dust and Water Vapors in the
Atmosphere from Satellites
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2T, HAGE?, AT, Al Rosemary Baize®, Wenbo Suns,
Snorre Stamnes® ,Yongxiang Hu?®, Ali Omar Gorden Videen®*
Sungsoo S. Kim, Young—Jun Choi, Chae Kyung Sim, Minsup Jeong, Rosemary

Baize, Wenbo Sun, Snorre Stamnes, Yongxiang Hu, Ali Omar, Gorden Videen

A3 getwt | s A2  NASA Langley Research Center?,
US Army Research Laboratory4
Kyung Hee University, Korea Astronomy and Space Science Institute,
NASA Langley Research Center, US Army Research Laboratory
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TEM Single Particle Properties of Severe Haze in 2019

4719
Gi Young Jeong

QHE TSt A P87 387
Department of Earth and Environmental Sciences, Andong National

University
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Analysis of Aerosol-Meteorology Interactions During Haze Event
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Comparison between wind blocking fields and propagating
directions of mesospheric gravity waves observed from all-sky
imagers over King Sejong Staion, Antarctica

Hosik Kam'?, Yong Ha Kim!, Jeong—Han Kim?, Takuji Nakamura®*, Masaki
Tsutsumi®*, Yoshihiro Tomikawa®*, Masaru Kogure®, Septi Perwitasari®

"Department of Astronomy, Space, and Geology, Chungnam National University,
Deajeon, South Korea, ?Division of Polar Climate Sciences, Korea Polar Research
Institute, Incheon, South Korea, *National Institute of Polar Research, Tachikawa,

Japan, ‘Department of Polar Science, SOKENDAI (The Graduate University for

Advanced Studies), Tachikawa, Japan

We analyzed mesospheric gravity waves in OH airglow images observed during 2012-
2016 by an all-sky camera at King Sejong Station (KSS; 62°S, 58°W), Antarctica. Using a
new method of 2D image analysis recently developed by Matsuda et al. (2014), we obtained
power spectra of horizontal phase velocity from the image sequence of total 107 image
windows. We found from total power spectrum density that wave activity is maximized
during winter, as is previously known. We also derived wind blocking fields from MERRAZ2
reanalysis data for the altitudes 10 — 64 km and from KSS meteor radar data for 80 — 90 km.
By comparing the dominant propagating direction of short period gravity waves with the
wind blocking field, we found a significant anti—correlation between wind blocking fields and
dominant propagating direction of gravity waves except fall season, indicating wind filtering
effects. The finding is the direct evidence of wind filtering effects observed in the
mesosphere for the first time. During fall, the wind blocking fields below ~40 km are not
matched with the dominant propagating directions. Thus, we suggest that mesospheric
gravity waves observed by the all-sky camera during fall were generated above ~40 km
(upper stratosphere and lower mesosphere), probably due to secondary waves. This
exception will open up theoretical questions in middle atmosphere dynamic research area.
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Tidal Characteristics in Thermosphere and lonosphere

Young—Sil Kwak! ?

Korea Astronomy and Space Science Institute!
Korea University of Science and Technology?

Atmospheric tides (solar thermal tides) have been recognized as an important source of
the longitudinal modulation of the thermosphere in low latitudes. Atmospheric tides are
periodic oscillations of the atmosphere and are produced when the atmosphere is
periodically heated by the absorption of solar radiation. Tides in the troposphere propagate
away from the source region and ascend into the mesosphere and thermosphere.
Atmospheric tides are divided into migrating and nonmigrating tides. Migrating tides are
Sun-synchronous tides; they propagate westward with the apparent motion of the sun when
they are viewed by a stationary observer on the ground. Nonmigrating tides are tides that do
not follow the apparent solar motion. These nonmigrating tides may be generated by
differences in topography with longitude, land—sea contrast, and surface interactions.
Another important source of nonmigrating tides is latent heat release due to deep
convection in the tropics. In this talk, | would like to introduce the tidal characteristics in
thermosphere and ionosphere seen by satellite observation data analysis.
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Characteristics and Sources of Inertia Gravity Waves revealed in
the Radiosonde Observation at Jang Bogo Station (JBS),
Antarctica

Ji—Hee Yoo', Hye—Yeong Chun?', In—Sun Song?, and Byeong—Gwon Song?

I Department of Atmospheric Sciences, Yonsei University
2 Division of Polar Climate Research, Korea Polar Research Institute

Characteristics and sources of inertia gravity waves (IGWs) in the lower stratosphere (Z =
15-22km) are investigated using high—-resolution radiosondes launched at Jang Bogo Station
(JBS), Antarctica (74°S, 164°E) for 3 years (December 2014-December 2017). The average
intrinsic frequency, vertical wavelength, and horizontal wavelength are 2.04f (where fis the
Coriolis parameter), 1.47 km, and 216.77 km, respectively. To examine the propagation and
potential sources of the IGWs, a three—dimensional backward ray—tracing calculation is
performed using the Gravity wave Regional Or Global Ray Tracer (GROGRAT) with the wave
characteristics. Taking into account the uncertainties of the initial wave parameters, a set of
125 rays containing the arbitrary errors on the observe wave parameters are constructed,
and the waves that satisfy a convergence criterion are used exclusively to identify potential
sources. Among the total 248 IGWs, 68, 68, and 112 waves are terminated in the lower
stratosphere (Z = 15-18.5 km), tropopause (Z = 8-15 km), and troposphere (Z < 8 km),
respectively. The termination positions in the tropopause and stratosphere tend to locate in
the southwestern region far away from JBS, while those in the troposphere locate in the
northwestern and southwestern regions close to JBS. There are pronounced seasonal
variations in the propagation and termination locations: rays tend to travel longer horizontal
distances from their sources during autumn to spring periods than in summertime. We
classify the potential sources of the IGWs: orography, frontal system, and convection in the
troposphere and flow imbalance in the tropopause and stratosphere. Out of the 112 waves
terminated in the troposphere, 75, 35, and 28 waves are generated by the surface front,
orography, and convection, respectively. Out of 68 (68) waves terminated in the tropopause
(lower stratosphere), 30 (40) waves are found to be generated by flow imbalance. Among
those 30 waves generated by flow imbalance in the tropopause, 14 cases are associated
the polar front jet. The waves associated with the flow imbalance in the tropopause and
stratosphere are characterized by low intrinsic frequency (1-27/, short vertical wavelength
(1-2 km), and longer horizontal wavelength (50-1000km), whereas the waves induced by
the tropospheric sources have wider ranges of intrinsic frequency (1-20/) and vertical
wavelengths (1-15 km) and have relatively short horizontal wavelengths (less than 500 km).
In addition to the sources, the background wind and stability influence on the wave
characteristics significantly.

Thanks : This research was supported by Korea Polar Research Institute.
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Unusual Radar Echo from the Wake of Meteor Fireball in Nearly
Horizontal Transits in the Summer Polar Lower-Thermosphere

YoungSook Lee! |, Sheila Kirkwood? , Young—Sil Kwak?

Chungnam National University! , Swedish Institute of Space Physics? , Korea
Astronomy and Space Science Institute®

The summer polar lower thermosphere (90-100 km) has an interesting connection to
meteors, adjacent to the mesopause region attaining the lowest temperature in summer.
Meteors supply condensation nuclei for charged ice particles causing polar mesospheric
summer echoes (PMSE). We report the observation of meteor trail with nearly horizontal
transit at high speed (20-50 km/s), and at last with re—enhanced echo power followed by
diffusive echoes. Changes in phase difference between radar receivers aligned in meridional
and zonal directions are used to determine variations in horizontal displacements and
speeds with respect to time by taking advantage of radar interferometric analysis. The actual
transit of echo target is observed along the straight pathway vertically and horizontally
extended as much as a distance of at least 24 km and at most 29 km. The meteor trail
initially has a signature similar to ‘head echoes’, with travel speeds from 20 — 50 km/s. It
subsequently transforms into a different type of echo target including specular echo and
then finally the power reenhanced. The reenhancement of echo power is followed by fume-
like diffusive echoes, indicating sudden release of plasma as like explosive process
probably involved. We discuss a possible role of meteor—triggered secondary plasma trail,
such as fireball embedded with electrical discharge that continuously varies the power and
transit speed.
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Gravity Wave Activities in the Upper Mesosphere Observed by
Meteor Radar at King Sejong Station, Antarctica and Their
Potential Sources

Byeong—Gwon Song! , In—Sun Song! , Hye—Yeong Chun? ,
and Changsup Lee!

Korea Polar Research Institute! , Yonsei University?

Gravity wave (GW) activities in the upper mesosphere and their potential sources in the
lower atmosphere are investigated using meteor radar observations at King Sejong Station,
Antarctica (KSS; 62.22°S, 58.78°W) during 2007-2014. GW activities are estimated through
hourly wind variances obtained from an improved methodology that explicitly removes large—
scale wind components (including planetary waves and tides) from observed meteor
echoes. A semi—annual variation of the GW activities with solstitial maxima and equinoctial
minima is evident, except above 94 km where GW activities are strong in August-
September. Potential GW sources in the lower atmosphere, including orography, jet stream,
and deep convection, are investigated. Steep orography around KSS is a likely source of the
GWs in winter and autumn, as stationary mountain waves can propagate up into the upper
mesosphere without being filtered by the westerlies from the surface to the upper
mesosphere. The residual of the nonlinear balance equation at 5 hPa, which is a diagnostic
of flow imbalance associated with the polar night jet (PNJ), correlate well with the observed
GW activities at z = 98 km during spring and autumn, while no significant correlation is
found in wintertime due to critical-level filtering and Doppler shifting via the strong PNJ.
Deep convection over mid-latitudes is a likely source of the observed GWs in nearly all
seasons, with significant correlations in storm tracks in winter.

Thanks: This work was supported by Korea Polar Research Institute grant PE19020.
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JS-03-06

Numerical modeling study on the middle atmospheric changes by
medium energy electron (MEE) in the polar region

ol 3, As! , g2, FAA!

Ji—Hee Lee! , Geonhwa Jee! , Young—Sil Kwak? , In—Sun Song!

Energetic particle precipitation (EPP) is an important source of chemical changes in the
polar middle atmosphere. Recently, it has been inferred from the model study that chemical
change by EPP causes dynamic change related to climate variation. Here, we study the
atmospheric and climatic responses by precipitation of medium-energy electron (MEE)
during 2005-2013 using Specific Dynamics Whole Atmosphere Community Climate Model
(SD-WACCM). Results show that MEE significantly increases the amount of NOx and HOx,
resulting in mesospheric and stratospheric ozone decrease of up to 55% and 20 % during
the polar winter. The mesospheric ozone loss induces the radiative warming of up to 2K and
the reduction of zonal wind of down to 3 m/s. We find that MEE precipitation induces the
weak downwelling in the polar mesosphere during polar winter. The MEE forcing also delays
the penetration to the pole region of strong downwelling. It is related that unexpected
cooling inconsistent with the radiative warming by ozone loss during mid—winter. By MEE
forcing, the delay for penetration of strong downward wind leads to a change of the
downward wind of about 10% in the pole region. For sudden stratospheric warming (SSW)
events occurred in January, the longer and stronger downwelling induced by MEE forcing
leads to adiabatically warming, resulting in stronger wind reversal at SSW onset.
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Dynamic initialization for whole atmosphere modeling and real-
case simulations for gravity waves excited from balanced flows

FAATE, QA

Korea Polar Research Institute! , Yonsei University?

An iterative dynamic initialization method is presented to produce balanced initial
conditions for whole atmospheric global model. In this method, a global model is iteratively
nudged toward ground—-to—space wind and temperature profiles at specific date and time.
Ground—-to-space atmospheric profiles are obtained by fitting spline curves to reanalyses
below the lower mesosphere and empirical model results in the upper atmosphere. An
optimal nudging coefficient is determined by examining if reasonable structure of
mesospheric gravity wave momentum forcing and residual mean meridional circulations can
be obtained from balanced initial conditions. The iterative dynamic initialization allows for
dynamical balance among the model’s prognostic variables and reduces excitation of
spurious GWs and noises at initial time. However, theoretical imbalances, measured by the
ellipticity of the nonlinear balance equation, are not completely eliminated in balanced flows,
and they are found in narrow tropospheric frontal regions and over localized areas
associated with the large—scale instability in the mid—latitude middle atmosphere. Real-case
simulations for 2 January 2014 and 25 June 2010 are carried out using the global model for
the purpose of understanding the generation of gravity waves from balanced initial states.
Horizontal grid spacing of the model is globally quasi—uniform and approximately 25 km,
and the number of vertical layers below z = 140 km is 248, with vertical grid spacing of 200
m throughout the stratosphere. The model is initialized using the dynamic initialization
method presented above, and nearly no gravity—wave signals are found in initial conditions.
Real—-case simulations demonstrate that large activities of gravity waves in the mid—latitude
troposphere are initially found in areas of large baroclinicity around the jet regions.

Thanks : This work was supported by research fund PE18020 from Korea Polar Research
Institute and funded by the KMA/NMSC’s (Korea Meteorological Administration/National
Meteorological Satellite Center) project (NMSC-2016-3137). Also, this work was supported
by the National Institute of Supercomputing and Network/Korea Institute of Science and
Technology Information with supercomputing resources including technical support (KSC-
2015-C3-025).
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Storm-time observations in the polar region

AEA Ak 2 g et | oA, gt 2
Hyuck—Jin Kwon'! , Geonhwa Jee! , Jeong—Han Kim! , Changsup Lee! ,
Young—bae Ham!

FALTA, A7l sA g s’

Korea Polar Research Institute! , University of Science and Technology?

Korea Polar Research Institute(KOPRI) have been operated several instruments at Jang
Bogo Station(JBS, 74.62° S, 164.23° E) in Antarctica since 2014 in order to observe the
variations of upper atmosphere and geomagnetic field in the polar region. Two geomagnetic
storms associated coronal mass ejection and co-rotating interaction region were occurred
in 11 and 14 May in 2019. During this interval, geomagnetic condition was quietly disturbed,
Kp index increased up to 7 and Dst index decreased near =100 nT. In this study, we report
the observations by Fabry—Perot Interferometer(FPI), All-sky Camera(ASC), and
magnetometers installed at JBS. ASC observed strong aurora activity and neutral wind varied
at the same time of aurora brightening. Two types of magnetometers, which are overhauser
and search—-coil also observed positive bay and broad band fluctuation. These phenomena
were caused by the changes of current system in the ionosphere associated with
geomagnetic storm and substorm.
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JS-03-10

Study on correlation between cosmic rays and clouds using
Daejeon neutron monitor during 2012 - 2018

=S 1 2= [e)
dEA, e5de, ol

Jongil Jung! , Suyeon Oh? |, Yu Yi'

FSedgu! | Adddtn®
Chungnam National University! , Chonnam National University?

The cosmic rays are the high energy particles to enter the Earth from the space. Most of
cosmic ray particles observed on the ground are galactic cosmic rays(GCRs) and solar
cosmic rays(SCRs). GCRs are to be generated from outside the solar system and consist
mostly of protons and alpha particles. SCRs are to be produced from the solar activity. They
are also called solar energetic particles, which are caused by flares, coronal mass ejections,
and shocks. When cosmic rays enter the Earth’s atmosphere, they collide with atoms and
molecules, such as nitrogen and oxygen in the atmosphere. Light particles, such as pions,
muons, neutrons are produced after collisions as the secondary cosmic rays. This collisional
process begins at the height of approximately 30 km above the ground. Since many
particles are produced by the interaction with cosmic rays and atmospheric particles, the
researchers have considered cosmic ray particles as good cloud condensation nuclei.
Daejeon neutron monitor has produced observational data of cosmic rays since October
2011. Thus, we examine the relationship between cosmic ray intensity and production of
clouds. We analyze the cosmic ray intensity recorded on Daejeon neutron monitor and
image data of clouds in East Asia taken by Communication, Ocean and Meteorological
Satellite(COMS) during 2012 — 2018. Then we present the results for their relationship to the
latest solar modulation.

Thanks: This research was supported by the Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education (NRF-
2018R1D1A1B07046522).
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Comparative study on mesospheric winds measured by Fabry-
Perot interferometer and meteor radar at King Sejong Station,
Antarctica

Changsup Lee!, Geonhwa Jee!, Qian Wu?, Jeong—Han Kim!, and Hosik
Kam'?

Korea Polar Research Institute!, High Altitude Observatory, NCAR?
Chungnam National University®

Neutral winds in the mesosphere and lower thermosphere (MLT) have been simultaneously
observed by Fabry—Perot interferometer (FPI) and meteor radar (MR) at King Sejong Station
(KSS), Antarctica for the latest 2 years from 2017. The simultaneous optical and radar
observations for the neutral atmosphere in the MLT region provide us with an excellent
opportunity of discussing inherent discrepancies between two wind measurement
techniques based on temporal and spatial range of sampling area. Furthermore, since
Antarctic peninsula has been well known for strong wave activities such as orographic
gravity waves, the observations from these two instruments can be used to reveal the
characteristics of neutral atmospheric responses to the waves in the MLT region. Using
these observations, the neutral winds are compared at two airglow layers of 87 km and 97
km. The responses of Neutral winds in the polar MLT region to the geomagnetic effects are
also considered in this study.
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JS-03-12

Observations for aurora and relevant polar upper atmospheric
changes at Jang Bogo station, Antarctica

Young—bae Ham"?, Geonhwa Jee!?, Changsup Lee!, Hyuckjin Kwon',
Eunsol Kim"?

Korea Polar Research Institute!, University of Science and Technology?, Chungnam
National University®

We have been collecting aurora images from color—-CCD All-Sky Camera (ASC) at Jang
Bogo station (JBS), Antarctica (74° 37" S, 164° 13’ E) since 2018. JBS is located mostly in
the boundary between the polar cap and the auroral region and since the establishment in
2014, various observations for the polar upper atmosphere and the magnetosphere have
been performed simultaneously together with the auroral observation. In this study, we
analyze the 1-year observation for the aurora as well as the polar upper atmosphere and the
magnetosphere from the various ground instruments such as ionosonde (VIPIR), Fabry—
Perot interferometer (FPI), magnetometers, and ASCs in order to study on the possible
changes of the polar upper atmosphere during the occurrence of the aurora over JBS. In
this presentation, we will show some preliminary results of this comparative study mainly
using the auroral images from ASC and the simultaneous observations for the ionosphere
and the thermosphere.
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JS-04-01

Impact of near-inertial waves on vertical mixing and air—-sea CO»
fluxes in the Southern Ocean

Hajoon Song! , John Marshall? , Jean—Michel Campin? , Dennis J.
McGillicuddy Jr.?

Yonsei University! , Massachusetts Institute of Technology? , Woods Hole
Oceanographic Institution®

We report the significant impact of near—inertial waves (NIWs) on vertical mixing and air—
sea carbon dioxide (CO:2) fluxes in the Southern Ocean (SO) using a biogeochemical model
coupled to an eddy-rich ocean circulation model. The effects of high—-frequency processes
are quantified by comparing the fully coupled solution (ONLINE) to two offline simulations
based on five—day averaged output of the ONLINE simulation: one that uses vertical mixing
archived from the ONLINE model (CTRL) and another in which vertical mixing is recomputed
from the five—day average hydrodynamic fields (5dAVG). In this latter simulation, processes
with temporal variabilities of a few days including NIWs are excluded in the biogeochemical
simulation. Suppression of these processes reduces vertical shear and vertical mixing in the
upper ocean, leading to decreased supply of carbon-rich water from below, less CO:
outgassing in austral winter, and more uptake in summer. The net change amounts up to 1/3
of the seasonal variability in SO CO» flux. Our results clearly demonstrate the importance of
resolving high frequency processes such as NIWs to better estimate the carbon cycle in
numerical model simulations.
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JS-04-02

Epoch—dependent changes in the formation mechanism of the
North Pacific subtropical mode water in an eddy—permitting ocean
general circulation model simulation

Sang—Yeob Kim! , Gyundo Pak? , Ho Jin Lee! , Young—Oh Kwon®, and
Young Ho Kim?

Korea Maritime and Ocean University' , Korea Institute of Ocean Science and
Technology? , Woods Hole Oceanographic Institution®

The formation mechanism as well as its temporal change of the North Pacific subtropical
mode water (NPSTMW) is investigated using a 50-year (1960-2009) ocean general circulation
model (OGCM) hindcast. The OGCM used in this study is the Modular Ocean Model version
4.1 (MOM4.1) with 1/4° horizontal resolution and 50 vertical levels. The Smagorinsky
biharmonic scheme is used for the horizontal viscosity and no explicit lateral diffusion is
prescribed for the tracer. We use the K—-Profile scheme for vertical mixing. The OGCM is spun
up over 50 years under the surface heat, freshwater, and momentum fluxes estimated by bulk
formula with the climatology variables of the Coordinated Ocean-sea ice Referenced
Experiments phase 2 (CORE2)-Normal Year Forcing (NYF). After the spin—up, the hindcast
model is integrated for 61 years from 1949 to 2009 with the annually varying InterAnnual
Forcing (CORE2-IAF) dataset. The last 50 years (1960-2009) results are used for the analysis.

The observed decrease of NPSTMW volume in late—2000s is well reproduced by the OGCM.
There is change in the main driving mechanism for the interannual variability of the NPSTMW
formation around late—1980s. During the former epoch, the local air—sea interaction is
responsible for the most of the NPSTMW formation. On the other hand, during the later epoch,
it is mostly controlled by the ocean dynamics, such as the Rossby wave dynamics.
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JS-04-04

Zonally asymmetric response of the Southern Ocean
phytoplankton to Southern Annual mode

1 5 1 =231
SRR AFA A

- ’

Kyung Min Noh! , Hyung—Gyu Lim! , Jong—Seong Kug!

F 3ot

Pohang University of Science and Technology'

Antarctic marine biological variability helps modulate climate systems using the biological
pump. However, the biological response in the Southern Ocean to climate variability has been
unknown owing to limited data. We investigated the surface chlorophyll concentration
responses to the Southern Annular Mode (SAM) over the Southern Ocean using satellite
observation and reanalysis data focusing on the austral summer season (DJF). The positive
phase of the SAM is associated with intensified and poleward-shifted westerly winds, leading
to physical and biogeochemical responses over the Southern Ocean. Our result indicated that
chlorophyll has strong zonally asymmetric responses to the SAM owing to different limiting
factors of phytoplankton bloom per region. For the positive SAM phase, chlorophyll tends to
increase in the western Amundsen—-Ross Sea but decrease in the D’Urville Sea due to reduced
light and enhanced nutrient respectively. Moreover, the limiting factors per region were
determined by the seasonal variability of sea ice and bathymetry.
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JS-04-05

Major driver leading to winter SST variability in the Kuroshio
recirculation gyre region and its decadal changes: Refreshening
versus spring-initiated reemergence process
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JS-04-06

Climate Change and Tropical Cyclone Trend

o]=£1

i =
=TT

[1—Ju Moon!

Al el st

Jeju National University!

Understanding the response of tropical cyclones (TCs) to a changing climate has become
a topic of great interest and research. Kossin (2018) showed that TC translation speed has
decreased globally by 10 percent over the period 1949-2016 and stated that this is consistent
with the expected changes in atmospheric circulation forced by anthropogenic warming. In
terms of TC—ocean interactions, the global slowdown of TC translation speed has significant
implications since it can produce more sea surface cooling and enhance the interactions.
However, here we show that TC translation speed globally or in a particular basin are very
sensitive to the data inhomogeneity related to changes in observational capability during pre—
and post—satellite era, which produced spurious trends in TC translation speed. Therefore,
the slowdown of TC translation speed stated in Kossin (2018) may not be a real climate signal
or it may be exaggerated. This study (Moon et al., 2019) highlights that one must be careful
in using any inhomogeneous TC data in the pre—satellite era, including position information
such as translation speed and location of lifetime maximum intensity as well as intensity and
frequency, for the analysis of TC trends and climate research.

Thanks : This research was supported by Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry of Education
(2017R1A2B2005019).

The 2nd Korea Geoscience Union ¢12i|8H&LH 3|



.JS-O4_O7

woar x|
%0 S s @@
QMEEM%%%@%&
ol oaﬂhxsmﬂgoe@g_ma +
W = K5 _____ga_xx%gol . H o
= < A JID_xx_.o 1 ._.=_L.n_.o 0l =
= f%a :I__g;or@wc__awﬂm_e B
Eoldﬁﬁoagmemﬁgm_ﬁ%:m._mu am__oo@ﬂ:._
H H 30 gﬂﬁ_iépou7axouﬁmw%%d@
ol mwzﬁﬁﬁd_X+qﬂa1uj_o§D+
70 X0 o__,urxoboAO AE
« __0L|O|+|r..mo D|r3m|228mﬂuwf
mll_ ;OT_ n__n_&_l_.AloT __OH_E|W jm__oaﬂ mwmo o mﬁ“u_
Al i fﬂzi?ﬁ:ﬁnﬁfaf%fuE
S N > Bl UH::OTEaSEMPOT
H X . _ |+xo M 0 S
_ N s EwmﬂﬁﬂgeﬂjiﬁﬁgoaXTATIWSo;
b ] - N 7z ol M = i
o ol o ar mowz_g@ o oo ar = 3k 00
ny " = A5 oM o7+_g$4§m_m_%+ il
= iy T B O o_;aHfﬁjzm_x U ™oy o
= A e __H:.ﬁ ::uxunWE+EmAl__-%Mmo
<k : o,gwmkaogxmmma&@aawm
- P - %omm_.m%OT%maMEOMOTMOOMWOQOOE
ok - I B0 ur o LD &5 o= 2 B of & X0
- ol u.n_xw;owmm_@omo:;Immgmm__:
X0 B Gy ;__rp__amng ol = R ol 2g My
<V o v H__o_é EEoNHDEot%TéHo.
oF = 10@9mmmuro:HFuwm#EoﬁEgJ&oﬁ
= ﬂuew__ou — _ o 5 =83X H_A_OO_EE
= -3 = A_lTA LIH_O L - I
ol ||.||o“_o=__=_NmV i._S_JMo |Wu_xu_.go§:
= D_xwmm F__OOW_OHDAV_L_AIH_EOCDC HlML:._
ol S 0k @Hﬁo_hogﬁuouwor_w_%w_
&l %_x%a_eéw_:iﬂM mmmm__gmoH_r__o
< = :.E_.Ao - ONE._D@.HAID.ﬂom//l._O__o‘_ur
= IR w 1© Ol - N A|Eo+__o
H H&EIQH%S#,__gnu_mmtﬁ%mrﬂ}aa
ol WEHOEEKOFXEEM#mdmoomoo
0. EL.HE.IE._Pgﬂ%ﬁkﬁ&]fﬂ%ﬂ.m
10 ~ = Mo._.wMHleWEF&LH.AE.E-SL%
kawlé _Ix_.JAELlour M_.._Mc:_
__a__mIUEmEQATﬂ K:Da:amﬁzag
mroo_ﬂ_oHomgrg__;_ggxaﬂmEmux
EE._N.._OC._S,MSOJ_IMOO._O.____._OLQIEMU.._E._A_'
mmoto:c_;o_ebmeEo___%gm_oHMom
d._ILMMEOme._ﬂ__o._w:tumEoanN ummAx_D
ﬂmomA_.Mfo_&wo 5%5&____:_5 e
?ch_“f:ui_:Iag w W5
CTHT= B3 U L|E_Lum__o+
5 = o o] A_.H._ < oll
Aoﬁkwr_OM g
__o_aﬁammﬂ_ﬂ
=5

75



JS-04-08

El Nino Predicting beyond 1-year lead by Atlantic Warm Pool effect

Jae—Heung Park, Jong—Seong Kug

Egy st

Pohang University of Science and Technology (POSTECH)

Due to the profound impact of El Nino on global climate and weather, lots of investigations
have been devoted to its prediction. However, the prediction skill based on observation is still
insufficient and largely limited to less than one—year lead—time. Here, we demonstrate that
Atlantic Warm Pool (AWP, a.k.a.. Western Hemisphere warm pool), the second largest warm
pool in the world, plays a critical role in El Nino initiation so that El Nino prediction can be
extended to 17-months. Sea surface temperature (SST) anomalies in AWP in late summer
contribute significantly to the emergence of the Pacific meridional mode (PMM) via air—sea
interaction over subtropical North Pacific during subsequent winter and spring seasons. Near—
equatorial surface wind anomalies associated with the PMM can further trigger El Nino through
the dynamics of equatorial oceanic waves. Thus, this observational analysis reveals a clear
step—by-step influence of AWP on El Nino development with a 17-month lead.
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Mechanism of Double peaked El Nifio

AU, =FA4

Na—Yeon Shin, Jong—Seong Kug

A 5 5 =
R A

R4

Division of Environmental Science and Engineering, Pohang, University of Science
and Technology (POSTECH), Pohang, Korea

The El Nifio—Southern Oscillation (ENSO) has influenced the global variously with the
diversity of spatial pattern. Many studies have reported the ENSO complexity, and the two
types of El Nifio which have been represented the complexity are the Cold Tongue and the
Warm Pool El Nifio. However, in Coupled Model Intercomparison Project version 5 (CMIP5)
Coupled General Circulation Models (CGCMs) results, those have been shown the Double
peaked El Nifio events due to the climatological cold tongue bias. Double peaked El Nifio
events are defined as a positive sea surface temperature anomalies separated into two
centers (in Western and Eastern Pacific) and grown individually and simultaneously, and the
peak of SST anomalies exceeds the critical threshold.

Double peaked El Nifio events are found in not only the models, but also the observations.
But there are no dynamical analysis of observations. In this study, the mechanism giving rise
to Double peaked El Nifio in observation is examined by analyzing the mixed layer heat
budget equation and comparing with the Warm Pool El Nifio (peak of SST anomalies located
in Central Pacific) and Cold tongue El Nifio (peak of SST anomalies located in Eastern
Pacific). The warm SST anomalies of the western peak and the eastern peak are caused by
different dynamic mechanism. Interestingly, ocean dynamics of the eastern peak of Double
peaked El Nifio are similar to the Cold tongue El Nifio, and residual term-it can be obtained
in mixed layer heat budget equation—of the western peak of Double peaked El Nifio are
similar to the Warm pool El Nifio. That is, the vertical advection (thermocline feedback) gives
rise to the eastern peak of Double peaked El Nifio, and increasing of latent heat flux due to
a decrease in wind speed makes the western peak of Double peaked El Nifio.
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JS-04-10

Recent changes in the summer monsoon circulation and their
impact on dynamics and thermodynamics of the Arabian Sea

Pratik Kad"?, Kyung—Ja Ha'?, Chung—Hwan Kim'

"Pusan National University
’Center for Climate Physics, Institute for Basic Sciences

Present study found the low level monsoonal circulation is increasing with migration towards
the north in last thirty seven years. The Arabian Sea experiences stronger anticyclonic wind
which enhances downwelling of thermocline supporting the Upper Ocean warming.
Furthermore, the proposed hypothesis is supported through carrying out several sensitivity
experiments using GFDL Modular Ocean model (MOM5) ocean general circulation model to
analyzing role of the momentum flux over the ocean, which confirms that change in
momentum flux associated with the changing monsoon circulation contributes to increased
upper ocean heat content through retaining more heat by vertical process and meridional
transport of heat, even though the net surface heat flux over the Arabian Sea shows a
decreasing trend. Study concludes that change in summer monsoon low—level circulation can
lead to a positive trend of the upper ocean heat content in the Arabian Sea.

78 The 2nd Korea Geoscience Union ¢1&{|sh&CH3]



THE 2™
KOREA GEOSCIENCE UNION

Qig et =2

JS-05

X|~t2tete] 241t
K| ~tafel W,






JS-05-01

B3t

A
Al

I

(0]
Change of Conception on Nature of Earth Science Inquiry

9l

Ol B 1 A}

=d0l et

&30

!

=
=

N,

ekl

o
=
=

=

=
=
©

c

@)

Ewha Womans University Natural History Museum'

L

N}

wWALS

L

ol
_lh’

t

0l
Rr
o

ol
)

0l

&0

O
ar
80

0
lor

lor
=]
0l
00
i[3

0K
o]

-
10

KD
<+

i
n

0K
o]

0

<

S
it

—

=
R

A0

<+

pill

%0
K

1]
I

KU

.

&
RO

2]

wa

il

bo
K

o)

1

A5

0l CHoll Hatel= &0 100HE

oF &
—/ [w=)

KF
Rr
ol
=)

’

16731 =20t

=S
-

At

OlE ArM 128501,

ol

-

20
3

il

-

wo

-

Al

Jtot= A O0IRUALCH

83 HE2 H

it

g0l A

2+
=

40|

ol

ol
al

H

OF
E

E

0l

-

wo

un

ot A L.

