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> 2.1 Deep Learning in Oceanography-

1. Classification

Internal Wave Signature Extraction
Coastal Inundation Mapping

DEM sl =
Green Algae Detection 4 11 rummmmmmd ]

Sea Fog | 8=

Ship Detection ;'; W

Marine Species Detection H

Oil Spill and Slick

Sea lce Classification @ =00zZ@—

Li, ¥, et al. Deep leaming-based information mining from ocean remate sensing imagery. National Science Review (2

> 2.1.1 Coastal Inundation
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> 2.1.1 Coastal Inundation
ey . 2019 Lekima

Harvey, Houston, 2017
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Y 2.1.2 Internal Wave Extraction

B e
i

g i g b L - —— i . - = . o s b -— -

+ Automatic Waterline Extraction from SAR ImagesHEF ES I3 AR EE DS IEE
B, LL75t SR TR

¢ Cloud Free
+ All-weather/Day/Might

- FHT X Speckle Ne!
m..._.,?" e X Signal
35, Sea €

My £ LIVE T

Al Ty
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Testing Set ===

& Siwin TN

+hoor] Fullsoals ship coerriore.
" =

— A

Dataset: 52 Sentinel-1 SAR Images in 2019 (VV, Spatial Resolution: 50 m)
Traiming Set: Testing Set = 4 : 1Loss Function: o-balanced binary cross entropy

DEM generation

« Automatic DEM GEJ_"lerat:i_un Chain

I;Ina.l Gi;lluﬂ I:I;.ulu. |

Coean Thelat
Mol .
WEMNet
" : | Autoeniar frlracivas i
Triining Fetwl Lowni
BAR Mliiiti-Eempral i TIIIIFH“
eagaty | ‘I Tatlni Flats ‘Watsrianes o |

= Waterline Methad (for Tidal Flats DEM Generation) |Mason & ol 1995 "-I

s '

- - o = 5 s Pean Absolut,
5. Zhang, O Xu, H. Wang, ¥. Kang, X. Li*, Automatic Waterline Extraction and Topographic Mapping
SAR Images Based on Deep Learning. Geophysical Research Letters 2022 43 (2],
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o Al and Big Ocean Data

» Classification

CONTENT

Algorithm Development
* Ocean Forecast

o Discussion and Summary

> 2.2.1 Global Abnormal Eddies from Fusion of SSH/SST

» Abnormal Eddies Ocean Eddy

)

N‘eral Abnn]‘mal

oy PR REE st REEEEN ser  TREER
\ o - —

—_— -
= 5_ ok, 35"!}3

WCEs S5TA 20 & S5HA<D 2

Abnormal
(CAEs S5TA. <0 B S5HAED 2
CEs 55TA, =0 & S5HASD =T
Marmal
AEs 55TA_x0 & S5HAZD 1
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Y 2.2.1 Global Abnormal Eddies from Fusion of SSH/SST

* Model
® Inputs 1996-2015, 0.25°, naily AVIS0 55HA and NOAA DISST

I'|||||.|l|l| Exkir. Eviwriam

. [ 'j_' O Results
—'i‘t L S ‘ t }I {a) Cy‘dﬂhr{ Warm Eddy

Ryl

oA
o~ _i
Fy
z i
! g,
Y
.:

(b Anticyclanic Cdd Eddy
TR

: *  Abnormal eddies are mainly located |

in ACC, Eg Currents, Wesizmi
Boundary Currents. i

B &
Frmguency (NI

“Liu, ¥, @ Zheng, X. Li (2021), Characteristics of Global Ocean Abnormal Mesoscale Eddies Derived From the Fusion of &
and Ternperature Data by Deep Learning. Geophysical Research Im AB[17], DOL 10102972021 GLOMATT2. 13
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= Im-situ Data

«  Argo Profiles: Dunng 2000-201 5, 85561 and 61522 Argo profies ame
locates] within Als and [z

*  Chmatobogical CARS200W data: subiracted from Argo peofiles 1o

FdAA Optisumm

SET Inteipgolatisn |00 54, iy obibiin temperature and galinity anomaliss
AT
555 CREERRS 14", waakly =
7
Creas-Callprsoed mE
S Bt -Platiaem 148, B Frnarly o 1T ] e B
ACHF) EL
= g1 J
= Satelle-derrved Mesrecals Eddy Dataset g,E .l k
+  hethod: a DL-based model using S5H and 55T anomaly | Liu et l - |
A e s B

o, 2021, daily, glohal

Schematic diagram of the XE and OC in thr
Ocean and thess T-5 diagrams caleuslated

welotity (LA and eddy kinetic enengy (528 profies.

Eddy parsmeters: datn, position, eddy radias, amalitude,

2> 2.2.2 3D Eddy Thermohaline Structure Construction

O Reconstruction of 3D Eddy Structure

: AE
|
I P
A : i 3
w i = H H
M A S L
s = # -+ Case study of reconstructed 3D
£ PR temperature  and  salinity
e structures of AEs (a, b, e, ) and
- i CEs (¢, d, g, h) in the KE (a-d)
S and the OC {e-h),
u i é_:g EI'.' i’
o = =t 1y
é Ea.—g 4
F J Ly i
N Lt P R ' Lo T

Liu Y, Wang H. llang F, at al Roconstnecting Thr.n dimerisional Thormahallene mmmmuﬂ Sa.llﬂhl;!h:
twarrdng: [EEE Transactions on Geosclnce and Remote Sersing, 10,1109/ TGRS 2004 331 T3605, J024.
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> 2.2.3 ISW Amplitude Retrieval

¥ Theory based ISW amplitude retrieval model has low accuracy
¥ The proposed data-driven model can retrieve ISW amplitude with good accuracy

Transfer-leaming technique was applied to combine lab and in-situ data to solve the small training dataszet
prablem.

White Dragon Buoy

Lab-generated 15Ws

In Situ Buoy and satellite observations of 15Ws in the Andaman Sea

> 2.2.3 ISW Amplitude Retrieval

Model structure
The proposed model has two tailored modifications:

1. Short connections: help the model converge more efficiently; reduce information loss
2. Bias correction: improve model accuracy by including more information

(LAY ap R
1
Lavas i
L

Ca==a=——T
I f [P
|
|| (A . L
| l..
W
| ¥
! Iy Androw Ng
| i Adjunct Professor at Star
i e Chief Scientist at Baidu '
: s Founder for the Google

[
|
i
]
]
]
]
| }
1

Wk §

Flowchart of the proposed transfer learning model to retrieve amplitude of 15Ws
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> 2.2.3 ISW Amplitude Retrieval

Compare the transfer-learning based model with different strategies.

Strategy | Index Description RMSE_test (m)
F1 |I.,ih data and observational data were trained together directhy. 20,84
£2 Lab data and observational data were normalzed separately and then put together for the 7348
madel training. - - | :
£ ﬂwamphﬁuﬂﬂdmnmmmmﬁzﬁmﬂmmﬂpﬁ Furhulhthelnh data| 2461
One | and obsarvational dnta thm put mga‘m:rfor the model tmnlng. ;
madel |

|
Fa A scaling factor was v:qll:ula'lﬂl based on the median or average IW amplitudes in the lab dala 2009
and obsarvational data. The lab data were rescaled before putting the data together, :

The W smplitudes were normalized using the water depth, and the PP distances were 2266
narmalized wiing the upper water depth; then the dats wene puttugelhﬂ for lh! rodel training, |

A |ab model wad trained using the lab data; the lab moded predicted W arnplutude werved % one
F& | of the input parameters of the observational model; the observational model produced the final
predicted |W amplitudes,

Stacking
madal Alulsmdtl-ndmutmkuﬂnﬂﬁmwwwnqhﬁﬁuu

F7  |observational data, The predicted IW amplitudas served as input parameters for a 'H\Frdm
madel, which produced t'hl final pnﬂldl\‘il'ﬂ'lﬂm

The proposed transfer-learning based model

> 2.2.3 ISW Amplitude Retrieval

The data-driven transfer learning model for ISW amplitude retrieva

i —, ; 3 _il ey
A b B AR
.|I£ ‘!i Il- in | i -31 '-..'I:‘-I
AR | |+ ﬁ'ﬁ:‘l
vd g '.ff_|\_! b h.ﬁz: |"I
...| H‘E- < e .k\- - | b 7 < L
ok I e # J|
N _I :.___-'!1._ | ; L. — L
i_ Sk - - - —
Andaman Sea Sulu Sea

ISW 3D structure reconstruction

Zhang, X, H. Wang. 5. Wang. ¥ Liu, W, Yue, 1. Wang, G Xu, X U" {2022}, Oceanic Internal wave amplitude retrieval from

based on a data-driven transfer lparming model. Remote Samsing of Envirenment. 272 112940, DO 101016/, r5e.20 24

- Xii -



(ADSHRX| 2 IHStS| XA Stast Y] 20249 108 11¥-129 MECyst

El
>
olor

A
E
I>

o Al and Big Ocean Data

« Classification

CONTENT  Data Fusion

« Ocean Forecast

o Discussion and Summary

> 2.3.1 Hurricane Winds from Spaceborne SAR

¥ Signal Saturation Issue

=12 ]
U
a8y

oW

MR
NRCSYH

241 A E B all f
Husmcanp wind spocd (md's| Hurnicane wing spesd {mis)

Retrieval error becomes large under tropical eyclone conditions.

‘Hurricane Wind Speed Retrieval Based on Deep Learning
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> 2.3.1 Hurricane Winds from Spaceborne SAR

= SAR measures backscattering power signal and roughness patterns

27

; Hf (reduced RMSE > 30%)

aral mu-

Mu, 5 & L X* and Wang, H.Y. (2022). The Fusion of Physical, Teitural and Morphalogical Information in SAR Image
Wind Speed Retrieval Based on Deep Learning. (EEE Trans, Geosdl, Rernate Sens, DOLT0,1105/TGRS.2022. 3174824,
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o Al and Big Ocean Data

« Classification

CONTENT » Data Fusion

» Algorithm Development

o Discussion and Summary

» Field-to-Point

CONTENT . Field-to-Field
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¥ 2.4.1 Internal Waves Forecast

I5W Dataset: A total of 810 synergy satellite images with clear ISW signatures in 13 I5W hotspots

globally.

