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A Spatial-Temporal Graph Transformer for Space Collision Risk Assessment and Decision Support in Space Situational
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1. YHIHS. (2026). FEV/EF Z2/0) 22t ZF (HE M 21066 2, 2025. 10. 1. EFHIHE, 2025. 10. 1. AlR).
2. YYAHR. (2026). FFL0/E/S HEF % 0/F &0 &2t EF (B8 M 21392 &, 2026. 2. 27.

3. SEHLTLE (2026). FEAHE (HE X 21336 5, 2026. 2. 10. L=EIHA, 2026. 8. 11. Als).
ESHNSHEE. (2023). FEAEE XHAH HEl L 0/ XE (RINSLUBEIA H 2022-54 3,
2023. 1. 1. YEINA, 2023. 1. 1. AldH).
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Species Distribution Model Framework Applied to Future Behavior Prediction

Projects Overwintering Energy Deficit of an EAAF Migratory Crane

Zon o, AgS T, A

'R

*UAXK}: ykang@nie.re.kr

Animal behavior represents a reliable proxy for an organism’s physiological implications to climate
change, and analyzing climate-induced behavioral modifications offers predictive insights to
mitigate severe population—level consequences. Hence, we adapted the Species Distribution Model
(SDM) framework to forecast behavior by linking a probabilistic behavior model to environmental
covariates, and estimated the physiological costs that may arise from such changes. Using the East
Asian—Australasian Flyway (EAAF) species as a model system, we first identified key environmental
drivers across 13 wetland hubs on the South Korean Peninsula. We then modeled the overwintering
trajectories of a key indicator species, white-naped cranes, using Hidden Markov Model (HMM)
where the state probabilities of the behaviors are a function of the environmental covariates. To
estimate future behavioral shifts, we projected 2031-2050 environmental conditions by training a
Random Forest Regressor Chain based on the SSP2-4.5 meteorological scenarios. The behavior
regime predicted by the forecasted environment suggests that future eutrophication and drought
may force cranes into highly fragmented traveling and roosting bouts alongside reduced foraging,
imposing considerable energetic costs to overwintering crane populations. Ultimately, this
predictive framework can be applied to a wider range of species and reveal a broader pattern of

ecological vulnerability to climate change.
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J|EHstE ZRZEY HESR 20| Stott =W MAME Djoi7t S7tok= FAMI0|LL, X HE H
=0 oot A 2tFo| Hotz LAMEY DisH7t HIH S7ty A= FIHEDh. =LHOHA] LPARE] 2
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HAE XT MYSIQICE 0|1F E2|- YM=E-AHE-MEY AS 871 7|45tE 2 (Decision Tree, Bagging,

Boosting, Random Forest, XGBoost, KRR, SVR, ANN)2 83 k&%t Z1t Test AUC 7|& Random
Forest(0.8147)7} |1 H452 EXOL} Train AUC 1.000 2 HTH HFIt 516110, Boosting 2
O LERICE SHAP 248 Sl XIZ(H=-8AD
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2 A= O HAE FEOIMAF-EEAS S XHCz &Y HESHN LXASS Aot
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it dgs FUE A=O|L.

>

AAF
= e =SSN HEH MAEY Y WS 71 ML ArRE(RS-2025-02223445)2] K|S
U2 LAY LY LUK ADE ZAF 718 7H2(2026028(R))” Atgel AR ZMZ AYEAZHT
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T8 T8 BUHEE BT ATME MY YHE
a0, 28, Zyg?, ey
'SEsty AEStAREI, (HAEE

* AKX jaychoi@cnu.ac.kr
MEfS 2 Al, EXMEH (Reference ecosystem)= 52 Hest ZHQ HIME &6, 58 dUE
HYHMOR WIS flgt MESY 7|ECz EEECL XMEA= YoHo=R ‘EEIMX|(Reference
sites) Ol +TE MEfSHY HEE ZSIH HZEZH(Reference model)g F&StL 0|§ HIEC=E
e JeL 4 g0 20| EEE YHAE FXUMXZ Mo A2 of=9 L7 FAet
wEt 0|8 SO= Qloff AMMQI StAZF =S}, Eot oif AN ME7F HEHS SHo= HXMMXE
Hgote 4, Ot 2 Q019 7Y ZHot MEO| MEfH 2+ XS FIHOZ HiHol= O
SIAZL AS = ULCL 0|0 2 AFR= 7I1EQ HE MEiA IS4 Y= Eol0], AES39 YHH 27
X0 ZEE oY UXOM HHE > U= HIXALM(Potential Natural Vegetation, PNV)2 F26t11
0|2 HZMENA HH0| 8otz YHES MQtotIAt St
O|Z %loh 183 B9 HEH=H et AZ0| gt &2 718t MAl &8 FHE FF0l1, 712X EX[I=-
Seed zone 59 37t & K= AHAGICL AMEYE YEN MA =S S (Limiting factor
method)| 7|BtSH MAIX|HEHX|4(Habitat Suitability Index, HS)Z MZfslot0] HIMAIZZIES E56 §
Zb AZ9| HMMAIZIIS StEAtRE E&oCt HSI 9 &t X7l {25 oF HeE Hd & HEot:
Random Forest(RF) 2! Boosted Regression Trees(BRT)Z 7|ASHES $HSOCZM AlE0| &4 QOl
7t HIMHEA HAE EAMotct. 0| AMEHPNM F=ot L2|Lt2t Seed zone & 2 JHQ X|H0M E-S
HIW-O=0t0] XY 2Hd0] Xeret HIAAMMS EEot, ofF FH0| Heret HTME Al HAEIS
THOIIA STt O0|F Sof =8 7|8 MEfEEet ZZFEE R JAstES AR ot XRMEA
28 WO JtsdS MAlStIA} ot ¥E 2 WHEE ChYet YEEH XM XY &d 2HS
Higor AXEDY =1 S AE MY I MEj=E oAZATE XE0 E€8E + US A= J|fE Lt
ARAF
2 AT7E MEAY(GZAATIE ) At "(RS-2025-02223445)'9 X|@OZ H3HE|AUSLIC
aAuEd
1. 43 (2006) M 2 M =X 4Eqst. ME: HEAO|YA, p50-55
2. MY (2023) "RHEAME SR HEH(IP) 715 A, CHE: AEH
3. Gann GD, McDonald T, Walder B, Aronson J, Nelson C, Jonson J, Hallett J, Eisenberg C,

Guariguata M, Liu J (2019) International principles and standards for the practice of ecological

restoration. Second edition. Restoration Ecology 27(S1): S1-S46
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4. Lillesg JPB, Barsotti D, Kalema J, van Breugel P, Pedercini F, Graudal L, Jamnadass R, Kindt R
(2024) Reference vegetation for restoration? Three vegetation maps compared across 76 nature
reserves in Uganda and Kenya. Ecosphere 15(10): €70030

5. Park S-G (2025) Strategic Proposals for the Ecological Restoration of Warm-Temperate

Evergreen Broad-Leaved Forests. Korean Journal of Environment and Ecology 39(3): 276-293
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Toward Enhanced Projection of Landslide Susceptibility via
Al-Hybrid Approach: Integrating Vegetation Structure and Function
with Physics—Based Models

x| 4, Hs|?, ofafel !, HES

| ZYTFOSE AT, *Z kst 4

*FIAX X weho@kongju.ac.kr

Landslide susceptibility assessments (LSA) have traditionally focused on soil, topographic, and
climatic conditions, but often fail to represent the mechanical and hydrological contributions of
vegetation to slope stability. This study proposes an Al-based hybrid framework that integrates
vegetation structure and function into physics—based slope stability assessment at the landscape
scale. Multiple infinite—slope models are constructed using slope gradient, antecedent precipitation,
soil depth, and soil texture, and their standardized outputs and inter-model variability are
summarized as physics—based susceptibility indices. Vegetation information is incorporated through
two complementary layers. The structure layer, derived from Korea’'s National Forest Inventory and
forest type maps, includes stand-level indices such as tree—size diversity and large—diameter tree
dominance, representing structural heterogeneity associated with root reinforcement. The function
layer characterizes root depth, tensile properties, and spatial distribution using plant trait databases
and local literature, and spatially allocates these traits using forest and land—cover information. The
framework is applied to Yecheon—gun, Gyeongsangbuk-do Province, where multiple landslides
occurred in 2023. Ensemble machine learning is then used to integrate the physics—based and
vegetation-related variables and to quantify the relative contribution of each component to landslide
susceptibility. By explicitly representing both stand structure and root functional traits, the proposed
framework extends conventional LSA beyond environmental controls alone and enables quantitative
evaluation of vegetation effects. This study provides a systematic methodology for incorporating
plant ecological information into landscape-scale slope stability assessment and examines its

potential to improve the interpretation and spatial prediction of landslide susceptibility.
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*WAIX X} han602@seoultech.ac.kr

YTANI LDAR BlOE= XEPO| £Z Hu, A% 50|, A ZE S M2 OE 9o ¥=E
oM, CIst YISt S8 2OMjA ASEAMoR S8R Ut I =

HME Sl FSE= F-P‘*OHM o J5.._| 7I0f2Xf7f LY + ALEZE F JHE ES -rI tMe &
Pttt 0 = g

2 22 KB A9 #2X HEet B E4S '—fEH-HE'E SSBEe et EuM 2
HHO| E4S 1Y EQUL QUCh ESh AN &8 2ANM= Height 2 Intensity & 25 HED 0|
st 327t A = AN, Y FHEHO| JtEY Hal| Y + U= FE FXIF Q7 ELL 00 2
A0 M= RGB, Height 2 Intensity O] EMS JHHXMOZ 5511, LIDAR MEH MEO| MEB|TQ Q12
71248 1ots 3P4 - LIDAR HEH WS HQISCH RGB, Height 2! Intensity £ MZ 715XI2
SQ5IX| o= CNN 7|4t QIFCE S SX8 FE51H, RGB - Height ¥ RGB - Intensity 7t S
HEUTAE ALSHO LIDAR FHEE FE ZUE 4yt T LIDAR FEJI MEEH= Z0= %
M EEZEE HE MTE FHSI, 0|2 7|HOZ Height 2 Intensity o HE HEE 7t5
8ot zF 2 A2 HHO|ISTS MESICE ESH sHE HOIM Height @ Intensity & 25 AIEdk=
AAL 2t HHE WEHOZ MEsh= RS ol LR LIDAR HEDH HIEH= 40z S
HEIE Soll LS Y = UCE SIUCH. A Za, KM WHE ol Height & Intensity 7|8t
Nt YHE Moz AEE £ UACH, U LIDAR HHT 0|8 7tsh ZAHMAML HE 7tsdS
Sl
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ol

ChAlZ] S8 fdBd 718t LoFTR 2 MRS ZH T

Dual-Crop Jitter 7|8t £t3}

11

ok

2
a

'SR E0EY YEo|HSEE, ‘I YR AUE e YESYUHE HOIHYEase YH 0SS

FUAXK}: jechi@pknu.ac.kr

a2 dBde HatEX|, EX0|3 Vot FHo| Bt oAl Fx2| uPgolct. zZ EHd 7[gt
i 7180 =2 dsS =0l UCLL, HEE XY= SEEH0 AZHN ME 2t Hett dH
[HEH0| 5t YdFd0= =HI[0 UK LCh 2 A= LoFTR 2| outdoor AMHSHE 7I1EXIE
7|8t19 2, Google Earth Engine OlA &gt S5t X|¥ Sentinel-2(10 m) Y& 58,974 A= 0|25tH
AEFY T M3S +HWoltACt dEH SHO| 8= EHME ofiZol/| o FAREE 0 2L
SRIOHOE MESIY ofd Het2 JECE AESt= AUIKE &S MESIUCL ILE HEEH
FAEE Bds ABY 49 ZE0| Y WEEL 3¢ ZHE 7t 30| M=ot S|Eok= ZE M0
SOIZ[ICt, 7|12 mRIRd BRI gut WIMINIM 3 px 7|& g etk 0.9914 £ 7|=0¥2L, oF

FH0| +32px HHO|SS MESH HIIOAME 0.4152 2 IA LASIUCE O|F SHZESH| ol & FAS

ZEHeE FXP| crop ot 7 H FVIZ2 =EolW XBHAE °o=HMe=Z {RLIA ok= Dual-Crop

Jitter(DCJ)E HMI2SIACt. DCJ M ZE2 Ut HWIH 0.9724 9 =2 d52 |XotHAM HH0|S

G7t0M 0.9396 S 7|=oIRCH, AtHsls Z& | 2f2t 18.8%p, 22.4%p SSEIULE. 0= JHd=2

A I XE SHA MM LEEA LIENLQH, 2 X017t 7ty 2 HE-/A= gt HAXI}

o2 Y OI=50M JHHZ0] 71 UL 2 S4= e fdBdS 018 UiE 2RO ZH Q! M3uXM
H

Heks THY =+ U= 7t AAIRt 0| 2etols ot MEO0| & 2s 20ELL
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Temporal Transferability of Garlic and Onion Field Classification

Using Sentinel-2 Phenological Time Series
Sholihati Rizgi Amaliatus', AIXI@?, 253, S0t >*

'ZESE SRBNANTEL 2HRUStD ARYBAALS Y, P SET

Timely and reliable information on crop area is essential for agricultural supply management and
available satellite data such as Sentinel-2, offers a practical means of delivering this information at
large scale. However, Satellite-based crop classification models are often trained and validated
within a single growing season, yet their practical utility for operational monitoring depends on how
well they generalize to other years, where growing conditions, planting dates, and phenological
timing may differ. This study examines the temporal transferability of a Sentinel-2 growth time
series—based classification approach for garlic and onion cultivation areas based on phenological
growth characteristics. The approach achieved consistent classification performance across the
three seasons (2023,2024 and 2025), showing that phenological features derived from Sentinel-2
can reliably support monitoring even under inter—annual variability. The results are expected to
clarify the practical limitations and potential of temporally transferring classification models for
monitoring garlic and onion, and to provide guidance on whether season-specific recalibration is

necessary for reliable multi-year satellite—based crop classification.

AAL
This work was supported by “Research Program for Agriculture Science and Technology
Development (Project No. RS-2026-25509582)" Rural Development Administration, Republic of

Korea.

HOEH

1. Hoppe, H.; Dietrich, P.; Marzahn, P.; Weif3, T.; Nitzsche, C.; von Lukas, U.F.; Wengerek, T.; Borg,
E. Transferability of Machine Learning Models for Crop Classification in Remote Sensing Imagery
Using a New Test Methodology: A Study on Phenological, Temporal, and Spatial Influences.
Remote Sens. 2024, 16, 1493. https://doi.org/10.3390/rs16091493

2. Wang, C.; Chi, J.; Zhang, X.; Zhang, N. Deep Learning—Based Phenology Extraction and Crop
Classification in Arid Oasis Using Sentinel-2 Time Series. J. Zhejiang Univ. Sci. B 2026, 27, 537-
560. https://doi.org/10.1631/jzus.B2500403
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Testing Sentinel-1 and Sentinel-2 Redundancy in
Soil Moisture Retrieval over South Korean Paddy Landscapes

Shantunu Chowdhury'', NS '

TR

Jon

i

#WAXXE: jungdoung@jbnu.ac.kr

Optical and radar fusion is widely assumed to improve high-resolution surface soil moisture retrieval,
with optical data mainly correcting vegetation effects on the C-band signal. We tested this
assumption directly for South Korea, a paddy-dominated, monsoon-driven landscape, rather than
taking a gain for granted. Using a transferable convolutional-Transformer model (CATS-Net) trained
on Sentinel-1 time series and meta—features and evaluated by leave—station—out cross—validation
across 104 in—situ stations, we ran four independent tests to isolate any contribution from Sentinel-
2. First, a jointly trained gated fusion of the Sentinel-1 sequence, a Sentinel-2 image, and meta-
features. Second, an out—-of—fold residual test in which a small model predicts the Sentinel-1 error
from Sentinel-2, with a meta—only control. Third, the same residual test after removing each
station's mean error, to test within—station temporal tracking. Fourth, the five optical indices added
to the model and retrained. Scoring used only samples with a real cloud-free Sentinel-2 scene
(about 97.5 percent). None of the four tests improved on Sentinel-1: the fused model scored 0.446
against 0.463, adding indices lowered the leave-station—out Pearson from 0.489 to 0.476, and the
residual tests showed no unique optical skill spatially or temporally. Yet Sentinel-2 alone with meta
reached 0.425 versus 0.173 for meta alone, showing both sensors are individually strong but
mutually redundant, because both track the same seasonal wetting and drying cycle. We conclude
that a single—sensor Sentinel-1 design is justified for this setting and discuss when optical fusion

is likely to help.

AMAL
This work was supported by the National Research Foundation of Korea(NRF) grant funded by the
Korea government(MSIT) (RS-2026-25496708).
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1. Hobbs, W. R., Massom, R., Stammerjohn, S., Reid, P., Williams, G. D., & Meier, W. N. (2016). A
review of recent changes in Southern Ocean sea ice, their drivers and forcings. Global and
Planetary Change, 143, 228-250. https://doi.org/10.1016/j.gloplacha.2016.06.008

2. Libera, S., Hobbs, W., Klocker, A., Meyer, A., & Matear, R. (2022). Ocean-sea ice processes and
their role in multi-month predictability of Antarctic sea ice. Geophysical Research Letters, 49,
€2021GL097047. https://doi.org/10.1029/2021GL097047

3. Purich, A., & Doddridge, E. W. (2023). Record low Antarctic sea ice coverage indicates a new
sea ice state. Communications Earth & Environment, 4, 314. https://doi.org/10.1038/s43247 -
023-00961-9

4. Wang, Y., Yuan, X., Ren, Y., Bushuk, M., Shu, Q., Li, C., & Li, X. (2023). Subseasonal prediction
of regional Antarctic sea ice by a deep learning model. Geophysical Research Letters, 50(17),
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=8 HdX=2 Hefds g3t 247I1A E8 S8 X ¥ H¥s!
LMG T, ORI, B0l AHS T
'SAE S KA A8 st
* XXX ersgis@unist.ac.kr
HIEH(CH)Z OASHEA(CO)E 7IFHSI0 2% IS DXz 247IAR, & HIES20A ZYst=
=59 fXe HiE #E2E FeotA Oot= A2 247tA HiES ELEZSI NI MEts Eot= O
S0ttt =E2E Y HE2 J|IME S+ EHS 8010 JiE HiE 58S EAIol et = Ue=
Jtsd2 MBSt (Thorpe et al., 2023). ZZ20l= 8 EX0 TSt 24 E42 & HHN
%|X3}5t= Learnable Matched Filter (LMF)7t H2E=|ALCE (De Aratijo & Zortea, 2025). & AR =
Earth Surface Mineral Dust Source Investigation (EMIT) Z2% QMX2E &8510f CH, 2t CO,

E89| EX|, column enhancement (ENH) = 2 HiE
D UYIE F=oIULE 7|ME LMF E Solf E8 =0 | )

2493 nm Qo] XREI 2AE|E XtZot A0 SegFormer 78t REZ J|HE =
EtX|SIRICt. 0|F convolutional neural network 7|8t 3|17 REES S5
A ENH E ERAbB-Land 35 % plume fetch & 28610 Simple Integrated Mass Enhancement
718t HIEE2 APHolQIL). stEE CH, 2 CO, LMF & M2 FEEE= 24 WES LEHCH, dide=z
Z JIBSXIE 2O YR HEE ZF JIHel F2 E+ SFH HAZUCH 2 X 452 F /M EF
=Y 20N AY EEEL =2 d2ds EUCH, ENH FH0M= CO, 7t CH, ECt 2 Sdds
LIECt. B2 0|52 0|28t end-to-end HIEE2 CH,2t CO,0A ZtZH R2=0.731} 0.4832 EQOH,
S0AM ttx FEE= 0| RIFUC}. 2 His =2 HEN=EEREH

= =
stgoll S8 :.X|HE1 HIEE LA™K FACZN 247IA HE HEYS

NN,
2 =22 si7mo| RO IUHPMSIAC| XUS WO SHBHUALICHNIER-2026-04-02-076).
s

1. Thorpe, A. K., Green, R. O., Thompson, D. R., Brodrick, P. G., Chapman, J. W., Elder, C. D., ...
& Miller, C. E. (2023). Attribution of individual methane and carbon dioxide emission sources
using EMIT observations from space. Science advances, A46), eadh2391.