AMEES HIAl

gl

ot 2

)

il

T

GBI WAl X221t

e

i0J

10

81



JS-05-02

Xt
o

[

A% 3
Donghee Shin

=]

o] ghoj 2] g
Ewha Womans University

0

J

ol
X0
r
&r
ol
™
Rl
T
&r
ol
E)

ar
0l

ol

Rr

Kl

ol

ol

AL 1

MOIE D AL

SAHE XFtst, N WSO Z A HALSt

At 9

5
I
Kt

A(remnants)S 2H=2

N|
—

S0lA H2IEl= AO0ICH

=3
=

o
Jo

ol

_I_%:‘

21 0fl A

=
[

Htwo cultures)"

ol

OlA 201 2t Ch

~
=

AtDS] Bt

0D

10

oJ

oI
R0

Ju

9]

= Atdl

E
ujo

i

ol

o
o
00
T

1o

Ho
i

o

|
110

<+

-

fall

oI
o

o)

2 0l
AP A(NRF-2017S1A5B6066963).

‘ The 2nd Korea Geoscience Union ¢12i|8H&LH 3|

82



JS-05-03

etA T1A Sg |8 S58tl F2ATE Het 22 99 =5 41
Recent 9-year Endeavors and Achievements for Secondary-
School Schematic Ocean Current Maps Based on Integration of
Scientific Knowledge

uE o,

Ao, whAR!, ARl oldEd WME

=

o R o
o] A" %‘%—’94, AEYP, o]0, o] AT

Kyung—Ae Park', Ji-Eun Park’, Jae-Jin Park’, Byung—J_u Choi’, Sang—-Ho Lee’, Do-Seung Byun4, Eun-1I
Lee' Boon-Soon Kang', Hong—Ryeol Shin®, Sang-Ryong Lee’, Jae—Yeon Lee’

Agdstal, Aduse?, Fase’, FYaget’
Brosha, SRS, JUE
Seoul National University', Chonnam National University?, Kunsan National University’, Korea Hydrographic and
Oceanographic Agency*, Kongju National University®, Pusan National University’, Cheongdam Middle School”

The oceans are the largest reservoir of heat on the Earth as well as the most important
regulator of climate change in a rapidly changing warming world. Ocean currents have long
played a very important role in the distribution of uneven global energy distribution. Science
textbooks are the most effective and efficient means of conveying accurate and up—to—date
information about change in the ocean currents to students. Since the oceanic current map
represents an extensive summary of a variety of complicated ocean currents, it should
contain scientific knowledge on the representative ocean currents in the textbooks. This
study presents the efforts of how Korean oceanographic community have tried to correct the
erratic schematic maps on the ocean currents around the Korean peninsula in recent years.
To compare objectively the ocean currents presented in scientific papers and earth science
textbooks, all ocean current maps were numerically transformed with the same geographical
mapping. A unified schematic map of the currents was produced by integrating all
knowledge and insights of oceanographers and experts through various ways such as in-
depth discussions, oceanographic conferences, intensive workshops, questionnaires, and
so on. The process of this type is strongly related to science, technology, mathematics,
engineering, and even artistic concepts. These maps are expected to be very useful for
secondary school education, marine experts, the general public, etc. In addition, the
methods and strategies proposed herein are expected to contribute to revise the ocean
current maps not only for local seas but also the global ocean.
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Development of an Instruction Module for Plate Tectonics Using

Geocognition: Alternative Approach to the Nature of Geoscience

Seungho Maeng
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JS-06-01

Two pathways of decadal ENSO variability in changing long—-term
global carbon cycle

So—Won Park!, Jin—Soo Kim?, Jong—Seong Kug!, Malte F. Stuecker?,
Mathew Williams?

Divison of Environmental Science and Engineering, POSTECH!
School of GeoSciences, University of Edinburgh?
Center for Climate Physics, Institute for Basic Science (IBS)?

The El Nito—Southern Oscillation (ENSO) is a primary cause of the interannual variability in
the global carbon cycle. The ENSO-related response of terrestrial biosphere plays a dominant
role in contributing to the interannual variability of global carbon flux. During El Nifio events,
the warmer and drier conditions over the tropical land affect to terrestrial ecosystem, thereby
leading to the changes in land—atmosphere carbon exchange, carbon loss from the land. Our
understanding about the impacts of the ENSO on the carbon cycle in the interannual time
scale has been improved, but the influence of the ENSO on the decadal variability of global
carbon cycle has not yet been fully examined.

In this study, we have investigated the decadal variations in Net Biome Production (NBP)
associated with decadal ENSO variability on the basis of the Community Earth System Model
1.1 (CESM1.1) large ensemble pre—industrial fully-coupled experiment. Here we find that
decadal NBP variations is negatively correlated with the decadal pacific sea surface
temperature (SST) variability but also ENSO variance, suggesting that decadal ENSO variability
affects the decadal variations in the terrestrial carbon cycle. By considering both of Pacific
decadal SST mean changes and ENSO variance, it can be explained about 36% of the decadal
variations in the global carbon cycle.

In addition, we found that the ENSO asymmetry induces the asymmetric response of
terrestrial carbon cycle. Because anomalous carbon loss during El Nifio is larger than
anomalous carbon uptake during La Nifia, the asymmetry between the El Nifio and La Nifia
effects on the global carbon budget (residual NBP, defined by sum of El Nino and La Nina
effects on anomalous NBP) exists. Furthermore, as ENSO variance increases, the magnitude
of residual NBP increases due to increasing effect of ENSO asymmetry. This residual effect
in NBP anomaly can be projected to the decadal variability of the global terrestrial carbon
cycle. Our findings suggest that decadal ENSO variability have an influence on the variations
of long—term global carbon cycle in two pathways.
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JS-06-02

High-resolution CO, and N»O records over the last 2000 years

Jinho Ahn!, Yeongjun Ryu"? and Ed Brook®

'Seoul National University, Korea
Princeton University, USA
30regon State University, USA

Recent ice core records show natural and anthropogenic sources played important roles in
controlling atmospheric greenhouse gas concentrations over the last 1000 years. Here we
present several new ice core records with 10-20 year sampling resolution that cover the last
2000 years. The CO: records clearly show coincident variations on centennial to multi—
centennial timescales, but the magnitudes and speeds of concentration changes do not agree
well. The new N2O data from Greenlandic and Antarctic cores for the first time show centennial
variations with an unprecedented precision. Combined with other paleoproxy records, we may
better constrain the greenhouse gas control mechanisms. In this talk, we will discuss how
human activity and climate—greenhouse gas feedbacks caused the greenhouse gas
concentration changes.
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Firn ice density layers and inhomogeneity of atmospheric
studies with Styx glacier, East Antarctica
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greenhouse gas concentrations in ice cores records: Case
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Development of NEMO-TOPAZ and
sensitivity test of the iron parameters

Hyomee Lee' |, Byung—Kwon Moon'! , Hyun—Chae Jung' , Jong—Yeon Park! ,
Young—Hwa Byun? , Yoon—Jin Lim? , Johan Lee?

Chonbuk National University! , National Institute of Meteorological Sciences?

Z 2 HY-MASStUED JFAIAE AOIS] ASEZN s 2401 =0tK12 A2H, X
TAAE DEHUHA HS-MX3E HES BtHolD UCH 0l S FMU XF 2el= oY 2
& Nucleus for European Modelling of the Ocean (NEMO) 2 2 X|st& 2= Tracers of Ocean
Phytoplankton with Allometric Zooplankton (TOPAZ)S Z&st MZ2 ©

NEMO-TOPAZE JHLGIALH. Ol 2H0A= NEMO-TOPAZ 22| off 2F—4

Cl M X

£ "olot, & & 2AE parameterOl CHoll 212= A8 S =85t DA St

2= (YIIZ2HMES H2st NEMO-TOPAZ HIIEE 21, 420U 2 S B g
o HE FLII 2= RASHH LEIGUL, 2222 =& Y HEHO 2 2l SHE
20 XY SHM IAH LeAse= ZE0l UR/ULCEH 0248 22 2L X2 A2 TOPAZM
N HM3cte & X0l UTol)| MR2ez A A=, TOPAZEL ¥ g2 UEUEs
NEMO-PISCES?2| & EX AZE MUoIUS M 2222 HOU22 ZE0| 240t= A
2 EOoIgtALt. &£t TOPAZ # =JI&EE 01828 H=ZUHAM & BIHQ scavenging
parameterg SIAIZZ I ESEHBE 2 S22 E Xt ZA0HAUCH

A7z JIAE < TIIAXIESee-AtIISMHLEHTALY | > (KMI2018-03513)2 XI&2
A ASLICEH 0] A7 = Aa2 I (BIDMAHBFHUE)0 M38 F#HA
B &S 0186t =T ASLICH
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Critical Role of Extreme Midlatitude—storms
in Arctic Amplification

Ja—Young Hong' , Baek—Min Kim? , Eun—Hyuk Baek®, Joo—Hong Kim' ,
Xiangdong Zhang*, Seong—Joong Kim'!

Korea Polar Research Institute! , Pukyong Nat’ 1 University? , Chonnam Nat’ |
University®, University of Alaska, USA*

We provide series of evidences that Atlantic windstorms of extreme category in northern
winter tend to follow a well-defined route toward the Atlantic sector of Arctic, and that heat
and moisture transported by these extreme storms significantly warm the Arctic. A positive
North Atlantic Oscillation (NAO) condition and the associated intensified upper—level Atlantic
jet provide favorable conditions for those extreme storm developments through enhanced
vertical wind shear. These extreme windstorms lead to two discernible impacts on the Arctic:
1) enhanced poleward energy transport by moisture intrusion to the Arctic, which
accompanies increased longwave downward radiation and 2) the occurrence of Euro—Atlantic
blocking after the storm break—-up. During these periods, significant Arctic warming was
observed of a 10-fold increase versus normal and weak storms. The poleward deflections of
extreme storms, and the Arctic warming driven by such storms, are well simulated in numerical
experiments with coupled models.

Thanks : This study was supported by ‘Development and Application of the Korea Polar

Prediction System (KPOPS) for Climate Change and Weather Disaster (PE18130)" project of
the Korea Polar Research.
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S3VSH OE T4 2 2EY /AT Sl L4 Heo o
2y o7

Az, s, Hed’

zZ2 3 NE9 26 Blots ASE ST N9 &t 24 ez =& UL
= stutel J1&2 HASE S HIIHsE Hols 840 E38301 2= 243t &
SO A SO HEHI H0H ST NG0A 28 &fot 20l YMot= A0ILH E=38=
b da2E =2 s Ng A& 25 2o SHE E4= 30, Sol Ay =25
2XE FASEZ JIHOIH A0 2A0MHU, EEHIN(2E BsS4)IF SIlotHU, HEIt
ZAas Il ST stubot &0l LML StAIg SSASH OHE A& 2k H7, H=d¢
X, A&l Hots BE ST NGUHA L2&H LEILR 220 K& 2& ZE et st
S Htol 2t LE HA2EE JHERE M U = AL Y 25 229 SAHE
SE4 HaE JIEL=2 9k NAUAY =S38432 S M A2I0l LiohE OIXl= 8t
Mol 2HHE MYct) =S=3-3AT H240 st OloHE S&lol= et H=tst Ofch
SHIF (IS <ol 2LE0| SE28sH S/AL &t 2t9 d248E & Root=A &g ER
Jb AL 2 HFUAM=E U S=3832 G2 EF7, EEEX, HEI SAE NEuA
HY 2oz HoteXl Hlwetyd, X& 259 B4, HEHXE, Ao Hatet AN et &
M Hot 2to] HadE ERGIRULH A2 2=2 CMIPS0 #0e L= AMEd S=&S0
e 2= 22, &t ZMY Hopdt & 29 T=Al &QI6RULH S3830l1 52 & W
SOtAIOH, RE, =01 482 NG0M=E S201 NIt I 0IFAH B7 250t 2406t
[ HUEZ o5 BHIMel 2Ol SO B2 250 248 29 & XYl €5
=2EdE0 Zold 259 HEEEXIF SItotfd 0le AEe=z He st 2o St
Ol BLE 0128 &2 S S22 SOtAIOH =01 YS20lM S0 LIEHSCH BHH,
2o S38=z A M HE=IF st NSFU S st L0l SIHGHA 21 20l 240t
o 2330 OE XNa 25 2o st 2ol Het 242 SO0HAIOH |8, =01 ¢
SEOUAM SAGHI LIEHSEXIRH XIEA, AMslE XH0I2 ol oiE XK=l AtalZ Mol 01Xl=
Fe2 OE A2z Z20ICh. CMIPS0 & ek 22JHe] RfE=2 2F 53852 ASE S8
o= =2 2EZ 2ooifl =382 =at&% & Zoottt. B 2das A0
d 23S0 OE XNy =252 SHE E4 Bl 2= FARUCH otXIeH 22 2E9
SE=3Ms0 [HE =2 22X HetE Eoloids W 22 R20/ict: s0tAIOHL =8, 201 ¢

o 2+9|

S2 NS0 et 2A48s0 &Hs 010 A/[LD 2 XHOIE A LIEFSHCE.
Thanks : This study was funded by the Korea Ministry of Environment (MOE) as part of the
Climate Change Correspondence Program,
Tae—-Won Park was supported by the National Research Foundation of the Korean
government (Grant NRF-2018R1D1A1B07041597).
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Phytoplankton, Dimethylsulfide and Aerorols in the Arctic
Atmosphere

Ki—Tae Park! , Eunho Jang! , Young Jun Yoon'!

Korea Polar Research Institute!

Ocean biology may influence the Earth’s climate through its effects on atmospheric
composition due to the release of various organic compounds into the atmosphere. In
particular, sulfur—containing aerosols provide an important source of cloud condensation
nuclei in marine atmosphere in the polar region. The production of sulfate from the oxidation
of dimethyl sulfide (DMS) was proposed as a negative feedback mechanism by which
phytoplankton can modulate the properties of marine clouds. DMS is mostly produced by
marine phytoplankton and is the most abundant form of biogenic sulfur released from the
ocean. As Arctic warming occurs in the future, the decrease in sea ice may alter the
abundance and species composition of phytoplankton. These changes may cumulatively have
cascading effects on oceanic DMS emissions and sulfur aerosol formation. We recorded and
analyzed the atmospheric dimethylsulfide (DMS) mixing ratios at a remote Arctic location
(Svalbard; 78.5°N,11.8°E) during phytoplankton bloom periods since 2010, 2014, and 2015
and found varying regional relationships between the atmospheric DMS and the extent of
exposure of the air mass to the phytoplankton biomass in the ocean surrounding the
observation site. Furthermore, the connection between DMS and the formation of aerosol
particles in the Arctic atmosphere was evaluated by analyzing atmospheric DMS mixing ratio,
aerosol particle size distribution and aerosol chemical composition data. The results showed
that the formation of submicron SO4* aerosols was significantly associated with an increase
in the atmospheric DMS mixing ratio. It also confirmed that the increase in DMS—derived SO4>
occurred concurrently with the formation and growth of aerosol particles.
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JS-07-05

Ols?d 502 A HU Ys A-6829 x)| &g
Initial Evolution of Giant Iceberg A—68 Analyzed by Satellite
Observations

S, ol 4Al, RAQ), A58, AR

Hyangsun Han, Sungjae Lee, Jae—In Kim, Seung Hee Kim, Hyun—cheol Kim

AT 2

Korea Polar Research Institute

BlA A-682 &= B0l 2t C YS(Larsen C Ice Shelf)0llM 20174 78 22l SHEA
5800 km?2| Z=HOH ZIAOICH A-682 ZADt X5 DES 2 BT =H GHAEAN R
2 eSS 012 £ AJ| W20 NSHOZ BLIHEY 2 ZRIF AL 0] AR0AME =29
o H&0IH (Synthetic Aperture Radar, SAR)2H dI0IH L&H XNH=E 0100 A-682 &
M RASEH {5E2 HAE 0|S L 3BT, T2|2E(freeboard)2l BigE A= O2M &l
Aol I FSE 2A4GIALCE Sentinel-1 SAR ZA&CE 2A=EE A-682 A2 UM 0|F 1
EH2b A JtERee SUZ 2o A0SR D, L2 HMHY D529 F=H W22 eIl
OlS SI™ES0| O ZQUCH D2ilt 2018E 8 OIFREHe= Yite A LYW HA
o ZIF AFEIRUCH Y2 01S5E L NSO Bl F=H HYUsTo 242 SA
st ELE0 SOOI GIMHO| 22 R2OZFH Y0l ©EoI™UI| MS0ICH Yo F=HO
ROl ZAct] OlS£SIF Ji5stE ™ 2lAk a4 ALOISl OFE 0l &Jtot=dl, 0l gatel
ole E&(basal melting)2 S0l SHE 2ZAAI=s 22 HEZEHCH YASl &) &
2= Y82 longitudinal stretchingE2 #=8totHl &M, 0l S0t 20 o1S9I4E SAR AU M
A-682 A ZIPI =S Aoz 2ALRUCE CryoSat-2 Hl0IH DEH 2=0 2lotH A-
682 Z2|B=s= 2AHE =018 KRAGICHIE 2018E 2 2H -0.80£0.29 m/all £52 24
otJl AIEGIQCH BRECZ AFE A-682 HAED DB BHGIZRH it &4 0f
S 1542 2 1.1x10° E9 YUH =40 LMIASS SIS 2= JAJACH.

02
0

ZHAESl 2 1 0] HRE SXARL JI2HFAI(PET18250, PE19120)2 X3S Ot ==
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ol

S=2ASUsI|X J|l=
Climatology Observed at King Sejong Station, Antarctica

S, HER, ot g, AT

Sang—Jong Park, Tae—Jin Choi, Bang—Yong Lee, and Seong—Joong Kim

FAQTE FANFHGATY

Division of Polar Climate Sciences, Korea Polar Research Institute

King Sejong Station (KSJ) is located on the King George Island, north of the Antarctic
Peninsula at about 62.23°S, 58.79°W. Because KSJ is located at polar front zone, the station
experiences frequent passage of cyclonic systems with very strong wind and overcast sky.
Variation of surrounding large—scale circulations affects polar front then weather conditions
observed at KSJ.

Regular meteorological observation has been made at KSJ (WMO Index No. 89251) since
February 1988 to provide weather information for field activities as well as to study Antarctic
climate. Because raw data of AWS (Automatic Weather Station) usually contains portion of
errorneous values due to sensor or system failure, we have carried out several steps of quality
control on the raw data prior to estimation of climatology. Also, we have checked manual
observation data such as cloud amount, snow depth.

Using the quality—controlled meteorological data, we have studied various climatology of
variables such as air temperature, wind, atmospheric pressure, precipitation, snow, solar
radiation, cloud amount at the King Sejong Station. From 30-year data, mean annual
temperature is —=1.7 C, wind speed is 8.0 m/s, sea level pressure is 990.5 hPa. Interestingly,
it was found that annual temperature recovered warming trend since 2010 contrary to cooling
trend between 1999 and 2010. It was also noted that mean wind speed showed weakening
trend since 2010 and cloud amount showed increasing trend.

In the presentation, mean and extreme values will be given for other variables. In addition,
seasonal and monthly statistics will be presented.

Acknowledgement
This study was supported by PE19010 of Korea Polar Research Institute)
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Glacial-interglacial carbonate dissolution of the Late
Quaternary sediments from the southern Drake passage
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Science in the Antarctic
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Korea Astronomy & Space Science Institute

A Study on the Infrastructure for Astronomy & Space
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Meteor radar observations of vertically propagating low—-frequency
inertia—gravity waves near the southern polar mesopause region

o

AL, olFAL A, A, Ay’ HEa

i, “

I.—S. Song!, C. Lee!, J.—H. Kim', G. Jee!, H.—Y. Chun?, and Y. H. Kim?®

—

IAAFA | AAgEw?, Fddeta’
Korea Polar Research Institute! , Yonsei University?, Chungnam National
University®

Vertically propagating low-frequency inertia—gravity waves (IGWs) are retrieved from meteor
radar winds observed at King Sejong Station (KSS: 62.22°S, 58.78°W), Antarctica. IGW
horizontal winds extracted from temporal band—pass filtering in regular time—height bins show
the frequent occurrence of IGWs with the downward phase progression and the
counterclockwise rotation of their horizontal wind vectors with time (i.e., upward energy
propagation) near the mesopause region throughout the whole year of 2014. The vertical
wavelengths of the observed IGWs roughly range from 14 km to more than 20 km, which is
consistent with previous observational studies on the mesospheric IGWs over Antarctica.
Stokes parameters and rotary spectra computed from the hodographs of the IGW horizontal
wind components reveal that the intrinsic frequencies of the upward propagating IGWs are
|f]1-3|f| with seasonal variations of the relative predominance between |f|-2|f| and 2|f|-
3|fl, where f is the Coriolis parameter at KSS. The hodograph analysis also indicates that the
N-S propagation is dominant in austral summer, while the NE-SW propagation is pronounced
in austral winter. The propagation direction is discussed in relation to the generation of IGWs
due to dynamical imbalances occurring in the tropospheric and stratospheric jet flow systems.
Ray tracing results indicate that the N—-S propagation in summer may be due to the jet flow
systems roughly north of KSS and the NE-SW propagation in winter may be either the SW
propagation from the jet flow systems northeast of KSS or the NE propagation (around the
South Pole) from the south of Australia and Southern Indian and Pacific Oceans.

Thanks : This work was supported by research fund PE17020 from Korea Polar Research
Institute.

st X[, =Xsh= X|Fatet 107

40
oo



JS-07-10

108

Two leading modes of Antarctic surface temperature and their
contributions to Antarctic surface climate change

Sang—Yoon Jun', Joo—Hong Kim!, Jung Choi®, Seong—Joong Kim!, Baek—
Min Kim?®, and Soon—Il An*

Korea Polar Research Institute', Seoul National University?, Pukyong National
University®, Yonsei University*,

Recent multi—-decadal Antarctic surface climate change is clearly manifested by greater
warming trends in the Antarctic Peninsula and West Antarctica, compared with East Antarctica.
By using multiple observations and climate model simulations, we propose two leading modes
of Antarctic surface temperature mainly contribute to the east—-west asymmetric surface
climate change. The first mode shows the surface temperature increase of the whole Antarctic
continent, while the second mode displays the opposite temperatures between west and east
Antarctica divided by the Transantarctic Mountains. The corresponding principle components
from recent Antarctic surface temperature reconstruction dataset indicate that both modes
become stronger during recent multi—-decades, resulting in substantial warming over Antarctic
Peninsular and West Antarctica and weak surface temperature change over east Antarctica.
Additionally, long—term datasets show that global scale forcing factors have solid contribution
to the first mode but little contribution to the second mode, suggesting that the current east-
west asymmetry of Antarctic climate change can be natural origin.
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M2 A2 DIMS0 28t AMEIOIE-LE0IE B30 st AE AP
Experimental evidence of microbially induced Smectite—to-lllite
reaction at low temperature

TERE!, ARG A ]
Tae—hee Koo', Jee—young Kim"?, Jin—wook Kim!

AMcigty A FA| A S SRR QA 2
Department of Earth System Sciecnes, Yonsei!
Wonju regional office, Ministry of Environment?

The microbe—mineral interaction, particularly the smectite—to-illite (S-I) reaction induced
by Fe-reducer, has been actively studied over the past decade. Recently, the microbially
induced S-I reaction in natural environment (Nanki Trough) has been reported based on the
results of laboratory—scale experiments. However, there is limited research on the specific
mechanisms of microbe—mineral interaction, therefore, experiments under extreme conditions
should continue to carried out in order to understand and elucidate the microbially induced
S-| reaction in various natural environments. In the present study, the research on the
structural and chemical modification of nontronite was conducted using “psychrophile” that
were growing active at low temperature (4C).

Two psychrophile strains, Shewanella vesiculosa and Shewanella frigidimarina were
inoculated in to the oxygen—free M1 medium with 5 g/L of nontronite (NAu—1) as sole electron
acceptor, and then incubated for 1 week to 1 year. Afterwards, the reaction was stopped by
freezing the samples in deep—freezer (-80C) and multi-line of analysis were follwed using
aliguot sample. The X-ray diffraction profiles showed a modification in abo1 peak of nontronite
upon ethylen—glycolation followed Li—saturation in long—term incubation sample (10A-
shoulder) that indicating the initial illitization has been progressed by microbial respiration
even in a low—temperature condition. The increases in Fe, Al, and Si concentration in the
supernatant was observed, and moreover, the formation of vivianite (Fes(PQ4)2-8H20) which
is obvious evidence for the reductive dissolution of nontronite. Although the discrete illite
packet has not been identified, partial modified mixed layer of 2.1-2.2 nm lattice and
increased in Al/Si upto 0.3 were identified that suggesting the S—I reaction could be triggered
by microbes even at the low temperature. These results collectively suggests that the microbial
respiration of psychrolhies at low temperature could play an important role in the mineral
diagenesis and elemental cycle, particularly the supply of the bioavailalbe Fe. In this
presentation, the results of psychrophile—nontronite reaction in low temperature condition and
the implications of the accompanying biogeochemical cycle effect to the natural environment,
particularly, the extreme environment such as sub—iceshelf condition.
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Long—term Trends of Atmospheric CO, at King Sejong Station
and Jang Bogo Station
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Millennial-scale variation of fossil planktonic foraminifera in the
coastal areas along the southeast Korea during the Holocene

Hiroyuki Takata !, Boo—Keun Khim !, Jong—Hwa Chun ?, Jin—Cheul Kim 2,
Seungwon Shin !, Kota Katsuki ®, Daekyo Cheong *

LPusan National Univ., *KIGAM, *Shimane Univ., *Kangwon National Univ.

We investigated fossil planktonic foraminifera from a drilled long core ND-02 (Nakdong
River Delta) and a short piston core PC-11 (off the southeast Korea; 39.6 m water depth), in
order to study the millennial—scale variation in the surface ocean and its impact to the coastal
areas of the southeast Korea. Planktonic foraminifera occurred continuously during ~8-4 ka
in core ND—-02 and from ~4 ka to the present in core PC-11. Neogloboquadrina pachyderma
(dex.) (equivalent to N. incompta) shows that millennial-scale fluctuation occurs five times
(~1, ~3, ~5, ~7 and ~8 ka) in the two cores. In contrast, N. pachyderma (sin.) generally
shows the opposite stratigraphic pattern in core ND-02.

Such kind of a pattern may be strongly different from that of hemi—pelagic sediments off
the western margin of Japan showing that dominant species usually shifted from M.
pachyderma (sin.) to N. pachyderma (dex.) across ~7 ka through the intensification of the
Tsushima Warm Current (Domitsu and Oda, 2008). In contrast, the stratigraphic variation of
N. pachyderma (dex.) (regarded as a temperate species) in our cores is similar to that of
Fragilariopsis doliolus, a warm-water diatom, in Oki Ridge (Koizumi, 2008). It has been noted
that ~1.6 kyrs cyclicity is present in the fluctuation of warm-water diatom during the
Holocene which may follow the Bond Event (Koizumi and Sakamoto, 2010). Our preliminary
results from the shallow marine sediments (cores ND-02 and PC-11) might record the
possible teleconnection on the Bond Event in the East Asian margin.

The 2nd Korea Geoscience Union ¢12i|8H&LH 3|
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What do stable isotopes of benthic foraminifera in the Nakdong
River Delta (southeast Korea) tell us?

B.K. Khim', H. Takata!, S. Shin!, J.C. Kim?, D. Cheong®

Pusan National University! , KIGAM? , Kangwon National University®

Based on geomorphology and hydrodynamics, the Nakdong River Delta (southeast Korea)
was divided geographically into the upper delta plain, the lower delta plain, the marginal basin
(i.e., floodplain), and the prodelta. Two cores (ND-01, ND-02) were drilled in the lower delta
plain of the Nakdong River delta: one is located in the upstream toward the upper delta plain
and another is located in the downstream at the rim of river mouth. Both cores preserved the
same and consistent four main lithologic successions (upper sand unit, middle mud unit,
lower sand unit, lower mud unit) characterized by the excellent correlation based on multi—
proxy sediment properties. Stable oxygen (8'®0) and carbon (8'°C) values of benthic
foraminifera were measured using Pseudorotalia gaimardii (d'Orbigny) (>63 um) for the
middle mud unit of core ND-01 and Ephidium advenum (>125 um) for the middle mud unit
and lower sand unit of ND-02, based on the occurrence and abundance of benthic
foraminifera. The variation pattern of 80 and 8'C values between two cores is remarkably
similar within the middle mud unit. Based on the assumption that 8'°0 values of benthic
foraminifera reflect primarily the seawater isotope change decided by the balance between
incoming marine seawater and the outflowing freshwater discharge in addition to the
temperature effect, and that 8'°C values of benthic foraminifera mainly represent the extent
of '®C of dissolve inorganic carbon (DIC) which is also controlled by the freshwater and
seawater DIC as well as by the degree of primary production, the deposition of lower delta
plain will be discussed in the context of hydrodynamic condition change inferred from the
variation of these 8'®0 and 8'°C values.
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Depositional ages in the Nakdong deltaic sediments
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EZ Kl 6,000~3,0008 AlJ| Aol EIXMSO 25 N&tFHSF9
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Missing marine sediments in the western coast of Korea from the Holocene
6,000 to 3,000 years and sedimentological evidence for paleoenvironmental changes

Jeie AR, EFE Aes

Tae Soo CHANG, Jin Cheul KIM, Chang Soo SON, Seung Soo CHUN

gl s’ | aRAAAAATL Ao’
Korea Maritime and Ocean University! , Korea Institute of Geoscience and Mineral
Resources? , Chonnam National University®
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The significance of textural analysis for decision of growth hiatus

in stalagmite
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Variation of clay mineral compositions and detrital Nd—Sr isotopes
by the Indian monsoon in the western Andaman Sea
(IODP Site U1447) since the late Miocene

Jongmin Lee!, Sunghan Kim?, Jae Il Lee?, Hyen Goo Cho?,
Stephen C. Phillips*, Boo—Keun Khim'*

Pusan National University, Korea!, Korea Polar Research Institute, Korea?,
Gyeongsang National University, Korea®, University of Texas, USA*

We measured Nd-Sr isotopes of detrital particles, clay mineral compositions of fine—grained
sediments, and 8'°C of sediment organic matter (SOM) at the International Ocean Discovery
Program (IODP) Expedition 353 Site U1447 in the western Andaman Sea to reveal the sediment
provenance changes and weathering intensity variations influenced by the Indian monsoon
evolution. The age model based on biostratigraphic and paleomagentic data shows that IODP
Site U1447 preserves late Miocene sediments. 8'°Csom values were relatively consistent over
the last 9 Ma and represent a predominance of marine organic matters. Nd/Sr isotope
systematics show that the sediments mainly derived from the Myanmar region, including the
Irrawaddy River, Salween River, and Indo—Burman—Arakan Ranges, and confirm that sediment
provenance has been relatively consistent since the late Miocene. However, temporal
variations of clay mineral compositions, as smectite/(illite+chlorite) [S/I+C], indicate that
these long—term variations result from weathering intensity attributable to Indian monsoon
evolution and the global climate changes. S/(1+C) ratios were almost constant and relatively
high between ~9.5 and 6 Ma, indicating enhanced chemical weathering under warm and
humid conditions, except for a short duration (~9.2 to 8.2 Ma) of drastic increasing physical
weathering. From ~6to ~5 Ma, S/(I+C) decreased gradually followed by a drastic reduction
after ~3.6 Ma, reflecting dramatic increase in physical weathering intensity. These variations
then decreased from ~3.6 Ma to the Holocene, with significant fluctuations and intermittent
increasing events at ~2.4 Ma and ~1.2 Ma. As a results, the long—term variation of clay
mineral compositions at IODP Site U1447 in the Andaman Sea represents the degree of
weathering intensity rather than sediment provenance and is influenced by Indian monsoon
evolution along with global long—term climate change in the Myanmar region.
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Pleistocene paleoenvironmental changes recorded in the middle
Bengal Fan

Jang—Jun Bahk', In—Kwon Um?, Kyung—Hoon Shin®

Fastn, @ 4424792 ao sy’
Chungnam National University', Korea Institute of Geoscience and Mineral
Resources?, Hanyang University®

Expedition 354 of International Ocean Discovery Program (IODP) drilled seven sites along
an EW transect at 8°N in the eastern part of the middle Bengal Fan. It discovered two
prominent Pleistocene calcareous clay units which are present across almost the entire
transect which is otherwise generally dominated by sand and mud turbidites. The upper
surficial unit dates back to ~0.3—0.2 Ma and the lower unit is constrained from ~1.2 to ~0.8
Ma covering most of the mid—Pleistocene Transition. The sedimentary characteristics reveal
that the calcareous clay units consist of calcareous hemipelagic muds and terrigenous
hemiturbidite muds which represent intervening periods of hemipelagic sedimentation sensu
stricto and a slow sedimentation from suspension clouds of low—concentration turbidity
currents on the fan surface, otherwise dominated by sand and mud turbidites. Variations in
compositions, such as organic and inorganic carbon contents and 8'°C of bulk organic
matters of the calcareous hemipelagic muds, indicate the glacial-interglacial climate forcing
of carbonate dissolution, surface marine productivity, and sources of particulate organic
matters in the middle Bengal Fan during the Middle to Late Pleistocene. The glacial-
interglacial climate forcing on hemipelagic sedimentation seems to be much obscure during
the Early Pleistocene because of dilution by terrigenous clay inputs. Grain—size distribution of
bulk sediments suggest the presence of coarse foraminifer and finer nannofossil modes in
the calcareous clay units and the size of dominant foraminifer species could have been finer
in the Early Pleistocene.
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Variability of Indian Monsoon in the Andaman Sea
during the Late Quaternary

Boo—Keun Khim!, Neeraj Awasthi?, Jongmin Lee!, Hyen Goo Cho®

Pusan National University, Korea!, Physical Research Laboratory, India?,
Gyeongsang National University, Korea®

A 4-m long core (SK234-60) collected at a water depth of 2000 m in the Andaman Sea
preserved seven discrete tephra layers originated from the nearby active Barren Island
volcano. The chronology of core was established by AMS '*C dates using mixed planktonic
foraminifera at 10 horizons and by the correlations of 8'®0 values of G. ruber with the well-
dated 8'®0 curves of GISP2 and core 126KL (Bay of Bengal). As a result, the studied core
preserved sedimentation record of ~70 ka. Sr—Nd isotope data show three major
provenances to the sediments (1) the Irrawaddy catchment, (2) the western slopes of the
Indo-Burman—Arakan (IBA) mountain ranges and the Andaman Islands, and (3) the
catchments of Salween and Sittang and the Bengal shelf. Multi-proxy (TOC, TN, CaCQOs, &
®Corg, grain size, clay mineral) data from this work reveal several temporal variations that
appear in tune with the monsoon variability during the Late Quaternary. The mean grain size
fluctuates between 4.5 and 116.2 um where the tephra layers are mostly characterized by the
coarse—grained particles. Smectite/[illite+chlorite] ratios are low during the last glacial period
whereas it increased during MIS 1, indicating that IBA ranges have been major source of
smectite (weathering of mafic and ultramafic rocks) and, consequently, their contribution
increased during weak monsoons and post-LGM sea level rise. Biogenic opal content was
high during MIS 3 and 1, whereas CaCQOg content was relatively high during MIS 4 and 2. C/N
ratios suggest that organic matter is dominantly of marine origin with more input from
terrestrial sources during MIS 1 and 2, which was confirmed by 8'3Co values. However, high
8"3Corg values during MIS 2 was attributed to more input of C4 land plant under the cold and
dry conditions, because of low TOC content indicative of reduced productivity. 8'*Corg values
prior to the LGM are in range of marine algae and terrestrial C3 type of land plant, and high
TOC content during MIS 3 probably resulted from a combination of increased productivity,
more contribution of terrestrial carbon, and better preservation during the low sea level
condition. Thus, core SK234-60 recorded the paleoceanographic response to the variability
of the Indian Monsoon during the Late Quaternary.
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S=4S, Altielor LI, SO0tAIOF A2 2=
Y| Hs S3
Characteristics of long—term change between Arctic Oscillation,
Siberian High and East Asian winter monsoon

HRAS! Al 754 o ael

Jin—Ho Choi', Byung—Kwon Moon!, Han—Kyoung Kim!, Sang—Wook Yeh?

dudeta, spoisin?