WEEE TP REBADTIANE T

I5W dataset collected in 13 global h
[a) and extracted ISW speeds in each oca

Y 2.4.1 Internal Waves Forecast

Modal structure

e

i ,___. | ——
p——
———— -:.__.
E - :-I-HI'I -n-l jr—
= |___ — el __ .} _
| —
herpm nmmrey
i —'—'
£ -
— ——
R P R = = - L -
=y —
Cham | Camm Z - ke 1 A ":' B E l
- & o _“":“"_:. |
i o &, (T4
I I 4 L —
- - —
=k = 8 e — o
- iy o -t S—— i [ b
4

Clustering Algorithm

First tailored modification: Introducing continuous ocean density profiles MR fap

Input Parameters

~* Domain
informed
+ Ocean background factors
« ISW related factors

knowledge

Beyond [imitation of thes

space and time

¥ Solving the problem of ocean
areas with small ISW dataset

Regression Algori

+ Strong non'
ability

sources
Second tailored modification: Solving the sampie imbalance issues using clustering algorithm
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Y 2.4.1 Internal Waves Forecast
Model results - Global

-
.- P
) [ =~
;-' =— . .
L & :IIII':.‘_:- :-:-- [ - --“- H ] j ‘I I --:I-. — _.h s ECdY EL .
3 | B e e = ¥ ¥
I f ——4 I
-
LY
Model l:lustenng rw.llts distribation in the gluhil ﬂ'l:l.'\Il'II- [ﬂ and the
misdel performance on the training (b) and test dataset (g} L s e 33

* Point-to-Point

CONTENT + Field-to-Field
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) 2.4.2 Typhoon Intensity Forecast

Data

®GridSar-Bl ( Hurncane Sarellice-B1) :

1979-2022, 3 hourdy, Global Bkm, IR band

(=11 pm}

®CMA Best track: 6 hourly, MW Pacific;

®ERA-5 19792021, 3 hourdy, Global 17
200, 5k, 850, 1000 hpa 4-layer Winds
{3 Dimensional}) -

[Pna g

> 2.4.2 Typhoon Intensity Forecast

g T N T e T
R TR TS X
TN TENTY
m@ LR L L)
00 990 9o
v om0 &
il BN

Hisrarkcall wisd
spernd Al resure

3.
=
ALl
.
—
e
==
==
=
T0F B

P Falp i ewainl v

Baseline Module: Multi-
branch info extraction {Blue)

Improvements:

1. Feature fusion module in
the input {green);

2. input data fusion module

(grey)

For better spatial-* il
information re |
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> 2.4.2 Typhoon Intensity Forecast

Heatmap as an input

Chiginaall Heztmap Eiganal = oy
_ _
it v #r I

Steps:

{1) Initial model

(2} generate heatmap,

{3) Al —explainable heatmap tirmes
input

(4) New model

2> 2.4.2 Typhoon Intensity Forecast

Results from different Model Configurations

lrgae Wlinled iilaim stins nEAL
M Eegublal T b [25=23024) 187
MM AL W W TH SR i gulided TUTE g 38 w28 el 1
M- g b TOTF- lanaom (250 250804 156
I".. W H AMAK = Ll s “'l_ = WAL = 18w
=
£a
% "
bt _ |
i-
cw

E

Bewl ol (m Bsd draah gmni

FHOME MK

Wang et al, 2024 Tropical cyclone intensity forecasting using model knowledge guided d
rodel, Environ. Res Lett 19 024006. DOI 10.1088/1748-9326/ad 1hde
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« Point-to-Point
* Field-to-Point

CONTENT

Y 2.4.4 TIW Forecast

Tropical instability wave (TIW)

- An important but complex ocean phenomenon

Cusp-shaped waves propagating westwards with large-
shape distortions and deformations

Woavelengths of 600 km to 2,000 km, periods of 15 days

to 40 days, and speeds of 17 km/day to 86 km/day in the
equatorial Pacific,

Be generated by the barotropic and baroclinic instability
processes due to the shear of the egquatorial currents

Inextricably interact with various oceanic, air-sea,
biophysical, climate change, processes, and affect heat,
mass, and momentum transport.

- XX -
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¥ 2.4.4 TIW Forecast

Deep learning (DL) model Thappipous il By T
for SST field of TIW R § 5 ok W
+ Using history and current 55T maps to T, e . .
forecast future S5T field. i
+ The major part of the DL model is a multi- _ e TR |
resolution deep neural network (DNN). | procindl :
¥ B
"

IJ':TI Pooling layer Up-sampling layer I;';.".:'.. = Bt = 2

==
Convolutional layer | e
DL model =

Y 2.4.4 TIW Forecast

- Forecast Sea Surface Temperature Evolution Associated with TIWs
Satellite SST

N
- >
|’.i"\'\-' 188°N 1587 I4-I W \?’A L Iﬁ.- w 122 1ay '\h ~ (i)

Forecasted SST
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Y 2.4.4 TIW Forecast

« Forecast TIW Propagation

140

O St ot Sty Our DL model successfully
- I -
wer Y. event captures the TIW propagation,

and the forecasted speed is in
good agreement with the
satellite-derived speed!

B

| Vil |\ || The Nifio3.4 index and TIW
ls'*.i f 1"|.] I “ h F b:'lﬁ i) -r‘ speed are 180 degree-

| 1 i L
I LR T ,\‘ phase.  The ¢
F_Lu..l _..LHG_J_IJ' | L Jii u J# .\: coefficient between

'k ke = L3 ol i
#..u:ﬁ R L ol L L Ll S 0.53.

Exlimated TIWY spaed (kmisay )
B

.
-\'.l

?5

Y 2.4.4 TIW Forecast

+ Forecast TIW Motion

10 | 30
25
’ 20

1seW  aatw 13w 120w

e
10 30

BN

25

“:rlgtl“lh' 1887 15ETW 1adtW 132%W 1E0"w

I Zheng, X Li*, R -H Zhang, B. Liu. Purely satellite data data-driven deep learning forecast of complicated tropical and i
Soience Adivavicas, 20200 Vol 6, no. 29, eaba1462 DO 10.1126/sciadv abat482
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o Al and Big Ocean Data

o Deep Learning in Oceanography

Classification

Data Fusion
CONTENT » Algorithm Development

Ocean Forecast
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Sprin
IEEE IGARSS, 2018 NSR, 2020 |5|m-1'; 9

Xinofemg Li, Bin Lin, Gang #heng, Yikbin Ben, 5. fhueg, Yingjie Lin, Le Gao, Yahai Lig, Pis Thang, Fam Wang, Deep-leamirg-based mfopmai
GCEAN FEmoe-sensing imagery, Notionsl Sciesce Review, Voheme 7, Insse 10, Oetober 2020, Pages 1584 1605 himpas! dodong 10, 108 S meninw

- xxiii -



I>

(AhstRX| Ftets| FA S U HI 2024 108 112-122 ME20istn AISAY

« CNN
» ConvLSTM

« U-Net

» SRCNN

* Transformer

» Transfer learning
* Interpretability

H. Wang and X. LI, "DeepBlue: Advanced convolutional neuwral network applications for ocean remate sensing,

Geoscionce and Remote Serising Magazine, vol. 12, no. 1, pp. 138-181, March 2024, doi 10.1109/MGRS.2023. 47
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) 3.3 Discussion and Summary - a few prospective

New Paradigm

d Data Scientists

_ Problems’

Domain Scienti.

) 3.4 Discussion and Summary - a few prospective

Cares about Black Box?

St -
S e ek B )
T s, All models are wrong
STt _I:— but some are useful

1. The first and most obvious case for
using a black box is when the cost of a
wrong answer is low relative to the
value of a correct answer,

2. A black box can and should be used
when it produces the best results.

3. as tools to inspire and guide human

ingquiry. George Box (1919 - 2013) has beer

i ¢ e i .
- In defense of the black box, E. Holm :::fu?y:_he IFeRtaGiGYCRl nnds o

ESCST;J}E-%;E?J::IEEEEE?W 2018:Vol. 364, University of Wisconsin
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You can never cross the ocean until you have the courage to
lose sight of the shore.

Email: Xiaofeng.Li@ieee.org
https://www.researchgate.net/profile/Xiacfeng_Li23
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*Increased evaporative demand and evaparative deficit

Mntivati on =Oivergent characteristics of heatwaves

*Compounding drought and heatwaves and land-atmosphere interaction
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Definition of dry and moist heatwaves

Data : JRA-55 reanalysis datasets (1958-2019, 62yrs)

Heatwave ; Number of days having T, = 90tk percentiles for at least 3 consecutive days

T, : Daily 2-m air temperature from May-October

- The 90th percentile is a single threshotd for the total period (62 years x 184 days, 1958 to 2019)

Dry heatwaove : Relative humidity < 33% with heatwave events
Moist heatwaowve ; Relative humidity = 66% with heatwave events

Climatology of dry and molst heatwaves

{m) dey haaraoves S0P

A

B

(o} mois haatwaves S0F

Increased dry and moist heatwaves

LT Rt

{rend geaf Dl Compurs | inear bend 2 01503y, dedned 35 0y a0 iz heabyang agions)

. 3
i L] - "-I-.
R S R
o A . ;%.

153 iy gt

Linear trends of dry and moist heatwaves [1958-2019)

i Trowrml b
!.I

2 0

L 1n
T LSl e
i.

on wmen  PEnyi

iy hanbaasen

i Foard of reoeet rersn e
\ =K =

" e e

o AR . ;3
LS T
(B ]

TeramLa

- Xxviii -

[T T Y ln:-lﬂbr.‘rl

The dry heatwaves increase over northwester
EA adjacent to Lhe main desert reglons.

The occurrence frequency of molst heatwaves
increased, especially, over southern EA and
closer ko the maritime moisture sources.

hoist heatwaves have reached the “extreme
cautlon” and even "danger” levels.

Huat stross index [HI] & used to assess the stress
Induced by the combined effects of high temperature
and humidity.