2. De Aratjo, R. A., & Zortea, M. (2025). Learnable matched filter for methane plume segmentation

in hyperspectral imagery. /EEE Geoscience and Remote Sensing Letters, 22, 1-5.
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O|MBHEHA(CO)E 7] & HMF AlIZI0Ol 20 H7|2t HFRoh= £40| ALH,
AF2HSE HZoH [Tt (Li et al., 2025). O|2{3F 23t A
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A= oS 2dHsE SEe 2ad /e ZHY/AIE A=ot0 LHE X|FH0| HSE A= 0=,
S8 2 SOIA0Fe] 2 2 km XCO, & AlZZHHOZ 26t XCO,,, 2 YUSIGIAUCE HOtEl TabM
DES 2 WXAHBOAN R>=0.96, RMSE=0.86-0.91 ppm 2 =2 M&2 ECH, AS7t
WXASHME PEHRl st ISk XCO, A0 OiohME 248 =8 ds& LIERH. Eot
=Xl TCCON HEX=2AT =2 UX|E(R’=0.83-0.92)E ERICt. S2IE XCO,E 0CO-3 Snapshot
Area Mapping(SAM)2| AtM FHOlE stMig HIE EfN X|H0| ME5ty, HIAYS 7|Hez Y FH9
XCO, & 0|805}0] XCOyp, & 4FEoIAH. 0IF Sdlf tHEE XCOyz, 2 TROPOMI OIF7|H| H &feA
stz HiE QUIEZQ SZHOZ YdE E43 EUML. = 7= H2lES & AlSt 2X0]
Cte= ZXfot= /d XCO, o 2% =ES Sof =o/H2z2 LBEXCOx, M 7|82 NHLL2M,
o= QA CO, HiE ZLEHES flot €& 7HsdS HMAlSt.

NN

= =22 2

-

29| oz FFSA IS XS ot +AH5IRELTHNIER-2026-04-02-076).

o2k

uEH

1. Hu, K., Zhang, Q., Gong, S., Zhang, F., Weng, L., Jiang, S., & Xia, M. (2024). A review of
anthropogenic ground-level carbon emissions based on satellite data. /EEE Journal of Selected
Topics in Applied Earth Observations and Remote Sensing, 17, 8339-8357.

2. Li, H., Qiu, J., Zhang, K., & Zheng, B. (2025). Monitoring fossil fuel CO2 emissions from co-

emitted NO2 observed from space: progress, challenges, and future perspectives. Frontiers of

Environmental Science & Engineering, 1X1), 2.
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SUZE IR0 2 7|8 LAY BX]

A, QRS 1, BME

*FIAIKXE: ersgis@unist.ac.kr

SUMOl It HES floiMe= X7 &= HO|HE 239 NSaHE LA Do Hot 7|=0] HHO0|Ct
J2iLt 7129 ©2{d(Deep Learning) RHEL SHER Xig BE 2HQY OE XAgE 1246H7| QI8
T2H oAt EXettt. Ol2et EHE ofiZol/| £ ToM= XF 3t ZHQI0 SatE
It2H|0|d ZEH(GFM, Geospatial Foundation Model)Zt HE H|M II200|M ZE(VFM, Vision
Foundation Model)& H|w3t0] AALE] LSHX| 28 =0 gt IH2H0|M RHo| S8ME FXNo=

40
=0£
ro
re -|u

HItotRACE. ESH REIOl EXA S8 Ms2 SMAIZ|IXA MEHMQ HI{d ZHEN IIR24GIoIM 2RSS
Aot & 7KK 5§ MEke M8 2 H|WSICE T A= Jlutel &xiN 5§ WAQl Translator
BiADL 0| E7|(dual-branch) 7[HtQ| cross-attention £38F AIOI |njector mode £ E&3IQLE.
Sentinel-2 9| &S HIEQL 2|M 7|8 XY MEE XZotk= 0|HAIS E2610 MES 35t A, 0|5

27| 7[99 Injector &AI0| 7|E Y F= J|HES YA S7lote d5= ERLL £5l, Injector
Yrloz SetE GFM 0| 7t E2 ds2 BN, M2 OE X2 4= 71 Ot XM

= |
njector HAI9] ZASIS FF| 712 H|0|E{Q| T 1%ItS S50

ﬂl

0

Tojct Uit} 5212 ASHACL GFM 3 |
AgE INB HOE 25 ZANME OPYHQI M52 HAUOH, TR 4 HOHES MstE ML=

== Zdol= VFM It 2|, OE 22 YHUS A= 80| MedE
af

72



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

M X7 ©40 2% SN Il 7|50

FIII

= U Chlorophyll-a sk 0=

WMXXE jaeyu@cnu.ac.kr

240l Chlorophyll-a(Chl-a)= =7 4=t 2 oS Moeh=s 2 XEE, HAYAE 28t
Chi-a s& 8 A7/t ol A= Q0. J2Ut B9 Chi-a & 22% =28 Sd2 7|12
FH 23 x40 met CiEA UEN £ QIO O[et Xt0|7t Chi-a G0 OjXl= F¥s A 1e
2RIt QULL 2 S+= g5 M 28 S40] 7200 D2t 0EA FEXIEXIE 246t 0|2 7[Hez
ZERUE 018 7|2 2F/S Chl-a OIS Aot 0IF ?lol ™ KT @ #HO =2 MES
J|SHEE FESIT, AT AHEZD 1 Xt 02 2 A HH(continuum-removed) AHEHS
018at0f 7|2E Chl-a 5= 22X 28 5d= HIWolALt E3t Random Forest 7|t & ZES
THolN 28 SJULE J|SHE FEY £ UK Flotdl, 7|RUE Chl-a 0|5 2L MX| M=S
ST ZHO| 9453 HIUSIALE 24 Z1, Chi-a 5= 222 sk Hal| ME 2 &2 7ISHo
M2f 0| ERCM, 2 &+ H Uit £80] UEfL= IR SRUME 7|20 2t X{0|7h QI
olzigt =28 Sg= 08¢ 7|2l +=0| 7tsof, 7I=E Chl-a Ol ZE2 S ZZRM
HUHO=E z2 OF ds& ERCL 0l © X7t H=2 Chl-a &8 2¢ 540 7|20 D=t Feta

H
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S0 Tt A= EXHE S

BRH=RES H2 FY9E =2 AGHIMERE HSoEE, 89 Ols UHES EAoty 02 22
O=ol= o €82 &+ UCL I2U =ZX|(local) FO| SHE=E AMFAMTE USHOZ AEot=s 4R, Y
LHEOIA CHE(convection) SIAH0| 2J5 MAME|= 24X MAMOZ 0=0| 7H56HK|2t, 0]E(advection)

0
B0l O B QoM HISH: B HEE S25| Y| OfHCL KISAZI0| LojHsE Fu
TEOO 015 RYS Jasts 20| SRR, (global) H
2gats B0

|
Olzet AIZHY i3

$0
rr
N

4 ZHI[0F(nowcasting) 2 WS SH

A (GK-2A)9| L1B Xt=2E Sl M, Hybrid Surface

|
>
oA
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0)
M
@]
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@]
<
=
(@p]
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N
N

Rainfall (HSR) X2 7|#tez MEE Z4+ZT FHX|Q! Hybrid Surface Precipitation (HSP)E
YEHAZZ 8510 O Z+AS oSsi=2 ZHS SkEoUCt Es5h staktae sk, dE, AE
R 72t A7 550 YYsHK| 2E 22(ot0] FAotUCt HMet7|He 85 #A3S SHE =X
Qiol AIgSHs DU BITSHD, HSP 95 BE QOIM 249 UM, UE U B BEE B
4 HHO| 7|=E EMotUCt

= g so Z¢ 729 BEO 01F YEU} 2| 24 0150] RS FHS HOSIRO, AN
7dt Z4 ZHY|0ISQ HET AUt Mol tSS st ] 7tsd S| 7|6 HeZ 7|iECt,

NN

2 QI7E 2026 HE F7IQMY Y ILSTAY NS wob +BE HPY WHHS: RS-2026-
25536647). B YITE 2026 HE BR(@SF)Q| WECZ HIARKEO| XS Wob £HE J|xeT
At (ZHHS: RS-2026-25559880).
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'SR GEY Ho|HSE, 2R YR FUE Y YL S CIO|HYE S YH0[H8YHTS

FUAXK}: jechi@pknu.ac.kr

= 2YE Y == oY =2 € e TV AEREH FE o9 S| HSMA| ot Azt
T20A FEM. el 7|E Y oE ZE2 HER Y AZRhdEe Me2 StEE0 8 #22
W0 otH¥=Els SHAE AHD. = g+ls Oer Al 729 oF I

o sSe= &8 =+
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=

o|=

ML
HAS sh5ol7| #lol, CMIP6 ACCESS-CM2 At=2 11 71 7|2-oiY -5 UHCZ UE, =8, €8
o 2 SYHC=Z digdls L Alfeld e OAI ARHShE YHS HMofeit). Hot dE2 St
AZH Bl 22[ot0] stgote AlSZt OAT QEQITHE 7|He=Z SN, AlZeidE DA TUHES

X~

T ol
A
%

HYotot0] oo M2t OtAZ ZEE Zi| R0olz oy QA AlZh OfAZDE UHOM FE,
FHOM HEE ASHC=E MEEHO ok 7t siisze A HAZE EEst 2

scale consistency, CSC) M2 LQISHCt OpAZ DIZE 2N A
AZBHMET HELE 28 QX7 24o| Z7tot= H|HAIMO| 2QILRUCH, EYH QX
7 Hiol EoIRCE. O|F HIEHCEZ AZRHIMEEE M= OHE 8 DfAZSH=E WA0| SMAUS S2lotl]

28, =8, B0 22 5 7, 2 M, 1 /i /S OiAZols Higs MESIRACE 0] 280N OE

AZhoide S8 Atdetg2 1d QEH 7(gt Ay FII0AM eE = AREsE0| Hloh Ml AlZidE
I RMSE £ 0.1655 0flA 0.1588 2 &f 4.0% IFFAO, & e BN ™ | 27t FEHXA
LIEFRICE E8F AS™ CSC = CSC D[HE0| Hlof M offd Hotet sid HE FF 7t ZF0A 95%
HMEFZE 7IE9 Rolst S HO R&E0| HASEHIUCL Ol OE AlZidE il ARHSHE0IM
Ao EE OpA UZHER oy 2F ZA 2edsS A dddsk= A0| 2atXel HSHSO|
TLXYUS AAGHH, &= CiYet AlZE 29| ol O LMo S8 HICZ &8 =+ US AC=
7|CHE

ALAL

A= SiYpAERO ECZE IXHTA(UMHS: PE26911)% U |sYHEMES MR
SR ALY THIHHIHS : RS-2023-00242528)2| X|S LH0p 43T AELICY,
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AR t7] HEES &3 TXF &gy oIS Al Ofl=[0|H
FU7) 1V, IR, ZAH, BN, ¥¥s

*FIAIKXE: ersgis@unist.ac.kr

AZ oY H=E0= =2/A Halols oYl 7|AS RAGHEAM =24t 7] ZHEN H3e = Us
A

SRO| ERdiH. = S0ME ASH =8 HMIH AU pelHE 22| dH BHeE 26t
(@)

6 JHEO| ZE 3 X SHYE ofEl AEHel MX|F YH HHZS MMol=E AS™ Y OGS
0| 224|0|E{(Hierarchical Ocean Prediction Emulator, HOPE)S HIA|SICt. 2020-2024 49| 60 7 &4

Z718k MM HOPE = M4, ARME R 7|24t ZHsAM =XHe=z HHRl 6 ME K=
RS MMSIUCE MEM SIS 2020 B 2HLILIR 2023 W AL0| SHtE si4HIE Y

= OO T o

£20r=0| XY IPH1t 22 Silo AE HIE MG 51 7 HHZ FH= Seasonal Forecasting
System B(SEASH)Q| 7| YME=Z LSS M, HOPE = 0= 6 HEMW Nifo3.4 Ot-22| AMaAS
0.87 2 S{XI5t0 SEASS XA GIE1 QAISE ds2 EQIC CH7] ZHE WX AWM= ME OE
L7 SRIFCH, HME HF oY 0E2xt= Fetd ZHEO, siiskzes SAF ZHE,

Aetd ZE=Eo| 7t A “J%gf Ct. ol2{et 2= HOPE 7t AE 0= 7|Zto ZAZl YE
ofd—olfy OI=at CH7| ZHE X7t X|F AL 22H9I

LIS EHELCL

r.°£

Y=

rot

2 oz 40 Oxl= S THS 7
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This research was supported by the Korea Institute of Marine Science & Technology Promotion
(KIMST), funded by the Ministry of Oceans and Fisheries, under grant number RS-2025-02219198
and by the Korea Polar Research Institute (KOPRI) under grant number PE26040.
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MESINCH, CiYet ol =&, ofd A =, ofY OfHst X9 It 2EE SHSIC. [i2tA =
s WET AGSLUAM ol HHME XNS2= FEOIH =5 HHQ oy HEHE LeE 7IE2
=4 + U= dES HAGIRAG. Ol ofY BHY sZEC OfLst HE ofY X9 E22F OfHst
Eds 71 ZEUHZs= O #8&E &+ U0 Oldet Xsete 24 MA= X0 et AEEE
E0[1, M2 CHE Al7[2t oiHOIAM UEHLL= ol 29 HelE XEXCZ HluW-H#Xdl= O 882 =+
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1. Chen, T., Cao, R., Yu, X., Zhu, L., Ding, C., Ji, D., ... & Zang, Y. (2025). Sam3-adapter: Efficient
adaptation of segment anything 3 for camouflage object segmentation, shadow detection, and
medical image segmentation. arXiv preprint arXiv:-2571. 19425.

2. Kim, W., Sim, S., Lee, S., Stroeve, J., Han, D., & Im, J. (2025). A novel sea ice floe fragmentation
index using Sentinel-2 and AMSR2 satellite data based on machine learning. /nternational Journal
of Applied Earth Observation and Geoinformation, 144, 104911.
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coupled variability (1958-2018). Environmental research letters, 13(10), 105005.

2. Lisaeter, K. A., Rosanova, J., & Evensen, G. (2003). Assimilation ofice concentration in a coupled
ice—ocean model, using the Ensemble Kalman filter. Ocean Dynamics, 53(4), 368-388

3. Meier, W. N., & Stroeve, J. (2022). An updated assessment of the changing Arctic sea ice cover.
Oceanography, 35(3/4), 10-19.
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Hemisphere subtropical jet stream to reduced arctic sea ice extent. Climate, 10(7), 108.

5. Stroeve, J., & Notz, D. (2018). Changing state of Arctic sea iceacross all seasons. Environmental
Research Letters, 13(10),103001.

6. Tang, S., Li, C., Zhang, P., & Tang, R. (2023, October). Swinlstm: Improving spatiotemporal
prediction accuracy using swin transformer and Istm. In 2023 IEEE/CVF International Conference
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Nationwide Analysis of Long—term Spatial Distribution Shifts in

Korean Odonata

RO ¥, OITHAI?, OICIY %, ZIMSH, By

»y 1

| YLSTYSAIT CPLISTIIR, 2 Zltistn Ye st

*WAXXE: mjbae@nnibr.re.kr

Long—-term biodiversity observations provide valuable information on spatiotemporal changes in
species distributions, but direct comparisons among time periods can be biased by uneven sampling
intensity and spatial coverage. We standardized nationwide occurrence records of Odonata in South
Korea and quantified species—specific shifts in distribution centroids between the earliest period
with sufficient data and the most recent period. To reduce temporal and spatial sampling imbalance,
we applied spatial matching and repeated resampling, and classified centroid shifts based on the
consistency of movement direction and associated uncertainty across repeated analyses. A total of
65 species were analyzed. Of these, 12 species (18.5%) showed northward shifts, 11 species
(16.9%) showed southward shifts, and 42 species (64.6%) showed no clear directional change.
Northward centroid shifts ranged from 25.6 to 98.7 km, whereas southward shifts ranged from 29.8
to 130.0 km. By combining spatial standardization with repeated comparative analyses, this study
provides a quantitative assessment of long—term, species—specific distributional change in Korean
Odonata using nationwide observation data. The framework can support future assessments linking
species distribution changes with climate and habitat variables and contribute to long-term

monitoring of biodiversity responses to environmental change.