Chonbuk National University', Hanyang University®

Ol 7= 22 HAS2E == XS AlHil2Ior 2I12, SOtAIOF AZ2 2= 219 =4E #H
SIE AHED, 0/0 et JI2E S22 oflel 240 gs2 Sl ASE Aldielor DI
It SOtAIOF A2 2= dMAl JI2t S Ro/8h Lo AARAHE BJACH &HH, 1994H 0| F,
HEE 2 TSH SOAOL A2 2= 1 2HII LoD KROIGHK LSo2M, =44
BSE LIEIRICE 1994 Ol™ (1972-1993)01, == RS2 AlHiclor DIl Ko/ &
Z2AAS Soll SOLAIOF HE2 2=0 ge2 FULL =, SEHEANA2 LSA& HIlY
(Aleutian low) & CHEH =S0H A2 SO0tAIOF JI&t= (East Asian trough)2l 23, I &
S0 A2 SOFAIOF MIEJI® (East Asian jet stream) S2 H2& SO0HAIOF 2&=°] S X0l
SAO0| SFHOHAH LIELSCH 8HH, 19944 0IF (1994-2015)0=, JtSZE Jtet-&HZ il A
o Y LAl HE == XSS BHsHo 23 L AHI2IoF RIS SEAELRS &E U
230t LEISICH Ol el 242 2o, Jiet oHE Sacez st AHE S&otl =
SctAIOE AlHlI2IOr XIENER D01 d =8t L AlHi2ior DDl 2A5E 0I8BRULCH Es8t
FtAIOF & SOFAIOF XIENtXIel X2 A2 26, = Xl S/AT A0S 2=EE
b AstEoz N, MSAHIZo Hig2 24AAMHA DATHAS & 3I|JF ote = Y= A
£ 430 0HEZ IIS2E =32 e Za= HSE AlHlelor DI 2 SO0tAIOF AS
STel Ao T A0l 2SS UCEH Ol B2, el ZA0 E == ds2 1
BI2tE-Hig= GHOl =8t= DIIAA MES UEIWH, O HESAH0| L=EOZ M, |CtAIOL
XNEo 2= HSOI2H JIHZCH Wm2td 199449 01F (1994-2015), ool 2AZ Qlol,
& 22 XS SOIAIOF A2 2= A= Ast=ES 20| St

D0l dlte ER(USDI=EESAUR) MHIALZ FAFME XJAS 2ot
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Solar activities and climate change during the last millennium
recorded in Korean chronicles

Hong—Jin Yang', Chan—Gyung Park?, Rok—Soon Kim"?, Kyung—Suk
Cho'®, Junhyeok Jeon*

Korea Astronomy and Space Science Institute’,
Chonbuk National University?,
University of Science and Technology?,
Chungbuk National University*

Korean chronicles have a large amount of observational records of natural phenomena,
including astronomical and meteorological events over two thousand years. Here we examine
the correlation of solar activity and climate change from historical sunspot and frost records
in the Korean chronicles.

There are 42 sunspot records in Goryeo Dynasty (S, 918-1392 CE) and 13 records in
Joseon Dynasty (FA#f, 1392-1910 CE). The sunspot records in Goryeo Dynasty show a
periodicity in good agreement with the well-known solar activity of 11 years. Korean sunspot
records suggest that the solar activity in Joseon Dynasty decreased compared with that in the
previous ~500 years. In order to examine the long—period variation of solar activity, we
include Chinese historical sunspot records in our analysis to supplement the lack of Korean
records, and find a new ~240-yr long—period solar activity from the power spectral analysis.

Korean chronicles also have about 700 frost records during the last millennium. We
investigate these frost records and find a sign of cooling down that can be interpreted as
climate change during the last millennium. We also find ~240-yr cooling period from the
historical frost records, which is well in accord with that of solar activity. Therefore, we
conclude that the solar activity has decreased during the last one thousand years and also
has a long—term variation of ~240 years.
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JI=8 39l 0]ol
Understanding of Climate Change

THY, WIS, d&Exl, HFH
Tae—Young Goo, Young—Hwa Byun, Yoon—Jin Lim, Jun—Tae Choi

287495t 9
National Institute of Meteorological Sciences

Jl=dsls N JI=EHSS EAE HOL O Old B2 dHZ S0t2X H= &
JIZHS HatE 208ttt Old8t JI=Hste] o2 NHA Q01 QI 102 22
X2t el Jl=dst=s 212t 23S0 2ol OFJlel X222 OloHE 2 AUACH IPCC 5XF HItE
MOl 2% 17504 Yl 20114 QI9IE SAIZHME S 2.29 Wm™@0I0, 19704 0lF 1 OF
=EEN O WX Sotote X222 LIESCH S0l 20A01 &8 0l CO. BIE0I it =l
ZOIotH A 1990E CHHI 201782 & 63% SItotU L, 201692 CO2 =&t ME822Z 400
ppm= Zdtet ol JISEHJAL. JI=H =S |8P01 =gJlgist@ 2 IPCC 6A %43}_‘?‘_
dAe HE ZZ0| et RCP2.6, 4.5, 6.0, 8.501 CHEF Dlch AlLicILE datotd) JASH,
o3 JI2HEXEES Sol AlL2I2 IPE% MZotld UL IPCC= XN=72HteE 1.5T |
2 RAZ ASs ZXo¥=0, O Olss 2C 230l HiotH 38tsa 24, s &S
10 cm &4, 2 5 & 27 50% 24 S /AASH0 AWM 2 X0IE 20/J1 HEO0ICH
(20178 =4 3048 HZ) Q2 2522 Qo A3 0/M (18507 1900F &) CHH| <&F
1Co 23 OFIE(RDD, S AMEHZ XFR2HEHF KR5S 2030 7 2052E  AHOIOM
1.56CTE =g Aoz sl RAEN 1.5CT2 NA=2H3E Metottets Alg, 24,
HEHH, =, A2 & FH & clAdEs Sotot)l ME0l 2= RF20A BHEE 25 2&
Jl= g & 2201 2R6tH, dEA ets /g EX4 2ot 7O

ZAS =2 OI 7= JlaE 24 LER DIIMLRAJIN=HMEAR, “AR6 JI=
StAILI2I 2O -EOHKMA2018-00321)"2 X2z S /ASLICH
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Relative contribution of solar/geomagnetic activities and ee;
variation to global temperature anomaly from 1859 to 2015

Jinhyun Kim!, Yong—Jae Moon?, Rok Soon Kim', Junga Hwang',
Jae—0Ok Lee!, Soojeong Jang'

Kyung Hee University School of Space Research!,

Korea Astronomy and Space Science Institute Space Science Division?

We have investigated the correlation between global temperature anomaly(Ta) and two kinds

of factors: greenhouse gas e and solar/geomagnetic activities (sunspot number, total
solar irradiance, aa index, and kp index). Ta was taken from HADCRUT4. In order to minimize
the effect of solar 11-year cycle, all data from 1859 to 2015 are running—averaged with 11

years. We have estimated the relative contribution of space weather (aa index) and human

effect ((03) to Ta as a function of year by using the multiple linear regression method. Main

results of this study are as follows: (1) The 0, have much higher correlation coefficients
(cc) with Ta than the other solar/geomagnetic parameters. (2) All correlations between Ta and
solar/geomagnetic parameters have positive values until around 1985 and then have anti-
correlations. The aa index has the best correlation with Ta among solar/geomagnetic
parameters. (3) From the multiple linear regression method, we find that the effect of o,
continuously increases since 1985 and become dominant over aa index as times go. For the
total period, the relative contribution of 0, to aa index is 3.5:1. Our simple analysis supports
an idea that the greenhouse effect on global warming becomes more important than the
solar/geomagnetic effects, at least for recent years since 1985.
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New Method for the Study of Solar Activity Cycles

Tetsuya Magara, Junmo An, Hwanhee Lee

Kyung Hee University

The Sun experiences temporal changes in its magnetic activity, showing a cyclic
appearance of sunspots. Understanding effects of cyclic solar magnetic activity on terrestrial
climates is a key unresolved problem in space climate.

We developed a new method to derive the longest—term, large—scale distribution
characteristics of a solar—surface magnetic field ever obtained, which represent cyclic solar
magnetic activity. We conducted a population ecological analysis of Wilcox Solar Observatory
(WSO) synoptic charts that provide a more than 40-year time series of latitude—longitude
maps of solar—surface magnetic fields.

Accordingly, we successfully identified a peculiarity of cycle 23; specifically we found a
statistically significant result that a negative surface magnetic field had much more clustered
distributions than a positive surface magnetic field as this cycle started, while the latter was
dominant over the former in a non—polar region. The Sun eventually spent more than one-
third of cycle 23 recovering from these imbalances.
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Prediction of Long—-term Solar Activities

Roksoon Kim"?, Yeon—Han Kim!?, Sujin Kim!?

Korea Astronomy and Space Science Institute’,
University of Science and Technology?

Solar activity shows a self-similarity as it has many periods of activity cycle in the time
series of long—term observation, such as 13.5, 51, 150, 300 days, and 11, 88 years and so
on. Since fractal dimension is a quantitative parameter for the analysis of irregular time series,
we applied fractal dimension method to long-term observations including sunspot number,
total solar irradiance, and solar radio flux to predict the start and the maximum times as well
as expected maximum sunspot number for the next solar cycle. As the result, we found that:
(1) the radio flux data tend to have lower fractal dimensions than the sunspot number data,
which means that the radio emission from the sun is more regular than the solar activity
indicated by sunspot number; (2) Based on the relation between radio flux of 3.75 GHz and
sunspot number, we could calculate the expected maximum sunspot number of solar cycle
24 as 156, while the observed value is 146. We also forecast that solar cycle 25 will start at
December 2019; (3) The first one year data is enough to calculate fractal dimension for
forecast purpose. We infer that once the activities start increasing, they get more and more
complexity, that is the first stage of each solar cycle reflects potentials for its solar activity
more clearly. Based on our results, we suggest the fractal dimension method as a possible
long—term forecast method.
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History of Lunar Exploration and Our Future

1A

Kyeong Ja Kim!

SRR EEEL

Korea Institute of Geoscience and Mineral Resources’

PlE= 60E 80N & BAME XNS2Z AHI2H, &€ A BAL € FHF, 2 Az
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The Amazing Story of Water on the Moon

Aewk A
Jennifer Heldmann!

UAE ool = A alE!
NASA Ames Research Center!

Water on the Moon is exceptionally important in terms of both science and exploration.
From a scientific perspective, we are interested in the history of lunar water, including its
origins and evolution as well as its current character and distribution. For enabling future
human and robotic exploration, lunar water is a key in situ resource which can be used to
produce propellant and other consumables required for a sustained presence on the Moon.
Until recently, scientists believed the Moon to be bone dry and devoid of any appreciable
water reserves. In this talk we will discuss recent scientific advances that have led us to
discovery extensive and varied reservoirs of lunar water, and also discuss next steps for both
the scientific and exploration investigations relevant to lunar water and volatiles.
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NASA-KASI Joint Research on Commercial Lunar Payload Service

HA=
Young—Jun Choi

Faarel e
Korea Astronomy and Space Science Institute
57 4 g s ot
Astronomy and Space Science, University of Science and Technology

Collaborations between Korea Astronomy and Space Science Institute (KASI) and NASA had
been maintained for the last ten year in heliophysics field. Recently KASI and NASA agreed to
initiate the working group to discuss science opportunities relating to lunar orbit, the lunar
surface and cislunar space. The discussion will include possible science instruments
development and/or CubeSats/Smallsats for Commercial Lunar Payload Service (CLPS)
opportunities and joint science team for data analysis. Current status and future plan on the
joint research opportunity will be presented.
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Development of Lunar In—=Situ Construction Technology
for Human Exploration and Resource Development

S =] 1 S 1
431, AFA

Sungchul Hong', Hyu—Soung Shin’

EETE LR

Korea Institute of Civil Engineering and Building Technology!

Major space agencies around the world established the technical road map to construct the
lunar base for the permanent human habitation. KICT (Korea Institute of Civil Engineering and
Building Technology) is also one of leading research institutes that expands the construction
paradigm from earth to moon. A series of the space construction technologies, which is being
developed by KICT, includes a construction mapping, a geotechnical investigation, and an
automated construction. Also, for verification purposes, a large scale DTVC (Dirty Thermal
Vacuum Chamber) is under development. The construction mapping technology aims to
survey construction sites and internal spaces of lunar lava tubes. The geotechnical ground
surveying technology uses a drilling eguipment to detect icy—soil deposit and identify
geotechnical properties. The automated construction technology aims to develop lunar
construction materials and core devices used in the 3D construction printing. In addition, the
real scale of DTVC is being developed in collaboration with SwRI (Southwest Research
Institute) in U.S.A. The DTVC, of which size is 4.7m (L) x 4.65m (W) x 4.7m (H), will have
capabilities to reach a high vacuum level up to 1.0 x 10—4 torr with soil conditions and to
manage a temperature from — 190 C to 150 C.
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Development of KIGAM-L1; Lunar Highland Soil Simulant
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ULF waves observed near the Moon

Aag! eyl Hs!

Khan—Hyuk Kim', Seul—Min Baek!, Ho Jin!

38t
Kyung Hee University!

We have studied the statistical properties of ultra low frequency (ULF) waves using Lunar
Prospector (LP) magnetometer data obtained at ~100-km altitude from the lunar surface
during the period from 20 February 1998 to 31 December 1998. The ULF waves at LP orbit
are mostly identified as transverse oscillations in the frequency band of ~10-50 mHz. The
wave detection rate was high in the region of the solar zenith angle less than 90°and above
the strong magnetic anomalies (e.g., Marginis and South Pole Aitken) on the dayside. We also
found a pronounced morning—afternoon asymmetry in the wave detection rate. The detection
rate in the prenoon sector is high when the interplanetary magnetic field (IMF) is directed
along the Parker spiral. However, the morning—afternoon asymmetry is less significant for the
interval of an ortho—Parker spiral IMF orientation. These observations indicate that the ULF
waves observed at LP are driven by solar wind interaction with lunar magnetic anomalies.

142 The 2nd Korea Geoscience Union 912{|&t=CH3]



JS-11-07

st & BAI AIEE2 € ATH EMA ZAI0F BHZIH02H 2K
Introduction to Wide—Angle Polarimetric Camera onboard Korea
Pathfinder Lunar Orbiter

1 s 1 2 3 1 20742
AUAS, Fd5, A, A0, 2e, AAA

Minsup Jeong!, Young—Jun Choi!, Sungsoo S. Kim?, Kyung—In Kang®,
Bongkon Moon'!

gRARaTL, Aostn a5 ae] 4’
Korea Astronomy and Space Science Institute!, Kyung Hee University? , Korea
Advanced institute of Science and Technology®

St=MEHAEE 8=8 2 BAL I8 € A0 EME ZAI0F BEItHHE HLoH
O UACH ZAIOF EZ3t0cdte € HATUHA MELZ AEEHEsE BEEEAM JDIZ &€ HEQ Y
A3, d=5, HED|, NEEA SS HeSISHZ 0 ZAI0F EZItHcte 2RIHE
100km Z=E0A 320nm2t 430nm, 750nm 2 FMECZ Z2toiatT 100me XEE &
dote AOICH ? 2=0E = 320nme SF2AFEs S&otll, 430, 750nme BEASS
F=alietCh Xeld IMEQ 320nme= g HUS F=RNUEAS ottt Tio, A€ Hdot=ol &
011, 430nm2 750nmel BZ2A=ETz= AMHA ==z MY BAXNE MY 012 28
HE9 YANAINKNE HE S 8L R2= =28 Z AL AEE 2 ATd EMA
ZAIOF HE&ItHetel 22 L N HALSOl CHol A JHSHCH
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Observational strategy for wide—angle polarimetric camera
onboard Korea Pathfinder Lunar Orbiter
AAAL A, A0 AR

Chae Kyung Sim, Sungsoo S. Kim, Minsup Jeong, Young—Jun Choi

Agdstal, d=ARATY
Kyung Hee University!, Korea Astronomy and Space Science Institute?

S=28 AMEE € AZHKPLO)UI EHE ZAI0F B& Stollet(PolCam)s BH& L =& 2
=2 Sofl €& 2= SAtotld, SHMEO0l 320 nm, 430 nm, 750 nme! Al JtXI2 A4 HHE
OlEol =HBZEE, BEE X IJI|, ElEtts 22 s 20Fs € NEE 25 WHOILH
PolCam=2 10°2 AIOFE == & U2 &2 Jti2tot Ald M 20 =& ote 8=
HNMZFH 45° JI20d 2=2 Hit2EES EAHSUTH 012 Soi 182 S22 J[2H S Z
U ~140°0i Eote Ctetet fAaA20AS SRS E 2 &= UL I A=, PolCamOl
g2s & Ue AL 8AE AL -0 et €02, dNZRH 25° JI=0d
22 2= F U2 Jllictz 288 IR 8N dgs 2= o Ue Jilictz 28 &
S OENH X=Xl dlwsettt. £, BeEdXEe s88 28 FAd A=d0l &2 &
el 2 Jlscte 2 PolCam0l = a2t B2 B0l ol M= &0ot=C.
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KMAG: st=2 A& SZEAI A& AEH EA
KMAG: The Magnetometer of The Korea Pathfinder
Lunar Orbiter (KPLO)

AAH, olad, olvf, AHSE, AAY, A%
Jehyuck Shin, Hyojeong Lee, Mangyu Lee, Byungwook Jeong,
Khan—Hyuk Kim, Ho Jin

73 8] o 8t L
Kyung Hee University

KMAG is a scientific experimental payload of the Korea Pathfinder Lunar Orbiter (KPLO) that
is the first lunar exploration mission of the Korean space program. This payload will measures
the magnetic filed strength of the lunar environment to research the origin of lunar crustal
magnetic anomalies. The magnetometer of the KMAG is the triaxial fluxgate designed to
measure =1000 nT range of DC magnetic fields with 0.2 nT resolution. KMAG consists of
deployable boom structure as named Magnetometer (MAG) unit and Fluxgate magnetometer
Control Electronics (FCE) unit. Total three fluxgates are installed in a 1.2 m boom tube and
multi sensing method will be performed for data analysis due to reduce magnetic disturbance
from the KPLO space. KMAG has 3.5 kg mass, 4.6 watt for power consumption and generate
295.31 Mbit/day data set. In this paper, we present the development of KMAG flight model
with verification and test results.
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& TI0|& 4
A study of magnetic anomalies within Mare Crisium

uH
Hh

i[>

‘ﬂl, RN

= -

Seul—Min Baek!, Khan—Hyuk Kim'

38yt
Kyung Hee University!

Using Lunar Prospector magnetic field data, we identify four isolated magnetic anomalies
(Cna, Csat, Csaz, and Cwa) within the Crisium basin. We assume the sources of the anomalies
to be buried point dipoles and find that the estimated depths and radial positions are well
contained within Crisium's melt pool. This implies that the anomalies recorded a
thermoremanent magnetization in a dynamo field at 3.9 Ga. We also find that the anomalies
can be classified into two groups (Groups 1 and 2) according to source depths and
paleopoles. The sources of Group 1 (Cna and Csai) are buried at ~30 km. Estimated
paleopoles are located at ~45°N for Cna and near the equator (~12°N) Csai, with remanence
acquisition timescale of ~6 Myr. The sources of Group 2 (Csa2 and Cwa) are more deeply
buried at ~55-70 km. Their paleopole positions are close to the present south pole, with a
remanence acquisition timescale of ~20-30 Myr. These variable paleopoles imply that the
local field orientation shifted during the formation of the anomalies. That is, the Moon may
have experienced a ~15-Myr—epoch of complex field geometries. These changes may have
arisen from true polar wander driven by impact or internal density changes, or from equatorial
dynamo orientations produced by anomalous core heat flux conditions.
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Application of Deep Learning to Astronomical and
Geophysical Data: 1. Overview

Yong—Jae Moon, Eunsu Park, Taeyoung Kim, Harim Lee, Gyungin Shin,
Kimoon Kim, Seulki Shin, and Kangwoo Y1

School of Space Research, Kyung Hee University

Multi-wavelength observations become very popular in astronomy. Even though there are
some correlations among different sensor images, it is not easy to translate from one to the
other one. In this study, we apply a deep learning method for image—to—image translation,
based on conditional generative adversarial networks (cGANs), to solar images. To examine
the validity of the method for scientific data, we consider the following applications: (1)
Generation of solar UV images from magnetograms, (2) Generation of solar magnetorgams
and UV images from historical sunspot drawings, (3) Generation of high resolution
magnetograms from Ca Il images, (4)Generation of nightside visible images from IR ones,
(5) Generation of future magnetograms from past ones, (6) Generation of denoised
magnetograms. It is very impressive that Al-generated ones are quite consistent with actual
ones. In addition, we apply the convolution neural network to the forecast of solar flares and
find that our method is better than the conventional method. Our study also shows that the
forecast of major solar flare profiles using Long and Short Term Memory method is much
better than that of the autoregressive method. We will discuss several applications of these
methodologies for scientific research.

This work was supported by Institute for Information & communications Technology

Promotion(lITP) grant funded by the Korea government(MSIP) (2018-0-01422, Study on
analysis and prediction technique of solar flares).
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Application of deep learning to astronomical and
geophysical data: 5. Generation of nightside visible
images from IR ones

Kimoon Kim', Yong—Jae Moon', Eunsu Park!, Gyungin Shin!, Taeyoung
Kim!"? Ji—Hye Kim‘g, and Sungwook Hong‘%

'School of Space Research, Kyung Hee University
ZDepartment of Research and Development, InSpace
*Department of Environment, Energy, and Geoinformatics, Sejong University

The Communication, Ocean, and Meteorological Satellite (COMS), the Korea's first
geostationary multi-purpose satellite, has been providing the beneficial meteorological
information with five spectral bands from visible (VIS) to infrared (IR) wavelengths. The
COMS image at VIS band is only available during the day irrespective of its various
applications. We consider an conditional Generative Adversarial Networks (cGAN)-based
image—to—image translation method to generate COMS VIS images during the night. COMS
IR and VIS images dataset from 2012 to 2017 were used for training our model. For
evaluation of our model, another dataset of the COMS IR and VIS images during one year of
2018 were used. As a result, our model shows the successful Al-generated VIS images from
IR images with a very strong positive correlation coefficient (r=0.90) between real VIS
images and Al-generated ones using 361 test sample images in the day. Consequently, our
model produced the Al-generated VIS images using IR images during the night with no real
VIS images. Our model is expected to be used in a variety of meteorological research fields.

This work was supported by Institute for Information & communications Technology

Promotion(IITP) grant funded by the korea government(MSIP) (2018-0-01422, Study on
analysis and prediction technigue of solar flares).
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Application of Deep Learning to Astronomical and Geophysical
data: 7. Generation of Denoised Magnetograms

Eunsu Park’, Yong—Jae Moon'

School of Space Research, Kyung Hee University*

In this study, we apply a deep learning model to denoising solar magnetograms. For this,
we design a model based on conditional generative adversarial network (cGAN), which is
one of the deep learning algorithms, for the image—to—image translation from a single
magnetogram to a denoised magnetogram. For the single magnetogram, we use SDO/HMI
line—of-sight magnetograms at the center of solar disk, and for the denoised magnetogram,
we make 21-frame—stacked magnetograms at the center of solar disk. We train a model
using 6702 pairs of the single and denoised magnetograms from 2013 January to 2013
October and evaluate the model using 1370 pairs from 2013 November to 2013 December.
Our results from this study are as follows. First, our model successfully denoise SDO/HMI
magnetograms. Second, the average pixel-to—pixel correlation coefficient between
denoised magnetograms and stacked magnetograms is larger than 0.92, and the correlation
coefficient of total unsigned magnetic flux between two magnetograms is larger than 0.99.
Third, the standard deviation of denoised magnetograms from our model is greatly reduced
from 11.17 G to 8.64 G, and it is consistent with that of stacked magnetograms 8.69 G. Our
results can be applied to many scientific fields in which the integration of many frames are
used to improve the signal-to—noise ratio.

Thanks : This work was supported by Institute for Information & communications
Technology Promotion(lITP) grant funded by the Korea government(MSIP) (2018-0-01422,
Study on analysis and prediction technigue of solar flares).
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Application of Deep Learning to Astronomical and Geophysical
data: 4. Generation of High-resolution Solar Magnetograms from
Ca ll K Images

Gyungin Shin, Yong—Jae Moon, Eunsu Park, Sungho Bae, and Harim Lee

Kyung Hee University

Magnetic fields of the sun play a crucial role in understanding solar activities such as
sunspots, flares, and coronal mass ejections. Due to its importance, a few attempts have
been made to obtain pseudo solar magnetograms from historical Ca Il data and sunspot
drawings, but their results are not much satisfactory. In this paper, we make a deep learning
model based on conditional generative adversarial networks (cGAN), to generate realistic
high—resolution (1024x1024 pixels) magnetograms from Ca Il K images. For this we consider
a model ‘pix2pixHD’ which is specifically devised for high-resolution image translation task.
We use Ca Il K 343.1nm image from Precision Solar Photometric Telescope (PSPT) in Rome
and line-of-sight magnetogram from Helioseismic and Magnetic Imager (HMI) in Solar
Dynamics Observatory (SDO). 2368 pairs of Ca Il K/HMI are used for training from January
2011 to June 2015 except every March and September. 533 pairs observed in March and
September are used for model evaluation. Our model shows that the mean correlation
coefficient (CC) of total unsigned magnetic fluxes between Al-generated and real ones is
0.98 and the mean pixel-to—pixel CC after 8x8 binning over full disk is 0.88. We find that the
Al-generated images are highly consistent with real ones, even to the fine scale structures
of quiet regions. Our results suggest a possibility that we can produce high-resolution solar
magnetograms from historical Ca Il data.