HI = —42379 + 204901523 % T + 10.14333127 x RH
—0.22475541 % T = R — 000683763 = T2
—D05481717 X RE* + 000122874 x T° = RH
+O.00085282 x T x RH® — 000000199 = TF x RE®
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Characteristics of dry and moist heatwaves
Composite anomalies for dry and moist heatwave days Moist advection at 850-hPa

heatwaves

Plokst
heatwaves

= Dry heatwmves © warm temperature, less precipitation, anomalous anticyclonic fiow, sinking motion =* sunny
weather, strong solar radiation to surface,

= Moist heatwaves : warm T and bow level divergence, additional moisture advection from northern & southern EA
Lhrawgh the ad|acent wel reglon

Dry heatwaves from wave activity flux
: Anticyclonic anomaly induced by the atmospheric wave trains

i m - = 1]"!-!-‘#100 h =i
; = 'ﬁg * The northern East Asia anticyclonic

: anomalies, which are affected by the wave
propagation initiated from Western Europe
though the smplification ol fdge due Lo
anormalous WAF convession, contribute to
the formation of dry heatwaves,

*  This wave structure is still maintained up to
3 days after the onset and it is bound up
with the developrment of heatwaves.
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Moist heatwaves from wave activity flux
: Locally generated Anticyclonic anomaly

1.0 WA v - j -:r'm- Ay

: s Locally developed high anomalies over
Bangladesh provide favorable conditions for
surface warming through increasing
downward solar radiation.

» Warm 55T anomalies over the warm pool
and Indian Ocean

Feedback attribution analysis

= Coupled Atmosphere-Surface Climate Feedback-Response Analysis Methods (CFRAM, Lu and Cai 2009)
R = § ¢ (nonradiative  The total energy balance at M atmospheric layers

The difference between two climate states I:strung dn.rfmuiit heatwave years vs. normal years)

ﬂa_E = AS — AR + ﬁ@han rarclieelpe ‘,n.]r + AR 4 aFE) o AFO]
ar
Af = ﬁslwr T A Ly Vo

Local Change in net rod. heatin g,.-"cacl.finq
temperature 2 M ) 03) Albad
differences g) a{f R} +ﬂ{§ .l'i'} +ﬁ{§ E} + .ﬁf“‘?

- (a7

olanck +agi5‘ﬂ'] + M[LH:' + ﬂqqums_dyn:l + nq{sft_d}'ﬂ]
feedback Sensible  Latent heat Atmaspheric Surface dynamics
heat dynamics

Change in net non-rodiative dyn. heating/cooling

matrix
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T =

Feedback attribution to dry and moist heatwaves
+ Partial temperature changes due to feedback attributions (Total, 8 contributing factors)

Dry heatwaves Malst heatwaves
ol ATion ATw) AT — . o T R E
f . e . | i _-_‘T;l ¥ gP I -'_’-‘;_I# - I. I:
. ; | - - 1= 4= :
el [P sl B ekl | PR b
| e —— T - 2 = oem o om o owm . pa e e i T
_ A T = JTIrJnndl - _ T IR o —— FE ot
| ¥ = v K T E| ] | = i il
- -1 = i
R T A | PN T N oo W e -
E' 3 i dyny = __AT{HR o dTiecdyn| | ATame
{ ! e Lt 4 p ;
] 2 - -
t%l F“@l: %5 “ﬁl . B | P

Dry HW : Latent heat flux at surface due to decrease-in Mokst, HW : Water vapor and Cloud feedback
evaporative cooling and surface dynamics

Feedback attribution to dry heatwaves

+  Latent haat Mus and surface dynamie processes served as
positive feedback for surface warming by reducing the heat
release from the surface to the atmosphere bacause of
deficient soll maisture based on dry conditions

* Cloud feedback also led to warm temperature anomalies
through increasing solar insolation caused by decreasing
cloud amounts assooiated with anomabous high-pressure
systems.
Partial tempemtm annmalm relaml ta feedbad: pn-nesses

Ba

= I __JT-. 5 i

L =

o T T T T T T T
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Evaporative demand->Drought from Changes in ET-> Evaporative deficit
Drought risks in ICP, western EA

New Drought Projections Over East Asia Using Evapotranspiration{ET) Deficits
(Ha et al., 2020, GRL ;Kim et al_, 2021, Earth Future)

Despita growing precipitation, future droughts will bocome more intensal

55P5-8.5

Definition of compound drought and heatwaves (DHW)

* Data : JRA-55 realaysis, ERA-Interim reanalysis datasets (1975-2019)
*  Heatwave : Number of days having T, = 90th percentiles for at least 3 consecutive days (May to October)
»  Self-calibrated Palmer Drought Severity Index [scPDSI)
: The scPDSI| autematically calibrates the behavior of the PDSI, which is used 1o estimate relative dryness.
- Severely dry conditions : scPDS| < -3

* Compound drought and heatwaves [DHW)
Heatwave events with severely dry condition defined by deought index (scPDSI)
{a) Climatology
e iF} Time Iserles over E& )
Ba

)
0 -
22
na

bl 15ED e 2] -4 L]
FCAS
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Abrupt changes in DHW in late 1990s

Climatology and Linear tuncl of I:H-IWI'- s

UL B g e ALy LR

HW days bmdnn diyness category

, |
'|+

|
i
i
i
I
il
i
i
1
i
i
1
o

||1|[Il I r*l |||

= DHW and Land-Atmesphere coupling strergth increase over northeastern Asia.

*  post heatwaves have occurred under dry conditions, with a notable increase in the occurrence ol severe drought
accompanied by heatwaves,

*=  Abrupt changes in severe drought and heatwaves appear after late 1990s.
{Change paint was detected by Pettit’s Test in 90% confidence levels )

* Compound drought and heatwaves (DHW) events.

* [ata : JRA-55 reanalysis datasets
= Analysis Perlod : 1980-2019, 40yrs
*  Heatwave : Number of days having T, = 90th percentiles for at least 3 consecutive days (May to October)
* Self-calibrated Palmer Drought Severity Index (scPD5I)
: The scPDSI automatically calibrates the behavior of the PDSI, which is used to estimate relative dryness.
- Severely dry conditions ; scPDSI < -3

* Compound drought and heatwaves [DHW)
Heatwave events with severely dry condition defined by drought index (scPDSI)

- o I T* : anomafies of near surface 2 temperature
So0il moisture-temperature coupling strength (CS) {Miralles et of 2012) pinmatafispekiiuivieri N

¢ on the @ balance
m= [{_Rn . AE}- . (Rn E "IEP}] w7 = |Hr - H;.! xT'=e'xT' 1unumd|::Tllledbn1hem:-mulﬂpet!u1lm|

Ry ¢ wurtace net mdiation
A katent beat of vaporization

F : actua auaporation
.F.'p. : potential evaporation
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Changes in Land-Atmosphere Coupling over East Asia

Coupling anomaly in 114
i, B e P T . =  Enhanced heal and lemperature anomalies AFT1909
. 2o : intensified the soil moisture—temperature coupding
intensifies,
= Phase transitions of the heat and temperature
anoimalies contribute 1o increasing the soil moisture—
temperature coupling strength.

11 Thiteg swsied 04 Bl R0 C5 0, T

Corr, [C5) H'-Hp" T

1950-1998 .12 432

HHr =27 Heat anomay | T Tempemiure snomaly

Changes in relationships between soil moisture & evapotranspiration
Jolnt PDF of ET and SM [LIA)

i) 19801098 (&) 1088-3019 (b~ fal

| /‘
A g Mg i
Bl i o

i Mk R T u
A om me  AE  am G wm  Em  am Am
Lyl Ui ol taml e

T ) THi BE A3 oa ke B4 T

*  Carrelation between soll moisture and evapotranspiration can be used to represent the land-atmasphere coupling
state (Dirmeyer et al, 2009).

= After the late 10905, deficient SM is predominant and the ET also decreases significantly, Thus, evapotranspiration
im this region is strongly controlled by sofl moisture,

* This region has changed from an energy-limited evapotranspiration regime to a soil moisture-limited regime.

& Positive feedback foop triggered by temperature.induced soil moisture deficit and increased demand for
additicnal evapotranspiration.
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Effects of soil moisture and evapotranspiration on heatwaves
Regrassion of HW agalnst dSM & dET [JA-MANM)

N i 1 L T

TRREN R -
(ELRRTATREIRT L],

®  Sgaspnal changes in evapotranspiration and soil moisture
significantly affect to heatwaves during 199%-2019,

= The regions are dominated by low vegetation cover, Thus, the =22
refationship with heatwawves is more pronounced due o
changes in soil moisture than vegetation changes.

Response of potential evapotranspiration (E,)
under non-water stress regions and CO2 abundant climate

- When incorporating a generic stomatal sensitivity to increasing Changes in surface rasistance [r,) response with
CO, In the reference potential evapotranspiration (B ) Tuture increasing C0; over non-water limited regions
droughl frequency In East Asia was projected to decrease by Falaipa toReriontAnn .

17 under high emission scenario, compared to r.fived simulation,
Goal: Moisture response to CO2 forcing. biological mediated

I .
o -
climate response o CO2, and CO2 fertlized land 5 -
0 AR, T PPD CMIPE dataset g - b
= E ¢ Halonicsl, ETIA . i
1..-.{.-.,|| :ul.um"{}t\u,luu”} BEPAT 0, GEPLA3
(@) r-fined simulation-based |b) chamges in r, with CO,- present [19281-2020]
Fhash limnhl lmmparr:y based {B] — {a)
3 - o< | 8 .
"5 - ;g.o‘—H qJJ/'“ _ r’ﬂ" s .,"-‘L‘q =
. og 5 [F
AL [
i u,fm et o

[ -ia 45 1] ot LB
F\uh umum-t I'm:.nenw Iwu-a naruuudﬂ Oifferenee [wuests pee decadal
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(Future Projection) Increased and intensified dry and moist heatwaves
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Under futwe climate scenarios, heatwaves are expected to expand over a considerable area of East Asia
= andd their inkensity is expected to increase significanthy

=
Hestorical run (1958-2014) / 55P scenarios (2015-2100)

Timing and intensity of Two types of heatwaves in future climate(16 CMIP6)
Moist heatwaves[Days and Timing)

Dry heatwaves {Days and timing)

i Tomees ey OF oy Pesepeacyeess | BP0

£t Tirrrmarm of dry St AP A4| )

Tima e oF (T Fod i, P4 5]

) N e of oot e e SLP5804)

LA D

CA

]

*  Gradually Amplification

1y e

*  Dry heatwaves will become more frequent with -

enhanced amplitudes.