ARAF
This research was supported by the Nakdonggang National Institute of Biological Resources (NNIBR;
grant No. NNIBR20262104) funded by the Ministry of Climate, Energy and Environment (MCEE)
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A. C., Lo, W.-Y., Dollar, P., & Girshick, R. (2023). Segment anything. In 2023 |IEEE/CVF
International  Conference on  Computer Vision (ICCV)  (pp.3992-4003). IEEE.
https://doi.org/10.1109/ICCV51070.2023.00371

2. Oh, H. (2024). KOMPSAT-3/3A image-based Al training dataset for ship detection [Data set].
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86



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

YSIANYA Mt HTHEOINS Yt XIS A B I
2ot "2, ojget

1

ol

ol ate &g, = EetaoiYTan

r

MK} htlee@kiost.ac.kr

ok

Ye
oo

o =2

10
0X
0f

ke

(@p]
D
o
=t
-]
o
N
02 —
0
10
X
(0]
o
e
=
D
o
i
o
3
0
(0]
o
r=
I
i
=
00
|'0II

h SHOM CIEA Ht35k= FE &&8al
2&X|(Vessel Segmentation Index, VSIE HAlStD dAEM AL XSLAZ 7IHS
Ct. 2 Z3 Triangle 7['8H0| &2 recall 2t 2PHAQI 5= EHRAUC 2Lt VSI = T He=

E0] S7 JEHE UHFokK| ERE= oMol HE2 Tt

[o]]]

o
Ql
QN

o Ho x N oo > rx
S C fF © My BT >
W e o
= Hu
E= i e
=2 |'[|-|)||
x W
4> mu o

Al
MM
|O
HU
9'2
rir
]
N
ne
m
i
1
00
_o'g
=
=l
=)
ekl
o
o
(0194
19
mjo
4
N
HU
>
N
_o'g
4]
o
0x
or
oY
0

r
uz

4 oz 4
n
rir
m X
ic)
ufn
for
O

rir
Rl
0o
=z

N

= p

2 8% A, MH| =2 recall 8 {XISHHA precision 0|
Ao w2 2 Mo BY 37| J|E2 EetE + deu, 2
OYHOR NSHY 4 USES

MO =2

I(MDA) A|A &89 7|=7t

re oo
Z o
c

for
ro
o
:R

[

[1/.LI
P
|0
Hu
N
=
rma
o
il

oY ARO TR SIS |STIS Y

6
719 YAy 85 24718 (RS-2026-25522425))

Rl
rio
njo
ne
=
4>
oL
rn
re
-
oo
o
M
ox
>

AD2E
1. 24730t & O|Y¥E. (2026). SHYHAAUAS LIt AE YA HF 7|8 Fslddy dd 2.

aI=8fo gttt 3l x], 50(4), 520-532.

2. Liu, Y., Zhang, R., Deng, R., & Zhao, J. (2023). Ship detection and classification based on
cascaded detection of hull and wake from optical satellite remote sensing imagery. G/Science &
Remote Sensing, 641), 2196159.

87



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

MK} htlee@kiost.ac.kr

HLFHAM(MDA)Z BIHLZAMAE Sl +EE SHYZYEE S-2Mot0 02| KEst =7

= AHEH ZAAAZ, I 2T oslUZE FsiFd 7l AN 85 UL UMY HS2
ZIEXE HH=Z of, Z7|HA= & EXe BAIE 20t HA2 HHEX| ds& /HddotzE oL
H2[0lN S50 XotEl=X| ; : = YU 22 HYE =
XNEXIZ0| Gl HiHO| 3} of==0t &0 2 TAM7t slEfet 540] QL. S70 HIOJHA |
El |

A
71EI g U= 11%3}7( g=nt 1 2 =2

H

o

i
re
Rl
ne
o
S

5t

>
oQr
rx
l-'J_
rio
N
T
(?Oﬂll
rx
mjo
my
rlo
-
[~
10
HU
40
|0 >
O
i ox
o 0
[
x 1=
2 L
B
£ oz
moy i
2 o
(i
10
Xy
I o
%
Hu *2
0
I =2
ok
o o
og TIr rr

rx
no
N
A
rx
|Oo
Hu
>
olo
_o'g
rr
N
[t

R:rLE._'Ef = c;|-_rLE 2ol SiLtE Y
CIOIE{Al LaRS = AMMetEE Mask2Former
RANSAC 2 %t LCist

AN AJO|Q] AX T

> B
08
19
mjo
ay
i
_O'E
=l

o

B =

0>. Hu
mjo e

0
0
il
4>

39 >

o

oLI

i C|OJEfA
|2 =M &A= 2EEELE 0] X|ES 0

r oz

M
L]
M
L]
IF

Hu
ox
|10

= §9|ot
Hif A= s o b s2 23 =4 WM 7
ﬁ

KOLOMVERSE H|O|E{sIoZ 3t

‘r'ﬁ
rlo
Al
=
=
L]
=
m
i
ne
>

O 2 1
<

YOLOv11s 29| £2 ZIE EMoIAL. &4 e2 AlHub 2|
A ZHR| EFX| 271 GO|E{AIOIN Qe SAS MEHEI0] TAGILE Recall, Confidence, loU & F7tE=2
HEoIACH, 1 Zit g5 Hayt FR6H LELE XIES =Rlete 'AE-SH2-2H2 M Fte

BHAE MAISILLA} SiCf.

AbAt
2 OITE 2026 3 SHUAAEO| MO SHASMIIEI|STIE RO

6
J|EE BIUSA S 2 A 7|2THEHRS-2026-25522425))

Pl
rdo
njo
nT
o
4>
oL
rn
re
-1
0o
o
M
oY
>
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gdE44 LiDAR(Airborne Bathymetric LIDAR, ABL)= ZXZHHel L& X|HY &2 25 XS
SOz BES £ OU, HF Al XNEH0| S0 HA UK = 8 = ZU A=K 2t
HEU BAL SUMOz O=A LiEHE £ QUCh 0l2f9t 2Xt= AEE HAO| et 0|SYS M5
JIE A dYToz FE5| M sh| o L. 2 SF0ME HZUM AL =0I12t 22 =4, Sentinel-
2 Qo= molist 20| Bt A4 I, J2|1 Q1Y AEZ0| Z2 QIXIE AEE ZUE B Y50
HJ QXS G|Fotd 2Hot= ot RHS FJoin. 2 AEYUS LS 1149 A2 HEot IX|
Ctelo| SEXtEE AT F, YR FHO| Terrain Mapper HEAIRQt 2] AEZO0| SYs XS
HES ZNE 08510 U-Net 7|8 ED HY RHAS SISSIRL. 229 452 XA=7E S50
AMEEX| %2 FHS ZEoI0 YIIGIRCH, B & MEMQl B Xt AASkE AS HQISIUC.
STH HUAME BEFE XA=7t 225 XY Jisd A HE [AOHHM HEAZ0| ZHSIAC
0|Z Sall HMerst WOl Mshe MXXIZUCRE ABL Xt2Q| 7O Hsiots Bl HAIE Asist £
UASS SAQIoIULt
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E=UCH, S #gs FII2 1ot 01552t d3UHME R’=0.660 22 FAfet d5= LIEFRCH
X9E ds2 R=0.418-0.755 2 J7HH ZH0|E EJ2H, 0jIZE IHINM= R=0.780 2=
diHCz =2 HF=8S HUERICE Eot SHAP 24, ¢ M2 HA & & SE ME 715X 240M
Ng&eXls, B, 2k, SHEZX|Q] | X 2 XEEHA7I SSHOE FQ KFHsZ QI UL

ASHOZ 3ERILY E+Fs SUREE UEH=E 90 m XS FARSIAUC. O =2 E+FAr
T0IA -0.301 logo P2 MAFY H0| SQALUL}. Tt FRE Xes AYZTAE WASH |20
UM B2V EE Mt ATPZAL X A ZA &P MFS XEole SUYER 8ol
A0| MHotH, & Kot Wt =2F-Hla A0 ST L-A>HN 7|8t 4F0| Bttt
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Sentinel-2 2 PlanetScope & @AIgt o S22H-a FH:
MM 7H AT B

ol

'K-water H78 AXFRASLHHTL

* AKXt gbnam@kwater.or.kr

|0
ru
o
=
for
rz
X
oA
mjo

|
)
S

z
H1
N

ot =xX= ¢ O|Uo= ZHotX|T, HY g?ld2 MY=E 7% #1532 S
il

UIAHOR BEGLY| OfCE M2 I S0 OHHHQI Sentinel-2(Sen2)2t BE HIE U J2HoHa
£2 PlanetScope(PS)2l 917 20| WRSITL 2 A0S HotE HIXBS B S 22
43 2UNEQ GLORIA £ O0IZ5(0l £ MAMo| 35 g JKsst Z2ER-alChl-a) £8 78S

St MM ZH AN SEN HMENS LIISIUL

Chl-a 500 mg/m? 0]5t2] GLORIA Xtz 1,779 MM

o SUSYSN T2t RO Al BIAIE,
HEH| U AMER HE) SIS X0 8 | SRS 5

H WIS Optuna 2 ZXSI6IFCE SIE
Hs2 2021-2025 H Y5 8 | 29| Sen2-3% W4& Xtz 258 741t 2025 A 8 & 18 ¥ Sen2-PS
Qolo

S2Y = 0180t FIIoL.

GLORIA WXIASOM HHEH|QL HE EFS F7I6HA} =L M BEO log R*= 0.73-0.79 0l 0.81-
0.82 2 SMEIUCE F MAQ| 0IESZUE =2 LHYS BACHCCC20.99). $E MEM M= log RMSE 7t
0.36-0.50 OflAf 0.28-0.33 22 ZAZOH, A &X| MEH F0= log RMSE 0.18-0.20 1} log R?
0.68-0.73 2 LIEtRCE SUY H|WOM Sen2 o WM& +10~+30%%ALt. PS = 865 nm 7|8t HEH

SHS BT 0 -20--80%° MAZHS HYOL, WY SHS MG WO -21~+3%2

HEtE HEMROME Sen2 9f PS < Chi-a #4 2

O|RXOl SN Xt2S 'JEP Chl-a AI71I°“'§ §°*6r01

AHA}
2 d7s VIS YESMR(FESMI|EGIIR)e X|@E 2ot #™E HF(RS-2024-00397964,
ZAY dGA Jlg 22 XY BN L AL XS 7|& JL)0|H, 0|0 ZALEZILICE
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e}
L]

o) < ZHALSI2 O n o E =
YT TG ZOHASIE 5 A U HUHSIDY
B2SH VY, A, UBE, 7Y, LIS, g9s

» O3 y O 7 O

'K-water 21712 A9 GeTL

**
El
r=

XXt: dhyoon@kwater.or.kr

doteldol HAFY Falatak(Single-Image Super—-Resolution, SISR)= Moz FHL2LRE Loy
Fys SHokE JIEE, 50 MBEe FY FdKdegradation) ZFM MA MACQ #HE EH 7t
o] = 40 =23t s OJRICH YHHO= ABE= bicubic 7[8 Eat= AN &tA 2
ST 3, dE7| MEE ¥ WEEH EH= SE26| BIFEoHK| XotH, 0|2 Qlof SAFH0AM L=t
IFM 420 MEEAL FH0| XUXA BEstE £ UCE 55| Sentinel-2 2+ #0| HHEH
37 M2 OE FAEA 42 =H iz &(Ground Truth)g 2H HES7| O{&E7|
MZ0l|, S2E JoidE Fo= CiA| MM HAFSEHOZ HoGIRS O 2 Noildk Fout ot
UX[ot=X7t 5%t g ¥ AZ 7|F0| HCh 2 ¢HFUM= 2AEAL SISR 0N Of2fer MM &=
o= gtESH| e MTF(Modulation Transfer Function)?t PSF(Point Spread Function)E 7[dte 2
Mt Hl DEs AM5HT, Airy 2 Gaussian PSF @t 7|Z bicubic €3} 2ol EMS H|woICt Fegt
DE2 JoidE Y0 PSF 7|Ht I7h sits XSt = Xoldet HiE0| M2t MEZHol= FXR=
oKLt Airy PSF = & HNFAE = 2E o FSAE 7Hdotd ot 0N shAME™ MTF £
oot 2 0| 37t Yo = Hekol0] M-dolRUCt. Sentinel-2 SWIR Band 11 &0 3t F3tE Mot
A1, Airy PSF = Gaussian PSF 2 M2 CHE OUX| 2k 2 HHS S4S LIENIQH, PSF HE{2}
cutoff A0 M2} St ot ZEE ZHY = USS QISIRALE Ol2fet A= MY Hot HHO|
Hao| otE8 KMol Fos Holk= 20| OtLf2t, =ohidet MM =& 7tset S 0 Hel
HE HSFHUO| UEES FPots 5% 2AUS HOEL. FF M BIHAMC WHEH MTF-PSF H
X o

EMS HtHol, HOHSH Mut RHIS self-supervised 8H&2| forward consistency loss 2t
S

226t payload—-aware, sensor—consistent SISR 22 = PGS IX}; StCt,

1. Aybar, C., Contreras, J., Donike, S., Portalés—Julia, E., Mateo—Garcia, G., and Gomez-Chova, L.,
“A Radiometrically and Spatially Consistent Super—-Resolution Framework for Sentinel-2,”
Remote Sensing of Environment, Vol. 334, 2026, Art. no. 115222.

2. Vasilescu, V., Datcu, M., and Faur, D., “A CNN-Based Sentinel-2 Image Super-Resolution
Method Using Multiobjective Training,” IEEE Transactions on Geoscience and Remote Sensing,
Vol. 61, 2023, pp. 1-14.
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3. Zhang, K., Liang, J., Van Gool, L., and Timofte, R., “Designing a Practical Degradation Model for
Deep Blind Image Super-Resolution,” Proceedings of the IEEE/CVF International Conference on
Computer Vision (ICCV), 2021, pp. 4771-4780.

4. Xiao, J., Yong, H., and Zhang, L., “Degradation Model Learning for Real-World Single Image
Super—-Resolution,” Computer Vision — ACCV 2020, 2020, pp. 84-101.

5. Qi, Y., Lou, M., Liu, Y., Li, L., Yang, Z., and Nie, W., “Advancing Image Super—Resolution
Techniques in Remote Sensing: A Comprehensive Survey,” ISPRS Journal of Photogrammetry
and Remote Sensing, Vol. 231, 2026, pp. 68-100.
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CI=SA|17| EX 882 2|8t Temporal Symmetric Transformer

HolEX| g5 Bt

ddat’, 0185]?% Aisha Javed®, o738 **

MK XL han602@seoultech.ac.kr

BBHEIRI= CHSAI7I(multi—temporal) RIZIEA} YMORSE XERO| ol XISO2 Aol Lo2

SALHE 2UEY, Mol Do &7t EX| 018 #Hat 4 S Cidet 20fA ZES ULt HeHEX|
DHNME MZ OE AMHNM 2SEH SYO2RH FEFEH S8 U9 HASE IHHOR sigoli, 0|
8ot A0| ZQ6ICE 7|1&E HSIEX| ZHM= Siamese TX2| QIFH(encodenE Salf F AI™Q
EXg Mg wWatoz Zl(concatenation)dt7{Lt XHESH= HAI0| T2 HREX|TH 0243 HAlS Q13
g9 AH =M IE SY Y9 TS S2o| dfol| UM, NS 3% E(spatio-

temporal interaction)s YA|MOZ DHZIck= O $HAI7t QUL

SHH  ChangeMask OflA H|Qt=l Temporal Symmetric Transformer (TST)= 0|23t 0|FA|7| EX 7t9
HAE Moz DHZGH| o, £ A EFE [t t] @M [t, 4] =AM2 22 AEst F 712
S MAM5II, 0|2 ZZt 3D convolution 2 S5l A7 MSXES St Hst YMS SA0
SHESICt 0|8 £ dislM MMEl EXES element-wise multiplication 7|8t H& 88H(symmetric
fusion)ot| 3 HHS MWMSICE 0| Solf TST = e ZYO0|Lt X2 HAo=E HASH| K2
O|ZAI7| Zte| H3l el SMMO=Z HIESO=MN HAEX| Me M0 7|0 4 UCH ESH 024Gt
TEE U™ AFQ M7t HPBE MR E SYUSH Hat BAS YYo= STt

0l0f 2 AHF0M= Siamese FXROUAM O|FA7| o= 7[EtC= EFYS H Zgole HalEX| ZHS
HEQ2, TST 7|8 NS E2 8% 7IH0| HAEX| 45 o0 AEHMOZ J|0ot=XIE HlotAt
ofALCt. OIF foHl Siamese FX QAILE 7T CIASH HEEX| ZRHO| G BEE20| TST 7|8 8%
YAS MEolll, 7|E EF 8 YA HIEHX| 455 Hlu-BHLC=M TST Q0| ME d5 S
SUE HBOIULCL ESH U™ FHO A &ME HPGSl= H¥8S F/I2 +36l0 TST 9 X EF
& S540| U™ &M TS AHH ds5S LEU= AS QoA

ARAL

(e}

O] Mite ME(S|aHEEAMR)Q MEACZE SIEAFXIHHO| XS Hop 3= HARA(RS-2026-
25601793).
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HOIE HHME S¢ot LIAE HeEX|

*FIAIKXE: ersgis@unist.ac.kr

2 G7l= Sentinel-2 YHI4 7|8t AAIE] HSIEXE flot ZA A ZYAYFQl PointMama
H|QHSICE, PointMama = A|7| Tasseled Cap Transformation, X|&(terrain), ATCT Y22 LA
A|IZtX AE§ZZHQITAE, ChangeDecoder, 12|11 2844 7|8t PointRend ZZEat&1 £5i5H 7
Z=C0h Mollde =3 7492 PR-Coarse &= OEE ChangeMamba I2t0|E =2 0.25%0 =

HOIE GIEQHE FIIGCEM, HIOH X|20| =2 4 7§ X|H0A " 95 HIj WHERS SIRAXZE
HE[(HD95)E 12.2~26.9% ZAAIZCE ESt O|F X[Q0M T A0} SIRAEEDR 2|7} 71 HUH
A A U W F1 EkE O A4 UELE, A W40 x| M SHUAMO IS 2Rl
PR-Final 2 Y% 64x64 Xoll&E ZAXE 128%x128 L 256x256 A== HAot= HAO|CH s
HIEQIE 7|& PR-Coarse 2 H|W3Z I, PR-Final 2 GT-band MZT= AMAIZICL Mg, ST,
J2|0 AFD Ay EX| M52 25|38 XNotAlZict X8 ¥ ATCT & E&gt PR-Coarse = TCT 7|gt
UOLS ARRSH AR [iH| X|20| =2 4 7 X|YO|M GT-band F1 20| 0.0017~0.0053 § =
LIEHS SO, HD95 Hal Yo XGEZ HO0[otRALt. 0l2{et Zit= PointMama 2 4 54 atg &4 19
EfddS RERSHH, HIHE X998 Ao EXIE 2AM(mapped components)?| EZ0|2h= HEO|A

PR-Final £Cf PR-Coarse & 1&iot= 20| EtIHS AlAfSiCE,

—_

KB
o mu pe mn

I=i

= g7 HEEGE=YUTSE) MELETlE HHEAIR(RS-2025-02213492)2 X|0f 2|50
7;

1. Monopoli, T., Montello, F., Rossi, C., 2024. Landslide mapping from Sentinel-2 imagery through
change detection. In: IGARSS 2024—2024 |EEE International Geoscience and Remote Sensing
Symposium, pp. 3030-3035. https://doi.org/10.1109/IGARSS53475.2024.10641224.