This work was supported by Institute for Information & communications Technology

Promotion(lITP) grant funded by the Korea government(MSIP) (2018-0-01422, Study on
analysis and prediction technigue of solar flares).
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Solar farside magnetograms from deep learning
analysis of STEREQ/EUVI data

el wres?, ol B AT, MAE, Jrtl’, 3537 922

Z93? ﬂuﬂx ’17&)\434

Taeyoung Kim"?, Eunsu Park!, Harim Lee’, Yong Jae Moon" Sung Ho Bae!, Daye L1m
Soojeong Jang . Lokwon Kim®, II=Hyun Cho?, Myungjin Choi’ and Kyung—Suk Cho"*

’

EAAF o)Al A etu? FFHAEATLS Ber|sdd e dgsa’
InSpace Co., Ltd.}, Kyung Hee University?, Korea Astronomy and Space Science
Institute®, University of Science and Technology*

Solar magnetograms are important for studying solar activity and predicting space weather
disturbances. Farside magnetograms can be constructed from local helioseismology without
any farside data, but their quality is lower than that of typical frontside magnetograms. Here
we generate farside solar magnetograms from STEREO/Extreme UltraViolet Imager (EUVI)
304-A° images using a deep learning model based on conditional generative adversarial
networks(cGANs). We train the model using pairs of Solar Dynamics Observatory
(SDO)/Atmospheric Imaging Assembly (AIA) 304-A° images and SDO/Helioseismic and
Magnetic Imager (HMI) magnetograms taken from 2011 to 2017 except for September and
October each year. We evaluate the model by comparing pairs of SDO/HMI magnetograms
and cGAN—-generated magnetograms in September and October. Our method successfully
generates frontside solar magnetograms from SDO/AIA 304-A° images and these are
similar to those of the SDO/HMI, with Hale-patterned active regions being well replicated.
Thus we can monitor the temporal evolution of magnetic fields from the farside to the
frontside of the Sun using SDO/HMI and farside magnetograms generated by our model
when farside extreme-ultraviolet data are available. This study presents an application of
image—-to—image translation based on cGANs to scientific data.
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SAAZNAME Eeld
Deep learning in polar science

dd, o)A

Junhwa Chi, Hyun—cheol Kim, Sungjae Lee

A3t A

FAAT 2

Korea Polar Research Institute
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=2NFEAS 0|28e £XHEZRE XA HFII2 BHIEE ¢
A Study on the Bias Correction of Surface Temperature Forecast
using Recurrent Neural Networks

ARE7], v, o] g3
ManKi Kim, SeiYoung Park, Yong Hee Lee

71747 A A= AlE
Korea Meteorological Administration Numerical Modeling Center

Z2 BRE Jl=2 €8 S22 oo o343 Y 20t =306l &28ot) AL s
3t ¥ SclME, =MelE(post-processing) S 14 =II2EE Z200HE 01 H&otdd=
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Developing the Precipitation Forecasting Model Based on Long
Short-Term Memory Using Surface Observations in Seoul

So—Ra In, Baek—Jo Kim, Hae—Min Kim, Jin—Hwa Lee, Yoo—Jun Kim, and
Chang—Geun Park

High Impact Weather Research Center,
Observation and Forecast Research Division,
National Institute of Meteorological Sciences, KMA, Korea
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=0lE 8452 =0/J| fst Y JI¥2 0|28 ARS0| 25| OI2HAIL2 JUCH EHY
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IHEHE 20t RE2 M6t AO0ICH AUSII&2=EI(Automatic Weather Station, AWS)E
Ol JIMZA=2 1988ET2H AREN A.S2HEez 28 25 U201 FSEHH J
CtH

2 HF0 A= LSTM (Long Short=Term Memory) JI82 2014326 2018H2 (HE& (62
~88) MSX Y0l X8t AWS 294 XI&EQ 2= X=0 & =
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geld2 0|gst E3XNE ASANH 32 WS
Wind Shear Alert Prediction Using Deep Learning
in Specific point

A F, ol BT, YL
Ji—Hun Ha, Bong—Ju Lee, Hyo—Hyuc Im

e 7137 =

Korea Oceanic and Atmospheric System Technology

HII2S0lM &fot , =
O (Windshear)et 8tCh J1&9 LBSIE HIWA HE AlI2H
(] =

<

0%y
ke
0l

& lo
o

Ol

0 o
>
O~

0z o

N

0z >

a

[w
02
ro
x0)
o
=2 = ol
10
ol
[0
HU oz
o
_O'j

o
0
é
0>
0l
~
Ql
0
or 2 7 on

o o
[

ne
ooz

N
M —
=

m
Jm

A
0
gﬂ

> o

a

2EANHE EF2 0-&F Al 28
e &0l = BFLI0ICH HeHPan Am
80H HFAN S0 HEXHOC A=
ol =20l= TDOWR(Terminal Dop
System) S S A0 &= AH
£ MAEN G=olH 2lilote SN =

= 7= Hed JIEE2 HE0I0 302 0lF A2 |EAN ZMHIsHE2 o
E AMEOU 2 AIDE 0o /st HAREAN AMAdAEz N 2IdSE o120 AXE
LLWAS, AMOS(Aerodrome Meteorological Observation System)OlAd =& & Xl A2
EZOIUCH, LLWASS 2EAN dE+d=ES du=HXz £806td &S 3ot

OIXIZ D2, I, S&, S5 JINRAE MEBdIR2H, 20138 112 2EH 201
X =&s A=EXN=E SSHOIEHZ AlE0tD 201889 12 2H 8ENX &8 &
OlHZ2 ALZSIULE =2 & 1= Sofl ot =0, ® HM SHHUA= Xt
dHel & oy A 2 & B8 HMUA FEANNH B2E 2N
Ol=, Ml 8l Sz 22 Gl=s 20 od=g 2 22 L0 et AAst
ICSAH HESEEE Z2UZA AHEL AEANNH BE2E W

"

I
30
>
K
1o

T

2 g

©

s

1

Ju
W, o

>

@
ST 4

>_
= |H

S =
[
=

of
dshear Alert

D~
0o
0K

3 =
J
S
[l
o
(SR
Mo
o
[N
>

=
D
&

e

m
I
0o
I 2
H0
0Q
9'j
2
|
=
e
0y
=
T
1
OolI
o =
|T_J >
0
10
O
o

e

J
G

9 M
2 o

x

10

=}

0

&610
j=1
—
d, %

R

ul
x
=2
x
rr
e

)

0z
o

Mo 4T Hu

24 I 0% J¥ Qv N

<2
W
1o 10

x

rr HT
>—52ﬁ

H

o [
ol
9
a
=

5
10

il
¥
HT W
10
(@]

H o= 5t | HAAIZE 2S00 o)

S ALZHI =0l OIS ZAGHH, of H222E 2EIlye

HOIM DI2) 2RBIXE S &0

XFUAS ABXIS DBl J|HESS S8t )
 HET H4S S0l 2EXE QC, M8,

HEotH ds= &dAlZ WE0ItH

rr
[N

S
L
HH o

M
ne Ol

-

2|

Jor o 0

FT o rir rir

>

[0

Hu

ol

OTII

2

N
4o

[=)

5

fo

n

[w)
mi
FIF52

0
HT
00
u M0

e Hr
4J
o
B
QI_I
B
my
o
|:|O
10
0>

r
I~
0

b

U

_ I— i

e 0z

I =

10

oy
>
10
uJ
(=}
R
el
rr
o
H
=
0
2z
Q
S
)%
o
10
>
o
mjo
ne

OF +8EIYS

158 The 2nd Korea Geoscience Union 912{|&t=CH3]



JS-12-11

A novel multiresolution spatiotemporal data mining based deep
learning method to quantify the main drivers of real-time hydro-
environmental data

Yun—Yeong Oh', Seong—Taek Yun', Bobby Pejcic?, Matthew Myers?

Korea—CO2 Storage Environmental Management (K—=COSEM) Research Center &

Department of Earth Environmental Sciences, Korea University!, Commonwealth

Scientific and Industrial Research Organization (CSIRO), Energy, Kensington, WA,
Australia®

Real-time observed field scale data usually showing the nonstationarity and delayed
interdependency due to overlapping effects of various hydrometeorological and
anthropogenic impacts. Thus It cannot be directly applied to the conventional iid—based
regression technigues unless appropriate transformations minimizing the loss of dynamic
properties. We developed a novel integrated data analysis method coupled with deep
learning (MR-LSTM) which is effective in identifying, evaluating, and predicting the key
driving forces controlling the variability of various real-time hydro—environmental datasets
(i.g., precipitation, groundwater/ river water level/EC, air/water/soil temperature, pressure,
relative humidity etc.). The MR-LSTM provides a quantitative basis for selecting optimal
model training conditions while also improving the predictability of the conventional long-
short term memory network (LSTM) through the multiresolution state space model (MRSSM,
2017). In this study, we demonstrate the feasibility of the deep learning based real-time
integrated environmental monitoring and early warning systems which are applicable for
complex environmental systems where physical, chemical and biological processes are
overlapping. Some case studies involving the MR-LSTM which uses groundwater, river
water, and near—surface soil gas datasets from South Korea and Australia will be presented.

Thanks: This research was supported by the Korea Ministry of Environment (MOE) as
“Korea—CO2 Storage Environmental Management (K-COSEM) Research Program” and
partly funded by the National Research Foundation of Korea (NRF) grant funded by the
Korea government (KMSIT) (No. 2018R1C186003550).
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oY WMSHAIF 50d: A1 & Ol 2&
Fifty Years of Scientific Ocean Drilling: Achievements and Future
Direction

149!, @4’

Gil Young Kim, Sang Min Hyun

ARAAALATA! | BTHEA ] &
Korea Institute of Geoscience and Mineral Resources (KIGAM),
Korea Institute of Ocean Science and Technology (KIOST)

M 50E0] XI%GEXISH OF& XIALHE 0l CH
ol O|Z&O0l €0t UCH ™ & X+
E SoHMEt & = QUL 0IHE adlie
1 A 2l (DSDP: Deep Sea Drilling Project)lM 2
20t #elX (Glomar Challenger K5 HAIZ OF AIZ22H AIZEAD 0l AKX
2ZA =228 (ODP: Ocean Drilling Program), %EéHHIPU\I T2 (old IODP:
Integrated Ocean Drilling Program), 12l ZHMNFAIFEAIZZ  (new |ODP:
International Ocean Discovery Program)22 Ol A S MK SO JUCH XISNX

—

for
un
o

WBEAIZE Soll JI=He Huret HstNel 2 HUE LACH H BHM JI=Hol it AlF
S0l AMERAXE HOUA &0 HEHOZ AFZNHE ESE 4= UAEE AXNE |FAAAF
= SE/AXS X AIAE (dynamic positioning system)0l) CIE2 dlLlE AMFS0t S2HHIES
wHst & SLs AFS0 SLHIEI dH SUE £ UAEE diFz= MHELY 2 (re—entry
cone)ll JHOICH Oldst Jls&ol SAl il Crest ustd du 5 #H32X2 59, X+
Of A RY, el Aol ElXES W MK 2A S0l QUCH 2013EF 10& AIEE S HoH
LAIZ=EAIZZ I (new IODP)2 2023E XA HISE ol™0l2, 2023E 0l OIS SHHE <
of 20 3F2ES MZ2 WSHE £ HE0 0IHS HY SHAIE 508 S =Hlot
UCH. S0l 20194 0=, RY, 5=, sF=-FEAMHE, 22 SHM= 2023 0/F2 104 It
SHE 82 st GUEQ A3&s2 A 2 FHIgtD A0 2= |0DP FA=20 &0
= JAEE =26t UL RelLietE 0lst = HAQ S& LYLFN AI3NEAN KEHH
ol B2 CISHAHE |8 U ZER8H AIEOICH 0IE fdiMdeE HYXRs 202 I
2 9 MRIISES HIXol gXIt @RECC

ZAL 2 1 0l A= SHHMXZAIFALY (I0DP)2 XI@S 20 +HJAS
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Preliminary geochemistry of pore water in marine sediment
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== Ol 8ol ARAIFE B &2 U |A §4 00 23
Preliminary Result of Pore Fluid Properties from the Amundsen
Sea Deep Drilling Sediment

AAE, HHD
Ji—Hoon Kim, Gil Young Kim

oA Aard A4

Korea Institute of Geoscience and Mineral Resources

g= Ot=doHiA =M S22 20198 128 192 2H 2019F 33 2020tAl 60€ S0t
A2 AIFE HAIGIACH 0 88 AlFs XNEAUS AS=24 (WAIS)2 AHASH HE d
AN7E ofl=EH Bot & J|F Hal S A#H06H)| flol ZAIGHIALH A AlFz= & F AE
N HHHOZRE 22 794 met 383 m AZINK AFSIALD, AIFE 20 =82 5 AF
ST OiEl < 85%RULH. &2 AlF J12t S¢ WA= EH=E W RHls AFME 0I8otH &
103742 AIEE MFGHALH MFS FHE 0ISotH &8F AF2 d& IS0 AMZ
U S&et =2 S0l & d0l2l SLERE 4ol 2 2HUNE dd A22US
ool F St |He Xatst 24 ZBUE JIECZ H2AIFE HAIE Ot2HM & XE0l
st MEHHOI FXHCl Xstst S0l et oidl oA 2E 0I0K1E A0ICH E8 8= 0t
Mool ZAMel |Hel Xatst SE4S A0t ol & B s6d = A2 A0 Tl
N 2tE6l 228 240IC
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Brothers dl X 3t& IODP AIFAIZE2
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ne
30
Pl
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30
MH0
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-4

Hyun Joo Lee!, Jung Hun Seo!

Department of Energy & Resources Engineering, Inha University '

Brothers 3t&t2 EHE 2 SHAHXIEO0| S HMXIE OrHE & o= Kermadec arc &R0
fIXe WM Z0ctd &3HA0ICH Brothers 3Hat2 A 2 =l
OI20HA UCH, & AAHUA B10Ee= M € & o g HE2 JIE
5t10 QUCH IODP expl3760IAE Z4= HE0| LA 2d2te SAHME WE(NW caldera site) 1
2l & E(cone site) X982 HESHCZ AFoUCH NW caldera siteffl= Au-Cu-Zn &4
oF E28t DA &5ts AUJF AT UA2D, 0 XY E4E= 1) 28 €20 =1, 2)
Ate Y 29 M AOICH (265 — 302TC, pH=2.8; de Ronde et al. 2011). Cone sitellle =

z 20| BOCX LUSH XHEO SAECH 0 XNEe = 1) 25 &0 HD,
) AR OZ2 AASE0IH M2 =IIA0ICH (£122C, pH=1.9; de Ronde et al. 2011).

AZF= L4 AlZ2| petrographyE Sotd 2 = XF2 AQ|st HEZAZXLEgES =0IoJ
Ct. NW caldera site2l &2 (mbsf 0 - 189) Ol ACIAELCI0E, SN S0 2EIO, &
2 (mbsf 189 — 429) 0l= IOIZEZI0IE, THOIHAZN, SEA S0| 2&E=C Cone sitel
HE (mbsf0-36) e AYEIQIE, &AM S0| 22O, A2 (mbsf36 - 357) Ol LIE
SLZUO0IE, IIOI2Z2I0I1E S0] 2=

f.

Ct2kst Ol HEZZ WO Ha L JMae RMNERS0 LAZUC. RHERZ2
microthermometryE Soll S &, &8st &2 240t LCH NW Caldera site2l | XL
SE2 HAAD, A UOIHAZNHOA ZAZJSH KMERSS = HZ 3.71 wits
NaCl eq. (B9 3.02 - 4.51), 2&sl 2= T2 289T (H 254 - 351)2 =HIIRULCH

S, AY, AO0M 2AZULH RAEZR=ES &=

Cone site?] FMEFRE2 Z41, HotA,
7

HA 4.38 wt%.NaCl eq. (HS 0.70 - 7.59), 2&3l 2= HZ 266TC (B2 160 - 351)2
ZHEACH. Raman S =242 S RAHEF=S U JIMEE 48 2 F XS 25 Ny,
COo, HoS S92 JIMHIII &L USS &It L.

ZNE8 : de Ronde et al., Mineral Deposita(2011), Submarine hydrothermal activity and

gold—-rich mineralization at Brothers Volcano, Kermadec Arc, New Zealand,

FASl 2 1 0l H7= MM ZAIFAIE S X2

o

2roh 4

0t

L

0l0
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Pressure Solution Observed in Cored Samples from Pelagic
Sedimentary System at IODP Site U1480

Insun Song!?, Aryong Yun'*?

Korea Institute of Geoscience and Mineral Resources! |,
University of Science and Technology?

International Ocean Discovery Program (IODP) Expedition 362 drilled at two sites, U1480
and U1481, with the depths of 1432 and 1500 meters below seafloor (mbsf), respectively, on
the Indian oceanic plate 255 km southwest of the Sunda subduction zone. The complete
sedimentary section at U1480 consists of mainly siliciclastic sediments interpreted as Nicobar
fan underlain by mixed tuffaceous and pelagic sediments interbedded with extrusive and
intrusive igneous material near basaltic basement at 1415 mbsf. Paleontological age dating
indicates a distinct change in sedimentation rate from a slowly deposited pelagic system (<4
m/Myr) to a rapidly deposited submarine fan system (>100 m/Myr) at 1250 mbsf depth
corresponding to ~9 Ma. Seismic profile in the area of the drill site shows that on approaching
the subduction zone, the plate bends downward and the upper formation (Nicobar fan)
thickens with additional rapid sedimentation up to ~3 km depth at the subduction trench. But
the pelagic sedimentary formation below a high amplitude negative polarity (HANP) in the
profile shows little change in thickness of 150-200 m.

We characterized physical properties of core samples from the pelagic sedimentary system
below the HANP at U1480 site. The porosity is extremely various from 8 to 50% depending on
rock type; tuffaceous clay (50.7%), Calcareous ooze (12.3%), Silty clay (13.4%), and
Granodiorite (8.1%). Permeability is very low down to ~107"® m? in Calcareous ooze and ~10~
2" 'm? in Granodiorite. Such low permeabilities in high porosity samples indicate very poor
connectivity of pores due to mineral precipitation during digenesis. We also observed a
spontaneous pore pressure change in process of time with a decreasing rate in undrain
condition in Calcareous ooze and Granodiorite samples. The pore pressure increases with the
effective pressure and temperature. The pressure change seems to be related to pressure
solution as a mechanism of chemical and mechanical compaction. The HANP is possibly
formed by the excess pore pressure induced by the pressure solution with increasing
overburden and temperature from the formation of Nicobar fan. The pore pressure would
become higher due to the higher overburden and temperature as the oceanic plate
approaches the trench, and eventually could be a trigger of shallow earthquake such as the
2004 Sumatra—Andaman subduction earthquake.

QI&ist K|, THsHe K| atet 167



168

$S-01-06

o eHotdE 2F Y430 Do, DI Kg: of it 4 Hi0|
Q0AH A (Evolutions of Paleoceanography and
paleoclimatology in South China Sea since the last 1 Ma: Marine
and terrestrial biomarker evidences)

Sangmin Hyun', Naokaze Ahagon?, Minoru Ikehara®
AN, ek ofsh?, wlwmF o)A sk

KIOST (gF=sjcka}at 7<) ! | JAMSTEC, Japan? , Kochi University, Japan®
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EFACHH S| AMO =83 |10 |IODP Exp. 3712 MH| S 2
Reconstruction of the Cenozoic climate change in the Tasman
Sea and preliminary study of IODP Exp. 371

SR AR, AGE, o3
Yu—Hyeon Park!, Boo—Keun Khim!, Kyung—Hoon Shin?,
Kyung Eun Lee?®

parstw!, srekista’, ds) s’
Pusan National University! , Hanyang University? ,
Korea Maritime and Ocean University®

SANMEIES ELABHUIAM IODP Exp. 3712 Sl £
XIE GDGT (glycerol dialkyl glycerol tetraesthers) 24282 Sst
SIE =6t J|IFHIE TEHote 2UXE AY b & 0
HLEIRNSZRHO MAUXNES ZAUY &) D&E NEZ
£ QFPECH
IODP Exp. 371 EAt=S0OF 258t EFAOHSY
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o XNzgtst g2 AU OE XelFH X, =& 240 ek 2 X0IE UEHRUCH

(Sutherland et al., 2018). EtABHHE= K2 E S0l 2LE HAOSZ DHY =4 Xlel
Io} C

= =

H-XgA H oflLetFu sst g2 NS A0letn BEECCH =4
northern Lord Howe Rise (IODP Site U1506) 2t 2/ Tasman Abyssal Plain (IODP Site
Ol 2 =8t DOEIEZ2E 010t GDGT =42 =& Jtsd= &0IotRLt £8t GDG
SEAIE 0186t WH AIHMIII(Neogene)2t 1 | H
= f. Jdedlt D=+=2H=Z2 M GDGT ZEAIS &2 Xal& X0 et XH0IE 20|
dEJH 2 R0t

Sutherland, R., Dickens, G.R., Blum, P., and the Expedition 371 Scientists, 2018. Expedition
371 Preliminary Report: Tasman Frontier Subduction Initiation and Paleogene Climate.
International Ocean Discovery Program. https://doi.org/10.14379/iodp.pr.371.2018
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Preliminary results of geochemical proxies on the Ross Sea
Continental shelf: IODP Site U1523

Sunghan Kim'*, Jae Il Lee!, Min Kyung Lee!, Kyu—Cheul Yoo!, Rob M.
McKay?, and the IODP Expedition 374 Scientists

Korea Polar Research Institute!, Victoria University of Wellington®

It is important to understand past ice sheet dynamics for many reasons. Because the
West and East Antarctic Ice Sheets merged onto the Ross Sea, understanding of the ice
sheet variation, particularly in the Ross Sea, is crucial. Previous studies showed that
geochemical proxies respond to surface environmental changes on the shelf in association
with ice sheet advance/retreat. Site U1523 was collected from the Ross Sea continental
shelf during International Ocean Discovery Program (IODP) Expedition 374. We measured
biogenic opal, total organic carbon (TOC), and CaCO3 concentrations from the top 16 m of
Site U1523 to reconstruct the late Pleistocene surface water productivity changes in
response to ice sheet advance/retreat. Since our preliminary geochemical results show
cyclical variations, the variation may be related to degree of duration of sea ice associated
with ice sheet advance and retreat on the Ross Sea. Because this is preliminary results,
more detailed study will be done in the future.
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THAMXZAFTEZ IH EAF3462 U1430 AIF20HS TMEZE HEE
SHEL € J|EIRAE &6t XLt 11 WOHAHO J1)|Z B =X
Tracing 11 Million Years of Paleoclimate Change using Authigenic Berillium
Isotope and Other Elements obtained by IODP EXP 346, U1430
AR, Holwl!, AAG!, 32 F7) vp=A7)?

Kveong Ja Kim!, Yire Choi!, Gilyoung Kim!, Hiroyuki Matsuzaki?

#2044 AAT7A!, EA YR
KIGAM!, University of Tokyo?

S0l IODP Expedition 3462 Sl 22Kl U1430 AIFEXY DUHAIZE AMZ2 X220
AN == HESE sAJFALE 0120t XY 11 YHorE2te] Soior NIIF JIE SJ0 st
HFE +HoIRALCH U14302 252X (37°54.16°N, 131°32.25'E)0lM AlFE S e AMF2
Hel & A2 178HE =Z24oIA2H, MMEE HESE /AL JlEet A4S oisot &
2 SME 0l 443 Zidte DI|IF Yot 2 F5 a0 JI/e Ss2€8 J|F Hete
& LEL=E Az QA2 H, Dol std= 0loieg = U= UAZE Mg = U
Ct. MY =Z2 HCet Bl =™, E2EZ XA Pleistocene—Pliocene ZHH= 2.1
SHEO UEHL=E 22 ol ZRUCH 2 o 2H=E DJIF 2 Joiy Hetol e 112t
O HAIE B30l CHet OloHE =H sttt

st X[, =Xsh= X|Fatet 171

40
oo



172

SS-01-10

SIIH0IBHE MESHS S8 S2A0|QH~Z2A0AEK IS0
J|ASote] SHEHRUK DIIF L DALY =2

A-&u], o] 44,
Yongmi Kim"?, Sangheon Yi"?, Gil—Young Kim?, Eunmi Lee??®

14249, o] vl

e ¢ A gAY L, BFAAAAAT A%, B Ao’
Korea University of Science and Technology!, Korea Institute of Geoscience and
Mineral Resources?, Kangwon National University®

gt2(Pollen)t AHZZEF(Dinoflagellate)2t 22 RIIZE Ol EXMAEZE S0 JtolXl=
0ied JHAl S|el-s&8d HEAZNE & HEY = JAs WRE0l 88 S22 2420 U
N O aHgeEtd ZAHUNAME &2 2ELD)| 20 H4SHSHAM |Sa8HH AF=2E0 UCH &
st RIIA OIS 2 0|26 MEM Nzes EEYAIL DIIF L D3 S0 R =
st 92 st 0lY HAP2= 20139 SoHUHA == = |IODP Expedition 346 E A2l 94
ANZ=EE = ot SEs=2UXI(Site U1430)0IA & S8 AIZE 0IZ0tALH Sol £ 2
CIOIQNHIRE &I Z2H0IAEAMN JIZEH0|JI2t9 DEHS =2/5H)| Ao |IIE Qs =2A
2 & AISHALCE Terrestrial palynomorphtl M Abies?t 22 23 SFE2 StHHT 2SS0t

o SO0tAIOF AHA22zx=2 AMHIIE UEIWLD, Marine palynomorphOlAl  Tuberculodinium
vancampoae®t &2 H H=E KIAISCE Olgfst ROIEDIgA S gt
4 AAS BHE Sol & 3Mag JlELZ 242 & JH2l Pollen zonedt Dinocysts zone0O|
ZEIAUCH 2 3Ma 0 I, D-Nel Sdlle SOtAIOF HA22&2 d&otd stti-2Hx JIF%

OfetCHAZRDI=0F BH2ZI0t LIEtLIE SQtEE JIZ=ACH ettt 2F 3Ma 0I=(P-Il, D-I)ol=
=

T
>

OB

i

HO
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Q

std-AXJ|=2I0t NE5E= ¢8e JI=2 Bs6t SX 0= Abieset 22 d2X G+
20l ¢HdotA 1], Pinus-Diploxylondt €2 Otetli Z+=82 =ZotAth. 8 X2H ofi+=H
otdez g&dizil NEe2 MAUZ =0 Artemisia?t €2 W2AXd x=FI+ Aot
AL, Olelet ==2F=2 UHetolgs Sol HEt S8 Sz RSEHUS A2z HEHOI™U
Ct. 2f 2.8Ma Ol=0l= SOAIOF A= ==t st D201 2L WEl=s stdHAXx T
G20, o=z d=+=S01 HLoIRULE. 2 2.5 Ma2l Tsugall Sit= SoHE ReE H=
o HECZ HIIo &210t B=& 10 stAs JI=XHUMM Soil et 2 =01 e &5
LIS (Tsuga) It MF3HI0 L2 S8 ELSHF0 =4EHUI| 222 FFAUL.
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International Ocean Discovery Expedition 355: Arabian Sea
Monsoon — Achievement and Progress

Boo—Keun Khim

Pusan National University

In 2015, during International Ocean Discovery Program Expedition 355, two sites (U1456
and U1457) were drilled in Laxmi Basin in the eastern Arabian Sea to document the coevolution
of mountain building, weathering, erosion, and climate over a range of timescales. In addition,
recovering basement from the eastern Arabian Sea provides constraints on the early rifting
history of the western continental margin of India with special emphasis on continental
breakup between India and the Seychelles and its relationship to the plume-related volcanism
of the Deccan Plateau. Drilling operations during Expedition 355 recovered sediment from
Sites U1456 and U1457, penetrating 1109.4 and 1108.6 m below seafloor (mbsf), respectively.
Drilling reached sediment dated to 13.5-17.7 Ma (late early to early middle Miocene) at Site
U1456, although with a large hiatus between the lowermost sediment and overlying deposits
dated at <10.9 Ma. At Site U1457, a much longer hiatus occurs near the base of the cored
section, spanning from ~10.9 to ~62 Ma. At both sites, hiatuses span ~8.2-9.2 and ~
3.6-5.6 Ma with a possible condensed section spanning ~2.0-2.6 Ma, although the total
duration for each hiatus is slightly different between the two sites. In this presentation, the
scientific achievements conducted by Pusan National University will be introduced along with
the new contribution by the shipboard scientists.
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Preliminary results for paleoproductivity changes by the Indian
monsoon in the Mahanadi Basin of the Bay of Bengal (IODP Site
U1445) during the last 2.3 Ma

Jongmin Lee!, Sunghan Kim?, Boo—Keun Khim'

Pusan National University', Korea Polar Research Institute®

The Northern Indian Ocean and its adjacent continental region including the Himalayas and
Peninsular India are sensitive to the variation of Indian monsoon (or South Asian monsoon).
The Bay of Bengal received a large amount of freshwater and terrigenous sediments from the
Ganges—Brahmaputra, Mahanadi, Godavari, and Krishna rivers. Thus, the marine sediments
in the Bay of Bengal are ideal to trace the past record of the Indian monsoon variation. In this
study, we measured diverse sediment properties (total nitrogen, total organic carbon, biogenic
opal, and CaCQs) of International Ocean Discovery Program Expedition (IODP) 323 Site U1445
in the northern Bay of Bengal in order to reconstruct surface water productivity changes in
response to the intensity of Indian monsoon. The age of the studied core—-bottom at IODP
Site U1445 was estimated about 2.3 Ma based on shipboard biostratigraphic and
paleomagnetic data. On the basis of the paleoproductivity proxy, IODP Site U1445 was divided
into three intervals. An interval before 1.5 Ma is characterized by high biogenic opal and low
CaCOg production. An interval from 1.5 to 0.8 Ma is a transition showing the gradual decrease
of biogenic opal and increase of CaCOs production. An interval after 0.8 Ma is characterized
by low biogenic opal and high CaCOs production. Our preliminary record suggests that
biogenic opal production was dominated during strong Indian summer monsoon as a result
of more river input to the Mahanadi Basin in the northern Bay of Bengal.
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Preliminary results of geochemical proxies on the Ross Sea
Continental shelf: IODP Site U1523

Sunghan Kim"*, Jae Il Lee!, Min Kyung Lee!, Kyu—Cheul Yoo!, Rob M.
McKay?, and the IODP Expedition 374 Scientists

Korea Polar Research Institute!, Victoria University of Wellington”

It is important to understand past ice sheet dynamics for many reasons. Because the West
and East Antarctic Ice Sheets merged onto the Ross Sea, understanding of the ice sheet
variation, particularly in the Ross Sea, is crucial. Previous studies showed that geochemical
proxies respond to surface environmental changes on the shelf in association with ice sheet
advance/retreat. Site U1523 was collected from the Ross Sea continental shelf during
International Ocean Discovery Program (IODP) Expedition 374. We measured biogenic opal,
total organic carbon (TOC), and CaCO3 concentrations from the top 16 m of Site U1523 to
reconstruct the late Pleistocene surface water productivity changes in response to ice sheet
advance/retreat. Since our preliminary geochemical results show cyclical variations, the
variation may be related to degree of duration of sea ice associated with ice sheet advance
and retreat on the Ross Sea. Because this is preliminary results, more detailed study will be
done in the future.
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SS-01-13

The tephra record from IODP sites U1486 and U1487: Implications
for the evolution of the Manus Basin

Jong—Hwa Chun

Korea Institute of Geoscience and Mineral Resources

The record of explosive volcanic activity in the Manus Basin is poorly understood. In this
study, we observed 185 tephra layers within 211.17—-m-thick sediment samples from hole
U14868B in International Ocean Discovery Program (IODP) site U1486 on the North Bismarck
microplate, dating from ca. 2.72 Ma (Rosenthal et al., 2017). We performed major, trace, and
rare earth element analyses of tephra from site U1486 based on electron microprobe analysis
(EPMA) and laser ablation-inductively coupled plasma mass spectrometry (LA-ICP-MS). The
Sr—Nd isotope composition of tephra from site U1486 reflected that of its source volcanoes.
Variation in the vertical and lateral grain size, shape, and thickness of tephra layers from sites
U1486 and U1487 indicated the direction and transport mechanism from these source
volcanoes. The tephra magma composition indicated progressively evolved basalt—basaltic
andesite, andesite—dacite, and rhyolite compositions in the upward direction, suggesting a
transition from mafic magma to silicic magma bodies. Our #’Sr/%Sr and '**Nd/'*Nd analyses
revealed the evolution of mid—-ocean ride basalt (MORB)-type source volcanoes. Vertical
variation in grain size distribution from site U1486 revealed upward fining and transition from
a lower scoriaceous layer to an upper glass shard layer. Our comparison of thickness and
grain size distributions between sites U1486 and U1487 suggested that site U1487 was closer
to potential source volcanoes. The resulting tephra record from the Manus back—arc basin
sediments will be used to reconstruct the history of explosive volcanic activity related to basin
evolution since ca. 2.72 Ma.

Thanks : This research was supported by the Integrated Ocean Drilling Program (19-9852)
of the Korea Institute of Geoscience and Mineral Resources.
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Compaction trend estimation and application using BasinVis 2.0
(IODP Expedition 356 Sites U1459-U1464)

Eun Young Lee!, Johannes Novotny?, Michael Wagreich®

Chonnam National University! , Brown University? , University of Vienna®

This study introduces BasinVis 2.0 and demonstrates the functions through extensive case
studies comprising of well data from the Perth Basin, the Northern Carnarvon Basin, Roebuck
Basin, offshore Western Australia. The well data were acquired from Sites U1459-U1464 of
International Ocean Discovery Program (IODP) Expedition 356. BasinVis 2.0 is the upgraded
version of BasinVis 1.0 which was released as a MATLAB-based modular open—source tool
to allow geoscientists to analyze and visualize sedimentary basins in a comprehensive
workflow in 2016. Major updates of BasinVis 2.0 include a new process stage, Compaction
Trend, and a largely improved process stage, Stratigraphic Setting. The compaction trend is
estimated with improved accuracy using linear and exponential trending equations, and the
guality is evaluated using porosity—depth data from Site U1459 and adjoining industry well
Houtman—1 in the northern Perth Basin. New functions of BasinVis 2.0 are applied to analyze
carbonate compaction trends based on porosity variations in carbonate strata of Sites U1459-
U1464. The porosity data are mostly from grainstone, packstone, wackestone and mudstone
textures, and are correlated to lithology, mineralogy and age. The carbonate compaction
trends are mainly depth—dependent and time—dependent. The change from grain— to mud-
supported textures influences compaction trends. The results are important not only to provide
regional carbonate compaction trends, but also to study the causes of the general trends and
deviations. This study enables us to understand the quantitative analysis of carbonate
compaction as influenced by carbonate textures, mineralogy and age through burial history.t
author will undertake all responsibility regarding typo error or grammar mistakes.