A W ) e S b =
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Early burst & prolonged maoist HW
Presently rare early-lune-heatwaves will become
commonplace by the end of the 215t century.
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2} -2 (precipitable water,

HIZIE HEP rﬁent-day run (fixed COZ concentration of 367 ppm),

O e 2H) S A Doubling CO2 run (fixed CO2 concentration of 734 ppm)
erMiE B3 HE DA E, uitra-high-resolution dimate simulation proje 185 Center lor Climate Physics
libsclimate.org]
HnEH

Hau:luoed tropical cyclone densities and ocean eﬂ&cts due to anthropogenic greenhouse warrning Jung Eun

ﬁudvanr'es. vol 6, 51. eshdﬁmﬁl DOol: 1 _D 1126¢ '-:l:ladz-rﬂ’"dﬁ‘lﬂil -:E‘DE"I']

Mincheal Moon, Kyung-Ja Ha, Dasol Kim, Chang-Hoi Ho, Doo-Sun R. Park, Jung-Eun Chu, Sun-Seon Lee,
Johnny C.L. Chan, 2023, Rainfall strength and area from landfalling tropical cyclones over the North Indian
and wastern Morth Pacific oceans under Increasad CO2 conditlen, Weathear
and Climate Extremes, hitps:idoi.org/ 101016/ wace. 2023100581

ICCP CESM HIGH-RESOLUTION

PRESENT-DAY RUN

PRECIPITABLE WATER
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Summary

* [Molsture) Globally, the atmasphere is expected to become malster in response to global warming.

* [Regionality] Linear trend for Dry heatwaves (Dry HW) shows a significant increase in the narthwestern Fast Asia,
While, Moist heatwaves. (Moist HW) show an increasing trend in the southern region of East Asia.

= (Distinguished heat stress index) Dry HW is distributed at the caution level, while Moist HW reaches the severe
caution and danger levels. This highlights the need for separate analysis of Doy HW and Moist HW.

= [Difference in feedback attribution) Dry heatwaves shows a significant increase in areas of northwestern East Asia
by turbubent heating due to a decrease in surface to atmosphere evapotranspiration. In the modst HW region cloud
feedback and water vapor feedback were the main factors.

* (Compound) Drastic increases in compound droughts and heatwaves (DHW) since the late 19%0s over northern
East Asia have been investigated. These changes are affected by the enhanced soil moisture—temperature coupling
strength due to the phase transition of both the temperature and heat anomalies.

* [Timing and intensity in future projection) Dry HWSs are expected to occur mare frequently in the future,
particularly after 2040 with stronger intensity in the S5PSAS scenaria. In the current climate, dry heatwaves acour
rarely in May and June, but they are expected to occur more frequently and contineously from June to August in
the future. For maist HWs, there are large differences in frequency among the models compared Lo diy HWs, In
future scenarios, they are expected to occur from May to August and can persist until October in the S5P5BS
scenario,
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Inv. Oceanogr. P. R. Pinet
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Surface Velocity(20130101)
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Analyzing Variability of Mesoscale Eddies in the Northwest Pacific

Using Satellite-derived Surface Current Fields

EE RN
&)k %) 3} 8kl & 7} (heeyoungkim@snu.ac kr),

L o) staL A 73 shaL & 3/8) G T4

ABSTRACT

Mesoscale eddies, which are rotational structures with horizontal scales of about 100km, play a
crucial role in storing oceanic kinetic energy and can persist from several weeks to months. These
coherent structures are characterized by their ability to transport water masses over considerable
distances without substantial exchange of volume with the surrounding flow. This study employs
both Eulerian and Lagrangian methods to detect coherent eddies and vortices within ocean current
fields derived from satellite observations. The Eulerian approach identifies boundaries of eddies
from instantaneous satellite images, while the Lagrangian approach, which follows particles over a
defined time interval, proves to be more effective for tracking coherent structures. Ultilizing
long-term satellite data spanning from 1993 to 2020, this research applies the Lagrangian
Averaged Vorticity Deviation (LAVD) technique to analyze the variability of vortices in the
Northwest Pacific. The generated LAVD maps effectively delineate and track mesoscale coherent
structures, allowing for the distinction between cyclonic and anticyclonic eddies. The analysis
reveals that eddies frequently form in regions of baroclinic instability and near western boundary
currents, with cyclonic eddies appearing more frequently than anticyclonic ones. However,
anticyclonic eddies tend to have longer lifespans. The study also observes an overall increase in
the number of coherent eddies over the study period, enhancing our understanding of oceanic
dynamics in these regions.

Keyword : mesoscale eddy, satellite observations, eulerian, lagrangian, variability
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Enhancing satellite remote sensing of water quality in

Chesapeake Bay tributaries through public participation

Min-Sun Lee"?, Maria Tzortziou?, Jieun Park®, Tong Lin?
Patrick Neal’, Shelby Brown®, Alison Cawood®
"National Istitute of Fisheries Science(mansun86@gmail.com),

“City University of New York, *Smithsonian Environmental Science Center

Citizen science provides a powerful tool to both enrich environmental datasets as well as
increase public awareness of pressing environmental issues - especially in coastal regions.
Chesapeake Water Watch is a NASA-funded citizen science project that promotes engagement of
citizen scientists in coastal water quality monitoring for validation of satellite observations over the
economically and ecologically valuable tributaries of the Chesapeake Bay (CB). As part of this
project, we integrated unique bio—optical datasets collected by citizen scientists with existing
long-term observations, to (i) assess the performance of existing satellite ocean color atmospheric
correction approaches in this heavily urbanized estuary; (i) evaluate the performance of existing
satellite bio—optical algorithms in under-sampled CB tributaries; and (i) optimize high spatial
resolution retrievals of key water quality indicators, including turbidity, chlorophyll-a concentration
(Chl-a), and colored dissolved organic matter (CDOM) absorption. Results were applied to satellite
imagery from Landsat-8/9 Ocean Land Imager (OLI) and Sentinel-2A/2B Multispectral Instrument
(MSI). Collecting measurements at a high spatial resolution (10-60m), these sensors can uniquely
capture the strong spatial heterogeneity that characterizes terrestrial - aquatic interfaces at a global
scale. Matchups between in situ citizen science data and satellite observations, collected over
different years and seasons, allowed us to evaluate and optimize several algorithms for successful
retrieval of Chl-a, turbidity, and CDOM from OLI and MSI. The optimized algorithms effectively
captured the temporal and spatial distribution of water quality conditions and biogeochemical
gradients in both optically complex tributaries and the main stem of the Bay. Our results highlight
the significant benefits of engaging citizen scientists in Chesapeake Bay water quality monitoring
activities, particularly for participatory data collection, standardized data collection across coastal
systems, and improvement of satellite biogeochemical retrievals in complex nearshore waters that
directly impact coastal communities and economies.

Keyword : Satellite remote sensing, Water quality, Chesapeake Bay, Citizen science
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Detection of hourly-varying chlorophyll-a fronts
from unprecedented high-resolution

geostationary ocean color satellite (GK2B/GOCI-II)

Hye-Jin Woo™!, Kyung-Ae Park®
e feta #] F 78kl 7} (hyejinwoo@snu.ac.kr)

A g sha AP oheha g o/ a8 F HA T

ABSTRACT

Korea’s second geostationary ocean color satellite, GOCI-II, provides hourly observations of
chlorophyll-a (chl-a) concentration at a resolution of 250 meters from 08:00 to 15:00 local time. In
this study, we optimized an algorithm for the detection of chl-a fronts using GOCI-II data, which
was applied during periods of chl-a bloom. Chl-a fronts were identified in the majority of regions
where sea surface temperature (SST) fronts, representative of oceanic fronts, occur. However, due
to differences in the properties of chl-a concentration and SST, along with disparities in spatial
resolution, chl-a fronts exhibited more detailed spatial structures compared to SST fronts. The
hourly variations in chlorophyll-a frontal area were found to be characterized by movement driven
by surface currents and temporal variability, with a dome—-shaped pattern peaking around noon.
The formation and dissipation of chl-a fronts in the morning and afternoon were identified as the
primary factors driving diurnal variation, rather than changes in the average length of fronts. These
findings provide new insights into the diurnal dynamics of chl-a fronts and offer valuable
information for understanding dynamics in oceanic frontal regions.
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Paradoxical behavior of the Pacific sector of the Southern Ocean

in a new regime of low Antarctic sea ice

Taekyun Kim'", Daehyuk Kim? Sung-Ho Choo', Jae-Hong Moon"?, Emilia Kyung Jin®

'Department of Earth and Marine Sciences, Jeju National University (tkkim79@ gmail.com)