2. Chen, H., Song, J., Han, C., Xia, J., Yokoya, N., 2024. ChangeMamba: Remote sensing change

detection with spatiotemporal state space model. IEEE Transactions on Geoscience and Remote
Sensing 62, 1-20. https://doi.org/10.1109/TGRS.2024.3417253.
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UsZd BSHSXE AA Sentinel-2 2T 7|8t B =Y

o1 1.# =1 s 1
g, 71", a3E T, #2

for

'K-water G712 =Xt AL

* W AMXXE: gbnam@kwater.or.kr

Jm
il
=
_|
=
=z
D
©
0
@
(@)
3
D
=
=
_|
c
o,
Q
<
()
=3
=
rr
4>
el
>
s}
o
4>
0z
e}
X
[
oy
0x
mjo
e
r
_O'E
Borr
oM
Fo
rok
Pl
EH
=
=

HEotes ASEEY NM2E Sl =L ACL, A-STHH ZAl H7t MHY StA7L ATt HHH

M
{IXt2et HAl2{Y(Machine Learning) ZES &85t =2 2 XS HMOZ HI|XOI
oz I

o — —
B=0| Jhst AHO| UM EHTo| BN EEES AZEOE mofshet| 2MO| UCh

HAAMAME Sentinel-2 2142 2HUAI= Hil2fd ZRAS HEoHH B FF LIZESS LSt
X X

=
HEPXOoz ABOIUL. 2021~2026 H HSLRA ZRAEXHEB M XF)AM SHE £-5-2
7

s 5%

EIT X}2 3,956 12 SHSIYCE S MOl Sentinel-2 L2A EXHIAIZ(BOA)S FE510 Hzfs)

A+E HEsH Hetst §, B Xtzet A-ZZHHOZ MEEE 342 JHe| SHEOI0|HAMIE =oAL
HHAZ2 = JiE BHE 2 BHEH|(band Ratio

X3S & 1970 B42 THHAL,
PS

ol )

=1

7 W] mMilefd ZZO| SO|HIMOIHE Z[Xotole Hlwt Zat, E2| 7|8 Y
H

20 O|a} 2t =2 MHHES 2Ol HHH, NTU 40 O]¢el MEE F#7+2 H0|H B&0| £
HIEE HEIH MEHH0IAC). GBM REO| M4 FQF &4 Zah, HY #E F0MiE= B5(Red-Edge)d

710=7F 7P = LIEECH, HHEH| M0l B8/BA(NIR/Red)2t Bb/B4(Red-edge/Red)?t EfEE

b
_O'ﬁ
2
o
i
=2

MOESHED 7R QoOjst ATAHS BTt B11(SWIR)2 HE AMIML IQUOLt CHE H499|
ASEIRS S5 ZHEZ 7|0{ES SQIGHAULY

g2 IEE Xz XEH Eeb 7Y, AEY Q0 § M HIMHES st LIES
HOSICHH 2 7|22 M1 Al E 885t £EI2| QAEH XY T12NM M2 2 4 Qg 7oz
7|CHECH.

ALA

2 o JSOUXEERY TAXINNY KNS THAY,S XIS woh YO, olof

HAL=E L
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o

J18st AL 20| ME 2Lt 349 ZH

O

QUIErA Hst 24

1 1 1 x 1
AYE 1 W, ZIIB T, 2R

ofor
10
fol

'K-water G712 =XH24 Q|G MIE]

*FIAMXXE: kimyjun@kwater.or.kr

0z
%
X

2

=220

ZR7IEtA(TOC, total organic carbon)= RYUHAN FYUE= K712 A LK
5 Aoz oo

S Wit FQ AUXHOILL 2 HT0ME alliet 549 28 TOC 2 (Hae
EESIER-0] 1&1%_ AR DU PE51D, 0j2f 7|$WE0 M2 TOC WSS 2A5IQICE 2009
9 HAHO| 2H BEXE 3,848 712 TRIIUOM, EXLE U XY
]

2 =
2%, UEYS, B4 59l |8 WAB SRR SR
o

mujn

T

Random Forest 2t Support Vector

Regression 2 Zgst REL2 |eave-one-year-out ZAS0A R 2 =0.736, RMSE=0.859 mg/L Q| Ms2
LIEILHO] M= ©e(e] &3 TOC HEHS HlwX FEMO = IeioiRLt. Hay TZE #A4 Zut TOC 9
S X0|E dFote Hole RYQ EXO=EL X|d 40| 4UH2 IA AZoiA 2, 7|§ Hp
Al F7HHQ HE FEE HMSols ALE UEHLCE 5ol 7| Hs0 oot 2= /9 2 JHE
Ao mdt M2 CHE 32t §EdS 2RO 02 240M= el EX|OiEsn X[>@XHS 180l
SSP126, SSP245, SSP370, SSP585 7|2AI=E HEot( 7|2X71 Wt [ME TOC HatE B7I6HALt

3 Zap AL2(R 7t X0l 7t2 O20l= IX| LUASLE M7| 2HtCe=2 ZAx+E FIISIRCH, 2081-
2100 ¥ TR TOC & %2 7|2t hH| SSP126 OA 3.6%, SSP585 Ol 22.0% Z7I5IUCt. 5t
SSP126 %A= 30 7l, SSP585 OflAM= 91 7 X|HOIM AIHEL K2 +EHSELE Hafol= A2= LIEIL
02 712220 CE F0| XGHE MO JtsdS &QISIAL 2 S+

SEHOIM Dl 7|=Hsty| 2t & TOC 7t 37t 7tsd0l =2 K9S 86y, &2 =& ZLEZ
jiife]
= 2f

o
7S5t LIS0| WS XS WGt O BRY 48 HOR WU,

7 |sEESHUR(EESLUVIZER)S XS 2ot +lE 7 (RS-2024-00397964,
17

i
Z4Y AHFY 7lEt FQ XF 24 H HAS XS 7IE JHE)0IH, [0 ZA=E UL
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H X7t 3XHE LAY R7[EA MES et Fine-tuning 7|t
g2 ¢ Az 22 M1 T YU
X5t="", Tobias Rogelio Ruzcko?, XS "

'SLNET IS HASESHY, 2TI00[ FASIAL 7% QHE|HA AFH QIHAZ|TA JHEE,

**
El
>

MX X} ersgis@unist.ac.kr

UXE QI|EtA(Particulate Organic Carbon, POC)= oY MESHY EtAMIOO| TQ LHIH|ZAM, ES
SHYOIM IHE EAE MECE £&6t= O Xl AE It MEtM POC 9 ASZHH HEHS
nHote A2 M X7 EHAzgOl FotE Oldlistzs O TMO|CH J2{Lt 7|1EQ| oM 7|8t POC A&
YIEE2 Y WESHH Edut deN EY 7t A7 3o E EXSHAH HeteE M0 UACH,
T2 BHS HSXE0 o|Es| R0 0|8 4 WIOZ Qiet 42 S8440| SZE £ ULt M2tN
POC 2ZE ZH&oA Hotolr| floiMe BEES FEOD o/FEst= FZ2s E0 OtEES ©HAS XA
HESHE Yoz Y TRI UCE 2 AF0ME M HASZKER 3 XY S2-MXetE SHEYE
Seot ™ X7t 4F oiYe 3 Xt POC 2EE =/5k= oY 7|8 =5 52 ZHUYIE MGt
£5| 2 LY YYI= FEA-a(Chlorophyll-a) & 7|E} 24 QUXtet oK Xt FH&EAS(particulate

2E J[Hh oY dX|stet A=0M MSot= M ATt 3 At X

¢ 3 3
S310) ARSI B, BlA%H MY BE POC X2Z 0183I0] OIMZH(fine-tuning)@ +33iCt. 2
5

Ol o =
452 ¢ 300 m OJLfel =FXQI M X7 Y &= POC HAE X2E 0|85t0 ASGIULL HIAE
AM20M 2 HH ets RE2, POC A=tE 0|8010] MSHE &St scratch baseline RALL} 24t
ds= EXCh Eot ol 22X AREZ FET 45 F/0ME J|E 2™ OfjH] 2EE g5 S0
SIOIEIACE. Ol Zitls fId &#SXA=e 3 A =2|-d Xetet HEYS SACEMN 8 FX7t
HAHOZ BHE JoidT 45 oY POC 2EE SFUHOZ =Y + JUZS HOZEL.
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'BEEUE
* AKX jango@all4land.com
a5 ZAEA(Oblique Image)2 &% 3 A 742 Y M2 YA HE HH HAX= EHFZ,
J8X, = 2 1Y AS0| 9ot HMOo= Qlof S KXot e = ULt 55| FH ASO0|LE =4
TAZ0| HH 0| SHEE= 42 Y HE9 HHS A5M0| Xfﬁﬁ%”ﬂ Hodol= O SHAZH ULt
=2 AN M= MM Al 7|HE 0|0|X] A REOI Black Forest Labs Ate| FLUX.2-klein-4B & &&5}0
3R A=Z9 HH BAXE XNS2E M dot= 7|HS HMOroICt. Mt 7|82 7|&E HH BlAXO| HH
YH AXE RFA[GIHM HIFHOE HotEl FH 745 3 AXE0 HM FIS Ao, =H HHO| I35,
e ¥ HiE IES XS0 oY IS XNHAEA MAdY = Ut Eot BIARX TUH| ZekE
g AEFEHE 28010 Y =0 &#ol= HH HAXE XANSC=2 2Fotd, Ok 74=9 HH
BIAXNME & XN + Ue NSt ZEMAE LHoIACE
e Zuh M2t 7S Soll 7|E HAXMO £ XM EFS |FAlOIHA HIEH AXE I HAM FHS
M7otdl, HHO KW A4 FHO| SdE HAXNE MY = USS HQlotAUCt Eot MY
BIAXME 71ZE 3 At 742 A0 XHOHToIY Ay 3 Xt 7HE Y HZE 350 tigt ME JHsdE
dESIL % CfYet fd ¥ fHo HEES UHC=2E HME HAE iotl, #X EEY, My
Utd o AN ZEO| fst HEM HIIE Sof Mot 7|3e 2E8HE H#3Y = US Ao=E HHEL

AA}
2 g7 IENSRY MRUCE ZEWSHS|STISA “FEFE 1IL3E ot UM AXHA HE
2 22 Jla/iY ARI(RS-2025-02317649)" X|¥ Of 485t &L|CY

mjo
ne

23

1. Cheng, J., Huang, X., Chen, G., Wang, T., Wang, J., Tan, X., Jiang, A., & Zhang, X. (2026). FACTS:
Training—free zero-shot diffusion framework for facade texture restoration in 3D urban models.
Advanced Engineering Informatics, 71(B), 104385.

2. Dai, D., Riemenschneider, H., Schmitt, G., & Van Gool, L. (2013). Example-Based Facade
Texture Synthesis. Proceedings of the IEEE International Conference on Computer Vision (ICCV),
1065-1072.

3. Waechter, M., Moehrle, N., & Goesele, M. (2014). Let There Be Color! Large-Scale Texturing of
3D Reconstructions. European Conference on Computer Vision (ECCV), 836-850.

4. Lugmayr, A., Danelljan, M., Romero, A., Yu, F., Timofte, R., & Van Gool, L. (2022). RePaint:
Inpainting Using Denoising Diffusion Probabilistic Models. Proceedings of CVPR, 11461-11471.
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3. Graham, B., Engelcke, M., & van der Maaten, L. (2018). 3D Semantic Segmentation with
Submanifold Sparse Convolutional Networks. CVPR.
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2L, Y3z 227, 71 ¥ OASt 0187ts 32t0] 2Xfols AUetdiMe 7|12 B33 AXRDe=Z
AN O|SE=E S&E06| HodolX| ZotAL, 2 0|30| 7ksgt X|IF 7+ AZO0| F2H0 STt R3H=27}
st =~ QUCH Ol2igt S H2t OR= X FA2| St offMdt ZJ0| 2fESH HHE= J7t HOf,
5 Ao dady A 4SS E6| ot ASetE QAMEH X@7|1E0] QL ELCE
2 A7z dUY 0|5 HERT TNME A5 YWHolk= AS =XHC= ofX| 411, 7|& HEYINAM =H&t
71580 =2 ¢Z 2EE NsSC=2 MEoly Mzrtel ZE UM=%E XHol= A= =XH2= ol
Mot HHE FATEE AU Ol HWEYIZS 75 F AL HUM HIEXQ AR HE YHFRE
E0[11, ZHXE T XS 2431617| 2ot QAEAY X7 HeE E8E = US AR J|WECE
=2 CF0Me 7IE AU Ol HERZS ¢Z2 22 EE AldHol/| ot S7HUHERZ EXS &3¢t
Mi2id 7|8 2SS oS 23 Oo[H= AW XE=(Point), @3(LineString), =2+ HH U
HHIMSEH(Polygon)22 HAM5ICt. SY 712 ¥ Y 0| EXsle == & ¥ 72| O|Ue &
A UYLz 32 AAME Ydold, EHMO| HAVIsHE UM fEoHXE SHHA Aits Sl
sttt 2R2H2 Random Forest € XMEolH, 4EE JZHHERI EXE b= MBS
SUHCZ QI HO|EI} S5kt IR SA0| EEE= AS YWXot7| flof HSXFS St
Hel= FEotd, S50 ARBEX 22 EkRo Its =8 HAE HO|HZ #8oirt stgd ZE=2
OAIE SZHM dd= 2 HZA0 CHof H EQ Rt CSSHES ME6HH, ME7F I Zate
H| WS A = , 7I& HUi O|SHEHIE

ccuracy, Precision, Recall 2 Fl1-score & H7I6iCt. A& Zut
o ol

=
OB LE 7+ M2, UEYUT OS2, &I, tC AL U YT OfF SO TZHUEYI
SIS MEGHT, 012 JIHOR o7 B S8 UMY o5 ANS YT + US 2O mHEM

ARAL

2 7= ZENSR MECE ZEWSIHSY|STISH "FEFE 1S ot UM AXMA HE
2 22 J|a7HY AFA(RS-2025-02317649)" K|S 2ot £=3451%&LICt.

ENZ23

1. Taneja, S., Akinci, B., Garrett, J. H., & Soibelman, L. (2016). “Algorithms for automated
generation of navigation models from building information models to support indoor map-
matching.” Automation in Construction, 61, 24-41.
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2. Boguslawski, P., Mahdjoubi, L., Zverovich, V., & Fadli, F. (2016). “Automated construction of
variable density navigable networks in a 3D indoor environment for emergency response.”
Automation in Construction, 72, 115-128.

3. Fu, M,, Liu, R,, Qi, B., & Issa, R. R. A. (2020). “Generating straight skeleton—-based navigation
networks with Industry Foundation Classes for indoor way—-finding.” Automation in Construction,
112, 103057.
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KOMPSAT-5 SAR HalEX| ¢ =4S {8t SNAP S5121 /WY

MK} shchae90@kari.re.kr

?1e 97H=0IH(Synthetic Aperture Radar, SAR) G2 0|18% X|E Bt BM0= HX2|RE Ha}
gL =

) H X 1
21 =R O] BHAZE 220, HAE X2 X ¥ ME= &0 TMEXAD e=Hel
o I:Iﬂ % F

10| 2FEILE 2 H70ME CEXAUER Y 5 S(KOMPSAT-5) 49 HatEM HIIE Sgotl &8
MoIMS =0|7] ol LEAA QMIA 2| AZEQ0 SNAP(Sentinel Application Platform) 12.0
7|8te| HSIEtX| E2{0012 JHLUSICE. st 22212 2 Al7] HIEX|Q AAE HAEX|E X[&5HH,
Z1ZE £ A7] 7F HHotlt THEA|7| B9l Hat Yo 3w AES 2ASIC SNAP o WAIEE, 7|ot2H
F AHZE T2 NI 2 XM JIss Hat BF 2 Zu BE 7| SAIoH St A HX=2
T-HolUCt. ArEXAe S8 23 AN HE HAFEo= EME Aot L HAE MR XHS XY £
UCH, HotRYE IIMS Soi A0 FolE d3EUus & HEY = UCh 2 A7 HIEX|!HAM=
MR- -HE(Hue—Saturation—Intensity, HSI) 7|8t SPHFMOZ WS FHu Hst HTE HEoH,

Gl g
£ YAOo=Z HWEY = UXF SIACE AAE HatEX|0M=
TimeSeries Chart % %3H MEH X|™o| &PUH SHIMEA(Gamma0)t FHEHCUSUM)S HEE6H0
kol AlZHM AU 2 AIMe| EME XS} AMEE2 A8l ME0| M2t GeoTlFF, KMZ ¥
PNG g4lo= XZotH, Mo A8t HH-US &M 7|15ot 24 X749 =X} oS X|Hetct. 2
AR0M= KOMPSAT-5 FHES 018%8 2 A7l X AAE HEHX| HME AHE HMAISHC). JHEet
27012 MXg|, H3} 2 A

2
| Ay mES Site 24 & y
ZLABISIO R SAR HAIKE| ZE0| M2 ALRXIS] KOMPSAT-5 4 222 X8t 202 J|ECt
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Joint INSAR and Pixel Offset Tracking from Sentinel-1, ALOS-2, and
Sentinel-2 for 3D Deformation of the 2026 Kumamoto Earthquake

HEMXH ) Arief Rizgiyanto Achmad?, O|&< '3#

*FIAXXE: cwlee@kangwon.ac.kr

On 28 July 2026, a Mw 6.8 (M] 7.1) earthquake struck southern Kumamoto Prefecture, Kyushu,
Japan, rupturing the southern Hinagu Fault within the Futagawa—Hinagu Fault Zone, the same fault
system responsible for the destructive 2016 Kumamoto earthquake sequence. Because the shallow
event produced complex, high—gradient deformation that cannot be fully resolved by sparse GNSS
observations, we combined Differential INSAR (DInSAR) and pixel offset tracking from Sentinel-1,
ALOS-2, and Sentinel-2 imagery acquired before and after the mainshock. Wrapped and
unwrapped interferograms from Sentinel-1 and ALOS-2 ascending and descending geometries
showed consistent fringe convergence near Kumamoto and Uto, with line—of-sight displacements
of approximately 20-60 cm. ALOS-2 maintained higher coherence over vegetated terrain because
of its longer L-band wavelength. Pixel offset tracking captured larger near—fault displacements of
1-2 m, particularly in the azimuth direction, consistent with dominant strike—slip motion. Sentinel-
2 optical offsets, although noisier, provided complementary constraints on the north—south
component that is poorly resolved by near—polar SAR viewing geometries. A weighted least—
squares inversion integrating all measurements produced a joint three—dimensional displacement
field dominated by north—south motion of up to about 1 m, while vertical displacement remained
mostly within £0.2 m. Residual RMSE was generally below 0.1 m across the study area. The results
demonstrate that integrating multi-band SAR InSAR, SAR offset tracking, and optical offset tracking
provides a spatially continuous and cross—validated three—dimensional representation of coseismic
deformation, offering a robust basis for subsequent fault-slip inversion and earthquake hazard

assessment.
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Deep Learning—Based GNSS-InSAR Integration for Urban Land