Thanks : This research was supported by a part of the project titled 'International Ocean
Discovery Program’ funded by the Ministry of Oceans and Fisheries and the KRF program
funded by the Ministry of Science and ICT through the NRF [2017H1D3A1A01054745]of
Korea.
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Eruption Activity

Volcanic phenomena

Eruption type and interpretation

2 Jan. 939 Thundering sound Plinian, explosive eruption
3 Nov. 946 Thundering sound Plinian, explosive eruption
7 Feb. 947 Fallout ash Plinian eruption
5 Mar. 1014 Red abnormal phenomena in air, white ash dispersion in air Vulcanian
15 Apr. 1014 White ash dispersion in air Plinian
27 Dec. 1016 Red abnormal phenomena in air Vulcanian
4 Feb. 1017 Red abnormal phenomena in air, white ash dispersion in air Plinian eruption
Nov. 1017 White ash dispersion in air, red abnormal phenomena in air Plinian eruption
Jan. 1018 White ash dispersion in air, fallout ash Plinian eruption
Jan. 1019 Red abnormal phenomena in air, white ash dispersion in air Plinian eruption
14 May 1124 Fallout ash (duration: 3 days) Plinian eruption
Jun. 1199 Rumbling (~10 days) precursor Plinian eruption
Oct. 1199 Rumbling, red-black ash cloud Plinian, explosive eruption
6. May 1200 Fallout ash (duration: 2 days) Plinian eruption
28 May 1200 Fallout ash Plinian eruption
15 Apr. 1265 Fallout ash and pumice Plinian eruption
24 Jun. 1373 Fallout ash, elongated pumice fragments Plinian eruption
(length: 6 to 9~12 cm)
25 Apr. 1401 Fallout ash, ash cloud, black fragment Plinian eruption
27 Jan. 1403 Fallout ash Plinian eruption
(thickness: 3 cm, duration: 5 days)
22 Mar. 1403 Fallout ash Plinian eruption
23 Feb. 1405 Fallout ash Plinian eruption
9 Feb. 1406 Fallout ash (duration: 14 days) Plinian eruption
Mar. 1573 Fallout ash Plinian eruption
7-8 Oct. 1597 Ballistic explosion, ash column rumbling, volcanic earthquake (duration: 3 days) Explosive, vulcanian
21 Oct. 1654 Volcanic ash clouds Plinian
2Jun. 1668 Fallout ash, vulcanian explosion, red abnormal phenomena in air Plinian~vulcanian eruption
20 May 1673 Fallout ash Plinian
3Jun. 1702 Hot air and ash, fallout ash (thickness: 3 cm) Plinian, VEI 5 (volume: 1.2 km?)
1898 steam and ash eruption Small phreatomagmatic eruption
May 1903 Fire-ball explosion, rumbling, ballistic impact, (duration: 30 minutes) ~ Phreatomagmatic eruption
1925 Steam and ash eruption Small phreatomagmatic eruption
ZAS 2 HIR=E JIAE JAMAXIE & 8D AL (KMI2018-02710)2 Xz =8
SIASLIC
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Researches on monitoring of volcanic activity and prediction of
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the influence on the Korean peninsula

Sun—Cheon Park, Jongsun Sun, Hasung Lee, Hye Won Lee and Duk Kee Lee

Earthquake and Volcano Research Division, Korea Meteorological Administration
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A4 YAS BB/H WS FNES BA ZD

Analysis of Volcanic Activity in Mt. Baekdu using Remote Sensing
data

HEA, olshy, B, o] H]

Jongsun Sun, Hasung Lee, Sun—Cheon Park, and Duk Kee Lee

15 AR sk A A 73}
Earthquake and Volcano Research Division, Korea Meteorological Administration
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BHEAM AMMIZ)| SS2AE 249 X|RsistE M0l
Petrogenesis of Late Cenozoic basaltic rocks from Baekdusan

[iou{_[‘

# , , T
o]0, £9W° Jia—qi Liu’

Hyun—0k Choi', Sung Hi Choi', Youn Soo Lee?, Jong—Sik Ryu®,
Der—Chuen Lee*, Seung—Gu Lee®, Young Kwan Sohn®, Jia—qi Liu”

21 HA 3! o] &2 F543 Der—Chuen Lee,
6

Fadstn! | ¥xgFAgSGn’  FARS RS, golgh FdATd, AL AT

A, g AT

Chungnam National University! , POSTECH? , Pukyong National University®, Academia Sinica*, Korea Institute of
Geoscience and Mineral Resources (KIGAM)®, Gyeongsang National University®, Chinese Academy of Sciences’
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Magmatic Evolution of Baekdusan Volcano: Zircon U-Th
Geochronological and O-Hf Isotopic Constraints from the
Millennium Eruption

Chang—sik Cheong

Korea Basic Science Institute

The silicic volcanism of Baekdusan, an active 2,744-m-high stratovolcano located on the
border between North Korea and China, was initiated in the Middle Pleistocene and culminated
in the 10th century with a tremendous (volcanic explosivity index = 7) commendite—trachyte
eruption commonly referred to as the “Millennium Eruption (ME).” This study uses /n situ U-
Th disequilibrium ages and O—Hf isotopic compositions of zircons from trachydacitic pumices
ejected during the ME to trace the magmatic evolution at Baekdusan. The mass spectrometric
U-Th isotope data yield an earliest Holocene cluster (11.3 + 1.3 ka) and Middle-Late
Pleistocene populations (ca. 230 and 110 ka). These multiple age components indicate that
the Baekdusan magma has been generated at intervals of ca. 120—-100 ky. The consistent age
pattern of the zircons suggests the persistent existence of the same magmatic plumbing
system beneath Baekdusan since the ME. The zircon crystals have a moderate inter—grain
variation in 8'®0 (with reference to V-SMOW) from 3.69 % to 5.03 %. These values are
consistently lower than the normal mantle range, and interpreted to have resulted from the
digestion of meteoric—hydrothermally altered intracaldera rocks in the shallow magma
chamber beneath Baekdusan. The wide range of zircon eusvalues (+5.8 to —3.5) reflects an
interaction between the primitive magma from enriched mantle source and pre—existing crustal
materials, which is evidenced by the presence of a xenocrystic zircon core showing a
significantly negative eusvalue (==21). A broad negative correlation observed between zircon
en and 8'®0 values could be ascribed to the progressive assimilation of weathered
supracrustal rocks. Zircon O-Hf isotope data lead to the conclusion that the primitive
Baekdusan magma has assimilated magma chamber roof rocks and adjacent basement rocks,
most likely in the course of shallow crustal cannibalization and magma expansion.
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Microlites in the Baekdusan and Kyushu obsidians with implication
for differing cooling condition of rhyolitic magmas

Yong—Joo Jwa

Gyeongsang National University

Obsidian is rhyolitic glass in geological nomenclature. The glass is thought to be a
homogeneous non-crystalline material, but it is not completely homogeneous in its
composition and texture due to internal impurities. The impurity comes from the very tiny
micrometer—sized crystals, called microlites. Thus we can divide the internal structure of
obsidian into microlites and glassy host matrix. According to the morphological discrimination
of microlites, the most abundant morphological features in the Baekdusan and Kyushu
obsidians are trichites acicular and asteroidal, arculites, crenulites, ferculites, lath—crystals,
scopulites and so on, which are well observed under high magnification of the optical
microscope. However, when we examine the microlites through high-resolution scanning
electron microscope, they show very distinct mineral assemblage and/or texture. For example,
the microlites in the Baekdusan and Kyushu obsidians represent the different textural
relationship. Early crystallized Fe-oxides in the Baekdusan obsidians occur within the
oikocrysts of clinopyroxene, showing poikilitic texture. On the other hand, the clinopyroxene
microlites in the Kyushu obsidians are overgrowing around the Fe—oxides or interlocking with
the Fe—oxides. This kind of texture between Fe—oxide and clinopyroxene would indicate the
differing crystallization process of guenching rhyolitic magma.
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Assessment and distribution of geological heritages in Korea
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Current status of the endorsement of Busan UNESCO Global

Geopark

)

—
110

Sujin Ha', Hyoun Soo Lim", Seungwon Shin!, Hyeongseong Cho?, Jin—Seop Kim', In Sung

Paik?, Moon Son', Hyun Joo Kim?, Hyeonjeong Kim', Karyung Kang*, Gi—yeol Baek*

2
Pusan National University!, Gyeongsang National University?, Pukyong National

University®, Busan Metropolitan City Hall*

00

50

oJ
Rl
4r

—_

=
30
0
oM
i

RO

i
<)

g
B

]

THI
H

_

~J

Klo
oJ

~J

&I
E

_

oJ

9]

-
10

M0

o &

KIO

ol

H 2018& M

1o

Ho
o

i

~

oir

or

-

5

ol
K

®0

o
Ho
KU

—_

~

Headt 2 = UACH

3

| S XA

ol

o)

ol

il
o

KD

s
M0

2 MAXE

A

A= =l

=
=

IHXI

ol

1

OF ALHIKI

=
[

JI

=
=

o
10

Ko

ol
of
m_o

IR0

M
<I

Ok

0l
0
Fo

Al

KD
Rr

olglE

oI

00

-

o)
iy

ol

Ko
ol
00

<+
At

0l
8
IS
2l
un

=LA

o

S
(i

e =2

b
o

KEA

—
—

ot
to

Ol A HIAl

Al

i
D
KK

2

KO
18

=
70

Kr

T
RO

<J
Eo

oF
100

3

[e}

t

=l

I HNAXNESE

A

olgt H70AM=E 24 2Ul

70
a0

%0

==
1o

Fd, XQEclXl 848 S0l U

=13}
=R

SXE

[l

i
=)

KU

‘ The 2nd Korea Geoscience Union ¢12i|8H&LH 3|

196



$S-03-03

el

o

d Eote 2UHE

The Evaluation and Monitoring of Slope Stability of
the Columnar Joints in Mudeungsan UNESCO Global Geopark
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The Role of Geopark from the Geo—education Perspective : Geo-

education of Mudeungsan UNESCO Global Geopark
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Ctest SFEHNAME EMIC II=
EMIC waves under various geomagnetic conditions

&5 1
A0

Khan—Hyuk Kim!

733t gtu!
Kyung Hee University!

Electromagnetic ion cyclotron (EMIC) waves have been observed in the magnetosphere
under various (extremely quiet, moderate, and extremely disturbed) geomagnetic conditions.
They play an important role in the dynamics of ring current and/or radiation belt particles
leading to precipitation loss through resonant wave—particle interactions. In this study we will
show “spectral characteristics”, “spatial distribution” of EMIC waves, and a causal
relationship between EMIC wave occurrence and energetic particle loss during various
geomagnetic conditions.
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Sung—Jun Noh, Dae—Young Lee

Chungbuk national university
Electromagnetic lon Cyclotron (EMIC)

EMICIL
Test of triggering conditions for electromagnetic ion cyclotron waves
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using in-situ satellite observations in the Earth’s magnetosphere
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SXAHRAS YE=2 NSUI| HPE /s &5
Ground-based Observations for the Polar Upper Atmosphere
Research at Korea Polar Research Institute

71%4:_}1’ ]74§}1 ]Lz\ql

1

Jeong—Han Kim!, Geonhwa Jee!, Changsup Lee!

SRR

Korea Polar Research Institute!

KOPRI has been conducting a number of ground—based observations for the mesosphere
and lower thermosphere (MLT) region for more than a decade at Korean Arctic and Antarctic
stations. In addition, recently we have been expanding the observation area into the
ionosphere and thermosphere in southern high latitute region since the 2" Korea Antarctic
station, Jang Bogo Station (JBS) was established in Terra Nova Bay (74° 37°S, 164° 12'E),
which is mostly located in the polar cap region, while the 1% Antarctic station, King Sejong
Station (KSS), is located in the subauroral region. These stations allow us to systematically
monitor the upper atmosphere including the mesosphere, thermosphere, and ionosphere, by
using various optical and radar instruments such as FTS, ASC, FPI, meteor radar, digisonde,
GPS etc.. In this presentation, we briefly introduce our ground—based observations for the
polar upper atmosphere at Arctic and Antarctic stations, and several ongoing researches
which our research group has been carrying out.
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Mission and Data Preview of the KSEM on GK-2A

oA, ARG dgkA!
Daehyeon Oh', Jivoung Kim!, Hancheol Yim'

=794 A
National Meteorological Satellite Center*

Because many recent satellites have long mission periods of over 10 years, satellite—based
local space weather monitoring is becoming more important than ever. This presentation
describes the instruments, data applications, and data preview of the Korean Space wEather
Monitor (KSEM), which is a space weather payload of the GeoKompsat—2A (GK-2A)
geostationary satellite. The KSEM payload consists of energetic particle detectors,
magnetometers, and a satellite charging monitor. KSEM will provide accurate measurements
of the energetic particle flux and three—axis magnetic field, which are the most essential
elements of space weather events. KSEM will use those sensors and external data such as
GOES to provide five valuable space weather products; particle flux in magnetosphere, particle
flux prediction at geostationary orbit, internal charging, Kp Kp prediction, and Dst prediction.
The longitude of GK-2A is 128.2° E, while those of the GOES satellite series are 75° W and
135° W. Multi-satellite measurements of a wide distribution of geostationary eqguatorial orbits
by KSEM/GK-2A and other satellites will help in the construction of a new field of developing,
improving, and verifying space weather forecasting models.
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Scientific Instruments on SNIPE mission

ol AI!

Jaejin Lee!

Shr H ol !
Korea Astronomy and Space Science Institute®

SNIPE mission consisted of four nanosatellites will do ambitious scientific observations with
formation flying changing each satellite distance from 10 km to several hundred km. With such
a unigue operation, we can measure the spatial and temporal variation of near—earth space
plasma phenomena. The SNIPE mission will be launched into a polar orbit of the altitude of
~600 km in 2021. The SNIPE mission is equipped with scientific payloads which can measure
the following geophysical parameters: density/temperature of cold ionospheric plasmas,
energetic electron flux, and magnetic fields. In addition, this mission has enhanced
communication equipment, UHF up/downlink, S—band up/downlink and Iridium module. For
the attitude control, this mission will use three—axis reaction wheels with sun sensor, gyro,
and star tracker. KASI, KARI and Yonsei university cooperate for this mission, and lots of
domestic companies provide subsystems on the SNIPE mission. The SNIPE mission will pave
way for the next generation CubeSat missions in Korea.
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Initial Operation of the Instrument for the Study of Space Storms
(ISSS) onboard NEXTSat-1 and Its Data Distribution Plan

Kwangsun Ryu', Eojin Kim!, Kyoungwook Min?, Hoonkyu Seo!, Young—
Soo Jo?, Jongdae Sohn?*, Gowoon Na®, Chol Lee!, Sung—0Og Park!, Son—Goo
Kim', Hee—Eun Kim?, Sang—Yun Lee!, Ji—Hyeon Yoo0®, Dae Young Lee?,
Jangsoo Chae!, Gowoon Na®, Goo—Hwan Shin', Jongho Seon®

Satellite Technology Research Center, KAIST!, Department of Physics, KAIST?,
School of Space Research, Kyung Hee University®, Korea Astronomy and Space
Science Institute*, Department of Astronomy and Space Science, Chungbuk
National University®

The Next generation small satellite—1 (NEXTSat-1) was successfully launched in December
2018 into the low earth (~ 575 km) sun—synchronous orbit. The Instruments for the Study of
Space Storms (ISSS) onboard NEXTSat-1 is an instrument suite consisting of two packages
of radiation (High Energy Particle Detector, Medium Energy Particle Detector) and plasma
detectors (Langmuir Probe, Retarding Potential Analyzer and lon Drift Meter). The main goals
of ISSS are to understand the space storm effect on the polar region, precipitating radiation
belt particles and also mid—low latitude ionospheric disturbances.

For the ISSS operation, appropriate attitude control and well-structured operation scenarios
is required. Throughout the initial operation phase, the operation scenarios for each instrument
were tested so to prepare for the normal operation which will observe the inonspheric and
magnetospheric disturbances during the mission lifetime. In this presentation, we introduce
the operation concepts of ISSS during commissioning phase of NEXTSat-1 and initial
observation results obtained during the commission phase. In addition, the data structure and
its distribution plan are introduced.
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Development of the Regional lonospheric Model
over Korean Peninsula and neighbors

249!, A gt

JeongHeon Kim', YongHa Kim'

’

Fesn!
Chungnam National University!

For decades, a comprehensive timely specification of the Earth’s ionosphere has been in
the quest not only in academic fields but also in practical fields that utilize trans—ionospheric
radio signals. In general, space weather surveillance and forecasting are usually carried out
on a global scale perspective. Numerous groups have developed and implemented various
flavors of global physics—based simulation model. However, it is essential to monitor and
forecast the ionosphere locally for practical reasons because the ionosphere has various local
phenomena and anomalies. Currently, the global model results are too coarse to apply to the
region of Korean peninsula in terms of space and time resolutions. Therefore, it is necessary
to develop a regional ionospheric model to monitor and predict the impact on radio
communication and satellite—based navigation system from ionospheric variations over the
Korean peninsula.

By revising the SAMI2 global ionospheric model to overcome its weakness, we have
developed regional models (SAMI2-CNU and KIPM) that can estimate and predict the regional
jonosphere over the Korean peninsula and neighbors. In this talk, we present details of the
regional models and validation analysis with measured ionospheric parameters.

Thanks : This research was conducted by a fund from the Korea Astronomy and Space
Science Institute under a contract with the Korea Space Weather Center.
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Aurora, dynamical instability and radar echoes in the polar
mesosphere and lower thermosphere induced by energetic
electron precipitation

YoungSook Lee!, YongHa Kim!, KyungChan Kim?, YoungSil Kwak?,
Sheila Kirkwood*, Timothy Sergienko*

Chungnam National University!, Daegu University?, Korea Astronomy and Space
Science Institute®, Swedish Institute of Space Physics®

In solar declining phase high—speed solar wind streams (HSS) frequently occur to induce
medium level of geomagnetic disturbances (Dst >-70 nT) [ 7surutaniet al., 2006, JGA]. HSS
emanates from coronal holes composed with open magnetic field lines stretching to
interplanetary magnetic field to reach Earth’s magnetosphere. The major effects of HSS in the
magnetosphere are known for multiplying ULF/VLF waves to induce an acceleration of
electrons up to high and relativistic energies. The high—energy particle (>30 keV) precipitation
plays important roles of producing daytime lower altitude aurora, changing the chemical
composition, generating gravity waves and providing facilitation of polar mesospheric summer
echo (PMSE) in the mesosphere and lower thermosphere. This paper will present the relevant
observations using space-based optical measurements of WINDII/UARS satellite, MST radar
in Esrange, Sweden and EISCAT radar in Tromso.
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22X H48 U EH5:CO, ASHE A 22X Ml A
Site Selection and Characterization: a Case Study from CO»
Geological Storage Test Site

b 3, AL A
Kwon Gyu Park, Young Jae Shinn

#2424 ADT Y COATARATR
Center for CO5 Geological Storage, Korea Institute of Geoscience and Mineral
Resources
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Research and plan on deep rock properties
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ASHE=S Fe AREdE 78 19 ERH
A Study on deep geological properties for geological disposal and
their implication

o143 o]Ax. 713 F

o = O
Jeogn—Hwan Lee, Sang—Jin Lee, Hyeon—Jin Kim
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Geochemistry of minerals grown from melt inclusions in the
Dokdo and Ulleungdo volcanic rocks

AR, ol AT

Inkyeong Moon"?, Hyunwoo Lee!, Donghoon Seoung®

Agddn!, d=zAt0dd79% dddsto’
Seoul National University!, Korea Basic Science Institute?,
Chonnam National University®

We report mineral phases grown in melt inclusions hosted in phenocrysts of the Dokdo and
Ulleungdo volcanic rocks using Raman spectroscopy, scanning electron microscopy (SEM),
electron probe microanalysis (EPMA), and X-ray diffraction (XRD). Melt inclusions are small
glassy blobs of melts which were trapped in host minerals during magmatic differentiation by
crystal fractionation. Melt inclusions provide information about volatile contents, initial
trapping temperature, cooling rate, primitive melt compositions, and the sequence of
crystallization phase changes. Also, secondary minerals and bubbles are shown in melt
inclusions due to slow cooling in association with diffusive reaction. In this study, we found
amphiboles, Fe-Ti oxides, and pyroxenes in pyroxene phenocrysts. Our results show that
post—entrapment processes are common in the melt inclusions of the Dokdo and Ulleungdo
samples on the basis of characterizing mineral phases and geochemical features.
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Spring phytoplankton bloom of East Sea and Seasonal
phytoplankton dynamics in offshore water of Dokdo, 2018
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Korea Institute of Ocean Science & Technology
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Conservation of the coastal ecosystem of Dokdo, Korea by Eco-mapping
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e Ng 2AA 020 A SMst NXNEA E4 Y 22A
(High-resolution analysis of source characteristics of earthquakes
at Pohang EGS site)

S, A2 ANFES, A, olF=
Jeong—Ung Woo'!, Minook Kim?, Dong—Hoon Sheen®, Tae—Seob Kang?,
Junkee Rhie!”

Agdsta!, et w? Ao e’
Seoul National University!, Bukyong National University?,
Chonnam National University®

Hydraulic stimulation into geologic formations fracture rocks by perturbing stress field and
occasionally causes damaging earthquakes. On 15 November 2017, a moderate-size
earthquake of moment magnitude (Mw) 5.5 occurred at the Pohang enhanced geothermal
system (EGS) site. Given that it follows the last stimulation experiment by just 2 months, it has
been suspected that the earthquake occurrence was affected by injected fluids. In this study,
we analyzed source properties of earthquakes in the vicinity of the EGS site and compared
them with the hydraulic stimulations of the geothermal reservoir. Among 239 events identified
by using matched filter technigue, the first event occurred on 1 November 2015, when massive
mud was lost during drilling a geothermal well of PX-2. The temporal evolution of seismic
activity is highly correlated with 5 times of stimulation periods and the hypocenters related to
the two geothermal wells of PX-1 and PX-2 were clearly separated from each other. In
particular, spatial distribution of events related to the fluid injection into PX-2 is approximated
to a planar structure and they gradually migrated to the southwest direction and reached at
the location of the Mw 5.5 earthquake. The fault plane obtained from hypocenter distribution
is matched with the focal mechanisms of events on the fault. The fault zone crosses PX-2 at
~3,800 m, corresponding to not only the intervals for the large mud loss but also the breakage
zone observed via an image logging device. To sum up our observations, we concluded that
diffused pore pressure by lost mud and injected fluid at PX-2 locally perturbed stress fields
and causes migrating earthquakes, leading to the My 5.5 Pohang earthquake on a tectonically
critically stressed fault zone.

Acknowledgement : This work was supported by the Nuclear Safety Research Program
through the Korea Foundation Of Nuclear Safety(KoFONS) using the financial resource granted
by the Nuclear Safety and Security Commission(NSSC) of the Republic of Korea. (No.
1705010)
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Structural features of the fault core and Quaternary activity patterns of the
Keumwang fault at Girin—-myeon, Inje—gun, Gangwon-do
HAH, o33
Ji—Min Choi, Hee—Kwon Lee

AATsL A8

Department of Geology, Kangwon University

S B AME, =X HED2L(DEM; Digital Elavation Mapping) & OIAXIETAME Soll d<tat &
CHoll 228t 2es UFHUNA F e SHSsig LAHSIUCH SHSsH(fault core) S &
23 mOIH, 229 ARE, 452U LU HSHIXNZ 2L JUCH &S R0 2L
NEAEL QASE 2S4S Zu, W) FII0AM HM3IINKS g =80ls 201 &
Of JMEMU 2ol H4JI0les = F0ls 2= HIHRJUCH HSH W 2 &7
EE2 =2 US| FUHOT HHEHNHJULH HSUHEAN U dHE2 HE2S SO
OtZ 0| Z & (frictional sliding)0ll 2o RA0t=It SSoH/CH HEHIXNZ PHE MAHTNMNH=
HEZZ20 HHE0l Slol ClEA T E(scaly fabric)S 20OICH SEsHN 2S4S 202 o
SHIX AI2E MF6H0 ESR A& S & 2, < 302 3 ™ < 202 & Hofl &84
O LIEtLLD, 2230 M FEE SSHIX AlIZ2 ESR HUHIF HSSHUA HFS SSHIX
AMZ2 ESR AU LXidte Z&E 2L 3HS2 OlM ESR HUHEE ZU=10 HlW
SA8 Z, 2 500 E Mille SEHE SAHR20HA, & 332 & Mijle SEHS HA
A Jelld 2 208 @ HMile 2EHEL SSR0AM HE2S0| 22}UE A2 A=
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GS-01-02

HE=T M=o X1gstd Hol 23 HEN st 0&
Petrogenesis and the mantle source of volcanic rocks from Jeju
Island

A A2 AP g FEA

Ji—In Kim' - Sung Hi Choi*? - Gi Won Koh® - Jun Beom Park* - Jong—Sik Ryu®

Fedgn 5 - A48 (chois@cnuackr)!, THUET AA8R 72 AFEHRA o
A B AT A, nE I E3E S Ayt Ay A e ek
Department of Astronomy, Space Science and Geology, Chungnam National University,
Department of Geological Sciences, Chungnam National University?,

Department of Water Industry Promotion, Jeju Special Self —Governing Province Institute of
Environment Research®, US Army Corps of Engineers Far East District!, Department of Earth
and Environmental Sciences, Pukyong National University®

HMECE OH L2 HEQ a2 DAL UL, S AR 28 XSA A
2t0| Z2|0t0IE(TH) HZ SR A-0HAQI2T} 2A21P| SHAIAZE FHIHGIH 2EEHC MES
o 22| HY FaA2E A20lE 20| T2 HAA(High-Al alkali)@t LAA(Low—Al alkali)
HEZ2 GIAZZEC 2 HARHAE HAA-LAA-TH HIE Stat =20l Mol 2RAMES S3
2 0lalatIl s SHAYE W X9 AIFZ20AM 3l2E 51042 A2 9o =5 AlIZ20
st XIR3EN A22HS 286100 37 Al2SS 968~24 Ka B919 “Ar/FAr M 2
ZSHE JIXD HAA HZEo 250| 242t AA AIFE A2 HAGHH Al HE 2t £
Ol X0l ZEEX UL=CH ZCRH0|E U002 HX38 SIE2AA BEICHA SHPAZE
(Si02< 52 wi%) AIBES HIERAAN 230 U2 [(La/Yb)y=5.0-23.3], Eu 22| 0
AOl LIEHLMS 2101 EXOICH XD MHE U002 EZTSs 0L 2LTHAM 2E A2=
LILE (large ion lithophile element)0ll £3t= MOl YR IHES 2QICH DUt
THS HAA HZo| SRA AIZS0HA= Eull Sr 29 0lA0] ZEEC 0l TH2F HAA
HE H2AE A20M LEIUE =2 29 8Sr/%8Sr, A7/4Pb, Pb/Ce HIQ HE0 M=%
OFD0F 3 A SO B0 HEHE 3HA0 SIHEARS LUASS KAIELL 2E 82
UE ABES A2A HEB2H0/E IR 00+ A0 HEEH= Dy/Yb HIZE JHAILE, AHHA
©Z Yp 20| =0 22 X0IE I 020 S0l N0l SAIECH E£8F BE Al2s
st =2 Fe/Mn HI(>~60)2} FeO/CaO-3MgO/SiO»
2t(>0.45)2 JtEICt Ol22 27 ASS0HA MHEASE (recycled) HLX2A ETO2 2
Zl K, Rb £ 0l&tl 29 Zr/Hf HIJI 2EE = HOZ 0IRHEN MEE sHatezo 2
AMEN HZ2X0IEI EMHE AO2 =HLMH, Ti B9 0l&N 2 Na/Ta Hls W22
KOIEN 2EA0| ZEZN ARSS KAl
ANZES DMM-EM2 BHE St =29 &8 A0 ZAIECH "Nd/'™Nd, A8/4Pb & 8*°Mg =
QA HIOIA HAA-LAA-TH HZ 2tS S8k XH0IJF LIEHLIK 2282 MFEE HteRs
0] SYst 2ASRNAM QU AS FFE 2= JAOH, UL AR UE HFEo BE28S
A2 Ao2 HAELE HEN 8°°Mg 2H(-0.583 ~ -0.20%)2 EE MHE 2H6*Mg = -0.25 +
0.07%)0Il HIGH CtA JIHS SEZX0| UEIUEO Ols EfArE Z20| 2/MSH ZEZAS
ts&S XAISL 9 2UE FE6H H=E saEs grst 2
2IZEIOIE 01Q0lE 2EAHS Zstsle NZ22X0/EQ EHAIY Z20| Z&T YW, 8
228 MEO 0| 0OFI0S ARG NASOH LMs 5|AA0 SHEE Sl 25t ME=E
SHAARO HEO0l UHHH & Ho2 F=2EC)

r

The 2nd Korea Geoscience Union ¢12i|8H&LH 3|



GS-01-03

CHOt OIO|2Al 222 =9l ol &8t ol
Petrogenesis of Miocene intrusive rocks from Tsushima Islands,
Japan : Preliminary study

o] 2A!, HAs 2 1Al o] gl
Eun Ji Yi', Sung Hi Choi'?, Ji In Kim', Jeong—Hyun Lee!?

FAOSL ¢ AAGH, Fdtis Q87 s2
Department of Astronomy, Space Science and Geology, Chungnam National
University!, Department of Geological Sciences, Chungnam National University?
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Conodonts from the ‘Lower Limestone’ and Haengmae Formation
in western Jeongseon, Korea and their implication for
lithostratigraphic correlation

Byung—Su Lee

Department of Earth Science Education, Chonbuk National University

The Middle Ordovician conodont fauna consisting of six species was recovered from the
upper part of the Lower Limestone and overlying Haengmae Formation in the Jeongseon-—
Pyeongchang area, Korea. Based on the occurrence of Acontiodus viriosus Cui, Erraticodon
tangshanensis Yang and Xu, and Triangulodus changshanensis Zhang from the upper part of
the Lower Limestone, the Erraticodon tangshanensis Interval Zone is proposed. This
assemblage is comparable to the Darriwilian (early Dw2) Tangshanodus tangshanensis—
Histiodella holodentata Zone in the Beianzuang Formation, Tangshan area, North China and
the 7angshanodus tangshanensis Zone in the Maggol Formation, Taebaek area, Korea. The
occurrence of Eoplacognathus suecicus Bergstréom, E£. sp., Erraticodon tangshanensis,
Panderodus nogamii (Lee) and Triangulodus changshanensis from the uppermost part of the
Lower Limestone and the middle part of the Haengmae Formation leads to assign this interval
to the Eoplacognathus suecicus Range Zone which corresponds to the Darriwilian (late Dw?2)
biozones of the eponymous zones in North China and Korea. Therefore, the Lower Limestone
and Haengmae Formation in the western Jeongseon area are correlatable to the lower and
middle parts of the Jeongseon Limestone in the central and eastern Jeongseon area.

Keywords: Darriwilian, conodonts, biostratigraphy, Lower Limestone and Haengmae
Formation, western Jeongseon
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133,

Song, D., X.H. Wang, X. Zhu and X. Bao (2013) Modeling studies of the far—field effects of

tidal flat reclamation on tidal dynamics in the East China Seas, Estuar. Coast. Shelf Sci.,

147-160.
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IIAIAZOEDH T -E 24 IIII(GC-MS)E 0I186t0 315 nitrated
polycyclic aromatic hydrocarbons (NPAHs)E 24ot= %Y
A method of analyzing a total of 31 nitrated polycyclic aromatic hydrocarbons (NPAHs)
using gas chromatography-mass spectrometry (GC-MS)
ol 5@, Bk, HAA, qlee
Seung Hyun Lee!?, Sung Yong Ha?, Wonsik Choi!, Un Hyuk Yim?*?