Center for Sea Level Changes, Jeju National University

*Department of Policy and Partnership, Korea Polar Research Institute

ABSTRACT

The observed cooling in the Southern Ocean and expansion of sea ice in Antarctica over the
three decades are highly unusual given that all other parts of our planet have warmed up.
However, Antarctic sea ice, which has steadily increased for several decades, experienced an
abrupt decline to a record low in the mid-2010s. Since then, the interannual variability of
Antarctic sea ice has been further intensified, showing another record low in 2022 and 2023
consecutively. The record Antarctic sea ice loss in recent years may be a sign the region has
entered a new regime of low sea ice coverage in a warming world. Eventually, the Southern
Ocean has experienced warming in accordance with the rapid decline in sea ice. This is very
much in line with the overall trend of continuing global warming. But interestingly, it seems like
the Pacific sector of the Southern Ocean is still bucking the trend in the warming world. Dense
shelf water (DSW) in the Ross Sea which forms Antarctic Bottom Water that replenishes the
Pacific sector has freshened over the past several decades. However, DSW salinity in the Ross
Sea has rebounded sharply since the mid-2010s. Moreover, we find that a coherent cooling
pattern is observed in a very specific area, near the Ross Sea gyre. Here, we investigate how
these paradoxical behaviors of the Pacific sector of the Southern Ocean are linked to the rapid
decline in Antarctic sea ice in recent years, using satellite observations of sea ice, as well as
oceanic and atmospheric reanalysis data. Our result shows that despite the drastic reduction in
Antarctic sea ice, the sea ice formation rate in the Ross Sea continental shelf has increased.
Since the mid-2010s, local anomalous winds and surface heat flux associated with the remote
and large—scale forcing that drive the recent change in Antarctic sea ice, induce reduced sea ice
cover and larger polynya area on the Ross Sea continental shelf, creating a sustained favorable
environment for sea ice formation and brine rejection. Moreover, the significant cooling trend has
also been attributed to record atmospheric low pressure systems over the Pacific sector of the
Southern Ocean. We demonstrate that the cooling near the Ross Sea gyre is likely influenced
by the local and remote large-scale atmospheric variabilities that lead to substantial sea ice
anomalies. Since the mid-2010s, local anomalous winds and surface heat flux associated with
strong events of natural climate oscillations like the Zonal Wavenumber 3, ElI Nifio - Southern
Oscillation, and Southern Annular Mode in the Southern Hemisphere that drive the recent
change in Antarctic sea ice, induce strong meridional flows led to enhanced sea ice drifts and
melting, and consequently to the strong cooling trend.
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B. Mezzina, H. Goosse, F. Klein, A. Barthélemy, F. Massonnet, 2024: The role of
atmospheric conditions in the Antarctic sea ice extent summer minima.
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How does the Dense Shelf Water response to Large-scale

Atmospheric Variability in Ross Sea?

Sung-Ho Choo™, Taekyun Kim!, Daehyuk Kim?, Jae-Hong Moon'?, Emilia Kyung Jin®
Department of Earth and Marine Science, Jeju National University (tigerchoo@gmail.com)
“Center for Sea-Level Changes, Jeju National University

SDepartment of Policy and Partnership, Korea Polar Research Institute

ABSTRACT

The Ross Sea continental shelf (RSCS) is a key source of Dense Shelf Water (DSW), which
drives the formation of Antarctic Bottom Water (AABW). The salinity of DSW is regulated by
certain processes, including air-sea interactions, sea ice formation and melting, mixing with
adjacent water masses. These processes are largely influenced by atmospheric variability, such as
the Southern Annular Mode (SAM) and the Southern Oscillation (SO). This study aims to
quantitatively assess how these processes regulate salinity in the RSCS under specific
atmospheric conditions.

We implemented an ocean circulation model for the Ross and Amundsen Seas that accounts for
the physical interactions between ocean and ice shelves. Sensitivity experiments were designed to
examine the impacts of SAM and SO independently. After a 5-year integration, the +SAM and
+SO experiments indicated increase in total salinity in the RSCS, while decreased in their negative
phases. It was found that the response of DSW salinity to the SAM is more than twice as large
as its response to the SO. Although there is spread among the experiments, salinity advection
across the boundary of the RSCS, i.e. the exchange with adjacent waters, was found to be the
most significant factor (47-68%) influencing RSCS total salinity change, followed by the forcing
term (21-49%) and the diffusion term (3-12%). Among the local forcing factors, the sea ice
process (47-80%) was the most dominant, as expected, followed by atmospheric freshwater flux
(mainly evaporation; 13-35%) and ice shelf melting change (7-19%,).

Salt exchange across the RSCS boundary was generally correlated inversely with the intensity of
the Antarctic Slope Current (ASC), which flows westward along the continental shelf break. Results
of the +SAM and +SO experiments showed a weakening of outward salt advection, causing the
water remaining on the shelf to be saltier than in the control experiment. During their positive
phases, the contribution of local forcing terms to the increase in salinity was further amplified,
leading to an overall increase in total salinity in the RSCS. Consequently, the amount of DSW
(7, > 28.27, 6 <—1.85T) on the RSCS significantly increased by 22.3% in +SAM and 6.4% in

+SO phase, with the opposite effect indicated during their negative phases.

Keyword : Ross Sea, Dense Shelf Water, Southern Annular Mode, Southern Oscillation
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Resilient consumers accelerate the plant decomposition in a naturally

acidified seagrass ecosystem

Juhyung Lee*'?, Maria Cristina Gambi®, Kristy J. Kroeker?, Marco Munari’,
Kabir Peay? Fiorenza Micheli®

"Pusan National University (lee.juhyung@pusan.ac.kr), *Stanford University,
SNational Institute of Oceanography and Applied Geophysics,

“University of California, Santa Cruz, Stazione Zoologica Anton Dohrn

We used a naturally acidified seagrass ecosystem (Posidonia oceanica) to examine how ocean acidification
(OA) modifies the community structure and functioning of plant detritivores, which play vital roles in the
coastal food web, nutrient cycling, and carbon sequestration. In seagrass beds associated with volcanic
CO2 vents (Ischia, ltaly), we quantified the effects of OA on seagrass decomposition by deploying
litterbags in three distinct pH zones, which differed in the mean and variability of seawater pH.
Acidification reduced detritivore richness and diversity through the loss of less abundant, pH-sensitive
species but significantly increased the abundance of the dominant species (amphipod Gammarelia fucicola).
Such compensatory shifts in species abundance caused more than a three—fold increase in the total
detritivore abundance in lower pH zones. These community changes were associated with increased
consumption (52-112%) and decay rate of seagrass detritus (up to 69% faster decomposition rate) under
acidification. The findings suggest that OA could restructure consumer assemblages and modify plant
decomposition in globally important blue carbon ecosystems, which may have crucial implications for
coastal nutrient cycling, carbon sequestration, and trophic transfer. Our study highlights the importance of
within—community response variability and compensatory process in modulating ecosystem changes under
global stressors.

Keyword : biodiversity, blue carbon, decomposition, detritivore, ecosystem function, global change,

ocean acidification, seagrass
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Optimizing Drag Coefficients for Enhanced Prediction of Rapid
Intensification in Tropical Cyclones Using Net Energy Gain Rate
TolUXE 7|8 Bl E SZs ol F S e HiEtEy A
= & 5t

Sung-Hun Kim!, Woojeong Lee?, Seonghee Won?, Hyoun Woo Kang!, Kyeong
Ok Kim!, Sok Kuh Kang®
15l=t 9k 7} 8} 7] < 9 (sh.kim@kiost.ac kr),
=7 e E AL E

g o) ot

ABSTRACT

Due to considerable advancements in tropical cyclone (TC) related technologies, the
prediction of TC tracks has significantly improved over the last few decades. However, predicting
TC intensity, especially rapid intensification (Rl; an increase in intensity of at least 30 knots in 24
hours), remains a challenging problem. Previous work has explored atmospheric and oceanic
predictors closely related to TC intensity and intensity changes to enhance the accuracy of TC
intensity predictions. Since TCs intensify by extracting heat energy from the underlying warm sea
surface, ocean thermal structure—based predictors are known to have a higher correlation with TC
intensity than atmospheric predictors. The net energy gain rate (NGR), which considers a
wind—-dependent drag coefficient (Cd) and upper ocean thermal structure, builds upon the existing
maximum potential intensity (MPI) framework.

This index, which measures the difference between frictional dissipation in the boundary
layer and energy production through enthalpy flux, shows the highest correlation with 24-hour TC
intensity changes, surpassing other commonly used predictors such as intensification potential or
MPI. Wind significantly influences wave states, which alter Cd, a crucial factor in TC and ocean
interactions. Cdplays a vital role in the energy budget of TCs by affecting the momentum flux and
frictional dissipation at the sea surface. A lower Cd leads to decreased frictional dissipation and
suppressed sea surface cooling, providing additional energy for TCs to intensify. Therefore,
understanding the dynamic relationship between wind, wave state, and Cd is essential for accurate
TC intensity predictions and energy budget analysis.

Generally, Cd increases with wind speed at lower levels, saturates around 30-35 m/s,
and may decrease at very high wind speeds, although this behavior is not universally agreed
upon. Also, there are still conflicting results and unresolved issues concerning Cd at high wind
speeds above approximately 50 m/s.

This study conducted a sensitivity analysis to determine the optimal Cd for improving the
prediction performance of Rl using NGR. The evaluation adopted three types of Cd fittings that
decrease after 33 m/s and show different trends (increase, constant, decrease) after 50 m/s, as
well as one fitting where Cd remains constant after 33 m/s. The four types of NGR were
re—calculated based on pre-storm vertical ocean profiles, including varying TC states at each
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storm’s 6-hourly location from 2004 to 2021 (18 years) in the western North Pacific.

TC-induced vertical mixing was calculated based on the bulk Richardson number, using
vertical temperature—salinity profiles at the TC locations and wind stress dependent on various Cd
fittings. The calculated vertical mixing temperature was then used to estimate enthalpy flux. NGR
was determined by combining the frictional dissipation computed for each different Cd with the
previously calculated enthalpy flux. A comparison of the correlation coefficients between 24-hour
TC intensity change and NGRs reveals that the prediction performance of NGR using decreasing
Cd after 33 m/s was higher than that using fixed Cd. After 50 m/s, the prediction performance of
NGR using decreasing or constant Cd was better than that using increasing Cd fitting.

The length scale of a TC that determines the forcing time is proportional to the radius of
maximum wind speed. Previous studies have used a length scale assuming the TC completely
passes through. However, the ocean experienced by the TC is not fully mixed by the momentum
transferred during the entire passage, but rather partially mixed during the passage process.
Therefore, the vertical mixing depth estimated in previous studies may not be suitable for
predicting intensity changes. This study conducted a sensitivity analysis to determine the optimal
scale factor for NGR calculations. The results showed that using one-fourth of the TC's total scale
provided the highest prediction performance.

TC-induced vertical mixing is primarily determined by turbulent mixing due to the vertical
shear of the ocean current. Still, in cases of slow—-moving TC, the influence of upwelling becomes
more significant. The bulk Richardson number-based method used in this study to estimate
TC-induced vertical mixing does not consider the secondary effects of upwelling, potentially
leading to an overestimation of enthalpy flux in slow—moving cases. The correlation coefficient
between 24-hour intensity changes and NGR for different translation speeds was lower for
slow-moving TCs.