Subsidence Monitoring in Houston, Texas

*FIAXXE: cwlee@kangwon.ac.kr

Urban land subsidence caused by groundwater withdrawal poses persistent risks to infrastructure
and hazard management in low-lying coastal cities. This study develops a deep learning—based
framework for integrating Interferometric Synthetic Aperture Radar (INSAR) and Global Navigation
Satellite System (GNSS) observations for subsidence monitoring in the Houston metropolitan area,
Texas. The framework builds on the ICOPS hybrid scatterer detection method and applies a two-
stage correction strategy. First, a one-dimensional Convolutional Neural Network (1D-CNN)
suppresses high—frequency noise in GNSS displacement time series while preserving meaningful
deformation signals. Second, a feedforward Deep Neural Network (DNN), with its architecture
optimized using the Grey Wolf Optimizer (GWO), learns spatially and temporally varying corrections
from residual differences between INSAR and GNSS observations. The method is evaluated using
Sentinel-1 and COSMO-SkyMed datasets acquired over Harris County from 2016 to 2023. Leave—
one—out cross—validation across the GNSS network demonstrates consistent improvement over
uncorrected InSAR results, with substantially reduced station—level RMSE compared with classical
spatial interpolation methods. The corrected deformation fields reveal spatially heterogeneous
subsidence concentrated in areas historically associated with groundwater extraction, while
relatively stable zones correspond to groundwater conservation districts. These results demonstrate
that metaheuristic optimization can enhance the generalization of data—driven INnSAR-GNSS
correction models and highlight the importance of GNSS network density for reliable urban

subsidence monitoring.
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7= IH0|M BE(Geospatial Foundation Model, GFM)2 CHXMZ MX|FUHA HEESIE SoHME
Fdo= SIEH0 UM, SHIEQ ZH0| F2 X[gol MESH X|FEF0| gt HEY 42 0
SE5| ASEX| UUCL 2 AR= MEDEZ KOMPSAT-3/3A ZstAMES FAoZ §t Mz E3}
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HTUXOZ £2 58 29l ¥ ANSEE SH0| UEANY YEE o

o|2{gt o] AES EU=Z, M KOMPSAT 7|g APdsks RHS F&6111 AUCE AMED|EZ KOMPSAT-
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*UAXK}: kjlee@Kari.re.kr

HTAM= KOMPSAT-3A &8t (Electro-optical, EO) & &X2|M(Mid-wave Infrared, MIR) J4
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GOCI-II On—orbit Solar Radiometric Calibration by Integrating SD and DAMD

1,2,* 1 11 x 1
Bl 27, B 1 OIS, BT

* AKXt mspark@kiost.ac.kr
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Optimization—Based Atmospheric Correction for GOCI-II:

Simulation Validation and Application to Korean Waters
Septian Fakhrulwahid Masykur'**#, Jae—hyun Ahn'? Jeong—Eon Moon?, Kyeong-Sang Lee?, Jong—kuk Choi'?

'University of Science and Technology (UST), Daejeon, Republic of Korea,

?Korea Ocean Satellite Center, Korea Institute of Ocean Science and Technology (KIOST), Busan, Republic of Korea

* AKX septianfm@kiost.ac.kr

Atmospheric correction remains a major source of uncertainty in ocean-color remote sensing,
particularly in optically complex coastal waters where atmospheric and water—leaving signals are
difficult to separate. This study evaluates an optimization—-based atmospheric correction framework
developed for the Geostationary Ocean Color Imager-Il (GOCI-II). The framework separates
Rayleigh—corrected reflectance into residual atmospheric-path and water-leaving components
using a POLYMER-inspired three-term atmospheric model, a GIOP-based water model, and an
internally retrieved effective aerosol transmission. The method was first evaluated using 1,000
simulated atmosphere—ocean cases across eight visible bands from 412 to 680 nm. The retrieved
remote-sensing reflectance (Rrs) showed strong overall agreement with the simulated
observations, although performance varied spectrally. The lowest agreement occurred at 412 nm
(R? = 0.689; RMSE = 2.03 x 107%sr™"), indicating greater uncertainty in separating atmospheric and
water contributions at the shortest wavelength. Performance improved substantially toward the
green and red wavelengths, with R? values of 0.928 and 0.952 at 490 and 510 nm, respectively,
and reached 0.980-0.984 at 660-680 nm. Most bands showed relatively small biases, while larger
underestimation was observed at 555 and 620 nm. Following simulation validation, the framework
will be applied to GOCI-II observations over Korean waters. Satellite retrievals will be evaluated
using coincident in situ Rrs measurements and compared with the standard GOCI-II baseline
atmospheric—correction product to assess whether the simulation-validated optimization approach
can improve Rrs retrieval under real atmospheric and coastal-water conditions and support further
development of GOCI-II ocean—color products.
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1. Steinmetz, F., Deschamps, P.-Y., & Ramon, D. (2011). A¢mospheric correction in presence of
sun glint. Application to MERIS. Optics Express.
2. Karthick, S. et al. (2024). Enhanced POLYMER atmospheric correction for inland and coastal

waters.
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Regional Transferability and Satellite Performance of Empirical
aDOM (440) Retrieval Models in Korean Coastal Waters
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Satellite retrieval of the absorption coefficient of colored dissolved organic matter at 440 nm, apou
(440), remains challenging in optically complex coastal waters influenced by river discharge,
suspended particles, and phytoplankton. This study evaluated the regional transferability and
satellite performance of eight empirical algorithms across the South Sea, West Sea, East Sea, and
northern East China Sea. Using 203 paired in situ apoy (440) and remote-sensing reflectance
observations, five formulations were recalibrated in logarithmic space with Huber regression, while
three established algorithms retained their published coefficients. All outputs were harmonized to
440 nm. HYB1 achieved the strongest calibration performance (R? = 0.427; RMSE = 0.028 m™),
whereas HYB2 and MR4B produced the highest validation accuracy (R* = 0.5636; RMSE = 0.020 m™).
The retained SHA formulation substantially overestimated &, (440), indicating limited regional
transferability. Bootstrap resampling and leave—-one-region-out cross—validation supported the
stability of HYB2 and MR4B, although performance varied geographically. Accuracy was generally
higher in the South and West Seas and lower in the East Sea and sparsely sampled East China Sea.
This contrast highlighted the importance of evaluating models beyond aggregate performance
statistics. Applied to GOCI-II imagery, the algorithms reproduced major coastal plume structures
but differed in retrieval magnitude and spatial smoothness. HYB1 emphasized plume contrast,
whereas MR4B generated more conservative and spatially coherent fields. Overall, MR4B provided
the strongest balance among quantitative accuracy, regional robustness, and satellite—derived

spatial consistency, while HYB1 remained useful for plume visualization in heterogeneous waters.
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A Physically Grounded Red—NIR Algorithm for Retrieving Particulate
Organic Carbon from GOCI-I in Optically Complex Coastal Waters

MD Rakesur Rahman'?", Deuk-Jae Hwang?, Eunna Jang?, Young Baek Son'?, Taehee Lee®, Jong—Kuk Choi'**

'Major of Ocean Science, University of Science and Technology (UST), Daejeon, Republic of Korea,
Korea Ocean Satellite Center, Korea Institute of Ocean Science and Technology (KIOST), Busan, Republic of Korea,

Tropical & Subtropical Research Center, KIOST, Jeju Island, Republic of Korea
*F AKX jkehoi@kiost.ac.kr

Satellite-based monitoring of particulate organic carbon (POC) is essential for quantifying coastal Blue
Carbon reservoirs, yet the blue—green reflectance ratios used by conventional ocean—color algorithms
break down over optically complex (Case—2) shelf waters, where colored dissolved organic matter (CDOM)
and non-algal particles decouple blue—-band signals from particulate scattering. We introduce the
Curvature-Red Normalized Difference Index (CRNDI), a three—predictor red—near-infrared retrieval
algorithm built and independently tested for GOCI-| over Korea's Yellow and South Seas, with preliminary
transferability to its successor, GOCI-II. A band-sensitivity screen (n = 213) identified a sign reversal in
the R(660)/R.(655)-POC relationship between clear and turbid water types, and a separate acpou(440)
test (n = 202) showed red-NIR bands remain unaffected by CDOM absorption where blue—green ratios
stay biased, motivating CRNDI's curvature, normalized—difference, and NIR-interaction terms. Calibrated
on 213 pooled matchups (R? = 0.649) and evaluated against 91 independently withheld pairs, CRNDI
exceeded six established baseline algorithms under both in-situ (R* = 0.605, MAPE = 24.4%) and GOCI-
| satellite (R* = 0.452, MAPE = 28.6%) reflectance, ranking first in three of four turbidity classes and
performing best in clear water (R = 0.806); the one shortfall, a sparsely populated medium-turbidity
stratum (R? = —0.225), appears to reflect limited calibration coverage rather than an algorithmic weakness.
Across three coincident overlap scenes, CRNDI retrievals from GOCI-| agreed closely with GOCI-II in the
low—to-medium turbidity regime (R*> = 0.32-0.38, MAPE = 16-23%, bias within 1.5%), demonstrating

preliminary transferability from GOCI-I to GOCI-II across the sensor transition.
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funded by the Ministry of Oceans and Fisheries (RS-2022-KS221660).

o2k

NES

1. Ahn, J.-H., Park, Y.-J., Ryu, J.-H., Lee, B., and Oh, |.S.: Development of atmospheric correction
algorithm for Geostationary Ocean Color Imager (GOCI), Ocean Sci. J., 47, 247-259,
https://doi.org/10.1007/s12601-012-0025-y, 2012.

140



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

2. Ahn, J.-H., Park, Y.-J., Kim, W., and Lee, B.: Vicarious calibration of the Geostationary Ocean
Color Imager, Opt. Express, 23, 23236-23258, https://doi.org/10.1364/0E.23.023236, 2015.

3. Ahn, J.-H., Park, Y.-J., Kim, W., and Lee, B.: Simple aerosol correction technigue based on the
spectral relationships of the aerosol multiple—scattering reflectances for atmospheric correction
over the oceans, Opt. Express, 24, 29659-29669, https://doi.org/10.1364/0E.24.029659, 2016.

4. Ahn, J.-H. and Park, Y.-J.: Estimating water reflectance at near-infrared wavelengths for turbid
water atmospheric correction: A preliminary study for GOCI-Il, Remote Sens., 12, 3791,
https://doi.org/10.3390/rs12223791, 2020.

5. Ahn, J.-H., Kim, K.-S., Lee, E.-K., Bae, S.-J., Lee, K.=S., Moon, J.-E., Han, T.-H., and Park,
Y.-J.: Introduction of GOCI-II atmospheric correction algorithm and its initial validations, Korean
J. Remote Sens., 37, 12569-1268, https://doi.org/10.7780/kjrs.2021.37.5.2.4, 2021.

6. Babin, M., Morel, A., Fournier=Sicre, V., Fell, F., and Stramski, D.: Light scattering properties of
marine particles in coastal and open ocean waters as related to the particle mass concentration,
Limnol. Oceanogr., 48, 843-859, 2003a.

7. Babin, M., Stramski, D., Ferrari, G.M., Claustre, H., Bricaud, A., Obolensky, G., and Hoepffner,
N.: Variations in the light absorption coefficients of phytoplankton, nonalgal particles, and
dissolved organic matter in coastal waters around Europe, J. Geophys. Res. Oceans, 108, 3211,
2003b.

8. Bailey, S.W. and Werdell, P.J.: A multi—sensor approach for the on—orbit validation of ocean color
satellite data products, Remote Sens. Environ., 102, 12-23, 2006.

9. Bauer, J.E., Cai, W.-J., Raymond, P.A., Bianchi, T.S., Hopkinson, C.S., and Regnier, P.A.: The
changing carbon cycle of the coastal ocean, Nature, 504, 61-70, 2013.

10. Bricaud, A., Morel, A., and Prieur, L.: Absorption by dissolved organic matter of the sea (yellow
substance) in the UV and visible domains, Limnol. Oceanogr., 26, 43-53, 1981.

11. Chen, C. T. A., Liu, K. K., and Macdonald, R.: Continental margin exchanges, in: Ocean
Biogeochemistry, edited by: Fasham, M. J. R., Springer, Berlin, Germany, 53-97, 2003.

12. Chen, S., Fang, L., Zhang, L., and Huang, W.: Remote sensing of turbidity in seawater intrusion
reaches of Pearl River Estuary —— A case study in Modaomen waterway, China, Estuar. Coast.
Shelf Sci., 82, 119-127, 20009.

13. Choi, J.-K., Park, Y.J., Ahn, J.H., Lim, H.=S., Eom, J., and Ryu, J.-H.: GOCI, the world's first
geostationary ocean color observation satellite, for the monitoring of temporal variability in
coastal water turbidity, J. Geophys. Res. Oceans, 117, C09004, 2012.

14. Choi, J., Min, J., Noh, J.H., Han, T., Yoon, S., Park, Y.J., Moon, J., Ahn, J., Ahn, S.M., and Park,
J.: Harmful algal bloom (HAB) in the East Sea identified by the Geostationary Ocean Color Imager
(GOCI), Harmful Algae, 39, 295-302, 2014.

15. Choi, J.-K., Park, M.-S., Han, K.-S., Kim, H.-C., and Im, J.: One year of GOCI-II launch: present
and future, Korean J. Remote Sens., 37, 1229-1234, 2021.

141



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

16. Choi, W. and Yang, C.: Development of a satellite—based sea surface temperature algorithm
for detecting coastal cold water zones in the East Sea, Korean J. Remote Sens., 39, 1235-1243,
2023.

17. Choi, J.-K., Park, M.-S., Ahn, J.-H., Lee, K.-S., Jang, E., Han, H.-J., Lee, S.-J., Hwang, D.-
J., Moon, J.-E., Lee, E., Bae, S., Hong, H.G., Park, H.Y., and Min, J.-E.: Current status of the
algorithm development and improvement for GOCI-Il ocean color products, Korean J. Remote
Sens., 42, 343-357, https://doi.org/10.7780/kjrs.2026.42.3.4, 2026.

18. Dogliotti, A.l., Ruddick, K.G., Nechad, B., Doxaran, D., and Knaeps, E.: A single algorithm to
retrieve turbidity from remotely—sensed data in all coastal and estuarine waters, Remote Sens.
Environ., 156, 157-168, 2015.

19. Doxaran, D., Froidefond, J.M., Lavender, S., and Castaing, P.: Spectral signature of highly turbid
waters, Remote Sens. Environ., 81, 149-161, 2002.

20. Doxaran, D., Froidefond, J.M., Castaing, P., and Babin, M.: Dynamics of the turbidity maximum
zone in a macrotidal estuary (the Gironde, France): Observations from field and MODIS satellite
data, Estuar. Coast. Shelf Sci., 81, 321-332, 2009.

21. Draper, N. R. and Smith, H.: Applied Regression Analysis, 3rd edn., John Wiley and Sons, New
York, NY, USA, 1998.

22. Efron, B. and Tibshirani, R. J.: An Introduction to the Bootstrap, Chapman and Hall/CRC, New
York, NY, USA, 1993.

23. Falkowski, P., Scholes, R.J., Boyle, E., Canadell, J., Canfield, D., Elser, J., Gruber, N., Hibbard,
K., Hogberg, P., and Linder, S.: The global carbon cycle: A test of our knowledge of earth as a
system, Science, 290, 291-296, 1998.

24. Franz, B.A., Bailey, S.W., Werdell, P.J., and McClain, C.R.: Sensor-independent approach to
the vicarious calibration of satellite ocean color radiometry, Appl. Opt., 46, 5068-5082, 2007.
25. Frouin, R.J., Franz, B.A., Ibrahim, A., Knobelspiesse, K., Ahmad, Z., and Cairns, B.: Atmospheric

correction of satellite ocean—color imagery during the PACE era, Front. Earth Sci., 7, 145, 2019.

26. Gardner, W.D., Mishonov, A.V., and Richardson, M.J.: Global POC concentrations from in—situ
and satellite data, Deep Sea Res. Part Il, 53, 718-740, 2006.

27. Gitelson, A.A., Schalles, J.F., and Hladik, C.M.: Remote chlorophyll-a retrieval in turbid,
productive estuaries: Chesapeake Bay case study, Remote Sens. Environ., 109, 464-472, 2007.

28. Gordon, H. R. and Morel, A. Y.: Remote Assessment of Ocean Color for Interpretation of
Satellite Visible Imagery: A Review, Springer, New York, NY, USA, 1983.

29. Gordon, H.R. and Wang, M.: Retrieval of water—leaving radiance and aerosol optical thickness
over the oceans with SeaWiFS: A preliminary algorithm, Appl. Opt., 33, 443-452, 1994,

30. Gower, J.F.R., Doerffer, R., and Borstad, G.A.: Interpretation of the 685 nm peak in water—
leaving radiance spectra in terms of fluorescence, absorption and scattering, and its observation
by MERIS, Int. J. Remote Sens., 20, 1771-1786, 1999.

142



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

31. Hu, C., Lee, Z., and Franz, B.: Chlorophyll a algorithms for oligotrophic oceans: A novel approach
based on three—-band reflectance difference, J. Geophys. Res. Oceans, 117, C01011, 2012.

32. Intergovernmental Panel on Climate Change: The Ocean and Cryosphere in a Changing Climate:
Special Report of the Intergovernmental Panel on Climate Change, Cambridge University Press,
Cambridge, UK, 2022.

33. IOCCG: Remote Sensing of Inherent Optical Properties: Fundamentals, Tests of Algorithms,
and Applications, IOCCG Report 5, International Ocean—Colour Coordinating Group, Dartmouth,
NS, Canada, 2006.

34. IOCCG: Ocean Optics and Biogeochemistry Protocols for Satellite Ocean Colour Sensor
Validation, Volume 6.0: Particulate Organic Matter Sampling and Measurement Protocols:
Consensus Towards Future Ocean Color Missions, International Ocean—Colour Coordinating
Group, Dartmouth, NS, Canada, 2021.

3b. Jang, E., Im, J., Park, G.H., and Park, Y.G.: Estimation of fugacity of carbon dioxide in the East
Sea using in situ measurements and Geostationary Ocean Color Imager satellite data, Remote
Sens., 9, 821, 2017.

36. Kim, W., Moon, J.-E., Park, Y.-J., and Ishizaka, J.: Evaluation of chlorophyll retrievals from
Geostationary Ocean Color Imager (GOCI) for the North-East Asian region, Remote Sens.
Environ., 184, 482-495, 2016.

37. Krause-Jensen, D. and Duarte, C.M.: Substantial role of macroalgae in marine carbon
sequestration, Nat. Geosci., 9, 737-742, 2016.

38. Lee, Z., Carder, K.L., and Arnone, R.A.: Deriving inherent optical properties from water color: A
multiband quasi—analytical algorithm for optically deep waters, Appl. Opt., 41, 5755-5772, 2002.