PO AT RN AR, FFAGAD 2, G AT L, AAYERAT AL
357 % qe) s o) st 5 op o
Division of Earth Environmental System Science, Pukyong National University!, Korea Institute of Ocean Science
and Technology?, Department of Ocean Science, Korea University of Science and Technology®

Nitrated polycyclic aromatic hydrocarbons (NPAHs) are derivatives of polycyclic aromatic
hydrocarbons (PAHs) with one or more nitro functional groups. NPAHs are released directly
into the atmosphere during combustion processes or, in the atmosphere, formed by both gas
and heterogeneous phase reaction of PAHs with nitrogen oxides initiated by OH or NOs
radicals. PAHs are commonly known for their toxic effects but NPAHs have 10 and 100,000
times higher carcinogenicity and mutagenicity than PAHs, respectively, although their
atmospheric concentrations are only 10% of PAHs. Despite their detrimental effects on human
health, related studies and standardized methodology are still lack in Korea. In this study, we
present the optimized methodology for quantifying NPAHs in the laboratory using gas
chromatography—-mass spectrometry (GC-MS). Optimization was performed by identifying
optimum, column polarity, temperature program, injection, and detection mode. A total of 31
NPAHs were analyzed. As a result, negative chemical ionization mode, NC| was adopted. A
DB-17MS (30 m x 0.25 mm x 0.25 um, film thickness, J&Q Scientific) was used. A
programmed temperature vaporization injector (PTV) splitless injection mode and a step—wise
temperature-raising program were used. For guality assurance and quality control, NPAHs
standard reference materials (SRM 2264 and 2265, National Institutes of Standards and
Technology) were analyzed. The method was applied to analyze atmospheric filter samples
collected in Tianjin, China. We expect this methodology can be applied to analysis of NPAHs
and understanding their atmospheric behavior in our future studies.
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Diurnal variation of surface air pollutants
for different season in metropolitan area
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Analysis of the relationship between particulate matter and meteorological factors and application of statistical
techniques for estimation of surface particulate matter concentration on the Korean peninsula

A, A, 283, oja

ol

Eunsun Jeong, Kwang Nyun Kim, Yong Han Jo, Yun Gon Lee

Farderi o7 %)

Department of Atmospheric Sciences, Chungnam National University
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Predicting and Monitoring the Spatiotemporal Distribution of PBL
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Characteristics of air pollutant concentration distribution
according to road control based on observations in Busan
sgn)!, Rebel vhE Al o)Al FaAld 4Edl AN
Yong—Mi Park!, Ra—Eun Kim!, Ho—Seon Park!, Seung—Hyun Lee!?, Kyu—

Cheol Hwang"?, Jun—yeong Kang and Wonsik Choi®
Correspondence to: Wonsik Choi (wschoi@pknu.ac.kr)
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Pukyong National University, Department of Earth Environmental System Science

(Major of Environmental Atmosphere Sciences), Busan, Korea.!, Pukyong National

University, Department of Environmental Atmospheric Sciences, Busan, Korea. ?,

Oil and POPs Research Group, Korea Institute of Ocean Science and Technology®.
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Analysis of detailed spatial distribution of pollutant concentration
on the road using cost-effective air quality sensors network
s Al kel urgul o) ls) sl el Hga)
Ho—Seon Park!, Ra—Eun Kim', Yong—Mi Park!, Seung—Hyun Lee!?,
Kyu—Cheol Hwang!?, Jun—yeong Kang and Wonsik Choi?
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Pukyong National University, Department of Earth Environmental System Science
(Major of Environmental Atmosphere Sciences), Busan, Korea.!, Pukyong National
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01l and POPs Research Group, Korea Institute of Ocean Science and Technology,
Geoje 53201, Republic of Korea.?
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Relationship between source air masses and inter—day isotopic
changes of nitrate in PM, s at Seoul and Baengnyeong Island,
South Korea

Heejo Lee?, Jinho Ahn®*, Jinsoo Park®, Daniel M. Sigman®, Mira A.
Weigand®, Hanna Choi® and Yeongjun Ryu®©

4School of Earth and Environmental Sciences, Seoul National University,
heejolee0512@snu.ac.kr
bClimate and Air Quality Research Department, National Institute of Environmental Research

“Department of Geosciences, Princeton University

Atmospheric nitrate (NO3™) isotopic compositions may help better understand long—distance
transport if the isotopes have distinct isotopic compositions are mainly controlled by source
regions. The PM2s aerosols were sampled at Seoul and Baengnyeong Island, South Korea
from 2015 to 2016 and the "®N/"N and '®0/'°0 of nitrate (NOs") were analyzed using a bacterial
denitrification method. The measured average 8'°N and 8'®0-NO;~ values show a pattern of
seasonal variation: enriched in winter (avg. 8'°N: 7.5 + 3.3% at Seoul; and 6.7 + 7.2% at
Baengnyeong; avg. 8'%0: 71.6 + 16.9% at Seoul; and 73.0 + 29.0% at Baengnyeong) and
depleted in summer (avg. 8'°N: =3.6 + 4.6% at Seoul; and -5.5 + 3.5% at Baengnyeong;
avg. 8'%0: 41.0 + 22.0% at Seoul; and 42.7 + 31.6% at Baengnyeong). Additional
measurements of 8"°N and 8'®0—-NOs~ for consecutive days during four seasons: 22 Mar to
30 April of 2018 (spring), 9 May to 8 June of 2016 (early summer), 1-30 November of 2017
(fall), and 3-31 January of 2018 (winter) at Seoul show correlations of particularly enriched
8""N-NOs" values during the enhanced PMz.s episodes when air clusters moved from eastern
and northeastern China while the §'®*0-NO3s~ values become enriched when the air mass
originated from China passing through the Yellow Sea, known by 72-hour back trajectory
analyses of air mass calculated by the NOAA’s HYSPLIT model. In particular, the 8"°N-NOs~
(2.4 to 15.7%) during the winter at Seoul reflects the 8'°N-NOs™ of the PM.s sources in
northeastern China. This is consistent with the assumption that the source areas of polluted
air mainly control the seasonal changes in 8'°N-NOs  of the Korean peninsula. Further
characterization of the aerosol nitrate isotopic compositions in different source origins will
help to trace the PM2s source appointments and expect to wisely manage and reduce air
pollution in South Korea.
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Mineralogy and structures of Asian Dust Particles

7149
Gi Young Jeong

QHETBh 4787313

Department of Earth and Environmental Sciences, Andong National University

Asian dust interacts with radiation, atmospheric gas, cloud, ocean, and soils. The assessment
of the roles of Asian dust requires the information on the mineralogical and structural
properties of dust particles. The mineralogy and internal structures of fine single particles of
Asian dust were examined by using SEM and TEM of cross—sectional slices. TEM analyses
showed that the dust particles were porous aggregates of mineral grains of varying species,
chemistry, and size. Internal structures of the dust particles were classified into clay-rich
aggregates, mineral grains coated with clays, and their intergrades. Submicron pores were
scattered through the particles, particularly common in the intergrade particles. Iron oxides
were submicron grains of goethite and hematite dispersed through the aggregate particles.
Clay minerals were dominated by illite—smectite series clay minerals including nano—thin
plates of illite, smectite, illite—smectite mixed layers, and their mixtures. A comparison with
previous analyses on the coarse particles showed that the mineralogy and internal structures
of fine dust were not different from those of very coarse dust particles.
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HEIINHZE 0|Est =X 4T 222 AA2F
Ground based observation of proton aurora from polar region with
All-Sky Camera

AR, A, AAg, o)A, day?
Ji Eun Kim!, Jeong—Han Kim!, Geonwha Jee!, Changsup Lee', Hyosub Kil?

AT L, EAFUN A2

Korea Polar Research Institute!, Johns Hopkins University?

The hydrogen emission is a unigue feature of proton aurora in distinction from electron
auroras. The emission profile viewed along the magnetic zenith from the ground is Doppler
shifted with its peak blue shifted, resulting from excited energetic H atoms. Since traditional
all-sky cameras (ASC) using—wide band filter do not provide the information of the Doppler
shift, tilting filter type ASC for observation of proton aurora (PASC) has been developed in
collaboration with Johns Hopkins University Applied Physics Laboratory. This PASC provides
images of He emission at centered 656.3 nm, and the line profile can be identified using the
effect of shifting the center of the wavelength by tilting the filter. The PASC was first installed
at the Jang Bogo station, Antarctica in end of 2016, followed by second PASC at Kjell
Henriksen Observatory, Norway, in 2017. Both sites contain polar cusp regions in the south
and north, respectively, which offers opportunity to investigate the Doppler velocity and energy
of cusp precipitating protons contributing to the Earth's atmosphere variability. In this
presentation, we are going to introduce to a novel method of PASC, and some early results
and their implications are reported.
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Air-sea fluxes of moisture, heat, and momentum at Socheongcho
Ocean Research Station in the Yellow Sea

Junghee Yun'?, Kyung—Ja Ha'?, Hyeryeom Kim'

'Pusan National University
Center for Climate Physics, Institute for Basic Sciences

This study focuses on the measurement and analysis of air—sea fluxes of moisture, heat,
and momentum at the Socheongcho ocean research station (S-ORS) over the Yellow Sea.
Installed in October 2014, S—ORS is an important site for monitoring various ocean and
weather phenomena. However, some potential limitations in scientific usage are present
because the observation data could be distorted under atmospheric and oceanic conditions.
Here, this study examines methods for improving the quality of air—sea fluxes and the
dependency of flux data on atmospheric conditions. First, the 20 Hz S-ORS data is
improved through a quality control method including sequential and parallel processes. It is
noted that the factors in the erroneous flux measurements are horizontal wind speed,
significant wave height, relative humidity, and visibility. In particular, many water vapor
records are eliminated by this method. This study determines that the flux data became
contaminated owing to intense sea fog under weak wind and stable conditions. The
reliability of the qualified data is determined by demonstrating their close match with
National Centers for Environmental Prediction Global Data Assimilation System/Final Global
Surface Flux Grids dataset except for a short—term discrepancy in the mixing ratio. Second,
this study examines the relationship between wind speed and surface turbulent fluxes
according to the stability. Although latent and sensible heat fluxes depend on wind speed in
unstable conditions and spread with winds stronger than 10 ms—1 in the stable condition,
the friction velocity closely follows the Charnock relation—based prediction except for
overestimation under unstable conditions. The present study reveals that seasonality in
terms of weather conditions, including stability, modulates the characteristics of turbulent
fluxes at S-ORS.
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Influence of Soil-Plant System to Horse Health
at Hustai National Park in Mongolia

Young—Gwang Kim', Lunchakorn Prathumratana'
Bolormaa Oyuntsetseg?, Kyoung—Woong Kim!

Gwangju Institute of Science and Technology!
National University of Mongolia?

The objective of this research is to evaluate the mineral nutrients of soil and plants in Hustai
National Park (HNP) in Mongolia. The HNP has been designed to conserve the ecosystem and
various wildlife, especially, a wild horse (Przewalskii s horse). Soil, plants, and salt samples
were collected at HNP and analyzed for elemental & available P concentrations. Results
showed that the concentrations of Na (94.9 mg/kg) and P (8.3 mg/kg) were extremely low
compared to the world’s average soil. The lgeo values of Cd indicated that the HNP soil may
be contaminated by anthropogenic source, but Cd concentration in plant (0.04 mg/kg) was
relatively low. The average concentration of P in the HNP plants (1,405 mg/kg) was consistent
with the fact that the soil indicated the deficiency of P in the horse feeding. Sodium
concentration in the salt (235,000 mg/kg) was enough as a dietary supplement for Przewalskii
s horses to treat the deficiency. However, the average K concentration of the salt (223 mg/kg)
was not sufficient according to the recommendation of daily uptake for horses. For the plants,
Stipa shows the highest P uptake ratio which can be used as a bioindicator for P availability
in the HNP. We may tentatively conclude that the horses in HNP are expected to experience
the nutritional imbalance of P deficiency. Further studies on concentration & fractions of other
elements and their relationships between soil and plants are planned.

Thanks : This research was supported by GIST Research Institute (GRI) grant funded
by the GIST in 2018
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Quantitative Analysis of Nitrogen—Cycle Related Gene from Rice
Paddy Soil.

Anamika Khanal"*, Ji—Hoon Lee!

"Department of Agricultural Chemistry, Chonbuk National University, Jeonju, Korea
’Department of Bioenvironmental Chemistry, Chonbuk National University, Jeonju, Korea

The nitrogen cycle and the microbes mediating this process has been investigated and
reported in a diverse type of soil such as agriculture field, acidic forest soils, paddy soils,
intertidal soil, wetlands but comprehensive understanding of these processes and also the
primers for detecting the genes of those microbes still has some limitations. The main aim of
this study is to quantify some of the key functional genes that are involved in the process of
nitrogen cycle i.e., nitrogen fixation (n7/HH), hydrazine synthase (AzsA), nitrous oxide reductase
(nosz), copper—containing (n/K), cytochrome cd1- containing nitrite reductase (n/S), nitrite
oxidoreductase (n7x/8), and ammonium monooxygenase (amoA). Real-time PCR of all the
genes was performed by using the absolute quantification method on the basis of gene copy
number. The gene copy number of nifH, amoA, hzsA, nxB nirlK, nirS, nosZ1 and nosZ2 were
found to be 8.93E+07+2.00E+07 copies/g soil, 1.798+07+0.32E+07 copies/g soil,
4.00E+05+1.10E+05copies/g soil, 4.10E+09+0.45E+09 copies/g soil, 3.93E+06+0.77E+06
copies/g soil, 2.22E+09+0.61E+09 copies/g soil, 9.50E+07+1.58E+07 copies/g soil,
2.99E+08+1.26E+08 copies/g soil respectively showing high abundance of nx/8 gene and
low abundance of AzsA gene. This finding will be very helpful in studying the microbial
community involved in nitrogen cycle in more detalil
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Greenhouse gas (CO», CH4, and N>O) concentrations in entrapped
gas in permafrost ice wedges and control mechanisms

Ji-Woong Yang', Jinho Ahn!, Kyungmin Kim', Taekyu Lee!, Sangyoung
Han'!, Ji—Hoon Kim? Iwahana Go®, Youngjoon Jang!, Yeongjun Ryu',
Yongwon Kim?, Alexander Fedorov*, Thomas Douglas® and Jong—Sik Ryu?

!School of Earth and Environmental Sciences, Seoul National University, Seoul, Republic of Korea
*Korean Institute of Geosciences and Mineral Resources, Daejeon, Republic of Korea
“Tnternational Arctic Research Center, University of Alaska Fairbanks, Fairbanks, Alaska, USA
Melnikov Permafrost Institute, Siberian Branch of Russian Academy of Science, Yakutsk, Russia
°U.S. Army Cold Regions Research and Engineering Laboratory, Fort Wainwright, Alaska, USA

Projection of permafrost stability in the future has been of great interest so far, particularly
because the thawing permafrost may lead to abrupt, and massive emission of greenhouse
gases (GHGs) into the atmosphere, which in turn trigger a positive feedback processes.
However, the in—situ GHG production in permafrost ground ice is poorly understood, despite
the ground ice account for around 40 to 90% by volume of the upper permafrost. This study
presents the compositions and centimetre—scale distributions of the important GHGs (COx,
CHa, N20) in the five Pleistocene—-aged ice wedges located in Alaska and Siberia, and
discusses the possible origin of the observed GHGs. The GHG compositions do not represent
past atmospheric signals, indicating that in—situ production and/or alteration processes
occurred. The depleted molar ratio of Ox—Ar (8(02/Ar) < -95%) and &'°C-CO, signal (-26.6+
2.5%.) imply that the excess CO.was mainly caused by microbial respiration, consuming Ox.
The inverse relationship between CHa and N2O, as well as subfreezing temperature of ice
wedge ice which is unsuitable for thermogenic (geologic) CH4 production suggest that
methanogenesis is a dominant CHasource. The NoO compositions are not only higher but also
lower than atmospheric level, indicating the occurrence of in-situ production and
consumption by denitrification. Different ranges of CHs and N.O compositions are observed
in different ice wedges. The meltwater chemistry of Siberian ice wedges suggests that
different reduction—oxidation conditions might be responsible for the different CHs and N.O
ranges. High-resolution analysis of the CO2, CH4, and N2O compositions exhibit decimeter
scale variabilities, while the centimeter scale fluctuations are probably smoothed by gas
diffusion in ice. In addition, comparisons between the dark, foliated, soil rich ice and relatively
clear ice of Siberian ice wedges show no significant difference in the GHG compositions.
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== Hercules Neve snow pite 2tESHHIAH Bis 4
Variability of water stable isotope ratios in a snow pit from
Hercules Neve, Antarctica

Aol d9d, G, AYE, FH, sk, o F

Songyi Kim"?, Yeongcheol Han?, Chaewon Chang?, Seong Joon Jun?,
Sang—Bum Hong?, Soon Do Hur?, Jeonghoon Lee!

olgte At g at, FA Q42
Ewha Womans University!, Korea Polar Research Institute?

2XYe FA4 = Algs HoE 220 W 282 J1F & IS oldict=d &S L.
d8o S SAAAHE I S22 42AH0 U =& & N2 SS/AAJALHIE Sl
ME XEo HELES WYE = AL 0le H2t S AL L Al SHE ot=0 MOl
0l Soll M2 0(firn core)2t Yat2 0 (ice core)It HEH UHSHX =X, HEH &0l= X
st 882 & == UCH 0 HAR0WAME 2014-20152 <= Hercules Neve X<
(73°03'10.57"S, 165°24'38.72"E, 2864m)0l A & S8t 200cmel F4& & AMZ2E 5cm 2H2=z
THSI O HESS 2EOIAL & & ANZQ SHESA/} A=

o B2 -45.10 ~ -

T

a2 -355.8 ~ -229.2% &S BN, HEH
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, T A0 OtAHl LIELSHCE OIE
HEe=2 Al =& = ot} S M, Hercules Nevell 200cm =& & A= 20129 2H 2015
E SHANKI2 & AlEdE FE = UULLH 0lefst Hlf =8 2= = Al22 0l d0l
BHet &M I & &8 Ha A0 28228 = A2 A0I0
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H= SUELOIHE Styx HINHY
=R 02482 24 & E4
Analysis of main ion components and characterization of Styx
glacier firn core in Northern Victoria Land, Antarctica
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Songyi Kim®, Seong Joon Jun!, Seong—Joong Kim!, Soon Do Hur', Sang—Bum Hong'
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Depertment of Science Education, Ewha Womans University®
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S YoliA ES5s d220AE=E AL U] & JIF SZS S|/56t0 1 BSE
wetol=d |6tk 28 =2 Ul DIAYXIL JIAZ2H JIdols =R0242&(Na’
ClIY, SO/47, Ca®, F~ §)9 XA STHs S42 BHO Il BHelE 280 Ao =
=Zol QA0 2 HAFNN= E2EEDHNSIINNA SZE22 &4 85 km EHE AEA
(73° 51.10'S, 163° 41.22'E, 1623 m)0IA E S8t & 9mel HI 0 (firn core) A 3582t =

(nssSO4”", nssCa®", nssCI, F))2ol

=

R20I2(F) nss-S04S 2 HEW

« P
H UL statgssS XAlcte HEA EANZ Z2AHAM UL §6I F 2 nss—SO4~ I3t
2ECX @E= i XS sheteass AEE A =X

= DEAN2 228 £ UCH 5
SIS0 AUI W20 A2 ot
M5t HlmE orst X2t HO Q= AFOICH =24 2D
.04 ug/L~8.80 ug/L, SO/ = 16.30 pg/L~2117 ug/L, Ca*'= 2.38
sE° FJF0.1m,1.4m,3m,6.5m,

g/L~311 pg/L =F22 UEIHCH, diHEeZ =2
8m F20AM 2EEJLL. O0l= 22 HIHEIIZE OI24d2Sh SAE &S LIEFRUCH
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HE2& o= PMI0 &2 d4Y Bz s == oo g&
mpact of Arctic Sea Ice Concentration on Interannual Variability of
PM10 Concentration in South Korea during winter season
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Kongju National University!, Seoul National University?, Myongji University?,

National Institute of Environmental Research®, Korea Polar Research Institute®
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21 8YsZHAZEY FROIA s ESHFS {8t
Ao HEsE =4
Determination of blanks in laboratory water for measurement of
trace elements in polar ice core

e, g, P, Fle=

Hyejin Jung, Changhee Han, Yeongcheol Han, Soon Do Hur

AT

Korea Polar Research Institute

2N e FHE NHo2 Yt W PIRAO S22 ppt L= sub-ppt (1072g g') &=
oz dstel 0 018 foiM=e EHAZL0 JES £ £+ Us HEHIEsE 5832
2 ER0ICH AEiidsCilse S4UE SO A2 AEMo2 H50ts AEEIIZ2 2H
O @A A Y AESH(=E4) s ZEECH Sol, Agss AEED|9 MES
ILEte RDE HAEASAN JI=20l H10 AIAO AT 01222 A4 Hdsss &
o =xs o)l QU. 2 AFUAE dolAE 848 A 842 226t0 s Milli-Q
water?t Ol FIt EXN& & B2 Sub-boilied water& HIWatACH Sub-boilied water=

(@]

QuartzH & 2! MilestoneAt2l DuePURZ} TeflonfH& QI SavillexAt2l DST-1000 EMAXIE O
ZoIACH, =2 DIEFAS 2A2 2XHEPAS NERils |KEZE Zck=0F 224D
(Inductively Coupled Plasma Sector Field Mass Spectrometry, Element 2, Thermo Scientific)
S 2SS0l 8 HFRE Soll =X 2ot2 W 2018 s&2 RIIA 240 J|gHo] =

H4E SF(AE8+)2 =0t &t

0zl
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=X9 HSE I XEXS,
ASEH 872 A2 A2
Modulators of the Arctic summer climate modes;
from storm to global teleconnection

olml 3|l %!
Min—Hee Lee!, Joo—Hong Kim'

SRR

Korea Polar Research Institute!

In this study, we investigate several factors to modulate the summer Arctic circulation which
has a significant linkage with the sea-ice variation. Using self-organizing map (SOM)
clustering, the daily Arctic (north of 60 °N) mean sea level pressure (MSLP) during 1979-2017
is classified to three SOM modes through the procedure finding the optimal number. The
resultant patterns are characterized by the negative Arctic mode, the dipole mode between
Pacific (positive) and Atlantic (negative) sides, and the positive Arctic mode with weak
negative Russia for SOM1, SOM2, and SOMS3, respectively. The occurrences of the frequency
of each SOM pattern computed by counting the number of days that are matched to each
SOM in a year show not only the large interannual variation but also the decadal shift. Since
Arctic summer is well known as the most synoptic period with the frequent storm occurrence
in Arctic central Ocean, we first check the influence of storms on these variabilities in SOM
occurrences. All spatial and temporal changes in Arctic MSLP are largely explained by the
storm distributions in the interannual time scale. Considering the short scale of e-folidng time
of all three SOM mode, we also analyze the daily evolution of atmospheric condition in the
synoptic scale, and obtain the consistent results with the unfiltered daily SOM pattern and the
associated storm distribution. From these, we can conclude that the Arctic summer MSLP
variability is attributed to the accumulated effect of the spatio—temporal distribution of
synoptic storms.

Further, the possible factors to modulate summer Arctic MSLP via affecting the storm
distribution in the longer time scale are investigated. Basically, it is well known that the activity
of storm is strongly related to the baroclinic instability. Indeed, the storm activity related to
each SOM pattern are all significantly linked with the baroclinic instability which is determined
from the surface temperature distribution. Since the Arctic surface condition can be modulated
by the snow cover or sea—ice condition from the preceding season, we also investigated the
snow cover, sea—ice, and the SST teleconnection from the preceding winter to the following
winter.
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SH=E2 0|8t I H OI=2doll HI|ILS &3 o
A study of past Amundsen Sea Low
intensity using a statistical reconstruction

171 51 1
S, AT, A8

ChangKyu Lim!, Joo—Hong Kim', Seong—Joong Kim!

A AT 2!

Korea Polar Research Institute!

In recent decades, West Antarctic has experienced extremely climate change with increase
temperature in Antarctic Peninsula and change sea ice. The Amundsen Sea Low (ASL) is
climatological low system in Antarctic. ASL is major factor of West Antarctic climate change
such as warming in Antarctic Peninsula and loss of Bellinghausen sea ice but increase of
Ross sea. So in understanding the Antarctic climate, ASL has the same importance as
Antarctic Oscillation (AAO). Past climates studies can reduce the uncertainty of future
forecasts (Henderson et al., 2009). In other words, the reason for studying the changes of
the ASL in the past twentieth century is that the understanding of the past can reasonably
predict the future. However, because the history of observations in situ is not long, it is difficult
to understand the past through observation data. So, in this study we used a statistical
approach based on teleconnection between ASL and various variables such as surface air
temperature, sea level pressure, sea surface temperature.

To reconstruct the past of ASL intensity, we employed a multi-linear regression model.
Three reanalysis data to be used in this statistical models have been selected such as JRA55
of Japan Meteorological Agency, ERA 40 of European Centre for Medium—Range Weather
Forecasts, and NCEP reanalysis 1 of National Centers for Environmental Prediction. The
CRUTEM4, HadSLP2, HadSST3 data from Met Office is suitable for use as predictor because
it provides monthly average of 5 degree by 5 degree grid at ground stations, ships and buoy
since 1850. Three statistical models of each season were used to reconstruct ASL's centre
pressure from 1900 to 2000. We also perform an ensemble experiment with 1000 members
for each statistical models. The results of reconstruction show that ASL had deepened during
20th century. In addition, there was deepening trend of ASL during only austral spring season
at 95% significant level.

Thanks : This study was funded by "Investigation for the cause of east—west different climate
responses in Antarctica(PE19010)"
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Water isotopic composition of Styx Glacier firn cores and its
association to air temperature

12 Yeongcheol Han?, Songyi Kim"?, Sang—Bum Hong?

Jeonghoon Lee!, Soon Do Hur?

Yalalt Nyamgere

'Department of Science Education, Ewha Womans University,
Seoul 120-750, Korea
?Division of Paleoenvironment, Korea Polar Research Institute (KOPRI), Incheon
406-840, Korea

Stable water isotopic (8'®0 and 8D) composition of a polar ice core is correlated to the
surface air temperature and used as a proxy for paleo—temperature. This study focused on
the coastal Antarctic site (Styx Glacier, northern Victoria Land) where precipitation and its
chemical impurities are dominantly sourced from the neighboring ocean. The firn cores and
snow pit samples obtained during the 2014-2015 austral summer and examined with its
isotopic and chemical compositions. The annual mean isotope ratios were compared to the
air temperature recorded by automatic weather stations (AWS) near the site and ERA-Interim
reanalysis 2-m temperature data. The less variated snow pit 8'®0 and temperature reveals
the correlation (R?=0.5, n=32, p<0.001), confirming the identical seasonal pattern. However
this correlation was weakened for the firn cores, as seasonal peaks and dips of the isotope
ratios have been shifted and attenuated with increasing depth. This indefinite variability is
likely to imply contribution of various influencing factors on isotope composition of aged
precipitation.
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Paleoceanographic changes during the past one million years in
the Central Basin, northwestern Ross Sea

Min Kyung Lee!, Kyu—Cheul Yoo!, Jae Il Lee!, Christian Ohneiser?,
Sunghan Kim', Robert McKay?®, Olya Albot®, Christina Riesselman?,
Michael Bollen?, Richard Levy*, Ho Il Yoon'

Korea Polar Research Institute! , University of Otago, NZ2
Victoria University of Wellington®, NZ, GNS Science, NZ*

The Central Basin is located in the northwestern Ross Sea continental slope and rise. A
11.75 m—long core RS15-LC42 was collected from the southwestern part of the Central Basin
(71° 49 ° S, 178°35. E, 2084 m deep) by the Korean RVIB Araon in 2015. This core covers
about 1.3 million years , and the chronology is established based on paleomagnetism and
diatom biostratigraphy. Ohneizer et al. (2019) reported Brunhes—Matuyama reversal (0.78 Ma)
at 8.26 mbsf of this core, and according to paleo-intensity records the sedimentation is
almost continuous although there is a hiatus near 9.54 mbsf. LC42 core is composed of two
distinct sedimentary facies: 1) well-laminated greenish gray diatom-rich silty mud, and 2)
massive/bioturbated light gray sandy mud. Well-laminated facies include high content of TOC,
opal and carbonate with no IRD (clasts > 2 mm), while massive/bioturbated sandy mud facies
show high MS value and bear IRDs. Clay mineral composition indicates that illite is rich in
facies 1, while smectite and kaolinite is relatively rich in facies 2. The difference in clay mineral
composition between two facies suggests that clay minerals within two facies originated from
different sources. The diatom assemblage in LC42 include reworking indicator species (early—-
Pliocene and Miocene taxa), and the degree of reworking is severe in facies 1 compared to
facies 2. The tendency of reworking is evident in the lower part of the boundary between 2.8
and 3.25 mbsf. This result suggest that there was a significant shift in the oceanographic
regime in this region around 0.3 Ma.

Thanks : This research was conducted by Korea Polar Research Institute's support.
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JdeletE NEEM ZotZ o0 JIS& XL 58HE S0t Sk
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Provenance of dust to the NEEM site, Greenland, during the last
50,000 years
@, #9A, ol gd!, Hex!, FAY?
Changhee Han', Yeongcheol Han'!, Khanghyun Lee!, Soon Do Hur',
Sungmin Hong?

A AL st m?
Korea Polar Research Institute!, Inha University?

IH SER NATE 0lsE HIXQ JIEX F=HES 2ol DEl2=0A AIF=S NEEM
(North Greenland Eemian Ice Drilling) &ot20 ME0AM H(Pb)lt AEZE(Sr) AFSHAA
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otoha!, Hejxz, 7 F, uhgAd, olat, PASE FAE!
Dha Hyun Ahn', Taejin Choi?, Jhoon Kim', Sang Seo Park?®, Yun Gon Lee?,
Seong—Joong Kim?, Ja—Ho Koo'

tAdddisty o7 et faaa ket A SAATF A,
Agdey gty st o7] v ek
"Department of Atmospheric Sciences, Yonsei University, 2Korea Polar Research
Institute, ®School of Earth and Environment Sciences, Seoul National University,
‘Department of Atmospheric Sciences, Chungnam National University

g=2 NEe A 2 JM4std S5 20 22 S He 2X 2= A2 LM »U
UKL, FZO HRES2 ZSATZ2EHS 290l =20 HES 012 4= USZS AlAtstLH =2
HIANAMNE et SATOA 2As (1220 =2 X DIxle deS 271 2ol oo
ZZE & 210/(Aerosol optical depth, AOD), 2 &tstErA(Carbon monoxide, CO), Ol &tgh& A
(Nitrogen dioxide, NO,) ¥ ZE2d 5|l =(Formaldehyde, HCHO) fI4&= U2 E 0/&5H0
J2ss He 2 EdHEE HHEQUCH 242 <ol 2005EH2H 2016EINMA 1222
Moderate Resolution Imaging Spectroradiometer (MODIS) AOD, Measurements of Pollution in
the Troposphere (MOPITT) CO, Ozone Monitoring Instrument (OMI) NOz, HCHO level 3 XI2 &
Ol EotCH RE SZ0| LotHieldt, Ot=23t, 53 UE 220UA =H UEES 2215t
=dl, olzst MEe 2t =1 HI0IQUHA A WA st WAE s S22 &
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Ct. S I QLE=E2 = U222 =5 Jis

sas floif Hybrid Single—Particle
Lagrangian Integrated Trajectory (HYSPLIT) 222 0|25t0] 1022te HAXS S4s 21,
sE= NY9liiME S/ASZRHY R20Ist =& IHES2 = = Sl= BiH, 432 XF0A
= SAEZRH QE2E0| RE Jisd2 2E0le 9H4E 222 E =g 4+ UYL 0l=
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cA HEFHE sZ AZBQ EEZ= 241 E&E2 JI¥X Hlu
Comparison of clay mineral compositions and sediment
provenances between the eastern and western parts of the
continental margin in the Ross Sea
s, AR E. Colizza®, 2879, Fa%17
Sangbeom Ha!, Boo—Keun Khim', Estgr Colizza®, Hyen Koo Cho®, Hyojin
Koo

wardsti!, Ede|aeetin? Zae s
Pusan National University', University of Trieste?, Gyeongsang National
University®

ZAN HEFHR SZW MEBo EHE JIFXE IS 26t SZ HEAIHNA =
AD0 RS14-GC2E MZE ZSUA=ZXIUM =D KI-13-GC22 22 M6 HAESEEH,
UEEA D2l BEFS X4 240/ AMS MC ol SHD M ;AT KI-13-GC2
of BN ENE2S F2 HULSENZ(RD)E ZEs BE L= AR BER IHZN A2H,
RS14-GC22 2 EXNE2S YUREINSS ZEF UIAYN AR HE I= AMEZX FEZ
AL UACH F 20 EEHSS 2DF MBHAN S 2Mo ENMZ0| SHRME M NS
0l LIEFLIMY, RS14-GC20IAE 2tAol € XM=20] 2O ZIGHRUAM CHAl LIEHLIE gHH, KI-
13-GC20I M= 2ZLAD 3| E[XM20| 4 3] WSEHH LIEHHCH MBI EIRZ9 HEZES X4

S D0 2F0A L2t0IE(KI-13-GC2: 59.1~76.2%, RS14-GC2: 61.8~76.7%)It &

SHGHA LEILIH, 822 =sLA(KI-13-GC2: 12.4~21.4%, RS14-GC2: 15.7%~21.3%),
ItSeILIOIE(KI-13-GC2: 4.1~11.6%, RS14-GC2: 3.6%~15.4%), OtXI&2=2 AGEIQIE
KI-13-GC2: 1.2% ~22.6%, RS14-GC2: 0.9%~5.1%)2 &=M=Z UEIRCE 2atIIsSt 2 A

—

O HEFTHE =SEZ AMEl=s LLI0IERY SUA0 2F 2AMGHH UEHLIH, Z2A6HS H%
Ol /XISt =ECHAtOHO] DIBIAOZ 2H 2GS AN S0 25t Lel0IER =LA
0| EFst EEZ20| 2ot B2LHYUS A2 FHEC BtH 2AHI SO UIEFHE S
Z AMEBN BEZ22 40| T2 UELlE 242 82 JI&AXS 0] 2oz oo
Ct. 22002 SZ&0 fXIS Mary Bird Land &= Edward 7Al Bt 22 EH AYEOIES Jt2
cILIOIEDL 3 AtEHR0 2ol =2 USFHR X2z E=SE0 ¢H, HS=HE AZQ
AMEIQIER II2LIU0IEE 240 SANE WSS ELots UHESAZW IH2LILOIE
E LZgotd ASs N2 F==H = EEHIUA S=20H HESS WAHUIL iz S2= off
S0l 2ol 2eteE Hez FFHE

4o
el
ror

o X7, =&t X[ Ftatst 303



304

JS-07-24

Preliminary result: Investigation of microbe—mineral interaction in
the paleo—Subglacial lake: Crystal Sound, Antarctica

Young Kyu Park!, Jaewoo Jung', Kee Hwan Lee!, Kyu—Cheul Yoo?, Chung
Yeon Hwang?, Jae Il Lee?, Jinwook Kim!