Key words : tropical cyclone intensity, rapid intensification, air-sea interactions
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Introduction to the GEMSAT(GEMS Application Tool)

WA, AL G 1A
L 2 3 E (F2)(neoeeff@gmail.com),
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[=X1;

MAH zZe HXHE &AM MMl GMES(Geostationary Environment Monitoring Spectrometer)= 2020
H ghALE ] 2021 3R R E sHM dMS HSste ok GEMS= sHF " 83|, SolA|of 04049—| o2 |
LEESHEZ EYst= UVEBO0NM)-VIS(500nm) IiEchede] =2 HH 2, 1033712 D=2 FAH =0 Uct 2H

Level 1IC &= CIOIE{ 2} Level 2, 3 24 HO|E{E M35t J20f, & A7} %‘“E*ol W

o9k

=2E Jlssh ctekst 9/ HAHAMI, GOCI, TROPOMI, OMI,

2 5} ol GEMSAT(GEMS Application Tool)2

DStaX}E stoh GEMSAT 2 7|s2 MY/M|unEs S M HEelz dado
3

2 J|lsolr, etEflddE FelH

F L0 : GEMS, GEMSAT, &td 9, &8s+, Adde

_29_



(Ahet=X|Fatste| FASSLH| 20244 108 11€-128 MICHstu A|SATA

¢
4z

Qof

MX| T 7| Zo| SA AH(GloSeab)2l it olEs Ms HIle 6718 x| &2t i o|Fo{Hct o] o
T= GloSea52| sl 2ot &2 chy|(2k 10Y) =M A Bl Brier score (BS)2F Brier skill score (BSS)&
M Estct 262 -c%lﬁH GloSea 52| 77| =& & (hindcast)2l 2001-20104 Z|Z2te| X2 E o| &35t =4, 2t

’

>

Hotot 4712 =72 FSEHU2H )
o|8sten], =& AXE ARGO ?# =2 W
o 42, &= metRet Mot AR X[HolA
(RMSE)7F S7tstict tidHZ2= o 50
A7 ZAel 2 £ =4{eh 21 NINO3.42| 4 <ol

7t, Sole & F20AM 2x7F 3 LFEHREE NINO3.4 9—| BSet BS

lead-time O &7tetr5 2LAIE SIt5tA LR, =2 F3iet Zedo| LHEILEX] Eteh of AFolM &#E

CHE ol & 2&o|Lt W8 dotst=d H&E =+ Uch

22 M=o Rgch ARGO float At 2| =23 ¥E X2 E
AR o 2= GloSeas o Ao LXAIHCE dfi+=H 2%

ﬁ
2o g

_I_E_'>_0
_Ol
[
r

M=ot Ao s 2ol A root mean square error
A7F Boleked D, EfE e =k MY =M 2
= 1

H>

ol
N

) 3

50m #2dM =of 2

of
ol g3to] EAE A e

o = —
[e]

>

A
T}é! ok
E

_u_ —v—
[o]]

5 s23 o 2%

0|>|'
Rl

ok rfo

o 2ol my} gk

[=3=]

ro

F20{ : GloSeab, ARGO, float, Brier score (BS), Brier skill score (BSS), root mean square error (RMSE)

ZtAbel 2

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the
Government of Korea (MSIT) (No. 2022R1A2C1008858) and Research and Development for Korea
Meteorological Administration (KMA) Weather, Climate, and Earth system Services (NIMS-2016-3100). This work
was also funded by the Korea Meteorological Administration Research and Development Program “Developing
Operational Marine Forecasting System” under Grant (KMA2018-00420).

_30_



3
o % ¥} (dsrpark@knu.ac.kr)

’

20244 108 11

424
=

143, Atk
A -3}
7] 7 g3 BK21 ¢

©

’

M E}
1,:4 pS| *1,2,3

[=]

=13
=1
1

H 5

o

=

A 7t

=

[=]

0

E]
=

7% A TH
AT

=

=

3

<
=

3}
of

ol

Tor

i
ﬁo

1 3}

<
T

717 skel 7]

= AFoME S0l A2 nlxl= AT

57|

of %2z ¢ ol o=

1= PN P Rcly

—
—

k5t

S
S

tE ME ot=alof osf SER

A
(=]

Stof| w2

~NO

ol
O

I
ok

|r
Tod
b

2z

B

F

7

CHA 7l efel &SZ =

ey o

Elof =

1)

government

the Korean

olE ofr-2tz| oj
of

=

S

o &}

o

oF
Research  Foundation

_3"_

Doty &

the National

o

2 Mfeh g o

TCHP ot=2te,
supported by

study was

=1

al

This
(RS-2023-00207866).

22| Pl
k.
# A2


mailto:dsrpark@knu.ac.kr

El
>
olor

A
E
I>

(ADSHRX| 2 IHStS| XA Stast Y] 20249 108 11¥-129 MECyst

UKESM-TOPAZ2| =X| gtd HXteol ol H i gt

f A Fu? AEw? FLE w3 Fal
YdE g etw #8a S35 (seminy@jbnu.ac.kr)
y o

dEEEFERERS

e

29
7|=H3 o £2 olefel st 7|ak sdof cfd|stl th-3stY| 2l ol ofof a2}
7|=Hst & 9o et HAFET HRsich o AF= g= 7|&kEel UKESM1ol Bl=
Geophysical Fluid Dynamics Laboratory (GFDL)2|l Tracers in the Ocean with Allometric
Zooplankton(TOPAZ) 2 &2 Z st UKESM-TOPAZ Z2E 2 AtE35to ZH7|ZF & 2 (preindustrial
contro)==&5t1, O ZI}E Coupled Model Intercomparison Project Phase 6 (CMIP6) 22 S 1} H|

wstdct tiZ7|-sil &k 2+ dimethylsulfide (DMS)2t CO, wet, a2[31 7| HX[of of &F &A 1Hd
2 7ot A ol HE S NS @2 HEES St 24 2ol mEY, £ AY 2
5 CMIPe 22zt H|wgl s mf X[E 7|20| MetM oz Xrtglend S5 wet ¥ g s A
dollM= DMS i & Z7t2 780l I=5HAl 4 =0 eft SAL ol X7t Hdastoz4 SHE
T DfEoAM O ALA JI2E 2ot SA(Ee| sl HA X7 7|2 ke MAE =
Aot 23 AElol UL X|YollM LIEH BHl HXtE A Z-LH|l T o =ol o|F 7|2 st
of 7|elgt ez 2t X 2 ds5 JHdE flof Mz metole =3 A€, DMS 2
Cleid A, O2[2 FE-ZE d32ES /MHste Hdex FIiEez Td Sol0, &7
Hel MEg Sol CMIPe 22 R 2E Xzt Hw FME ofFolck o HFE
UKESM-TOPAZZ} &= 7|% Hzt A2t of Fofl SRt 7|08 & + USS 2 EC
FR20{ : UKESM-TOPAZ, 7| =¥ 3l £

_32_



(AhSH=EX| st FA St EI| 20244 108 112-129 ME0istn AISEHA
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%54 Louisa K. Emmons, Patrick Callaghan, Simone Tilmes, Jung—Hun Woo,
Younha Kim, Jinseok Kim, Claire Granier, Antonin Soulié, Thierno Doumbia,
Sabine Darras, Rebecca R. Buchholz, Isobel J. Simpson, Donald R. Blake, Armin
Wisthaler, Jason R. Schroeder, Alan Fried, Yugo Kanaya
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ABSTRACT

(Multi-Scale Infrastructure for Chemistry and Aerosols)

= 7= oA o= th7|ost dF oM ISt A= ARML oHZ] 2ksF 2e el MUSICA
£ Safl, Xk 20160l cistel=ofl A AU
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ME 53| StetEE dM #22 ZoSIHM SAlo M X7 29 22 % 22517 floiAM, ™
X TE 2k 100 km A2 2 ZolstHA, SAlol otrlot, &=, etitzol ZX HX Daiat=

0| St AXE &, IFH2ZE ttzolM 7 kmel =& #HE st MER 22 &4
At 2bAE JhEstdt o= MUSICA = Z=9| AHAE AKX 2 7 km 204 2] edFo[ct of2fet =2
ol AX= ofHMo| X w2 ZEO| AZ HH A =4 M XF 72 ZHO| oA
ol NMoflatol AKX ZHE SAlol siZsts ol 227t Ack & AFoM= 7|&E2 XY #2
X A F 2o 2E= ohE 28 = A FE o/ E5HY| m 2o, cretet 2y =& S92 of
B £HE M2 AMstdl, 5§35 AXF z2Hol ojet 29 22 5k 2o g1E MEE
UACH A ZIE okstH, Z2 Adst Fojet =2 Md, atst gh8E2 o5t ets, AAt 2t
A2 s AU22E U7 & 2¥ =252 227 A= =4 X9olM 108) 74X xto| 7t
g2 UASE EUrCh 53], &2 22follM =4 X2 NOX tratration 247+ Do &= 2 Hof
Mgk 2 ? kAo 9

k2t A

L2k o
23 B9 452 B3 ZHSIUCL OlE TaiMEel 2Ho| BN B2 A AZHS 2F5HE
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0l8Y 5 USES Lietdc
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Better Temporal Resolution of GRACE-FO in the Polar Region by Basis

Transformation

Daeha Lee™, Shin-Chan Han? Ki-Weon Seo!
Department of Earth Science Education, Seoul National University, Seoul, Republic of Korea

School of Engineering, University of Newcastle, Callaghan, NSW, Australia

ABSTRACT

The GRACE and GRACE-FO are missions that utilize changes in the distance between a pair of satellites
to investigate mass variations on the Earth’s surface. These missions have successfully monitored changes in
mean sea level, glacier loss in polar regions, and alterations in the Earth’s surface mass distribution due to
earthquakes. However, these gravity satellites provide data at monthly intervals, which limits the ability to directly
observe geophysical signals that vary on shorter timescales. To address this limitation, we propose an
improvement to the existing GRACE Level-2 data that does not rely on additional regularization but instead
employs a basis transformation. Given that GRACE-FO satellites are in polar orbits and thus pass over polar
regions more frequently than equatorial regions, it is possible to achieve shorter temporal resolutions at the
same spatial resolution. We achieved this by replacing the global spherical harmonics basis with Slepian basis
functions that prioritize mass variations in polar regions and equatorial regions separately. This approach allows
us to extract mass variation information in polar regions at shorter temporal intervals.