39. Lee, K.-S., Park, M.-S., Choi, J.-K., and Ahn, J.-H.: Improvement of GOCI-II water vapor
absorption correction through fusion with GK-2A/AMI| data, Remote Sens., 15, 2124,
https://doi.org/10.3390/rs15082124, 2023.

40. Legendre, L., Rivkin, R.B., Weinbauer, M.G., Guidi, L., and Uitz, J.: The microbial carbon pump
concept: Potential biogeochemical significance in the globally changing ocean, Prog. Oceanogr.,
134, 432-450, 2015.

41. Liu, K. K., Atkinson, L., Quinones, R., and Talaue—-McManus, L.: Carbon and Nutrient Fluxes in
Continental Margins, Springer, Berlin, Germany, 2007.

42. Loisel, H., Vantrepotte, V., Jamet, C., and Dat, D. N.: Challenges and new advances in ocean
color remote sensing of coastal waters, in: Topics in Oceanography, edited by: Zambianchi, E.,
IntechOpen, London, UK, 89-122, 2018.

43. Longhurst, A.R.: Role of the marine biosphere in the global carbon cycle, Limnol. Oceanogr.,
36, 1507-1526, 1991.

143



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

44. Mannino, A., Russ, M.E., and Hooker, S.B.: Algorithm development and validation for satellite—
derived distributions of DOC and CDOM in the U.S. Middle Atlantic Bight, J. Geophys. Res.
Oceans, 113, C07051, 2008.

45. McClain, C.R.: A decade of satellite ocean color observations, Annu. Rev. Mar. Sci., 1, 19-42,
2009.

46. Mobley, C. D.: Light and Water: Radiative Transfer in Natural Waters, Academic Press, San
Diego, CA, USA, ISBN 978-0-12-502750-2, 1994.

47. Mobley, C.D.: Estimation of the remote-sensing reflectance from above-surface
measurements, Appl. Opt., 38, 7442-7455, 1999.

48. Morel, A. and Prieur, L.: Analysis of variations in ocean color, Limnol. Oceanogr., 22, 709-722,
1977.

49. Morel, A.: Optical modeling of the upper ocean in relation to its biogenous matter content (case
| waters), J. Geophys. Res. Oceans, 93, 10749-10768, 1988.

50. Morel, A. and Maritorena, S.: Bio-optical properties of oceanic waters: A reappraisal, J.
Geophys. Res. Oceans, 106, 7163-7180, 2001.

51. Moses, W.J., Gitelson, A.A., Berdnikov, S., and Povazhnyy, V.: Satellite estimation of
chlorophyll-a concentration using the red and NIR bands of MERIS: The Azov Sea case study,
IEEE Geosci. Remote Sens. Lett., 6, 845-849, 2009.

52. Mueller, J. L., Fargion, G. S., and McClain, C. R.: Ocean Optics Protocols for Satellite Ocean
Color Sensor Validation, Revision 4, NASA TM-2003-211621, NASA Goddard Space Flight Center,
Greenbelt, MD, USA, 2003.

53. Muller-Karger, F.E., Varela, R., Thunell, R., Luerssen, R., Hu, C., and Walsh, J.J.: The
importance of continental margins in the global carbon cycle, Geophys. Res. Lett., 32, L01602,
2005.

54. Naijjar, R.G., Herrmann, M., Alexander, R., Boyer, E.W., Burdige, D.J., and Butman, D.: Carbon
budget of tidal wetlands, estuaries, and shelf waters of Eastern North America, Glob.
Biogeochem. Cycles, 32, 389-416, 2018.

55. O'Reilly, J.E., Maritorena, S., Mitchell, B.G., Siegel, D.A., Carder, K.L., and Garver, S.A.: Ocean
color chlorophyll algorithms for SeaWiFS, J. Geophys. Res. Oceans, 103, 24937-24953, 1998.
56. Parsons, T. R., Maita, Y., and Lalli, C. M.: A Manual of Chemical and Biological Methods for

Seawater Analysis, Pergamon Press, Oxford, UK, ISBN 978-0-08-030287-4, 1984.

57. Pope, R.M. and Fry, E.S.: Absorption spectrum (380-700 nm) of pure water. Il. Integrating
cavity measurements, Appl. Opt., 36, 8710-8723, 1997.

58. Rahman, M.R., Hwang, D.-J., Jang, E., Son, Y.B., Lee, T., and Choi, J.-K.: Preliminary
assessment of GOCI-IlI band-ratio algorithms for retrieving particulate organic carbon in the

optically complex waters of Jeju Island, Korean J. Remote Sens., 42, 417-433, 2026.

144



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

59. Rahman, M. R., Ahn, J.-H., Hwang, D.-J., Jang, E., and Choi, J.-K.: Physically Interpretable
Stacking Ensemble (PISE) for GOCI-Il TSM Retrieval Beyond Sensor Saturation over Korean
Coastal Waters, Remote Sens., submitted, 2026.

60. Ruddick, K.G., De Cauwer, V., Park, Y.J., and Moore, G.: Seaborne measurements of near
infrared water—leaving reflectance: The similarity spectrum for turbid waters, Limnol. Oceanogr.,
51, 1167-1179, 2006.

61. Ryu, J.-H., Han, H.-J., Cho, S., Park, Y.-J., and Ahn, Y.-H.: Overview of geostationary ocean
color imager (GOCI) and GOCI data processing system (GDPS), Ocean Sci. J., 47, 223-233, 2012.

62. Ryu, J.-H., Lee, D., and Kim, M.: Progress in current research and applications of the
geostationary ocean color imager series (GOCI and GOCI-II): A bibliometric analysis, Korean J.
Remote Sens., 40, 727-739, 2023.

63. Sarmiento, J. L. and Siegenthaler, U.: New production and the global carbon cycle, in: Primary
Productivity and Biogeochemical Cycles in the Sea, edited by: Falkowski, P. G., Woodhead, A.
D., and Vivirito, K., Springer, Boston, MA, USA, 317-332, 1992.

64. Seegers, B.N., Stumpf, R.P., Schaeffer, B.A., Loftin, K.A., and Werdell, P.J.: Performance
metrics for the assessment of satellite data products: An ocean color case study, Opt. Express,
26, 7404-7422, 2018.

65. Siegel, D.A., Maritorena, S., Nelson, N.B., Hansell, D.A., and Lorenzi—-Kayser, M.: Global
distribution and dynamics of colored dissolved and detrital organic materials, J. Geophys. Res.
Oceans, 107, 3228, 2002.

66. Siegel, D.A., Buesseler, K.O., Doney, S.C., Sailley, S.F., Behrenfeld, M.J., and Boyd, P.W.:
Global assessment of ocean carbon export by combining satellite observations and food-web
models, Glob. Biogeochem. Cycles, 28, 181-196, 2014.

67. Siswanto, E., Tang, J., Yamaguchi, H., Ahn, Y.-H., Ishizaka, J., and Yoo, S.: Empirical ocean—
color algorithms to retrieve chlorophyll-a, total suspended matter, and colored dissolved organic
matter absorption coefficient in the Yellow and East China Seas, J. Oceanogr., 67, 627-650,
2011.

68. Son, Y.B., Gardner, W.D., Mishonov, A.V., and Richardson, M.J.: Multispectral remote sensing
algorithms for particulate organic carbon (POC): The Gulf of Mexico, Remote Sens. Environ., 113,
50-61, 2009.

69. Stramski, D. and Kiefer, D.A.: Light scattering by microorganisms in the open ocean, Prog.
Oceanogr., 28, 343-383, 1991.

70. Stramski, D., Reynolds, R.A., Babin, M., Kaczmarek, S., Lewis, M.R., Rottgers, R., Sciandra, A.,
Stramska, M., Twardowski, M.S., and Franz, B.A.: Relationships between the surface
concentration of particulate organic carbon and optical properties in the eastern South Pacific and

eastern Atlantic Oceans, Biogeosciences, 5, 171-201, 2008.

145



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

71. Taylor, K.E.: Summarizing multiple aspects of model performance in a single diagram, J.
Geophys. Res. Atmos., 106, 7183-7192, 2001.

72. Twardowski, M.S., Boss, E., Macdonald, J.B., Pegau, W.S., Barnard, A.H., and Zaneveld, J.R.V.:
A model for estimating bulk refractive index from the optical backscattering ratio and the
implications for understanding particle composition in case | and case Il waters, J. Geophys. Res.
Oceans, 106, 14129-14142, 2001.

73. Umeyama, S.: Least—squares estimation of transformation parameters between two point
patterns, IEEE Trans. Pattern Anal. Mach. Intell., 13, 376-380,
https://doi.org/10.1109/34.88573, 1991.

74. Vantrepotte, V. and Melin, F.: Inter-annual variations in the SeaWiFS global chlorophyll a
concentration (1997-2007), Deep Sea Res. Part |, 568, 429-441, 2011.

75. Volk, T. and Hoffert, M. I.: Ocean carbon pumps: Analysis of relative strengths and efficiencies
in ocean—driven atmospheric CO, changes, in: The Carbon Cycle and Atmospheric CO,: Natural
Variations Archean to Present, edited by: Sundquist, E. T. and Broecker, W. S., American
Geophysical Union, Washington, DC, USA, 99-110, 1985.

76. Wang, M. and Shi, W.: The NIR-SWIR combined atmospheric correction approach for MODIS
ocean color data processing, Opt. Express, 15, 15722-15733, 2007.

77. Wang, M., Shi, W., Jiang, L., and Voss, K.: NIR-and SWIR-based on-orbit vicarious calibrations
for satellite ocean color sensors, Opt. Express, 24, 20437-20453, 2012.

78. Wei, X., Shen, F., Pan, Y., Chen, S., Sun, X., and Wang, Y.: Satellite observations of the diurnal
dynamics of particulate organic carbon in optically complex coastal oceans: The continental shelf
seas of China, J. Geophys. Res. Oceans, 124, 4710-4726, 2019.

79. Werdell, P.J. and Bailey, S.W.: An improved in-situ bio—optical data set for ocean color
algorithm development and satellite data product validation, Remote Sens. Environ., 98, 122-
140, https://doi.org/10.1016/j.rse.2005.07.001, 2005.

80. Werdell, P.J., Franz, B.A., Bailey, S.W., Feldman, G.C., Boss, E., and Brando, V.E.: Generalized
ocean color inversion model for retrieving marine inherent optical properties, Appl. Opt., 52,
2019-2037, 2013.

81. Yamaguchi, H., Kim, H.-C., Son, Y.B., Kim, S.W., Okamura, K., Kiyomoto, Y., and Ishizaka, J.:
Seasonal and summer interannual variations of SeaWiFS chlorophyll a in the Yellow Sea and East
China Sea, Prog. Oceanogr., 105, 22-29, 2012.

146



(ANGeoRAIUl0IEist=]
20264 =iist=lsl

2111, 2026 12 32EH-62(2)
HA, [FRUASEHZ

1M1E 524(8) | ZI=Z=AE | 10:45-12:15

[S2MIH]

XA sl ¢
Zhe: 2EF (Y7 1s)




I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

Diurnal to Inter—annual Variability of Ocean Color from
Geostationary Satellite Observations: Insights from GOCI-I|

TN [ IR =1 3= BN o] ) I L=; R || PN JE-== HH.?.=|7=I1, HiX ' 22X

_|
0
A
.

*UAXR}: jy_baek@kiost.ac.kr

BE 10| MRISSHY SHS 612 0[O H2 AIZH FRRE AW L A7 FRIX| CHSHH HSfICL,
5Lt TS SIS U SIES 52 B A MR HEG| 20 HRA-aChi-0)) UHES
S26] EAGP| OfFCL 2 ARUAE G2 Of2f A2 BZ0| JHsE FAUES AL GOCI-II IBE
0125101 &of, SaH, SEHHY QsHolM 2021-2026 & Chi-a HENS UHS, U7H AF, 97| U
AlZt FR2 TESHD 2t FRO| AU JIGEE WIIGIACL 018 ool 24 Aol IS WX ¥t
SA 3 WHS MRSAUOM, MODIS 9 VIRS XZS 012301 €7h 0ol AlZt ©S SA2
HTGIEC, 2 G7E XS SHMQINe M BES BES] J1E IUT AMORE FE0|
BESP| 022 UHSS Y| A7t RO HSHW M HYHOR BIKSIL, B Y Chi-a B0l

ALA
0] =22 2022 HIE SY4AE HAOE HUYLMIBI|STISUO| XS WOF £8E ATY(RS-2022-

KS221660, XM2|9t 2B & AtES ML SkAM A1)

[¢]

148



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

Evaluation of Phytoplankton Size Class Estimates Derived from Multi-

Generation Geostationary Ocean Color Satellites in Korean Waters

Doni Nurdiansah**", Myung Jin Hyun', Jae—Hoon Noh', Deuk Jae Hwang', Jong—Kuk Choi'*#

'Korea Ocean Satellite Center, Korea Institute of Ocean Science and Technology (KIOST), Busan, Republic of Korea,
Major of Ocean Science, Korea National University Science and Technology (UST), Daejeon, Republic of Korea,

3Research Center for Oceanography, National Research and Innovation Agency, Jakarta, Indonesia

*WAXXE: jkehoi@kiost.ac.kr

Phytoplankton size structure plays an important role in marine primary production, food-web
dynamics, and biogeochemical processes. This study evaluated satellite—derived phytoplankton size
classes (PSCs) in Korean waters using observations from the Geostationary Ocean Color Imager
(GOCI-I) and its successor, GOCI-II. In situ chlorophyll-a (Chl-a) and PSC observations collected
in 2014, 2015, 2017, and 2023-2025 from the Yellow Sea and East Sea were used to tune a three—
component model and validate satellite—derived PSC estimates. Model tuning using the combined
dataset yielded parameters of = 0.66, = 0.07, = 0.73, and = 0.96, indicating distinct partitioning
characteristics of micro—, nano—-, and picophytoplankton across the observed Chl-a range. A total
of 77 satellite—in situ matchups were obtained, comprising 6 GOCI-I and 71 GOCI-Il observations.
Validation using R% RMSE, MAE, bias, and Spearman rank correlation showed that the fractional
PSC estimates generally exhibited stronger correspondence with in situ observations than the
concentration—based estimates. For the combined dataset, picophytoplankton fraction (F-Pico)
showed the strongest relationship (R? = 0.300, o = 0.642, p < 0.001), followed by
microphytoplankton fraction (F-Micro; R?=0.269, o = 0.516, p { 0.001), whereas nanophytoplankton
fraction showed weak agreement (R? = 0.007, p = 0.142, p = 0.217). For GOCI-II alone, F-Pico
exhibited improved agreement (R? = 0.436, p = 0.645, p { 0.001). These results demonstrate the
applicability of the tuned three-component model to geostationary ocean—color observations and
highlight the potential of GOCI-I and GOCI-Il for monitoring variations in phytoplankton community

size structure in Korean waters.
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Sea-Ice Lead Detection in the Arctic Ocean using
SWOT KaRIn Observations

* UMK} kimhc@kopri.re.kr

This study proposes a method for detecting Arctic sea—ice leads using high-resolution two-
dimensional sea surface height anomaly (SSHA) observations from the Ka-band Radar
Interferometer (KaRIn) onboard the Surface Water and Ocean Topography (SWOT) satellite. The
study area covers 120°E-120°W and 60°-80°N, including the East Siberian, Chukchi, and Beaufort
Seas. We used the 250-m SWOT Level-3 Unsmoothed product acquired during the
Calibration/Validation phase from April to June 2023. To enhance localized low-SSHA signatures
associated with leads, broad-scale spatial background variations were removed, after which a
robust statistical threshold based on the median absolute deviation (MAD) and shape-based filtering
were applied to identify leads. The detected leads generally agreed with the locations and spatial
patterns of major leads observed in NOAA-21/VIIRS, Sentinel-1A SAR, and ICESat-2 data.
Quantitative evaluation using 10 scenes spatially and temporally collocated with VIIRS yielded F1-
scores ranging from 0.365 to 0.660, with mean precision, recall, and F1-score values of 0.528,
0.574, and 0.533, respectively. Repeated SWOT observations were also used to characterize spatial
variations in lead fraction within the observed swaths. The results demonstrate that two-
dimensional SWOT KaRIn SSHA alone, without incorporating additional observables such as radar
backscatter, can be used to detect the locations and spatial structures of sea—ice leads. Such two-
dimensional lead information may also provide a basis for future estimation of local sea—surface

reference levels and retrievals of sea—ice freeboard and thickness.
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Al-Based Detection, Segmentation, and Waterline Measurement
of White Floating Marine Debris

1,5 # 1
HZY O, g3

*WAXX}: gjeon@inu.ac.kr

White floating debris can resemble bright reflections and wave foam, and its visible boundary may
include an apparent extension below the waterline. We propose HPSG-SAM2, which transfers
Highlight-Prior Semantic Gating from the companion detection manuscript into the shared image
features of a promptable video segmentation model. A brightness and saturation prior conditions
the balance between local and contextual features without suppressing white pixels directly. Only
the stride—16 map is gated, so the gate reaches video memory attention while the finer feature
paths remain available for mask decoding, and a small learned residual scale adapts the gated output
to the pretrained feature distribution. A separate head estimates the visible physical waterline, its
visibility and a calibrated uncertainty. A frozen maritime teacher supplies three—class temporal
semantic supervision during training through a lightweight student head, and is absent at inference.
Calibrated rays, synchronised attitude and camera height then recover waterline coordinates and
visible span; freeboard is estimated only where a valid top—to—base correspondence exists.
Detection and precise measurement run at separate rates under a bounded processing budget, and
the added gate is accounted for at 0.599 GMAC and 147,458 parameters at the stated placement.
The protocol fixes the camera at its installed height and evaluates white—target recall, reflection
false positives, waterline error, metric accuracy, measurement coverage and latency; the effect of
a different installed height is given as analysis rather than claimed as experiment. The proposed

integration and its performance remain to be tested.
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. P. M. Wagner, N. Hughes, P. Bourbonnais, J. Stroeve, L. Rabenstein, U. Bhatt, J. Little, H.
Wiggins, and A. Fleming, “Sea-ice information and forecast needs for industry maritime
stakeholders,” Polar Geography, vol. 43, nos. 2-3, pp. 160-187, 2020, doi:
10.1080/1088937X.2020.1766592.