Department of Earth System Sciences, Yonsei University, Seoul, Korea!,

Korea Polar Research Institute, Incheon, Korea?

Dissolution of Fe from Fe-bearing mineral through biotic/abiotic process beneath the
Antarctic ice sheet is being significantly recognized as a source of bioavailable iron in the
Antarctic region. However, the microbially-mediated mineral reaction in the subglacial lake,
which is unique, isolated and low temperature subglacial aqueous environments remain poorly
understood. Here, total 884 cm of marine core sediments at Crystal Sound, Antarctic
Peninsula was collected during ANA0O7D CRUISE 2017 Expedition. The recovered sedimentary
succession of the marine core consists of three lithostratigraphic units. Sedimentary facies
below 680 cm are likely to be characterized by turbidite with stacked sequences of
interbedded fine—grained sediments & dropstone diamicton, represented paleo—subglacial
lake. In addition, mineralogical characteristic of paleo—subglacial lake sediment showed
variation of clay mineral assemblage and mineral composition. Batch experiment of the paleo—
subglacial lake sediment under the low temperature (from 4 C, pH 7), anoxic and dark
condition were also performed to understand the microbial Fe respiration in the subglacial
lake environment. Furthermore, observation of structural/chemical modification of mineral
using XRD, SEM and TEM, porewater chemistry of core sediment, and analysis of microbial
diversity using 16S rRNA pyroseqguencing in enrichment sample will be discussed.
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Seasonal Changes in As, Bi, Cd, Mo and halogen elements
recorded in Greenland EastGRIP snow pit

olzm!, o]Fd? AL, F4H!, AFol, dFH!, dex!

Seungmi Lee!, Khanghyun Lee?, Chaewon Chang', Sang—Bum Hong!,
Songyi Kim"?, Yeongcheol Han!, Soon Do Hur!

2AQT A FADRAATRL TAATE K-FEAQD, o|ghol Ar)stn’
Division of Paleoenvironment, Korea Polar Research Institute’,
Unit of Antarctic K—route Expedition, Korea Polar Research Institute?, Department
of Science Education, Ewha Womans University®

On July 2017, a series of 38 snow samples were collected from 1.9 m deep snow pit at the
Greenland EastGRIP deep ice core drilling camp in 5 cm interval. We determined As, Ba, Bi,
Cd, Mo and halogen elements together with water stable isotope ratios (§'®0) and ion species
such as Na*, Ca®*, MSA (methylsulfonic acid), and SO4*~ from these samples.

Well defined 80 record indicates that the 1.9m deep snow pit samples cover 4.5 years
from 2012 winter to 2017 summer. The concentration records of Ca®* Na', SO and Ba
generally show peaks during spring seasons. This implies the large increases of atmospheric
input of crust dust and sea salt for that season as well as other Greenland snow and icecore
records. However, nss—SO,* also showed large peak from 2014 fall to 2015 spring. This is
most likely due to the eruption of Holuhraun volcanoe, Iceland.

As, Bi, Cd and Mo are known to be largely contributed by volcanic eruption. However, in
our samples, no significant enrichment of these elements were found for the period of
2014~2015. Only Cd showed 2~3 times increase of crust enrichment factor (EFc).
Considering the high EFc values of As, Bi, Cd and Mo over all samples, these elements seem
to be significantly enriched by anthropogenic emissions, and thus the volcanic contributions
were relatively small. In additions, Holuhraun eruption was known to be gas rich and ash poor.
This also well supports the little influence of that volcanic eruption on the atmospheric input
of the trace metals. Halogen elements such as Br and | reveal the seasonal change of these
elements are characterized by summer peak. This represents that the atmospheric input of Br
and | are related to bio—activities in polar region which is maximized during summer season.
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A Critical Role of Extreme Atlantic Windstorms in Arctic Warming

zx]_oﬂl pal-l! u]2 ELjECE 633 71211 . Xiangdong Zhang4 A= 7 e ]1
JaYoung Hong!, BaekMin K1m , EunHyuk Baek?®, JooHong Kim', Xiangdong
Zhang*, SeongJoong Kim!, Solji Lee!

SAATAL FAdstR?, Addstn®, ddAgt gt
Korea Polar Research Institute!, Pukyong National University?, Chonnam National
University®, University of Alaska Fairbanks*

Here we show that Atlantic windstorms of extreme category in northern winter tend to follow
a well-defined route toward the Atlantic sector of Arctic, and that heat and moisture
transported by these extreme storms significantly warm the Arctic. A positive North Atlantic
Oscillation condition and the associated intensified upper—level Atlantic jet provide favorable
conditions for those extreme storm developments through enhanced vertical wind shear.
These extreme windstorms lead to two discernible impacts on the Arctic: 1) enhanced
poleward energy transport by moisture intrusion to the Arctic, which accompanies increased
longwave downward radiation and 2) the occurrence of blocking—like patterns after the storm
break—up. During these periods, significant Arctic warming was observed of a 10-fold
increase versus normal and weak storms. The poleward deflections of extreme storms, and
the Arctic warming driven by such storms, are well simulated in numerical experiments with
oceanatmosphere coupled models.

Thanks : This study was supported by ‘Development and Application of the Korea Polar
Prediction System (KPOPS) for Climate Change and Weather Disaster (PE19130)" project of
the Korea Polar Research Institute.
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River discharge over the pan—Arctic region at the end of 21°%
century

Mee—Hyun Cho!, Baek—Min Kim?

Korea Polar Research Institute!, Pukyong National University?

The warming of the Arctic has progressed much faster than the global average, which is
expected to amplify by the end of the 21st century. In this study, we evaluated runoff
simulations against observations R—ArcticNET version 4. We utilized the National Center for
Atmospheric Research’s Community Land Model (CLM) 4.5. The CLM 4.5 simulates average
runoff over the pan—Arctic region reasonably well. Representative Concentration Pathways
(RCP) 4.5 and RCP 8.5 scenarios are applied to project the change of the runoff at the end
of the 21st century compared to the present. In both scenarios, an overall increase in river
flow is anticipated over the pan—Arctic, but under RCP 8.5, the increase is expected to be
19% greater than RCP 4.5. The runoff is the difference between precipitation and evaporation.
Under the RCP 8.5, the rise in precipitation—evaporation is higher than under RCP 4.5, so the
increase in runoff under the RCP 8.5 is more significant. However, the horizontal distribution
of the rise showed regional differences. The regional melting of permafrost soils shows a
substantial contribution to the increase of the runoff in the Rena, Anadyr Kolyma, and
Mackenzie Basin. In fact, under RCP 4.5, these areas remained frozen, but under RCP 8.5, at
the end of the 21st century, the frozen soil of this area disappeared, and soil ice turned into
soil liguid, leading to the increased river flow. Under the RCP 8.5 where greenhouse gases
are continuously emitted as at present, it implicates that at the end of the 21st century, the
permafrost almost disappeared and this could significantly increase the freshwater inflow to
the Arctic Ocean.
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Geomorphologic features of Bengal Submarine Canyon captured
by RV ISABU
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Solar Dynamic Activities in the Perspective of Outer Coronal
Dynamics

P, g
G. S. Choe, Minhwan Jang

73 8] o 8t
Kyung Hee University

The traditional solar cycle is based on the sunspot number. The solar wind magnetic flux,
however, shows a different time evolution than the sunspot number. The peak of the former
lies in the declining phase of the solar cycle. It can be reasonably argued that the solar wind
magnetic flux represents the open magnetic flux from the sun. For a given magnetic flux
distribution on the sun, one can increase the open magnetic flux by energizing
(nonpotentializing) the magnetic field through shearing and twisting. Thus, we conjecture that
the solar magnetic field is more dynamic in the sense that more shearing and twisting motions
appear in the surface in the declining phase of the solar cycle. To test this conjecture, we
have investigated three statistics along solar cycle 23: the total area of coronal holes, the
number of coronal mass ejection observed by SOHO/LASCO C3, and the number of events
involving coronal hole splitting and/or merging. The total area of coronal holes can be a rough
proxy of the open magnetic flux emanating from the sun. The number of LASCO C3 CMEs is
a rough proxy of the field opening events of highly energized non—potential coronal fields.
The splitting and/or merging of coronal holes can take place by dynamic motions on the solar
surface. We have found that all three statistics follow a similar time variation, in which their
peaks are located in the declining phase of the solar cycle. Therefore, we propose that the
solar “dynamic” activities do not follow the sunspot number, but form a different temporal
distribution, which is retarded compared to the sunspot generation trend.
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KMAG : & A& d32E {8t ust BHAl
KMAG : Scientific payload to investigate Lunar magnetic field

Ayl olg Al AlAE! ojvkat!, AF! 7!
ByungWook Jeong?!, HyoJeong Lee!, JeHyuck Shin!, ManGyu Lee!, Ho Jin
KhanHyuk Kim!

1

8ot
Kyung Hee University!

The Korea Pathfinder Lunar Orbiter (KPLO) project is the first space exploration mission of
South Korea beyond earth orbit. KPLO has five scientific payloads and one technology
demonstration instrument. KPLO MAGentometer (KMAG) is one of the scientific payloads to
investigate a lunar magnetic field. KMAG has three fluxgate sensors mounted in a 1.2 m boom
structure. Three magnetometers are located at the far end of the boom, the closest thing to
the spacecraft is to allow spacecraft interference to be subtracted from observational data.
The sampling rate is 10 Hz and the resolution is 0.2 nT with a 1,000 nT dynamic range. The
KMAG data will be used to create a 3D map of lunar magnetic fields including previous mission
data set and to investigate the origin of the Moon’s crustal magnetism (including widely
scattered paleopoles) and magnetic ‘swirls’. KMAG will operate at 100% duty cycle with
measurement going on until the spacecraft impacts the lunar surface. KMAG had completed
the delivery at Q2 2019 after finishing the flight model test.
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Detection of lunar subsurface void in lunar gravity model

Flul2 BEW, YT ol f!
Ik—Seon Hong!?, Hong—kyu Moon?, Young—Jun Choi®®, Yu Yi!

Fdstnl, @R, Sled gy’
Chungnam National University!, Korea Astronomy and Space Science Institute?,
Astronomy and Space Science, University of Science and Technology®

After the release of the high resolution lunar gravity model, several studies of lunar
subsurface have been published. The gravity model has the form of spherical harmonics, and
degree and order are related to depth of the body. In this study, we use the lunar gravity
model to find the lava tubes in the lunar subsurface. In order to reduce the regional trends of
the deeper place and error of high degree and order, we specify the filtering range and apply
spherical harmonics localization. We generate a simple window, for region of interest, for
power spectrum analysis. Power spectrum analysis, used for excluding error in higher degree,
is has shown different shape with localized area. We limit higher degree from spectral analysis
and limit lower degree 50 for excluding regional trends. As a result of spectral analysis, an
error in higher degrees appears differently depending on localized area and low gravity signal
is detected. In addition, we need precise analysis method such as spherical harmonics
localization with Slepian function.
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Water Ice Area Variation with Solar Incidence Angle on Ceres

MR, 22324 T %3 HogF2t, Al HygRl
Haingja Seo!, Eunjin Cho?*, Ik—Seon Hong®®, Young—Jun Choi®*, Mijeong
Kim', Myungjin Cho?

Azslo) sl BAARATH, Fris’, Ao s gt s’

InSpace!, Korea Astronomy and Space Science Institute?, Chungnam National
University®, University of Science and Technology*

Water ice has been discovered in PSR(Permanent Shadow Region) of Ceres as following
Platz et al.(2016). The amount of water ice in PSR would correlate with the temperature nearby,
which is proportional to solar incidence angle. We investigated the variation of water ice area
with respect to solar incidence angle. We took more than 2(??) images at different solar
incidence angles for the same location on surface of Ceres and calculated the area where
water ice observed. The images, which are observed by FC(Framing Camera) on DAWN, are
given from PDS, and we performed the data reduction using ISIS software developed by USGS
and ENVI/IDL. One can expect that small solar incidence angle derives large area of water
ice, Although there is no correlation between water ice area and solar incidence angle by
previous analysis. We will present the details of analysis and interpretation, and discuss a
possible method to try.

We are grateful to have a chance to collaborate with ShadowCam team of Korea Pathfinder
Lunar Orbiter (KPLO) from a Korean participating scientist program, and to contribute to the
science in space exploration as a company.

Thanks : This research was conducted by NRF (2018M1A3A3A02065832) support.
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The lunar candidate landing sites
around Mare Vaporum and Sinus Aestuum

o] 412, AR, 71 g3

Yi Eung Seok!?, Kim Kyeong Ja?, Kim Yong Ha'

A I RTAN e AR RS B b
CNU! | KIGAM?
Department of Astronomy, Space Science, and Geology, Chugnam national
university, Daejeon 305—764, Republic of Korea®
Geology research center, Geology Division, Korea Institute of Geoscience and
Mineral Resources, Daejeon 305—350, Republic of Korea®
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Lunar landing candidate site for future Korean lunar exploration
mission
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Application of Deep Learning to Astronomical and Geophysical
data: 8. Prediction of major solar flare profiles using LSTM

Kangwoo Yi, Yong—Jae Moon, Daye Lim and Gyungin Shin

School of Space Research, Kyung Hee University

Intense X-ray flux from large flare events cause ionization in lower layer of the ionosphere
on the sunlit side of Earth which can cause short-wave fade out. Due to the radiation travels
at the speed of light, it is very difficult to pre—estimate the effects of hazard. In this study, we
apply a Long short-Term Memory, which is a popular deep learning method for time
dependent data, to the forecast of X-ray flux profiles of solar major(M and X-class) flares.
For this we use GOES10 x-ray flux data with 1 minute time cadence and NASA flare catalogue
from August 1998 to April 2006. 760 events are used for training and 85 ones for testing. We
consider major flare events without double peaks, pre—flares, and abnormal distributions to
train and test models. Our models use 30 minutes X-ray flux data to predict the next 30
minutes and stop the prediction at the peak flux. We compare our forecasting results giving
the best performance with those of the conventional method based on Auto-regressive
Integrated Moving Average(ARIMA). The results are as follows. First, the root mean square
error(RMSE) of the next 30 minute soft x—ray flux prediction with the LSTM model is 0.297 and
ARIMA model is 1.089. Second, RMSE of peak flux prediction with LSTM model is 0.266 and
ARIMA model is 1.401. These result show that the flare profile prediction based on LSTM is
much better than that based on ARIMA.

This work was supported by Institute for Information & communications Technology
Promotion(IITP) grant funded by the Korea government(MSIP) (2018-0-01422, Study on
analysis and prediction technigue of solar flares).
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Application of deep learning to astronomical and geophysical
data: 3. Generation of solar magnetograms and UV images from
historical sunspot drawings

Harim Lee!, Yong—Jae Moon"?, Eunsu Park?, Daye Lim?, Gyungin Shin?,
Hyunjin Jeong?, and Taeyoung Kim?**

Department of Astronomy and Space Science College of Applied Science,
Kyung Hee University!, School of Space Research, Kyung Hee University?,
Department of Research and Development, InSpace Co., Ltd®

We apply an image—-to—-image translation model, which is a popular deep learning method
based on conditional Generative Adversarial Networks (cGANSs), to the generation from
sunspot drawings to the corresponding magnetograms and EUV images. For this, we train a
model using pairs of sunspot drawing from Mount Wilson Observatory (MWO) and their
corresponding SDO/HMI magnetogram (or SDO/AIA images) from 2012 to 2013. We test the
model by comparing pairs of actual magnetogram (EUV image) and the corresponding Al-
generated one in 2014. Our results show that bipolar structures of the Al-generated
magnetograms are consistent with those of the original ones and their unsigned magnetic
fluxes (or intensities) are well consistent with those of the original ones. Using this model with
the Carrington sunspot drawing, we successfully produce Al—-generated magnetogram (EUV
image) and estimate its unsigned magnetic flux. Using several empirical relationships
(magnetic flux vs. CME speed, CME speed vs. ICME speed, and ICME speed vs. Dst) in 23
and 24th solar cycle, we conjecture the Dst value of the Carrington event, about —1,670nT,
which is similar to that of Tsurutani et al. (2003). Applying this model to the Galileo sunspot
drawings in 1612, we generate HMI-like magnetograms and AlA-like EUV images of the
sunspots.

NOTE: This work was supported by Institute for Information & communications Technology

Promotion(lITP) grant funded by the Korea government(MSIP) (2018-0-01422, Study on
analysis and prediction technigue of solar flares).
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Application of deep learning to astronomical and geophysical
data: 6. Generation of future magnetograms from past ones

Seonggyeong Jeon!, Yong—Jae Moon', Eunsu Park!, Kyungin Shin',
Taeyoung Kim?

School of Space Research, Kyung Hee University! , Department of Research and
Development, InSpace Co., Ltd?

In this study, we generate future full disk magnetograms in 12, 24, 36 and 48 hours advance
from SDO/HMI images using deep learning. For this, we apply the conditional generative
adversarial network (cGAN) algorithm to a series of SDO/HMI magnetograms. We use
SDO/HMI data from 2011 to 2016 for training four models. The models make Al-generated
images for 2017 HMI data and compare them with the actual HMI magnetograms for
evaluation. The Al-generated images by each model are similar to the actual images. In the
case of 12 hour forecast, the average correlation coefficients between the two images with 2
by 2 binning are 0.76 for full-disk images and 0.77 for active regions. We have a plan to use
pix2pix HD and video?2video translation networks for image prediction.

Thanks : This work was supported by Institute for Information & communications Technology
Promotion(IITP) grant funded by the Korea government(MSIP) (2018-0-01422, Study on
analysis and prediction technique of solar flares).
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Application of Deep Learning to Astronomical and Geophysical
data: 2. Generation of Solar UV Images from Magnetograms

Eunsu Park!, Yong—Jae Moon', Jin—Yi Lee?, Rok—Soon Kim®*, Harim Lee?,
Daye Lim', Gyungin Shin!, and Taeyoung Kim!?,

School of Space Research, Kyung Hee University!, Department of Astronomy and
Space Science, College of Applied Science, Kyung Hee University?, Korea
Astronomy and Space Science Institute®, University of Science and Technology?,
InSpace Co., Ltd.,”

In this study, we apply a deep learning method based on conditional generative adversarial
network (cGAN) to the image-to-image translation from solar magnetograms to solar
ultraviolet (UV) and extreme UV (EUV) images. For this, we train a model using pairs of
SDO/AIA 9 passbands (94, 131, 171, 193, 211, 304, 335, 1600, and 1700 A) UV/EUV images
and their corresponding SDO/HMI line—of-sight (LOS) magnetograms from 2011 to 2017
except August and September of each year. We evaluate the model by comparing pairs of
SDO/AIA images and corresponding generated ones in August and September. Our results
from this study are as follows. First, we successfully generate SDO/AIA like solar UV and EUV
images from SDO/HMI magnetograms. Second, pixel-to-pixel correlation coefficients (CC)
after 4X4 binning for all passbands are higher than 0.78. Third, our model slightly
underestimates pixel values within 0.04 in view of relative error (RE). Fourth, generated 1700
A images from magnetograms are quite consistent with real ones with a very high CC of
0.97, even small-scale structures. Fifth, our results from cGAN-based model are noticeably
better than the results from convolutional neural network (CNN) model in view of the
percentage of pixels having errors less than 10 or 50 % (PPE10 or PPE50).

Thanks : This work was supported by Institute for Information & communications Technology
Promotion(lITP) grant funded by the Korea government(MSIP) (2018-0-01422, Study on
analysis and prediction technigue of solar flares).
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Estimation of in situ stress in the northern Hikurangi subduction
margin, New Zealand

Hikweon Lee?, GilYoung Kim!

Korea Institute of Geoscience and Mineral Resources!

International Ocean Discovery Program (IODP) Expedition 375, together with expedition
372, had been carried out to investigate the physical process and in situ conditions that
govern shallow slow slip events (SSEs) recurring approximately every 2 years along the
northern Hikurangi subduction margin, New Zealand. For studying the physical process of
fault slip, knowledge of in situ stress is critical. In situ stress is characterized by its
orientation and magnitude and represented by the three principal stresses (vertical stress,
Sv, maximum and minimum horizontal principal stress, SHmax and Shmin) which are
mutually orthogonal.In this study, in situ stress including pore—pressure was estimated with
the stress polygon combined with the analysis of wellbore failures (borehole breakout and/or
drilling—induced tensile fracture). Borehole breakouts are diametrically opposed compressive
failure zone at the borehole wall aligned with the direction of the Shmin in a vertical
borehole, while excessive borehole pressurization during drilling can induce diametrically
opposed tensile fractures that form along the SHmax direction in a vertical borehole.

Baorehole breakouts have been observed along the depth interval (590 ~ 650 mbsf) of the
borehole (1519A) at the drill site of the upper plate (U1519), and at the depths (~536 mbsf
and ~560 mbsf) in the 1518B drilled at the frontal thrust site (U1518). Borehole breakouts
observed in 1519A are approximately aligned with 0540/2340, indicating Shmin is acting
along northeast to southwest. On the other hand, borehole breakouts in 1518B have an
average azimuth of 1730/3530 from which the Shmin orientation is inferred to be north-
south. The preliminary estimation of in situ stress magnitude using the stress polygon
combined with the of wellbore failure analysis indicates that strike—slip to thrust faulting
stress regime is prevailing in the frontal thrust site (U1518), and the stress ratio of Shmin/SV
ranges from 1.005 to 1.205 and SHmax/SV = 1.005 to 1.265. In contrast, the in situ stress
regime is normal faulting in the upper plate site, and the stress ratio ranges 0.3 ~ 0.883 for
Shmin/SV and 0.665 ~ 0.914 for SHmax/SV.
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Quantitative analysis of Cretaceous subsidence of the Naturaliste
Plateau, offshore SW Australia (IODP Expedition 369, Site U1513)

Eun Young Lee!, Erik Wolfgring?

Chonnam National University', University of Vienna®

The Naturaliste Plateau (NP) offshore southwestern Australia is a submarine continental
fragment left behind during the Early Cretaceous breakup of East Gondwana, between
Greater India and Australia—Antarctica. Seafloor spreading began ca. 136 Ma on the Cuvier
and Perth Abyssal Plains adjacent to the central Western Australian margins, and
propagated rapidly southwards during the Valanginian through Hauterivian time. The late
rifting stage is characterized by widespread volcanic eruption phases along continental
margins and on continental fragments. On the eastern flank of the NP, a full succession of
Cretaceous sediments including the Early Cretaceous volcaniclastic sequence as well as the
first in—situ evidence of volcanism were recovered at Site U1513 by International Ocean
Discovery Program (IODP) Expedition 369 in 2017. To improve our understanding of the
post-rift subsidence of the NP and adjacent Mentelle Basin, this study analyzes high—
resolution subsidence curves of Site U1513 using detailed age—depth models arranged from
the paleontological and paleomagnetic data. Paleobathymetric variations were arranged
from lithological descriptions and shipboard benthic foraminiferal data. The required
parameters for the subsidence analysis process (e.g. compaction trend estimation) were
taken from the physical properties data. After rapid subsidence during Hauterivian time, the
subsidence curves are variable including several uplift events. The resulting variation is
considerably influenced by paleobathymetric records accompanying large error range.
However, part/major of subsidence variations are indicated for the seafloor spreading west
of the NP, the rifting on the southern margin of the NP (breakup between Australia and
Antarctica), and the regional paleoenvironmental changes.

Thanks : This research was supported by a part of the project titled 'International Ocean
Discovery Program’ funded by the Ministry of Oceans and Fisheries and the KRF program
funded by the Ministry of Science and ICT through the NRF [2017H1D3A1A01054745] of
Korea to E.Y.L.. Brian J. O’Neill Memorial Scholarship to E.W.
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Relationship between Vesicularities of Pumice Clasts and Shifts of
Eruption Types in the Maljandeung Tuff, Ulleung Island

SangKoo Hwang, SoJin Lee, KyungSik Oh

Andong National University
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Risk Evaluation of Geologicial Hazard of Lava Flow using
Computational Simulation

Jooyong Lee, Sungsu Lee, Jeongah Um, Seulgi Lee

Chungbuk National University"***

The lava flow is one of the highly intriguing phenomena in fluid dynamics due to its
complicated behaviour mostly determined by materials composition. One of the most
important features is that the substances undergo stiffening and cooling caused by
temperature variation, which changes the material property of the lava flow. While the
portion of lava flow exposed to the atmosphere is gradually going into hardening but molten
rocks below the surface are still very fluidic. For this reason, the lava flows inside the
hardened surface usually travel farther. Due to its complicated phenomenon, experimental
estimation of spatial extent of lava flow in the laboratory is very difficult, and instead, most
studies have been carried out by using numerical approaches. In this study, an open source
tool is employed to analyse the lava flow in the view of computational fluid dynamic. The
computation was conducted using OpenFOAM-v2.4.0 with two—phase modelling for lava
and the surrounding atmosphere. For two phase flow, the momentum equation and the
continuity are supplemented by transport equation for volume fractions of the atmosphere
and the lava flow. In order to consider the non-linearity of viscosity of the lava flow,
Herschel-Bulkley or Bingham plastic fluid model is employed.

Acknowledgment : This thesis(paper) was financially supported by Ministry of the Interior
and Safety as “Human resource development Project in Disaster management.
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Assessment and distribution of geological heritages in the
Gyeongnam Province, Korea
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Neural network prediction model for relativistic electron flux at
geostationary orbit

M2 o] 4217, A, ol !

. S

Keunchan Park!'?, Jaejin Leez, Kyungchan Kimg, Yu Yit

PG PFEALIH, SFAEGT L, T RS G B S G
Department of Astronomy, Space Science and Geology, Chungnam National
University!, Korea Astronomy & Space science Institute’

Division of Science education, College of Education, Daegu Um’versityj

The outer radiation belt is changed rapidly by solar wind condition. Particles that are
trapped in Earth’s magnetosphere have an bad effect on many satellites. So, it is important
to prevent these hazards. To protect the various risk, many researches have been
progressed and prediction models have been developed. we have designed the electron flux
prediction algorithm using artificial neural network (ANN) since 2016. We modified the ANN
to solve the problem called overfitting, time shift and tried to improve the model
performance. Input parameters are 1, 2, 3, 4 days ago data of solar wind (density, speed,
IMF By and Bz), geomagnetic index (Dst, Kp) and electron flux data. The outputs of ANN are
24 hour ahead relativistic electron flux for each LT and we performed some correction for
output. Also, we got two prediction results both only GOES electron data and GOES electron
data with KSEM data as input. Consequently, to some extent, we confirmed that time shift
disappeared for every prediction time. Comparing with two results, we got better accuracy
when we use the GOES electron data with KSEM. The correlation coefficient and prediction
efficiency are getting low according to prediction time. Our purpose is to get better and
more precise accuracy when the prediction data used.
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Structural analysis of Qualification Model for scientific payload
unit for the Small scale magNetospheric lonospheric Plasma
Experiments mission

A8 EEgl ojfald el Zogfgli mpgald o gl wkay)l o] 4
Gyeongbok J'ol'z, Jongdae Sohn', Jaejin Lee'®, Junga Hwangl"g, Young—Sil
Kwak!?, Jaeheung Park'?, Uk—=Won Nam'?, Won—Kee Park! and Yu Yi’

g, Fudsta’, a7 d s s’
Korea Astronomy and Space Science Institute!, Chungnam National University?,
University of Science and Technology®

In this time, we report the progress of Structural analysis of Qualification Model for
scientific payload wunit for the Small scale magNetospheric lonospheric Plasma
Experiments(SNIPE) mission. The SNIPE mission will be launched in the second half of 2020
to resolve micro—scale plasma structure and their spatial, temporal variation on the topside
jonosphere. To these scientific aim, there will be onboarded scientific instruments to
measure the geophysical phemomena such as electron microbursts, plasma bubbles/blobs,
field aligned current and electromagnetic ion cyclotron (EMIC) waves. The scientific
instruments is comprised of Solid—State Detector(SST; measurement for energy and flux of
particle device), MAGnetometer(MAG; magnetic field measurement device) and Langmuir
Probe(LP; measurement for properties of electron and plasma device). We performed the
modal analysis and 10G analysis by simulation program. The result of modal analysis is
365.68 Hz(1st), 438.65 Hz(2nd), 461.71 Hz(3rd), 475.21 Hz(4th), 482.62 Hz(5th). In the 10G
analysis, the maximum stress is 16.61 MPa and the maximum displacement is 0.025 mm. As
a result of the analysis, the SNIPE payload has sufficient structural stability.

Thanks : This research was supported by a part of the project titled 'International Ocean
Discovery Program’ funded by the Ministry of Oceans and Fisheries and the KRF program
funded by the Ministry of Science and ICT through the NRF [2017H1D3A1A01054745] of
Korea to E.Y.L.. Brian J. O'Neill Memorial Scholarship to E.W.
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Development of the Engineering Qualification Model (EQM) for
scientific Payloads for scientific instruments for Small scale
magNetospheric lonospheric Plasma Experiments (SNIPE) mission
=l oA, Bgol, Al wAF! Gg el uhely)!

Jongdae Sohn', Jaejin Lee!, Junga Hwang!, Young—Sil Kwak!, Jacheung
Parkl, Uk—Won Naml, Won—Kee Park!

SERRL R

Korea Astronomy and Space Science Institute

The Small scale magNetospheric lonospheric Plasma Experiments (SNIPE) mission consist
of four 6 Unit nanosatellitess to launch in the 2020~2021 to understand the spatial and
temporal variation of micro—scale plasma structures on the topside ionosphere. The SNIPE
mission have scientific targets such as electron microbursts, plasma trough, polar cap
patches, bubbles/blobs, field aligned current and EMIC waves. The SNIPE payload is
comprised of three Small but Powerful Space Weather instruments to measure the
geophysical phenomena: the Solid State Telescopes (SST), the Langmuir Probe (LP), the 3
Axis Fluxgate Magnetometer (MAG). We developed scientific Payloads of the Engineering
Qualification Model (EQM) for the SNIPE mission. In terms of the payload, We performed the
total ionizing dose test, the functional test and the environmental test such as the Thermal
Vacuum Test and Vibration Test for the payloads. In this time, we report the progress of the
Engineering Qualification Model (EQM) for scientific payloads onboard the Korea Astronomy
and Space Science Institute satellite—1.

Thanks : This research was conducted by the Korea Astronomy and Space Science
Institute's support.(can be omitted)
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Improve radiation belt distribution algorithm
performance using VAP electron flux
accompany GOES-13 electron flux.

olFA? o] AR? ANAZ

Jongkil Leel?, Jaejin Leez, Kyung—chan Kim®

AgderAden, #FAEATY’, fTse’
University of Science and Technology!, Korea Astronomy and Space Science
Institute?, Dae—gu University3

The distribution of the radiation belt through the MPF(Magnetospheric Particle Flux)
algorithm has been shown in previous studies up to L * = 1 ~ 7. In this study, we use VAP
MAGEIS data from 1.2 to 6 Re to reinforce GOES-13 electron flux (L * = 7) at a single
location as initial input value. To convert this data to PSD (Phase Space Density), we
calculated the time and flux. The space between 6 and 7 was filled using interpolation. The
results of MPF algorithm using only GOES—-13 and the result of algorithm that added VAP
data are compared with measured data and the results are shown

348 The 2nd Korea Geoscience Union 912{|&t=CH3]
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Simulation Analysis of Langmuir Probe for ISSS onboard
NEXTSat-1

Sang—Yun Lee', Kwangsun Ryu!, Ensang Lee?,
Kyung—Wook Min®, Hee—Eun Kim?, Eojin Kim!

SaTReC, KAIST!
School of Space Research, Kyung Hee University?
Department of Physics, KAIST?