We rigorously tested this method using synthetic data generated by an Earth System Model to simulate mass
changes on the Earth’s surface and verify the ability to capture shorter time-scale variations based on actual
orbital information. Applying the validated method to GRACE-FO KBR data from March 2019 to December
2022, we were able to identify sub—monthly changes such as ocean tides and heavy snowfall events. Our
approach effectively reduces the temporal resolution of GRACE-FO data and enhances the detection accuracy
of sub-monthly signals.
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Contrasting orientations of magnetic fields in the Class 0 protostellar
system L1527 IRS

Hanju Nam (&35)*! Woojin Kwon (?-$-21)!

ISeoul National University (skagkswn@snu.ac.kr)

ABSTRACT

We present JCMT SCUBA-2/POL-2 polarization observations toward the Class O protostellar system L1527
IRS, which has a well developed bipolar outflow in the east-west direction, with a spatial resolution of 2000 AU.
The results show that L1527 has the unigue and distinct magnetic fields, whose orientations are aligned with the
outflow direction in the western side but perpendicular in the eastern side. Both sides of the bipolar outflow also
present contrasting colors in JWST NIRCam observations. In addition, they have different spectral indices
measured in sub—-millimeter wavelengths. These results suggest that the magnetic fields of L1527 may be
related to the differences of the physical properties between the regions such as temperature and density
structures.

Keyword : protostellar system, magnetic fields
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The Hourglass—shaped Magnetic Fields and Dust Filaments

around the HH 211 Protostellar Envelope

Youngwoo Choi (H %), Woojin Kwon (#-$-7)!

Seoul National University (cyw3614@snu.ac.kr)

ABSTRACT

We present ALMA Band 3 and 6 polarized continuum observations toward the Class 0
protostellar system HH 211. Three dust filaments are found around the HH 211 protostellar
envelope, two of which are aligned with core—scale magnetic fields. This result suggests that the
formation of the dust filaments may be influenced by magnetic fields. We also detect clear
hourglass—shaped magnetic fields around HH 211 and toroidal fields in the outflow regions. We
estimate the line—of-sight averaged temperature and column density distributions in the HH 211
envelope and find asymmetric temperature and density structures. The column density is higher in
the southern and western parts of the envelope, where the dust filaments are located. This
suggests that accretion in HH 211 may occur primarily in the southern and western directions,
although this should be confirmed through kinematic analysis.

Keyword : Star formation, Protostars, Interstellar magnetic fields,
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Bipolar Outflow Momentum Depending on Misalignment of Outflow

Axes and Magnetic Field Orientations

Junyoung Moon (#%9)", Woojin Kwon (#-$-%1)!

ISeoul National University (orioles8@snu.ac.kr)

ABSTRACT

We present a relationship between bipolar outflow momenta and magnetic field orientations with
respect to the outflow directions of protostellar systems located in the Orion molecular cloud. We
calculated the outflow momenta for 51 out of 56 protostellar systems using ALMA "2CO (J = 3 —
2) data and inferred the magnetic field orientations using ALMA continuum polarimetric data in
Band 7 on small scales (~ 10° AU) and JCMT SCUBA2/POL2 polarimetric data in 850 microns on
large scales (~ 10* AU). Despite difficulties in determining the directions of magnetic fields on
small scales due to magnetic field distortion caused by dynamics of Class 0 Young stellar objects
and due to self-scattering, on both small and large scales, we found that outflow momenta are
greater when the offset between outflow axes and magnetic fields is intermediate, compared to
when they are perpendicular or parallel. Furthermore, analyzing these results, we found a weak
trend that the outflow momentum increases with the difference between small and large scale
magnetic field orientations.

Keyword : Star formation, Protostellar outflow, Interstellar magnetic fields
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About Ocean Data Visualization Approaches

A A A 3
1] o] B A] 2~ B9 (shin652020@naver.com), 8] 9l E]

ABSTRACT

Ocean data visualization plays a crucial role in understanding and managing vast and complex
oceanographic datasets. This paper provides a comprehensive overview of recent advancements
in marine data visualization, focusing on three key areas: the latest technological trends,
web-based large—scale numerical model visualization techniques, and forward—looking approaches
for future developments.

Keyword : Ocean data, Numerical Model, Data Visualization, WebGL
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Evaluation of Al Models for Wave Data Imputation
Az Al gt

'EF)A A =R A A

Z3% Ho|HE Hetete WHoZE= Wgt |, MY 27 59 AN gyl YHEEZE
2= dioleloll & $Hst Multivariate Imputation by Chained Equations(MICE) 22 & &&st= &t
Mol Act ESH =2 sdakof 7|etsk o F REo| ZIE i X|stAHLE, A3 AZEZHANN), =&H
ZRNN), 7|77 (LSTM) ot 22 Hileld 2ds &8st o FUS 2 tX|ste SHE
Zr ot agjut SAY WH2 &S dle S Melste o A A0, i 2 HlolE = gt
Mol MEEXE U2X g Fd97F Bot =35 7|E ofdlyd 2 g2l T 2@ 2 &
&oll ALBE ol E S/g = g7 2o, 25 ol Eet 2H=Z AME5H7|of & EstA|
etct= HHEol Ak

oo 2 AFoMe= o510 Eets SAlo A& + A2, 54 HolEe ZEXT et 7t
= st SAITS(Self-Attention-based Imputation for Time Series) 22 & &235t0] Tzt HEE H2t
StCh oA A 20212 E 20247 K| Z =0, UM SH S| 20 sl T==2& 2oloM &=
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Preliminary Results of Skin—-Bulk Temperature in the East Sea

and the Northwest Pacific through ISAR Measurements

Ji-won Kang®', Kyung-Ae Park? Hee-Younge Kim®
"Department of Science Education, Seoul National University (jiwon503@snu.ac.kr),

’Department of Earth Science Education, Seoul National University

ABSTRACT

The measurement of sea surface temperature (SST) is crucial for examining environmental
changes and interpreting oceanic events. SST is commonly measured at depths between 5-10
meters, while skin SST is assessed at approximately 12 um from the sea surface. The importance
of distinguishing between skin and bulk SST to effectively explore spatio—temporal environmental
variability has been underscored in various studies. In this study, the skin SST is measured
through Infrared SST Autonomous Radiometer (ISAR), which obtains both the sea surface
radiance and the downwelling atmosphere radiance. To measure skin SST more accurately,
calibration coefficients were calculated in a laboratory using the ISAR calibration kit before applying
them to the field measurements. The corrected skin SST data were then compared with bulk SST,
which is continuously monitored by a thermosalinograph and satellite data, to analyze the
difference between them. This research offers insights into the differences between skin and bulk
SST, diurnal variations, and the stratification characteristics of the upper ocean in the East Sea
and Northwestern Pacific regions.
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Validation and error characteristics of sea surface temperature

from GK-2A geostationary satellite in the Asia—Pacific region

Hye-Jin Woo™, Kyung-Ae Park’
A& st #7381 & 7} (hyejinwoo@snu.ac.kr)

EEELEREELEEEVEES LR

ABSTRACT

Sea surface temperature (SST) is the most crucial marine environmental variable used in
analyzing the spatiotemporal variability of oceanic and atmospheric phenomena.  This study
definitively assesses the accuracy of SST data produced by South Korea's second geostationary
satellite, GK-2A, over its first four years of operation (2019-2023). The root mean square difference
(RMSD) between satellite-derived SSTs and in situ measurements was approximately 0.5K, which
meets the target accuracy. Errors showed clear latitudinal variations and differed between day and
night observations. The SST was found to be overestimated in conditions of weak wind (less than
3 m/s) and underestimated at night. Furthermore, SST estimates were higher in conditions of high
atmospheric humidity and lower during dry conditions. In regions with developed oceanic fronts,
the intensity of the fronts directly increased the RMSD of the satellite SST. A significant increase
in SST uncertainty was observed when the satellite zenith angle (SZA) exceeded 50 degrees. To
address this, eight additional SST estimation formulas considering both linear and nonlinear
relationships related to the SZA were developed and validated. The newly derived formula
effectively reduced the influence of the SZA, especially at high SZA.
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The Teacher’s Responses to Student Resources in the Elementary Science
Classroom Taught by Responsive Teaching

e, 2d A
le s 2538w, A7|% %A €322 12 (hyeriml226@korea.kr),
A w S, A7 % SrFAl wel Abut 2 155 (philoh@ginue.ac.kr)

ABSTRACT

Meaningful learning in the classroom occurs through the interaction between teachers
and students, who are the main participants in the class. Students reveal their various
resources during the class, and it is important for teachers to guide these into scientific
concepts through appropriate responses. In this study, responsive teaching was
implemented in an elementary science classroom, and the teacher’s responses to student
resources were examined. After reconstructing the ’'Layers and Fossils’ unit, class
transcripts and surveys were used as analysis data. The results showed that teachers’
responses to students’ scientific concepts could be categorized into three main types. First,
when students revealed scientifically valid concepts, teachers utilized these resources in
discussions and asked a series of questions to explore students’ thinking. Second, when
students revealed scientifically invalid concepts, teachers asked for students’ agreement or
disagreement and provided opportunities for students to reach a consensus. Teachers also
refuted students’ thoughts or shared the results of small group discussions. Third, when
students showed insufficient concepts, teachers guided them to switch their thinking to
different aspects and asked them to add missing elements. Teachers also provided
epistemological resources and aimed to provide appropriate resources through questions
that expanded thinking. This study suggests that sharing various class cases of responsive

teaching can increase teachers’ accessibility to responsive teaching in schools.

keyword: Responsive teaching, student’s resource, teacher’s response, Resourse-based view,
Layers and Fossils
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Land Subsidence Trend Analysis and Relationship with Groundwater

Condition in Bangkok: An Integrative Approach Using Multisensor Time
BFe BEA e FA 4 R Aste 2139 #A: g5 AA
AAES o] &3 &4 H<ZH InSAR
Series InSAR

Fepnte Z7] sbdel, A3, ol&vl, s
1749 ) & 3 (fulkifadhillah@kangwon.ac kr),

Qe nl, (cwlee@kangwon.ac.kr)

ABSTRACT

Land subsidence in Bangkok has been a serious concern for the past few decades, mainly related to
excessive groundwater extraction. This study aims to analyze the subsidence trend from 1980 to 2010, focusing
on the relationship between groundwater level and land subsidence. Historical data shows that the subsidence
rate was very high in 1980, but showed a significant decline in 1990 and continued to decline until 2010. This
decline is in line with the change in groundwater extraction behavior, from uncontrolled to more regulated. In
this study, we used data from various satellites with different acquisition times to conduct time series analysis
using Interferometric Synthetic Aperture Radar (INSAR) technology. The utilization of radar-based satellite has
increase recent years due to improvement of data acquired from SAR satellite. We use the ALOS-1 L-band
and Sentinel-1 SAR satellite around Bangkok to analyze the surface deformation based on time series INSAR
technique. This analysis was combined with groundwater level trends obtained from field measurements. The
results obtained showed a strong correlation between groundwater level decline and land subsidence in
Bangkok. These findings are important for stakeholders and policy makers when formulating sustainable
groundwater management strategies in Bangkok. This study also provides new insights into the importance of
integrating satellite data and field observations to understand and address geotechnical environmental problems
in urban areas.