2. International Hydrographic Organization (IHO), S-100: Universal Hydrographic Data Model,

Edition 5.2.0, Monaco: International Hydrographic Organization, 2024.
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AKX} bekum@kiost.ac.kr
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= A4 EX glo] MEED HAHE
e == Q0 gk XEiezs 1 dA3 HEHY £+ gith. 2 ¢3= 2003 A SXESX|¥e=z
f = X't 10 Ezt ZIE
THst7| 2I5t0d, 2012 Hat 2021 H 2 € 116 i g MM Ux X=2E AEX H|0o|X|¢t
F2|Z(EBK)CE 100 m X0 EZHAHEst, 2011-2022 H SH HZEA| YAHGA 13 HEHOAN HX
FHHS FS610] LESHHY f~HM HAES MSoIALL EEE FE BN BHFYEE 2.71 o O
243 ¢ 2 ZESI5IFOLE ME A2 9.28 %UHA 13.51 %= S 5
M-BLEO LIZEME ZA XY92 15.2 km%(12.0 %)E AKX t =
35.1 km?(27.9 %)0l otRH, LIMX| 60.1 %= H3t7} O|0|t¥LE. X SUE MAHSH =&EHH
1.23 km?29| HIEZ B7}5I¥ 1 (Mann—Kendall p = 0.034), MZ £HM HE9|
XG0l +34.83 m/yr, UEEEE B7} X[HO0M +1.28 m/yr = LIEMLCE

ESTLDRREE

—_ - —
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ZEst= MY MBEE MAEO=E =EXN 2E0AM TdE 792 IUEHE oiMEh. = A=
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AAL
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Moot HH2 i ZHYOE It JHYER X|EXMe=  ZAsf enf, 0|F HMsH| gt FL
HMSHOR Ot SXESX|Y X|H0| 0] T J2{Lt HSX[Ye HYUE thadt XY ME Hetz
mItE A QUX| Mmoot BAMSIE ESuE Q018 4 QUC}, 2 AH7lsE X[ HutE XY X[
AN, A" HNO| FII i, ZA 8 JHUYS, HSTH R WE HEH Yl FHOM IHHe=E
TICSIACE 87 a8k, Hot X0 QM HEL ) SHY DiE2|E HMCZE GHSL Atz Q1™ |X|9
Hgetzat Wakds APYSta, Murray MX| X7 XAEE APY ™ MHO| X|&du XY & MO
=SS FHOIYUCL XY Xz M= HIES HH 253 X ¥ A EX|ESX|Y 18 R}t HWSIRHCH,
EXUES QARG HIES HEE SdIXZE 4ol E2tE ANCE FItEE HIIGIADE. E3F A
Tkm O|Lf JH&Qt2 HHEIE HIES Z4HI H|WSID, 2025 A RICOF 2 48 ZAEXAL ZIZ AEY
HEE ZICSIUCH 24 Zah XM 2 FH X U2 HET 1.7%0XM o2l 10.5%7K| %
6 Hi XI0|E HJUCLt, M= HWOME SAESX|H0| HES A 22 = WUy EH42 AMEEX|
UUCt HETE 7IEAN OfH] =HHO0| &F 12% SIIHCLL 7|& HHO| of 18%7t CHE X[ HHZ
WHE|ACH SHO 1%p EUCL ECE ZY 22X Lo

9 2014-2016 H XESL HIAMMELE 2F 2.1%p
QIX|SH0] FEEISH MM HMG U= SOIE|X| URUCEH A B JHEUL
Al

= =
B0l 7oA, RICOF JEXA=ZMAM= Ul Al & M XOIM FdAz 2= Ha

’ —_ X
MAMEIH ZZE E= EHZ2 0| SIS 023 A= HERY XHo| T BH, 7 o
d LIt 2B

HERAH el dB JE FXIE 2o H=te S AARSICH O2td ESX|Ho| dit
=

SHOIN ME MEIQ B XEN MO HUGHL, A
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2. Andam, K.S. et al. (2008). Measuring the effectiveness of protected area networks in reducing
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GEMS 2192 dHAtel-dHE He 24)

O[Zl ™ 0|0, Mafy!

* I AMXXL: wileeleo@korea.kr

MOt 2B 30| EXHE  Geostationary Environment Monitoring Spectrometer(GEMS)=
2020 ARE| SOfAOF X[Ho| Li7|8tde FXHEZOAM &EstE U= MA 2= HXHE 2HELY
BAXOICt. GEMS = 3Y X[gE olF S fi=E HFUCEZMN J[E MU HH&=e SARH
EH7|2°”"=""9-| UtHSIRE TIAZE B30 CHSE #F S™ES IA SHAZCH, HUHEE, 2E(0s),
O|MSFEIA(NO,), O|48t2HS0.), EEYMISIE(HCHO), #+&8 S CiYst 7| HEE ditstn QUCH

2t OfLf=t CH7IR Ofl,

—_

rior
oX

{E

0|3t BEXIZE SO0 If7|QW0| AlZZH BXO X2 0|5 S EAmol
TS OMBHA L A2 S TS ZA, HEY XM, 7|SHst 2 97 SO BRED UCh T
RNTERE U ABXS 74Tl0] S8 Saf XA DMEX| s& 2H Z47| (7|H oS, o025
MSES M| U THNT HEY FH S YNXRO HR AT X4XHOR HHT Ut GEMS
A2 BHICS HEIEH OLAJOF OF 20 7§ VIS CHACZ MBS UOD|, f7|X BE AR sfast
071990] 27} 7t 0| 24, HEak(Pandora) HEYTS 23 ZH ASHH 75 S 24 2 28
Jl8H2 DRzt OIS 7lofstn QUCh E3, GEMS © ABIZMA WMol EMS HEoz 34

SELIY(GEMS-2)Q] A|AMAZM0| 2ot H7 AME SR|RSIIAL BHC.
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HX|H T oM GOCI-II(Geostationary Ocean Color Imager-I)e= &2 AIZIHANEE 7[HOZ SHtE
F SSOIAOF X[FE XEKHC=E USRS £+ UCH, SHYETE OfL2t O7| H X|E &2tF DLHIN T &S
7t580| =L} J2{L} GOCI-II = YEHMOl MM 3 15 EX|0f] SMO=R L= TN 3 FEXQ|
MEZS HMISHK| Lon, 7 -ZHe| FYoM HLEot HH0| FAt 2 S48 UEH7Z| R0 F
Fos gddo= JEol= O Of20| Ut 55| HetdE EHFERRH AEL HES AEoH|
floiM= JHE HHEOS| HtAb EGET OfL2t COEEdE oo ZgdE U824 XS 8lEl=
st&ote 1Pd0| 20},

= A0 = GOCI-Il ChEE2E g2 E88 atXCz &8o6| ?loi X7|XE

I:l
Learning, SSL)2 7|Htez &t J2 LU XM EIX| HHS S E5 ©Lo| Mo
d0|=0 2JESHK| ¥ GOCI-II #5FY AN=zRH UM 23X Helg MHstgoldl, sksd &3
Hols 78, M2 ¥ 3™ G9= F=oks ¢ = g0 &3oiATt. £t GOCI-II HFA=E

J[RC2 =0 SHEARE

SISRIRE 0I8510] Hald BUS siyeh, TR MM BH 2E U FA| I
3t Xl S48 EAIRICH

0|2 S3f HEHE 2 WSS MBIt GOCHI FHYUME IVINTSES Sof ALY KA LHHE
SHS AHSSAT 012 72 U MY EX0 BEY £ U= JHsNS PESICL 2 ATs o
TEO| $S HIZ0| RTEE ANYN EMOIN UFD HEOIE IBS Y £ U= AVIXETaEY
M2 JtS42 RSN, % GOCIHII 7l9 XE #7 ZUEHY U CIY% GeoAl S82 93t 7%
AT2 FRY 4 YS AR J|HECt

INON;

2 s [jsiniE YRo| WUOE NPHATSUON 42Ut DZESIISIUAIY (WA ¢ SAR
TATIEE MY XATIET MY NAH WY ARI(22-26)0) ATH| XIHO2 FHEABLICH (No. 22-
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Geolocation Accuracy of Airborne Hyperspectral L1 Data for
GEMS Validation: Attitude—Bias Correction and
Decomposition of Residual Error Sources
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*F UMK} hsjung@uos.ac.kr

EMSA, an airborne hyperspectral spectrometer, provides observations for validating Geostationary
Environment Monitoring Spectrometer (GEMS) retrievals over the Korean Peninsula. Reliable
validation requires quantifying EMSA Level-1 geolocation accuracy and identifying its error sources.
We applied a Check Point (CP)-based correction of the dominant attitude bias — principally a pitch
offset, estimated for each channel and mounting session — to the direct georeferencing of four
campaigns flown in January and June 2025. Evaluated against Sentinel-2 references, post-
correction CP RMSE was 42-68 m for VIS and 30-43 m for UV (10 CPs per date); the pooled summer
VIS value was 54.7 m, or 0.98 of the 55.6 m grid cell. This corrects the dominant bias but is not a
rigorous three—axis boresight determination.

We then decomposed the residual. Roughly two thirds of its variance is attributable not to the
product but to the validation method: the EMSA ground sampling interval — about 54 m across—
track, set by 30x binning of the 6.283x107™ rad IFOV, and 50 m along-track, set by the 0.505 s
line interval — limits how precisely a feature can be located. Within the remaining error, we
identified two previously unaccounted contributions that no constant boresight can absorb:
navigation supplied at 1 Hz while lines are acquired at approximately 2 Hz, causing half the scan
lines to share coordinates and injecting 22-26 m of alternating scatter; and the flat—earth

assumption, producing 23.9 m RMS terrain displacement.
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Spectral Dimensionality Reduction and Heterogeneous Geospatial
Data Fusion for GeoAl-Based Snow Detection Using

GEMS Hyperspectral Observations
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The Geostationary Environment Monitoring Spectrometer (GEMS) provides high—frequency
observations of East Asia with 1,033 contiguous ultraviolet-visible spectral channels. However, its
lack of shortwave infrared bands limits the use of conventional Normalized Difference Snow Index
methods, while the large data volume poses substantial computational challenges. This study
evaluates efficient spectral representations and the integration of heterogeneous geospatial
information for GeoAl-based snow detection using GEMS observations. A total of 655 scenes were
divided into 531 training scenes and 124 test scenes. Five spectral compression methods—binning,
principal component analysis (PCA), segmented PCA, partial least squares, and learned projection—
were compared under four— and eight-channel configurations. We also assessed the contributions
of seven auxiliary data categories, including observation geometry, prior cloud information, water
and coastline information, topography, forest cover, observation time, and geographic location, as
well as the effectiveness of a multi-branch fusion architecture. Across three random seeds, four-
channel PCA achieved a snow intersection over union (loU) of 0.6186 + 0.0005, demonstrating a
favorable balance among detection performance, reproducibility, and data efficiency. Expanding the
spectral representation to eight channels provided limited improvement. Based on the auxiliary-
data contribution analysis, 12 channels from five categories—observation geometry, cloud
information, water and coastline information, topography, and forest cover—were selected. A
multi—-branch model that separately processed dynamic and static auxiliary information achieved an
loU of 0.6424, improving the spectral-only baseline by 0.0238. These results indicate that
structurally integrating compact spectral representations with task—relevant geospatial context is

more effective for GEMS-based snow detection than simply increasing the number of spectral

channels.
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FAEYA Ttz 7|2, dUisk, 5, HYIAI S Ot 7|842471 Yt AlS7H ZXoM A
MSE o 20t YoE HIPtE 7bksotth. 2L XY HE2 34 H0F MeN0|H, MEMXE=
XA E40 HAIZE HetE &0 HtFotk= ol A7t QI 2 HF0AM= GEO-KOMPSAT-2A £
25, ERAL MEAMXE, Xg ¥ XHE E4 5 0[ZHQ X237t M2 S8ot= LocalQueryNet S

ot XE 229l 7|2, dUligk, & H HYSAE SAH Mo 0] ZR2 #g9| Al
E

d5 SEHCE Siee=M Xjd HE0| fl= XNFUMZ

ALHO 7|dES dde = ARE SA=UL. =8 HSA=E ES 4T 24, HtE -2 7IE
MEA ¥ SR(0E XAZHCH MUHOo2 =2 MSTE HRCH Y 52 FIt YHE= HYEAe 7t
HAIZE el T RO LIERCH, 7|20 SUEEHME ZXH BE BE0] HEZRACE 2
SH0ME fd 239 7|07t Mooz LERHL. MHEE JidHes 89 MekE g0l WBGT 2
wind chill S Ctfet EAEZA X5 A0 S + UAUCH, 12 H N29 IotxAHs 7|E
A=zHC 2IHOZ HIRML. = 4= St S oigk: gt dH ZEFY S7Vh SLotA|
1, 0|8

r
EH YRS SN BHO| MBAKRO Flots HEES HAHR 7o
=
=
AEYAQ| B2 2RE SO MUSH JIHE + US HOR e,

ARAF

0] HTE JIAN T7|MQN 88 &8 J|a7iet At (RS-2025-02219688)2] X|HCE HFHE[QSLICE,
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grant funded by the Ministry of Education (No. RS-2024-00443714).
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optical depth. G/Science & Remote Sensing, 63(1), 2658318. https://doi.org/10.1080/
15481603.2026.2658318

. Hersbach, H., Bell, B., Berrisford, P., et al. (2020). The ERA5 global reanalysis. Quarterly Journal
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. Zhang, W., Xu, Z., Gan, Y., Jin, Z., & Zhang, X. (2026). Integrating cloud motion information: A
deep learning approach for real-time wind field retrieval using geostationary satellite imagery.
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. Zhang, Z., & Du, Q. (2022). Hourly mapping of surface air temperature by blending geostationary
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E WX HES S H0lH 228 {15751 2 A+

FUMXXE: jmyeom@jbnu.ac.kr

T2 gXE e YMKIRO| Tamol M2 THYo|L ME Aty TR0 MEste] mE0| Q7
SiaAtE EH0| 2 H|R0| ECt JHUE Y 23S X2E SU4AE M50 QECHE HA oM
WHE QoM 03 WAL F2 BEN S, WA M SAUCH I EXIE 2O URot
Mus HEXIH0| MY S5T HSSILE 0|2 ASSIHs ZIpt HuEQol, 12 Y 12 IR
SSH0|MS O] ABEX| QIUCH 2 HT0AS HEXE Me J|MS T2 HXo| H25tn, MY 71X
M2t M50| A2 LAK=XS BASIHCL HPXRE 2 L MAMAQ PlanetScope BEHIAIZ
GAS AIRSINOM, MM WS J2-@e TEZE JXQl U J;AR 2pUg TESACL HY
HZOl Mt QA| SME MEE MEEDA M7= 25 TS HU2 95 BS 01AIR aaéroq 24
AMOIN RISISIACH HAS HX} A2 25T HS AHTOIM W7t HTopH ZEEK| $TS Ko
M0l MBS ST, Ze HUo| MEZh SiET BWIt0| LiFOf M-—0| 4tﬂﬂ47r5| 2g u| 9l
XE= B CoR SEGICL 2 HX= SZ3 Prithvi-EO-2.0 QITCHE Sof SX HEZ Hi6tE
95 ®olo| EZ0H MABIHON, HEXS MES 0] SNRZIM +HSIUCL MY JHoRE DX
HE, 53 £A9 B, k-means, HYUM B, AN QK| 24 2NT 2L pY, SHIZ CiUMS
Gl EE FRON SUS KE B sE MYOR HWSIUCL MSS MA ;A0 it T
WABIERH|(mloU)2t SHAY loU 2 BIISIUCE 1 23t HMA| K20l YRDORT MY SA0| 2HE
mloU 0O SY5YON, 22 72O EEO0[ZtT MY 7|Ho| 2t gg RHO7h LIETE 2 gipe
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U2 EfYE YUY OF, &= 4] Ho|, LA LPgo AFAMOl U Ha0lct. J{Lt =
K& UAHAlE S27|MBEA(Automated Synoptic Observing System, ASOS) YE0|2H AX|Z|0 AU
#E X|E AO[9] 2 =Qlg = Glol, = km BT =LA 0= ATt XO[7t LIEHLE 21
HEUCE WHSH | OfELC Y #F0] 0| S MO ofLf, X 2 I HX|HT MU
MESE2 £ km AN HEH U0 LW XL FE X fE2o JZt HE2 BtFSHK| Xt
M2 oteld 2B 22 oMM GOCI-I12t 2A 32 7[4MM AMI= B5 ZXHZON sHEE XEHO=
H=olEE SY X0 oigt Xtz 0| 7tSSICt. & BXMeE S A2l #240] M2 OEL MXte=
32 Tt SX= A2 SHEE7L QMo o3 E2MO= #8E 4+ QUL O £ X228 &
AM8E I 2 Xt=Th ME HET0| 7[0ote HEIO| Cfet M Tt EFoitt. 2 AFNM= GK-

2B/GOCI-II12] 260 m =0 GK-2A/AMI Q| A|Zt HEQ}t &AM Xtz (ECMWEF Reanalysis vb, ERAB)S
Aot 2560 m A|ZHE MHLAMES MSOIUCE 7] 88 YAHC=Z Hslet HHX|+E IH HaE=
ol 7[Aets RES oEolln, Al® ¢k Xas Y MY IHOM ALZobX| ¢t xE HI7Ho|Tt
126IRULCt. 2025 H ASOS 63 X HS0|M Root Mean Square Error (RMSE) 41.9 W/m?E H¥11,
Y A=-3Y 7|20 Mot =2 7|8 RE 3 oY H=Zh hA| HAECH HESIICh 3 Ai=dEE

IGH=E E7fet 2, & EMAC 7|06= M2 TE S0IM LEFRLCH

O

om A

d

ARAR
0] =22 2026 U= FR(LKF)Q| MHACZ =AM G-HI(LAMP) Al XIS ot A
HTLA(RS-2024-00443714).
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EffE 2™ HISO| AXITEAM L7 ZH LF, o™ ==, 2™ A2 80 28 = U= 14 F
THR|Ql OfAIE LT O=0| ZQoHX|1 UCt. T2t ECMWF & 22 X|0E= T7| MlAZH M=
ZHS 2OIX|T MHAZI0| ZO{R+FE XL H=A S7tettt. Eot =&, M, BiE, 222 17|Y,
A F O02E0| EEXC=Z EHEoh= SOAOIME OfAIE LA KI=0] 5] OALL 2 H7s
ECMWF OtAIE o2t 24 ERAS X|BEH UAZH(SSRD)LE st X3t 7|2US MAYE 7HER=
Aot MM MSYH 88 78S HASIACL. SOAI0F HH(15-50°N, 100-150°E)S 0.25° ZXj=2
8ot D+1-D+28 Y& UAMHE KFoIACH, OF ZUE XHE HLE 0|BE=z HESHY
NERE BN *'§ StXEF} H|WGHECE Tt 2019-2021 ¥ A=Y &8t ZAZ0} SHS0|AM QIS 2022 4
U 2024 A SYI|Zt HEZOR 4ASIUCH. I AT} ST YA RMSE = ECMWF CHH| 1-4 FXfoj
242t 4.2%, 14.6%, 21.4%, 25.8% ZASIAT, 7|AP ASOS 39 7§ BEX|E BE0IA JHAMO| BHOIZQILY,
D= M Y JHSXIE HES W M= 1 FX X7 22.9% S7t6t0, UYAZHE THSX|
X0l Hs <H9 Y QAUS HOISKUCt. ESH 11 7 YME HHS YHC=E AES AL
HAUNME RAreH ZUE 2O 8 8ilte| ZUHES QsIUCL EfYE 0|E RMSE = =8 AS0A
2.2-2.8%, gabmv 2-4 -’F—it01|k| 3.9-4.4% ZASIYOH, 0]= MHIE 100 MW I 512 OF 4.9-6
=