The next generation small satellite—1 (NEXTSat-1) launched on Dec. 2018 including the
Instrument for the Study of Space Storms (ISSS). The disk—type Langmuir Probe (LP) is one
of the ISSS payload and calculate the temperature and density of electrons. The plasma
current with sweeping voltage is obtained as an |-V curve to measure plasma parameters by
the instruments. The temperature and density of the electrons can be obtained by fitting the
-V curve with the theoretical equations. The feature of the |-V curve is affected by the
shape of the LP and the Debye length. Therefore, we investigate effects of the two factors
through a simple test—particle simulation study and compare to the satellite and chamber
data.
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Characteristics of lonospheric scintillation in GNSS signals
measured at single site, Jang Bogo Station (74.62°S, 164.22°E),
in Antarctica

5 1.2 =11 =72 = 213 =13 2 == 2
A0 AR, AEdt, A9, A, GAS HFEN

Junseok Hong'?, Yong Ha Kim', Jong—Kyun Chung?, Hyuck—Jin Kwon?,
Jeong—Han Kim®, Young—Sil Kwak?, Jong—Min Choi®

FUsa, #HARATY, FAA TR
Chungnam National University', Korea Astronomy and Space Science Institute?,
Korea Polar Research Institute®

It is well known that the ionosphere is main error source for Global Navigation Satellite
System (GNSS) communication. At high latitudes, various ionospheric phenomena, such as
auroral activity and fast flow of plasma convection, can disturb GNSS signals, resulting in
scintillation in the received signals and even loss of signal lock that eventually leads to
socioeconomic impacts. Korea Polar Research Institute (KOPRI) and Korea Astronomy and
Space Science Institute (KASI) have operated the ionospheric scintillation monitors at high
latitude site, Jang Bogo station (JBS; 74.62°S, 164.22°E), in Antarctic to observe the
jonospheric scintillation activities since 2016. We statistically analyzed the scintillation
indices (o, S4) measured by CASES at JBS according to geomagnetic activity, season,
local time and signal type. Occurrence rate of phase scintillation (o¢) is clearly greater at L2
signal (1227.60 MHz) than L1 signal (1575.42 MHz), and also during high geomagnetic
activity (kp>2) than low geomagnetic activity (kp<2). The occurrence rate shows not only
obvious seasonal and daily variations, but also characteristic spatial distributions in terms of
azimuth angle. It implies that the ionospheric scintillation occurrence rate tends to be
affected by magnetic cusp activity as well as ionospheric polar cap patch due to polar
convection flows. In this presentation, we will report the results of statistical analysis for the
occurrence rate of scintillation indices, and discuss the related mechanisms.

The 2nd Korea Geoscience Union ¢12i|8H&LH 3|



SS-04-15

A7 Y SBTDHAS 02 BHAF S
lon Reflection Mechanism At The Earth’s Bow Shock
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Juneseok Kang!, Ensang Lee!, Hee—Eun Kim'
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' School of Space Research, Kyung Hee University, Yongin—si, South Korea

It is well known that some fraction of the incident solar wind ions is reflected at the
Earth’s bow shock. Recently, it has been studied with Particle-In-Cell and test particle
simulations that the amount of reflected ions is regulated by shock parameters. In this study,
we investigated the mechanism of the ion reflection at the shock ramp microscopically with
simplified shock model using a test particle simulation. The analysis of the simulation results
shows that the incident phase angle is the key to accelerate ions parallel to the magnetic
field from cross—shock potential, which is crucial in reflecting ions. Also, when the ions have
large pitch angles, large number of ions are reflected. We will discuss why and how the
reflection of the solar wind ions depends on the cross—shock potential, the angle between
the interplanetary magnetic field and shock normal vector, and the plasma beta at the
Earth’s bow shock.
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Forecasting lonospheric Parameters over Jeju Station
(126.30°E 33.43°N) using Long Short-Term Memory Method

Suin Moon!, YongHa Kim!, JeongHeon Kim', SeHeon Jeong!,
SangWoo Lee!, YongSil Kwak?, JongYeon Yun‘%, WooYeon Park!?

Chungnam National University!,
Korea Astronomy and Space Science Institute?,
Korea Space Weather Center®

The critical frequency of ionospheric F2 layer (foF2) and height of the F2 peak (hmF2)
measured by ionosondes have been used to monitor local ionospheric conditions.
Numerous efforts have been made to predict these ionospheric parameters. In this study,
using Long Short-Term Memory (LSTM) method, we attempted to predict the ionospheric
parameters over Jeju ionosonde station (126.30°E, 33.43°N), operated by Korean Space
Weather Center (KSWC). The LSTM method is developed from recurrent neural networks
(RNNs) by taking into consideration of sequential variation among data, unlike traditional
artificial neural networks (ANN). In LSTM algorithm, the model results from the current epoch
will influence outcome in the next epoch. We constructed an LSTM model to predict hourly
foF2s and hmF2s at the next 1 to 24 hours using sequential measured data of the past 6 to
24 hours. The sequential data for model inputs include the day of year, hour, solar activity
indices (sunspot number and F10.7 solar flux) and geomagnetic activity index (Ap), foF2
and hmF2. We attempted various sequence lengths of the model inputs to find an optimal
length. The LSTM model are trained by hourly foF2s and hmF2s measured by the Jeju
ionosonde during a period of 2014 — 2016. The LSTM model performance will be compared
with that of ANN models in terms of root mean square error (RMSE) and correlation
coefficient between measured and predicted values.
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|dentification of high latitude trough by Swarm observation

Su=In Kim"?, Young—Sil Kwak”’, Hyosub Kil!, Jacheung Park®”,
Khan—Hyuk Kim?!, Hyosub Kil*, and Jae—Jin Lee*®

School of Space Research, Kyung Hee University!, Korea Astronomy and Space
Science Institute?, University of Science and Technology®, Space Departments, the
Johns Hopkins University Applied Physics Laboratory4

Different ionization troughs develop in the sub-auroral and high—latitude F region by
different physical processes. Mid-latitude trough at the sub—auroral region is a well-known
phenomenon identified by many space—borne and ground—based observations, whereas the
existence of a trough inside an auroral oval (we call it high—-latitude trough) is identified by
only a few radar observations. This study for the first time reports the detection of high—
latitude trough from satellite observations. We distinguish mid— and high—-latitude troughs by
their locations relative to the auroral oval. Information of the auroral oval is obtained from
the ionospheric radial current (IRC) derived with the SWARM magnetic field data and the
DMSP particle data. Our preliminary results show that mid—latitude troughs are pronounced
in the evening during local winter and high latitude troughs occur preferentially early in the
morning during local summer. The location of the high—latitude trough coincides with the
location of downward field—aligned current and significant eastward ion drift. These
observations support the idea that the formation of the high-latitude trough is associated
with field—aligned plasma flow and heating of the upper atmosphere by the ion—neutral
collision.
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Investigation of narrow band structures of ions in the
plasmaspheric region observed by the Van Allen Probes satellites

olFd, o] &, 71l

Junhyun Lee, Ensang Lee, Khan—hyuk Kim

733 et
Kyung Hee University

In the previous studies during the last 40 years, various kinds of ion spectral structures
have been observed around the plasmaspheric region, which have contributed to the
understanding of the dynamics of ions that transport from the plasma sheet to the
plasmasphere. In this study, we report the observations of the narrow band structure of ions
in the energy—time spectrogram in the plasmasphere by the Helium Oxygen Proton Electron
(HOPE) instrument onboard the Van Allen Probes (VAP) satellites. The band structure is
characterized by the ion fluxes in narrow energy ranges and the gradual decrease of the
energy of the fluxes as the satellites move outward. For example, on the outbound pass of
the VAP-B satellite on 7 December 2016, the narrow band structure was observed for all ion
species with the energy of the fluxes decreasing for 20 to 0.1 keV. The nose-like structure,
formed inside L=3, was observed in the preceding orbit suggesting that the band structure
might be the remnant of the nose-like structure. A statistical study for the spatial distribution
of the band structures near the equatorial plane shows that the band structures occur more
frequently around the dusk sector inside L=4. Also, the band structures of heavy ions are
formed deeper in the plasmasphere than those of protons. The energy of the innermost tip
of the band structures is largest at the noon sector and decreases as the magnetic local
time (MLT) increases. The characteristics of the narrow band structures suggest that the
loss of ions in the nose-like structures occurs with different lifetimes at different energies
and locations.
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Solar rotational periodicity of geosynchronous relativistic electron
flux variation and its relationship with solar wind conditions during
solar cycles 23 and 24

HAL! ol AR, wAF Y, Al o5t #A7! 932!
Kyung—Eun Choil, Dae—Young Lee!, Kyung—Chan Kim?, Sung—Jun Noh!, Cheong—
Rim Choi', Kyung Sun Park', Seunguk Lee!, Ji—Hyeon Yoo!, Hee eun Wang!
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Department of Astronomy and Space Science, Chungbuk National University,
Korea!, Department of Earth Science Education, Daegu University, Korea®
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Estimation of neutral atmospheric temperature profiles in the
mesosphere and lower thermosphere region from meteor radar
observations

ol 914, 7§

Wonseok Lee, Yong Ha Kim

Fvst
Chungnam National University

We discuss a method for estimating the height profiles of atmospheric temperatures in the
mesosphere and lower thermosphere (MLT) region from meteor radar observations. In the
profiles of the diffusion coefficients that were derived from meteor decay times measured by
the meteor radar in King Sejong Station (KSS) Antarctica, the heights at which the slope of
diffusion coefficient reverses (i.e. turnaround heights) were found to match well to constant
pressure levels. It was also found in the height distribution of meteor echoes that the meteor
peak height (MPH) closely follows a constant pressure level and full width at half maximum
(FWHM) is related to difference between two constant pressure levels around the MPH.
Using the hydrostatic equation in which the altitude difference is proportional to the
logarithm of a pressure ratio, those enable us to estimate the daily temperature between
specific altitudes. Applying this method to the meteor radar data of KSS in 2014 — 2017, we
estimate daily mean temperatures at 10 altitudes (82 — 96 km) in the MLT region. We discuss
the validity of this new method by comparing the estimated temperatures with TIMED/SABER
temperatures in 2014 — 2017.
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NEZeXNHUHAHL EMIC Pcl1-Pc2 =2 SHE AR
Statistical study of EMIC Pc1-Pc2 waves observed at subauroral
latitudes
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. Kazuo Shiokawa®, Martin Connors®*

=
Jong—=Woo Kwon', Khan—Hyuk Kim!, Ho Jin!, Hyuck—Jin Kwon?, Kazuo

Shiokawa®, and Martin Connors®

Aggeu!, FAATF22 Nagoya University®, Athabasca University®
Kyung Hee University!, Korea Polar Research Institute?, Nagoya Universityg, and
Athabasca University’

We have statistically studied spectral properties of subauroral latitude Pc1-Pc2 waves
observed at Athabasca (ATH) station, Canada (magnetic latitude: ~ 62 °, and L ~ 4.6)
during the period of 2007-2008 in solar minimum year. The statistical results are as follows:
(1) Although there is a considerable spread of Pc1-Pc2 wave frequencies along the local
time (LT), most of wave samples appear in the helium band. (2) The median values of wave
frequencies in each LT bin show a clear LT dependence. That is, the median frequencies
are higher in the postmidnight-to—dawn sector and lower in the late afternoon sector. (3)
The occurrence rate of Pc1—-Pc2 waves has a peak in the prenoon sector at the 0900-1100
LT under quiet geomagnetic conditions, while the peak occurrence appears in the afternoon
sector under moderate and disturbed geomagnetic conditions. (4) The Pc1-Pc2 waves
observed at ATH were composed of a mixture of left-hand, right—hand, and linearly
polarized waves. By comparing previous studies with our observations, we suggest that the
subauroral latitude Pc1-Pc2 waves are associated with electromagnetic ion cyclotron
(EMIC) waves generated near the plasmapause and discuss the EMIC wave properties in a
region of cold and dense plasmas containing heavy ions in the inner magnetosphere.
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Swarm ¥I4 XJ|I& XANEE 0|88 dcld Pi2 IIS9 SHE HF
A statistical study of Pi2 pulsations observed in the upper
ionosphere using Swarm magnetic field data

wAE, AR, el

Jae—Hee Park!, Khan—Hyuk Kim!, Junga Hwang2

Asldst!, daged 7

Kyung Hee University', Korea Astronomy and Space Science Institute®

The properties of Pi2 pulsations observed in the upper ionosphere are studied using
magnetic field data acquired by the Swarm—-A spacecraft in low Earth orbit (LEO) and at the
low—latitude Bohyun ground station (BOH, L = 1,3) for January 2014-Jun 2015. From time
intervals when Swarm-A was on the nightside (magnetic local time (MLT) = 1800-0600 hrs)
and the BOH station was near midnight (MLT = 2100-0300 hrs), we identified 621 Pi2
events in the horizontal H component of the BOH data. For each event we examine the
coherence between the horizontal H component on the ground and the B, (radial), B,
(azimuthal), or B, (compressional) components at Swarm—-A. Out of 621 events, the B,—H
high coherence (> 0.7) events are ~6%, the B,—H high coherence events are ~3%, and the
B,—H high coherence events are ~25%. The ground-satellite high coherence events
occurred when the spacecraft was located within a magnetic latitude range of £50°. Using
the ground-satellite high coherence events, we examined the latitudinal structure of the
relative amplitude and phase of the ionospheric Pi2 pulsations detected at Swarm-A.
Confirming previous observations at LEO, we found that the ionospheric Pi2 pulsations are
characterized by symmetric odd mode standing oscillations in the north—south direction,
having a node for By oscillation and an antinode for B, oscillation, respectively, at the
equator. This indicates that the source of ionospheric Pi2 pulsations is the plasmaspheric
resonance.
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Development of a Verification System for ASSA-Spot
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Prediction of Major Solar Flares Based on Short, Mid, and Long-
term Active Region Properties

Daye Lim!, Yong—Jae Moon', Eunsu Park!, and Jin—Yi Lee”

School of Space Research, Kyung Hee University®, Department of Astronomy &
Space Science, Kyung Hee University2

We investigate prediction of major flares based on short, mid, and long—term active region
properties and their relative contribution. For this, we consider magnetic parameters from
Solar Dynamics Observatory/Helioseimic and Magnetic Imager and flare list from
Geostationary Operational Environmental Satellites. In this study, we use flare occurrence
rates during short (1 day), mid (several days), and long—term (several years) together. In our
model, the predicted rate is given by the combination of weighted three rates satisfying that
their sum of the weights is 1. We calculate Brier skill scores (BSSs) for investigating
prediction performance and weights of three terms giving the best result using ARs from
2015 to 2018. The BSS (0.22) of the model with only long—term is higher than that with only
short-term (0.07) or mid—term (0.08). When short/mid—term is additionally considered, the
BSS is improved to 0.28/0.24. Our model has the best performance (BSS = 0.29) when all
terms are considered, and their relative contribution of short, mid, and long—term rates are
20%, 20%, and 60%, respectively. In addition, this model with three terms seems to be more
effective when predicting major flares in strong ARs. In view of a process of energy storage
and release, long—term magnetic properties may indicate the storage of magnetic free
energy, while short and mid—term flare history may reflect a recent trend of energy release
process. Our results suggest that the performances of other existing flare models based on
long—term properties should be improved by considering short or/and mid-term flare
history.

Thanks : This work was supported by Institute for Information & communications
Technology Promotion (IITP) grant funded by the Korea government (MSIP) (2018-0-01422,
Study on analysis and prediction technigue of solar flares).
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2ot EEUA EEZ20 AUHE HZ0 O
UTHSR0|E HP
(Phase transition pathways of iron sulfides in a sulfidic condition:
A density functional theory study)

A (Sangbo Son)!, #7198 (Kideok D. Kwon) !

7o sty 2 A8} (Department of Geology, Kangwon National University)

2 3t8tA (sulfidic condition)0l S AISt Xlot &2 BHFUHAMEeE ESEZZ(iron sulfides;
FeSi. )0l 2 0222 s HE2 Z2HE = UL 4G DFL AL HIIZ H
F HE =8 dAHlAME =+ SEZSD SALEIAA VS0l s 228t oIt Bt e
Al BRGS0 ddU SSEBE2 #aE Y MSFZH2S0 HioH XISH 23 SF3 22 g8
SHEUAL s OIEHIE IR £EoICH A& 2ot &sEad=2 IIE =0 298
MO Z DJIE Tt SH metastable) 23 LE2E0IE (mackinawite; FeS)ets &R HMl(precursor) 2
HX EAED, 01F el X0l E(greigite; FesSy) E= KR EA(pyrrhotite; FeSi_ )1l 22 &
EE HAM zBHo=zE HEAHOZ MBS phase transformations)de 2122 A
QUCH AIAULIACIEUA AHE Tl= 28 S 222 FH &3 TH[0) &S, pH
S0 T2t A HRE £ JUCH 2ISHUAL L2 0l2=2 HS2 Olofot)|l FdiM=
FH EE AN U2 ZIFZZQ MAHE HZE BT Al AYOHOFSH S AU EEA
2 H2Ist ABE 2 MESE2 9SOz FOHSIHU, &g BS S0l I 21=Z6H0
AEMOZ CRIIF R NUEL, SSEESSS ABE Z=20 s AdEZus2 M=z
OlAE EQICH 0l YHUAE LXES 0|22 IS ot U BES4=0/2(density
functional theory) AH &0 ab initio thermodynamics $HE2 N Eol0 S EA=S=2 ZH
CHOII O3 (Eh-pH CHOIIOE)W H,S s=0 M2 AMUEe gHstA otMAMdS HlWolld,
H.S/H, BIZ20 2 &sH#Z29 AF0l H=Z0 oM CI=sHAUCEH. 0l Aol gy A
Zit= FF X5 ¥ THUHA S35 2 YAE HIISY AHASE ZSIHRE
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Centers at geo—heritage information provision facilities

NEgA HEAEE2N dAHIIESHHE elHls & &
Strategies for introducing Larchiveum in the Natural Monument
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2017 Mw 5.4 Z& XX A0 ost II6HLSH H
The 2017 Mw 5.4 Pohang earthquake, South Korea, and
poroelastic stress changes associated with fluid injection

o)l Kai Deng? 793!, o]x13° Teh—Ru Alex Song*, 713%3]°
Hobin Lim!, Kai DengZ, YoungHee Kim!, Jin—Han Reeg,
Teh—Ru Alex Song*, Kwang—Hee Kim®

Aetfeta A 7874 385! Col lege of Geophysics, Chengdu University of
Technology, Sichuan 610059, China®, 288w #3374 38 3° Department of
Earth Sciences, University College London, Kathleen—Lonsdale Building, Gower

Street, London WC1E 6BT, United Kingdom®, ¥-Att)gw A A 37 7} 8 3}°

The 2017 Mw 5.4 Pohang earthquake in South Korea, the first reported and largest
induced earthquake, occurred near the enhanced geothermal power plant in Pohang on 15
November 2017. We compute the spatiotemporal changes in poroelastic stresses perturbed
by injected fluid under various conditions to better understand the occurrences of the
Pohang earthquake and its precedent small-magnitude earthquakes. We also examine the
locations of 311 earthquakes that occurred between December 2016 and February 2018 to
determine the correlation between stress change and hypocenters. Space—-time variation of
the relocated earthquakes that occurred before the Pohang earthquake correlates
significantly with fluid injection occurring between January 2016 and September 2017. We
attribute the timing in earthquake occurrence to slow fluid diffusion, making hydraulic
diffusivity (D) the most critical model parameter for representing this slow process. The
delay between the injection and the Pohang earthquake requires O estimates within a range
of 0.66—1.46 x 107® m?/s for damaged granodiorite at 4—5 km, corresponding to the
depth between the tip of the well and the focal depth. According to these estimates, the
pore pressure, and thus the Coulomb stress, are further enhanced with each injection,
without involvement of significant stress dissipation. Fluid injection can create Coulomb
stress change, ACFS, up to 0.66 bar, exceeding those precipitated by natural sources or the
2016 Mw 5.5 Gyeongju earthquake by two orders of magnitude. Sensitivity tests involving
other candidate earthquake source models and poroelastic parameters to ACFS yield 0.4-
3.1 bar.
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ME+S W DNAPL &at & AStAL AAQN Cist ol Aol BS
An analytical solution for forward and back diffusion in low-
permeability zones

A o)Al Al okw F2

Seonggan Jang', Juyeon Lee!, Changmin Kim'®, Minjune Yang®*

PAYEL ATRA 2
BAWSE AT 5
Division of Earth Environmental System Sciences, Pukyong National University?
Department of Earth and Environmental Sciences, Pukyong National University®
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The effect of pH conditions in an aquifer on uranium persistence

due to aquitard back diffusion
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Feasibility of the passive flux meter for measuring Darcy flux in a
karst aquifer
o|Fl, Aull, AL, e

Juyeon Lee!, Subin Kim!, Changmin Kim', Minjune Yang®*

AR A7 A

Division of Earth Environmental System Smences, Pukyong National University'
Department of Earth and Environmental Sciences, Pukyong National University®

JEAER AF YO =01 ERMrHEZ =0 Kot 2T Xota2sS0l EHE RS
O|0|5tH, IIEAE =2 AAH matrix zonedt &2l, =
=2 &0 JI2AE U5 W g4& Oes 729 Xotss
Jl =0 LI=&2 HAs= lsot)| fIoHAM= Darcy flux
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QotCt. 22 A0IH(Passive flux meter, PFM)= i3 W Darcy fluxE S3& =+ A= =8
£ otLioltd, Mgst MEd = é’éj%“j*OI 2HESICHE Ol&E0l QUCH 2Lk 2UWolME Of
A ZEAQIEII SUE AlRDF 258 AFOICH H2td 2 HF0AsE EHA0EHE ol206t
O Darcy fluxE& E3dotl, =B34 Al&(Borehole dilution test, BHT)2l &gt Hlwokod &l
HES OOl dRXES 0= E22I0 F= AHA T A(Silversprings) F=H0l 2 XI&t
M Ro 2A=HZE A2 GIU2H, H#=E M6252 JF 732, M762, M764= 132t &
2 A2 F FFHIIJIE 0I185tH Darcy fluxE SEHOIACH ARZ W matrix zoneWlA &
Z5|MAEO AR R 5.9 cm/day, ESA0IBHE BR 6.1 cm/day2 SAE 22 2910
non—matrix zonell AL HtBIMHAIE S EZ 1275.5 cm/day, 28 A0I6H= 9.7 cm/day&

ZAADEN S&E XISH0 BHAA0HE SUHSts
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Predictability of Boreal winter Temperature over South Korea in

PNU CGCM Ensemble Forecast System

2

Joong—Bae Ahn', Sera Jo!, Joonlee Lee

Pusan National University!, Ulsan National Institute of Science and Technology?
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JooHee Lee, YounKyu Kim, JongWon Lee, and GiHyuk Choi
Korea Aerospace Research Institute

Development of ECLSS for the Manned Space Exploration

GS-01-10
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SH C-OfA-EHE 1| 222 289 IF2sstd E4 33
Geochemistry of alkali basalts from Baengnyeong, Asan and
Pyeongtaek areas.

AR
Seongyu Kim', Sung Hi Choi'?

et % - A48
22y st A 487 380
Department of Astronomy, Space Science and Geology, Chungnam National University
Department of Geological Sciences, Chungnam National University

SOLAIOHOl = AlMOHO 258t BHUHE S220] 9H 225t JASH, stet: oA E 24
SA M=) BHEAGT ) O, HEH 2td B2, 2E 2EL, =5, HF=E SKM AEE1D
QULH A ZIUES Soll s W 822 E2 LILE (Large lon Lithophile Elements)Jt
Sl diol £330 JqL2, HFSE (High Field Strength Elements)2l Z & 0| LIEHLIX] &
O M, Sr—Nd-Pb-Hf SR&4A ZHHAM HLYE=SL2(0IB, Ocean Island Basalts)lt S AFSH
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ct &t B2 fXcts RAE2 MHE THeSZ DMM-EMI1  (Depleted MORB
Mantle—Enriched Mantle Type 1) 2 B, g0z A2 DMM-EM2 (Depleted
MORB Mantle—-Enriched Mantle Type 2)2 SASA XH9 BHE I 2&
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MMO OI0I2AH SMZXI0UHA &= HHs2 st B
(Miocene molluscan fossils from the Tertiary Ulsan Basin)

A, o %3

Hyunjin Kim, Dong—Chan Lee

SEYgw!
Chungbuk National University!

24 =7 S 220 2ESts AMO DHOIM XISUHA &EE 11782 OIHIHF 2
2782 =55 A0l ot Dd=sH A4S =oAL &0 dEEH=E XNS2 St
& 2Ot B2 018 =2 MNEE ME22 0IF0M UL

HEE2 82 SSE 20t A=201 25 Al2tXLD g2 L= WE222 E&EHN
Ct. 2&0] &3& &= OtUXIE &A=& 1200 JH2 H= 5 & 65% &2 H=8 S8
ot =FsHAE 23 21 OIfIHF A2 105, 55F 42 3522 2FHULCH OI0H
s 3st&2 &

Crassotrea gravitesta (188), Barbatia cf. uetsukiensis (178), Nuculana
(sacella) sp. (12&), Dosinia cf. nomurai (108), Anadara cf. kakehataensis (6&), Anadara
sp. (4&), Pitar sp. (48), Vasticardium sp. (2&), Megaxinus sp. (28), Archarax cf.
tokunagai (18), Solen sp. (1B)2E SHEJLH =FF IS Batillaria (Tateiwaia) sp.
(13&), Phos? sp. (2&), Euspira sp. (1&E)22 SHLIRICE 0 HOUE ASFO ES=2T I Al
£ o4 16E0| S QUL
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HSXA AMZIAY HEHE SGEE4HE S
MAHSOH CHst 0
A Review on Disaster Response through Critical Discourse
Analysis of Newspaper Articles about Pohang Earthquake
ole&!, Wal%!, ojAM!, Al 28!

Yeseul Lee!, Hye—Sook Jeon!, Kwonmin Lee!, Bachyun Min', Yong—Sang Choi'
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Sujeong Park!, Kidoek Kwon'!

Classical Molecular Dynamics (MD) Simulations of Sodium and

PN
T
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Potassium Birnessite

Na—-, K-HUIAIOIE 11
Department of Geology, Kangwon National University
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ChulHo Heo'? IIHwan Ohl‘Z, SeokJun Yang!, JaeHo Lee!,
SungWon Park!, SeongJun Cho!

FFAARADTA, A AT ARt FE - A ALt
Korea Institute of Geoscience and Mineral Resources’,
Department of Mineral and Groundwater Resources,
University of Science and Technology2

20173 2H 2018ENtAl =&E XIE XA, ELX PSS AL ASEEA & ELXEA 20
£ HE22, S=EXNENAH A (KIGAM) 2 Ok NI EZAIZE XA EAL=(DGSE)2 0] 2F0F
SN2 05 X 28 FF(indicated) XIS HORICE 0l XG0HAM AMF=s X
EASLL, &I Hget SAKNEE AISot0 FE NS MEJUC. NEE He2 Lal
OdSEA8Y EFE J2XEs & 5 SHHs a2z HiotAt. 2 SHH| 2
a0 GALZWE ot =2 EdX 21, ASEA 5 sta 2 I M=HE 2FZ 000
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Tidal Acceleration of the Planets and Satellites

!, &4

Suyeon Heol, Yongjae Yul?

Fdisn AABRHLH, Fdvhstm 7%
Department of Geological Sciences, Chungnam National University ', Department of
Astronomy, Space Science and Geology, Chungnam National Universityz

Magnitude of the tidal force and tidal acceleration was determined at the surface of the
planetary bodies in the Solar System. The tidal force and tidal acceleration at the Earth's
surface caused by the Moon was 6.6 x 10" N and 1.1 x 10® m s™®. On the other hand,
the tidal force and tidal acceleration at the Earth's surface caused by the Sun was 3.0 x
10" N and 5.1 x 107 m s Thus, the Solar tidal acceleration is about half to the Lunar
tidal acceleration on Earth. Results were extended to include terrestrial planets, Jovian
planets, and major satellites of Jupiter, Saturn, and Neptune. o revealed the largest tidal
force (2.1 x 10% N) and the largest tidal acceleration (1.1 x 107> m s72). Both Europa and
Ganymede showed the tidal acceleration much larger than that caused by the Sun.
Therefore, tidal acceleration of Jupiter is mainly controlled by the three nearest Galilean
Moons.
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On the Use of Radial Velocity
in the Mass—Balanced Planetary System

et S8
Raegyung Ha', Yongjae Yul?

Fasn $FAAH, Fasta AA#7 e
Department of Astronomy, Space Science and Geology, Chungnam National
University', Department of Geological Sciences, Chungnam National University?

The center of mass (CM) is a unique point where the mean of the masses factored by
their distances from the known reference position. The CM is analogous to the mass-
balance with respect to a pivot point of the seesaw. Using the CM relation, magnitude of
wobble of the Sun exerted by the Jupiter was estimated as 7.5 x 10® m. Such wobble
generates a Solar motion of 2 m s™'. Similarly, the wobble of the Earth produced by the
Moon was determined as 4.7 x 10° m, induces radial velocity of Earth with 6.0 x 10° m s~
', The wobble of the Neptune produced by the Triton was 7.4 x 10* m, responsible for the
small radial velocity of Neptune (7.5 x 107® m s™'). The maximum angular diameter of the
wobble would be about 500 micro arc sec at 10 pc for the Jupiter—Sun system. Magnitude
Solar wobble produced by terrestrial planets are less than 1% to that produced by Jupiter.
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Growth of Proto—planet and Condensation of its Core

gAQ!, FEA4*

Ji—in Jung!, Yongjae Yu??

gr@AFHYgety AFaey Fddsy $FAAe Sy 287458
Department of Geosciences, University of Wisconsin—Milwaukee, USA',
Department of Astronomy, Space Science and Geology, Chungnam National
University?, Department of Geological Sciences, Chungnam National University®

The most dramatic evolution of planetary interiors is the differentiation of metallic core
and silicate mantle. The next important accretion event would be the condensation of solid
core from the liguid metal alloy. It is possible that the change of viscosity can constrain the
segregation of metal drops out of liquid bubbles. The viscosity of metal drop increased from
10° Pa s to 10 Pa s as the size of metal drop increased from 10° m to 10 m. Under
these conditions, metal drops would flow freely within the liquid core. The viscosity of metal
drop is about 10 to 107" Pa s for metal drops larger than 10™ m. It is apparent that the
particle morphology alone can modify the viscosity more than an order for sub—millimeter—
sized metal drops. In terms of morphological dependence of metal viscosity, the cuboid
achieved the highest viscosity while the cylinder displayed the lowest viscosity. The viscosity
of millimeter—sized metal drops was 0.210 Pa s for Earth with g = 9.807 m s 2, 0.079 Pa s
for Mars with g = 3.711 m s, 0.035 Pa s for the Moon with g = 1.62 m s, and 0.006 Pa s
for Ceres with g = 0.27 m s respectively. Such mass—dependent viscosity is natural
because the viscosity is proportional to gravity as well as the metal drop size. In other
words, accretion of solid core requires larger size of metal drops for smaller proto—planets.
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The Loss and Retention of Atmospheres
in the Solar System

L S

Hanul Kim?, Yongjae Yul?

Fedgtn $FA A Sdista A A8 et
Department of Astronomy, Space Science and Geology, Chungnam National
University', Department of Geological Sciences, Chungnam National University?

Effective Solar temperature is about 5700 to 5800 K, much less than the temperature (=
1.552 x 107 K) needed for most hydrogen to escape from the Sun’s gravity by thermal
activation. It is therefore easy to anticipate that all the Hydrogens are gravitationally bound
to the Sun. In fact, only a minute leakage of Hydrogen occurs from the Solar Corona in a
form of Solar wind. For Jupiter, thermal activation velocity of Hydrogen (1.9 km/s) and
Helium (0.9 km/s) are much smaller than the escape velocity (about 60 km/s). That is why
Hydrogen and Helium are hardly lost from the Jupiter’s surface. On the other hand,
temperature of Earth’s thermosphere (500 to 2000 K) is comparable to that of thermal
activation temperature (about 5100 K) for Hydrogen. Then, it is natural to expect continuous
leakage of Hydrogen and Helium from Earth’s atmosphere. According to thermodynamic
statistics, a significant proportion of atmospheric molecules can escape the planetary body
when the ratio of escape velocity to thermal activation velocity is confined within 6. As a
result, Jovian planets and Venus can retain nearly all the atmospheric constituents. On the
other hand, only heavier atmospheric compounds left on Earth.
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NEXT GENERATION
SOLAR CORONAGRAPH

TOTAL ECLIPSE - ’ : ;
EXPERIMENT ‘ BITSE - CODEX
TOTAL SOLAR(ECLIPSE BALLOON
2017 o By

- Electronic and Mechanic
- QM(Qualification Model) L
- Pointing System

- Filters and Sensor
- EM(Engineering Model)

BALLOONBORNE INVESTIGATION OF
BI I SE 2019 TEMPERATURE AND SPEED 6FELECTRONS
INTHECORONA  “fi

Technology Demonstration i :
- Validate the scientific performance of the occu|ter electronlcs andrmec"hanlcal parts
- Pointing system: NASA Wallops Arc Second Pointer

- Altitude: Stratosphere (~40 km) for 6"~ 9 hours

- Launch from New Mexico by NASA CSBF in 2019
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