Keyword : land subsidence, Bangkok, groundwater extraction, INSAR, groundwater level trend.

- 114 -



(AbstaX|Ftsts| F=ASte U E| 20244 108 112-12 M20istn A|SHHA

ch. ol ¢lPE 1980W e 2010WAxle] HBt EME RS o =X A3k Atolol mA xHe
03 EAMsts He SEE @ch A dolefol ut=@ 1980l = AstEol ohe E B 1990H
ole = st 2010WMK| AL BAYELCH ol Aot SHEX 2= XsE £ FSof
M RHE Zatste @Sol wstel YxFCH 2 ATolME HS Alzho| CHE chergt 94 ol ool
2 Ab8Stol TR B4 Z2lJ B OIC(NSAR) 71 AMSBlol AMY BA2 FHYELICH ol
Tl fNel HEE 1oz olsl 22 ¥ d Sot Zkstn YA

£ SAR ?dolM ==t HlolE el 7
7

o
g
1o
>
—
o)
P

ch AIZY INSAR 7lE2 7lgeR EM wWys 2ASY| s w2 (IR =T
Sentinel-1 SAR 142 ALZBHLCEL of 242 A SMolM LS Xsts 9 FASt Aot Asuct
o2 Ante waol xste 9l Zaek £X Fst Atolof sk AmuAI} ASS EAFAUSUCL of
28t Aot wRolM X% Jhset xlots mal Mate S ol ols| AR M ¢l kx| L
tLict of ATE EB Al Xleje| Xl #Z 2 S olsstn sHAst7| sl AN cloleet HE
z2 saste Hel 240 i3t 22 elAlo|ES HB B CH

20| : EX| Fsl W2, x5k X5, InSAR, Xt 2 XA

Zatel 2

"HodTE HE|SYESARL HUSR HIATME 9IAT Ui o|E B8 Xhe X AN 2ALY
(RS-2022-00165154)"" X2l g ot 85t &LC

- 115 -



El
>
olor

A
El
I>

(AhstRX| Ftets| FA S U HI 20244 108 112-129 Meojst

Land Subsidence Time-Series INSAR Analysis using SBAS

algorithm in Bandung, Indonesia
SBASE 0| &%t ¢l Alot HtE X[He| X[dt &St A|AE InSAR

M
2

gl

olg] Z g =7|¢E ofmwEl o] F-&2

Ay ela #8Fu 385 (e-mail : ariefrizgiyanto@kangwon.ac.kr)
ZFustn 8t a S8 (e-mail : cwlee@kangwon.ac.kr)

ABSTRACT

In 2018, the Indonesian government presented Presidential Regulation on the Urban Area
Spatial Plan of Greater Bandung, where it targeted rural area in southern area of Bandung for
development. These urban expansion could lead to an increase in urban hazards, such as land
subsidence that could poses a significant threats to the environment and local communities,
making it essential to study and mitigate its effects. This study aims to investigate the land
subsidence phenomena in Bandung, Indonesia using distributed scatterer-based MintPy algorithm.
The time-series deformation generated by shows that the deformation occurred in southern part
of Bandung exceed 10 cm/year where developed areas are recently built.

Keyword : Land subsidence, Time-series INSAR, Bandung, Indonesia, synthetic aperture radar
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g % U0l O P2 ATED ofwsts ol THMolch B oTE 24 ABH I8
MintPy 202152 28510 olulAlof BhHEol waste xgh A3t Bae EMsts A
2 2xo= sich MME AL HE Holso wad, BhE eheel JHWE K olAl ¢zt

F20{: X[gt &3t AlAY InSAR, Bt&, el Ul Alot, 2HAd7iFeilolH

1. Introduction

The urban development is one of the main factors of land subsidence occurrence as it
increases the pressure on the environment, such as the compaction of sediment under its
own weight from above-ground construction. These effects exist in a lot of developing
countries such as Indonesia, where a lot of cities suffer from land subsidence, such as
Jakarta, Semarang, Medan, and Bandung (Chaussard, E., et al, 2013). This development
makes Bandung susceptible to land subsidence from the extensive conversion of
agricultural land into non-agricultural land and will also lead to increase in the use of
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groundwater for new residential and industrial area. In this study, we applied the
distributed scatterer-based of MintPy algorithm (Yunjun, Z., et al, 2019) measurement in
Bandung area using Sentinel-1 data from 2018 to 2024 to generate time-series InSAR

for detecting surface deformation due to land subsidence in study area.

2. Results

Overall, vertical deformation has occurred in the study area located in the southern part
of Bandung city as seen in Fig. la, deformation occurred due to the land reclamation
from agricultural areas to residential areas due to city development in the southern part
of Bandung.

May 2018 Jul2019

Vertical Deformation (cm)

_Vurtical deformation (cm/year)

Fig. 1. (@) MintPy SBAS mean vertical deformation rate map and (b) time-series deformation of selected

point

Further analysis from selected InSAR point shows in Fig. 1b suggest that the
deformation occurred in this area from city development. It shows deformation in Pl
area that there are stability during 2018 until mid-2019 followed with deformation until
2024, with mean deformation of about 14.76 cm/year suggesting deformation occurred

due to new residential development in the area.

3. Conclusion

The urbanization in Bandung city during 2018-2024 indicates that land subsidence
occurred due to compaction owing to loads from building and construction from urban
development as one of the driving factors.
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Susceptibility Mapping in Jakarta, Indonesia
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ABSTRACT

Global sea level rise due to climate change is a critical problem for coastal cities. Especially the
coastal cities that suffered from land subsidence. Land subsidence was known to be a critical
issue in the Coastal Cities around Indonesia. Jakarta has long been known as an area that has
a serious threat of land subsidence, this has resulted in areas bordering the sea being submerged
by sea water. Monitoring land subsidence in Jakarta becomes essential to prevent the coastal
inundation which leads the city to be submerged by seawater. In this study, land subsidence in
Jakarta was monitored using time-series analysis based on improved combined scatterers
interferometry with optimized point scatterers (ICOPS) on the Sentinel-1 SAR (Synthetic Aperture
Radar) data. The ICOPS algorithm exploited time-series interferometry SAR (INSAR) based on the
combination of persistent scatterer (PS) and distributed scatterer (DS) points were optimized using
the CNN algorithm to find the optimal measurement points that were not affected by outliers from
noisy data and spatially clustered using optimized hot spot analysis (OHSA) to identify the
measurement points with a high confidence level statistically. The results of time-series
deformation in both areas were compared with the global positioning system (GPS) station
measurements and the result shows a good correlation in deformation patterns between
time—series INSAR and GPS measurements. Our study revealed that the land subsidence in both
cities occurred mostly in settlement areas under the young alluvium soil that is compacted due to
the loss of pore pressure that is affected by the excessive groundwater extraction in the settlement
areas. The ICOPS time-series INSAR method in this study can be applied to monitor land
subsidence in any other area. Further analysis was also conducted to predict future land
subsidence in Jakarta using susceptibility mapping. The result from the time-series INSAR will be
used as the inventory map and 10 conditioning factors that contribute to land subsidence will be
used for analysis. Finally, the land subsidence susceptibility map will be predicted using deep
learning algorithms based on convolutional neural networks (CNN) and long short-term memory
(LSTM). The result from the area under the curve shows that the LSTM (0.965) has a little bit
higher accuracy compared to the CNN (0.951) algorithm. Thus, the land subsidence susceptibility
map based on LSTM algorithm can be used by the city officials to proactively prevent the future
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spread of land subsidence occurrence in Jakarta.

Keyword : InSAR, CNN, LSTM, Susceptibility Mapping, Jakarta
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Previously, the Eratosthenes experiment has been done through measuring the
sun’s altitude at two different places on the same day and time and the distance
between the two locations in order to find the circumference of the Earth.
However, these experiments would just stop there and not advance to create or
develop something more.

The Global Positioning System (GPS) has become essential in modern society. It
helps citizens to locate their position on earth and navigate to places. GPSs
operate based on satellite signals, hence they cannot be used in situations where
satellite signals cannot be received or in poor environments. Therefore, we plan
to develop a simple GPS system with reference to the methods of the
Eratosthenes experiment (Gyeonggi Science High School for the Gifted (2023).
This GPS will not require satellte communication and hence help people in
environments with no or poor satellite signals to help them navigate their way
and find their locations.

The experiment has been conducted before in Bundang Jungang High School
and Pohang Jecheol Middle School, South Korea by a group of Astrology
students and teachers. It was conducted over a duration of 3 hours (1100-1400
KST). However, they only conducted the Eratosthenes’ Experiment to collect the
shadow lengths and thus the latitude and longitude. Our experiment on the other
hand aims to program a GPS after finding the latitude and longitude using
Python so we will be conducting the same experiment but adding on to the
methodology.
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