718
4pH0| 4 JT| EH%% tga Eﬂc,mﬂ M2HOZ HRE 4 ST HOECL
ApAt
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Sentinel-2 7|4t LY ZQ 514 Chlorophyll-a SE 5 U ZZHE £
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I £ SI0M == Zd0| Bt=5Eo| m2h, X5HQl & HLEZS HRM0| S7totl ULt %
& HUSF2 HotE XHS =2 +YE0 ot W £Ho I7HE HEE malsk=0| otA7t ULt 2
AF0M= Ol2fet StAIE HRol7| flolfl Sentinel-2 L2A %’-l’é?%“gﬂf SALYEANARS ~EUSHY
22 #8510 2L T2 5HH9| chlorophyll-a (chl-a) 5= £8 7tsMg 2M561%LCt 2021-2025 4
Stz Uz, 22 U gMUS HMOR A chl-a & Xfﬁﬂ Sentinel-2 {14 FHE ASUHHC=E
0fSIACH, Sentinel-2 2| 2 tHE, WHEH| & +4 #H 2IX|+E YHHSZ FF5IRACE Random
Forest, XGBoost 7|8t 3¢ 2 7

S PHSHL, A2 RMSE, MAE § 0188101 29% Chi-a 8 858
H|WotRLH, 24 Z1, Sentinel-2 2o OHE

A2 pHT DO 02t £ M50 A0} T st 2
RIEDIOR WOat7| O chl-a o Z7HH 2EES AZESIAT. 2 A7E Sentinel-2
SUBENRE WA chi-a BURZ £ x 3

BLE0 282 4 U2 HOR J[HEC,

oo
mA 0 I -

ARAL
2 IHEZEUS)E 2023 U HE(USE)Q IHYCR SRR G-UI(LAMP) AIY XIS ot
2845 H10|H(No. RS-2023-0031702), ME(EH|2HEHSAMS)| o2 SHEHAIIHO| XS

utop 3= H7A(No. RS-2026-25473849). ESH 2026 HE WSE U HAQ Koz
HAFRISE SAIRIO| XS HIOF 2345 X|HSAZAl HSIXIYFA(RISE)Q Z2H(2026-RISE(RH)-02-

001-035).
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SHYSE # HO|HEZ 78 &3 Al 7|2 siME OF 2% d587t

O[A43{ ™", BT !, O|E0| |, £4HS T, SLAR T, ORfot!, 2ZIs

= Fot

% = %R’Sol X U= At 0] B 3HI1 ElXME A== oHYHEA

=A== HEECL ofX EXMZO S48 22E

S S2=Z EE5IH MAXMCE HS 3._ oM™ OEX|E== Multi-beam Echo Sounder(l\/IBES)

{ E[8E AMFAZE 7|2C= HMZEHLL I8L AFXtas SUH MY, =2 ZAF HIE,

Qlolf 0| M1 ZeHA 2t SH4H0| alet eHAE 7HTIC

ZME oiZot7| floll Ctfet WHES HMAlo ACLE, HEE HY 7|80 2|Ed=
M2 HO|H 2 2HA =7 ZHE SAH| 126

|2t Pseudo labeling & Zgotd 1 dsS HolotIXt ofACt ©H Ifﬁih MBES 7|t

Bathymetry, Backscatter & Gray Level Co—occurrence Matrix(GLCM)OIA DHMEl 23 7 B9 4 74

SaA(gravel, sand, mud, mixed sediment)2 M= GHN EXS *I—’F—Ifﬂa %*%ai’iﬁf. HIO|E{AI2

7|Z HIO|E{M, Oversampling X& GIO|E{4l, Pseudo labeling & GIO|EA, 2|1 = 7|HS A

HEol HOIHMC=Z FEol0 H|WoIRCH, LIFC2= Hildd 7|#2 Random Forest 2

NGBoost 2t H2{d 7|Ht2] DNN 2 BNN 2 HEo}RILCH.

2M A Oversampling Il} Pseudo labeling & ZtZf Xg%d%t Z<2 7|E H0|EA [iH| Balanced

Accuracy 7} SLEUCH, F 7|HE SH MEIS M /1Y =2 g5 NMS BN SHAEZ= S0

EEH(sand) SUAL| HETIt 50% O[THOA 2 75%O0[ 47K IAH SAE[UCE 0|F Solf ZAL HIEO|
Iﬁ% g8ot= AF0M HO|H 5Z 7|3y MEH 7|HS =& ds a0

re
rQ
=
n
on
=2
ne
%>
I’E
\l

t7] loli Oversampling

d

0

gol

=
» 0
0o
_O'E

rr
s
©

g

3

0 A7e 2023 U FR(USF)2 MHUCZ St=APMEHO G-HI(LAMP) Al XA
72 (No. RS-2023-0031702).
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0K Ul Hed B Jjoz AY AHES XS XE AS ,
S Y FH HiZI TR YEO| O TR AS0| X0 WS & T RATA B XRUME
o
=)

I A9 7], Y o=, BAS
& AtO|7t &
2 At HiF AO|9] ofet Al FE= HA BXIO F2 Oz & oSlHE EE AN 0f
A

o

FONME 3 AXXM HIEBZ0 R2XEsts A HHAMUEQ G2IEME(Deschampsia antarctica)it
S2IW0|Xt2|(Colobanthus quitensis)E THACZE YOLOv11x 2 7|t x| EX| M5S H|WSIFLCE
0| @Iai 2020 H, 2025 A % 2026 S0 &S5t E2 FHOE FAIZEX0|Z B4ES #1550 AEE
XIE Mot &, I BME G2 1.0 mm/pixel, G=M0IX2] B2 0.6 mm/pixel & SHEES
BZSI5IUCE FAIEXI0|3 FAS 640 x 640 pixel EIQUZ 28510 FAMUAM SEMOZ AlY J1s6t
MM HRIE bounding box = ZHO[EY5IH BE YOLOviix RS S&ESIALE & ZEe 2F
As(f1-score)2 HIEZMEO| E37M0|Xt2| CHH| 2F 12% 4otA HWIHEACE AF0| AEE EE
FHOIN G27H0|XI2l= 717t MHAHOZ &1 X[HMHO| LRE|0| LIELLL 4 MM 31 EQo] AAE
TE5H7| 02 7t EUCH 028t B W At HHE ZH 22|k X0l AY MM MFQ EX|
dsS oMotz O & UE0{0F ofH, x| 7|t JZtieErt BX| 450 OXl= g2 &=
F7HHQl M EME Soll Jrre TRt UL
ARAL

H A= GiYUAE IXAHTA 7| TQAM(PE26130, PE26170)2| X|RIS HHOp £ ASLILCE
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LM RE S (Photosynthetically Active Radiation, PAR)= A4l &M O|8HE= IHEIHQ
SMOHXIZ, FAPAR H APAR =@t zX= d|YE Foto et Q2 HO0Ch &=
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A= Ad ASEXO UsXsEs A A7 1 ACLf, ds2 HHZ TH HH: Sl=z
BIUECH FERXS HO|E 2F 2 fEQ| HA Ax0| W2t A H2E2, HY B2 Jid0|
O A Zdok=X], HHZ oL 20| LHHKI=XIE &H 7N, & g4 AU ssUAM
EarthCARE 2| C{7| 2t0|Ct ATLID 2F HM2|2{M 2A F(GK-2A) AMI ZH=EZ ZE6I0 XGBoost 7|t
EXs FEEA ZEES FFolLI, 1 g5 &= =M 89 FH I RS OR2= S0NM
GIoIRACE.  Al==  EarthCARE 8d == JHAl 0|29 ATLID M&E=D GK-2A L1B £
HeE|- AR} #EHYZ 7222 ot F=oIRACE Y2 Melot 57| MEQ| H7I2%E, 72X
MO AT, XME ZH B7IZEAL, R AT FT| He, #Z J[6I0IL SE-E7ts HE HRE

5|
Z¥oll, AE B =ES isotonic 2FE EFSRCH, Fih= Y MHES0|

r

oYL} HAES 7ELE +YoIRM. THEZ FoliotH |42 EGHK| AT 2 !

HEMFA0| 2 FY JHEARE, d2d |X|0AM JHAR0] JhE UE 8FH, Ofzfat oY, 2|1
S MA=MOM= 40| SRt HRUAT. #52 A A RYEE 2H JHA9 Yk XA7h Q=
LIEFRCE 20 &3520Mes X80 2 FLe= =KD, o5 #M21 78 J&F7t UX L=
Az K stAUME 25| Y LESECE IUACH K AAG 7|8kt Y LiE2 XEA
2 7 22 Mot Gf2 olE2s ASHRE AN, AsXs 222 HXE HI[2EA Y=
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712Hete| Faoz IRy J1F0| IAO UMstE 12I7tE SEASH(Compound Drought and
Heatwave Events, CDHEs)7} M MAXOZ Z7t6t QUOMH, T 7| AXHsHY| HlsH =, A=l AMELA
gt o 2 F¥E OiXlz A= HiET = ZU§ CDHEs ¢3= ZF=2
K A2EXZ(ASOS)2 ERAS-Land 7|HIOZ RISHE| EX A& EMO|LE QST I E=E 0 QUOH,
e XA=E 8%t JohidE ASZt M ¢ii= 2Fct AFE0|C Eot 120 IS HY A==
HOlot= ZR7t Bt Zt o7t X[H 2™ E45 &0l BFolX| Xol= otA7H EXHtt.

HIOME 2003 HAEE 2024 UMK Yt MAS 492 MODIS Terra/Aqua Land Surface
Temperature ~ (MOD11A1/MYD11A1)2t  ERA5-Land  7|%t  Standardized  Precipitation
Evapotranspiration Index (SPEI)S E&5ILCH, M MODIS LST o H&XQl A|AE =S Qo 2=
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30
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M
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222 HIQCH 129 AL LST AAIE 7|H9| O|MR2EE MESH H =&
Zitot= HEH7E 3 Y Old X|E£E= FRE AR Ho6IM. 7122 Zd+3i HUNSHEHLUHES &l
30 & £X £E4X|(Water Balance)E AESH &, ZHREFHY(MLE)2 Shapiro-Wilk ZAME Saf
Y SEEEE M-otl HZESGIH SPEI 7F -1 0|5l FRE A= FHo6IRLt. & AS
0|ZIel5t0] SA| LHst ES CDHEs 2 Fol5tl A|ZZHE HetE EMGIRACE. AAIEL R9l0Ig FME
metsH7| €5 Mann-Kendall Z%X 3t Sen's slope FH(R$ZEL P(0.1)2 It

= S7= 24 7|8 LST 2F SPEI € 889t oM A MAE MAISHH= HOoIA 2Q7F ACHES
et MY 1I2.UtE Sl YWHES ASUHNCE WIRCEM, ¥F: V|§Hst MIFEM Y
LE-=Y 20 Ioiete| SMETEE ot 7|=XsE EEE A= J|HECE

AA}

2 IH(EAS)= 2026 A WsE I LA IR 4t RISE HARQ X[g Hop fHE
X H

SIBAIEAl IHEXIRAA(RISE)Y ZIRLICH(2026-RISE(YH)-02-001-035), 0] =22 2023
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Sentinel-2 CHSXI+E 0|83t 4SZ st 2810 ALY S35 ¥
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2 o7 2016 URE 2025 WK FISE Sentinel-2 YMAAS BRsl0] USZ 7ol 4870
AEE SNT W) WAE 2MGID, USK2 V% S3H2 Si 1 32N RIS BN
JAMPMOREE| 27|42, AN, X, £RSY S42 22 HRsk= NDWI, NDVI, NDCI, NDSS| £
AESIT, A JI2ES TEG0| X2Y LT} of 10 [Zo| W YAS HTEIUCL E3t 2
Xi4o| SAN 2EE JIZ0Z M4AE HOBD 012 S0 £8AS 5 W2 SIORM, HY
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471 LULUCF &22 MRV HA == Igt AIAIE CI0[H I{o|Zefol +1d

=] 1.* 1 1.#
Z3E ", 834, 0|8

XXX} leemj@kei.re.kr

ot2| 3™ 2| ETF(Enhanced Transparency Framework)0f| 2t LULUCF(Land Use, Land Use Change
and Forestry) 222 NDC(Nationally Determined Contribution) O|3ig 8t =7} 24IJtA
CHIEL|HM S-S ’El’é.* ﬂ g = A= FYUSt 202 1 FL0| iR T ALE 7|20 UHX&2ER=
2EH M ZE LULUCF 2&2| MRV(Measurement, Reporting and Verification)
A #= M S 3 Xt AIZ|0 AX S8oICH TJ2{Lt ETF X[RIof 2t MRV A Q| AlAE LHMS
stEo}7| TIOHM'.: oM HY0| K QFE=O, 1 A, 2 A Y 3 A ¢FE HWH EZ HEQ
EXO|SHLX|T HE SHS FRH7| WZ0 4 xF SHF0M= LULUCE 222 A MRV HA #=32
NE SH= XFot A0 Ut 2 A= O[2fet 4 Xt AT Al Yooz, I U= SAE
718t = 1990 HLE| 2020 EMX[Q| 74 MRV MAE #50l1 0| X|&EXHo=E ALl & U= H0|H
mo|Zetel dEiE Fdote AsS sHC= ot fMAMCe= MEX|, s3X|, =X, WF AOLSXK,
FFEXQ 6 1 EXO|2RA0N CHot HIFAZ H Al '.:_f-?— EX|HHO| AAE G|O[HH|O|AE
otz IO MO[Z2RlS dstrt. Mo|Zafel2 W

=0, HA Xz 2 MH>IIESA, %%*EE.ZEM, IIE%HIEE, Eof*xlﬁ’ﬁ.ié@i—‘?ﬂ
TSR Loz EFSOM= A0 OHE 0 AXNEE S8 A7[0I2 F2lotl WHFY TS
SLOIRALL. 2= XMeOME MEEZIESAE SEER §2 7129 HE>A HHES XHSAHHES| of
HHOZ iAot HAMl TZtS CIIO[EHIO[A0 BFAGIAL. HE HAMAME= HIO[EH0|A F5 7[Zt
dY+ HE 0[5 Felotl HARE MEXISE 6 7 EXOIERIYY HSot= #AlE HES 7 WY
A3 A 4SS YoM, = S OI0jH MO|ZZfQI2 M 7tstt AIHEZ FHE0
BHA=7L dUEH SZet 7|E2= H0[HH|0|AS HFEY 4+ ULH, LULUCF RYE IH &S
Felot OZHQ A-g7|2e SAE ofktel YEE AAZEZ ST I LY 5+ U= 7I0|=2Ie=

This paper is based on the results of the research work “Study on the establishment of a land use
and land-use change MRV system (4th phase)” (2026-068), conducted by the Korea Environment

Institute (KEI) upon the request of the Korea Ministry of Climate, Energy and Environment.

1. Bae JS (2009) Forest transition in Korea: Trends, characteristics and implications. J Korean For
Soc 98(6):659-668

209



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

2. Baik CY, Kim DH (2024) Time series analysis and estimation of changes in land categories. J
Korean Soc Cadastre 40(2):55-69. doi:10.22988/ksc.2024.40.2.005

3. Fotheringham AS, Wong DWS (1991) The modifiable areal unit problem in multivariate statistical
analysis. Environ Plan A 23(7):1025-1044. doi:10.1068/a231025

4. Greenhouse Gas Inventory and Research Center of Korea (GIR) (2025) National greenhouse gas
inventory document of Republic of Korea 2024. GIR, Cheongju

5. Hwang JH, Jang RIl, Jeon SW (2018) Analysis of spatial information characteristics for
establishing land use, land-use change and forestry matrix. J Korean Assoc Geogr Inf Stud
21(2):44-55. doi:10.11108/kagis.2018.21.2.044

6. Intergovernmental Panel on Climate Change (IPCC) (2006) 2006 IPCC guidelines for national
greenhouse gas inventories. Eggleston HS, Buendia L, Miwa K, Ngara T, Tanabe K (eds). IGES,
Hayama

7. Intergovernmental Panel on Climate Change (IPCC) (2019) 2019 refinement to the 2006 IPCC
guidelines for national greenhouse gas inventories. Calvo Buendia E, Tanabe K, Kranjc A,
Baasansuren J, Fukuda M, Ngarize S, Osako A, Pyrozhenko Y, Shermanau P, Federici S (eds).
IPCC, Geneva

8. Korea Forest Service (KFS) (2016) Forest basic statistics: Forest area by forest type and si, gun,
gu, 1995-2010 (KOSIS table DT_IMUPADMOO06, updated 29 Nov 2016). Korean Statistical
Information Service. https://kosis.kr Accessed 24 Jul 2026

9. Korea Forest Service (KFS) (2022a) Forest basic statistics: Forest area and growing stock by
administrative district and forest type, 2020 (KOSIS table DT_136001_9643, updated 6 Sep 2022).
Korean Statistical Information Service. https://kosis.kr Accessed 24 Jul 2026

10. Korea Forest Service (KFS) (2022b) Forest type map (1:5,000), 2021 and 2022 editions. Forest
Spatial Information Service. https://map.forest.go.kr Accessed 12 Aug 2026

11. Korea Forest Service (KFS) (2023) Forest basic statistics: Forest area and growing stock by
administrative district and forest type, 2015 (KOSIS table DT_13601_A004, updated 20 Jun 2023).
Korean Statistical Information Service. https://kosis.kr Accessed 24 Jul 2026

12. Ministry of Agriculture, Food and Rural Affairs (2022) Smart farm map (Farm Map), 2021 and
2022 editions. Korea Agency of Education, Promotion and Information Service in Food,
Agriculture, Forestry and Fisheries. https://agis.epis.or.kr Accessed 10 Aug 2026

13. Ministry of Environment (ME) (2023) Study on the establishment of a land use and land-use
change MRV system. ME, Sejong, ME report

14, Ministry of Environment (ME) (2025) Study on the establishment of a land use and land-use
change MRV system (2nd phase). ME, Sejong, ME report

15. Ministry of Government Legislation (2001) Cadastral Act, Act No. 6389 (wholly amended 26 Jan
2001). Korea Law Information Center. https://www.law.go.kr Accessed 23 Jul 2026

210



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

16. Ministry of Land, Infrastructure and Transport (2026) Cadastral statistical yearbook: Registered
land area by land category and si, gun, gu, 1990-2020. MOLIT Statistics Portal.
https://stat.molit.go.kr Accessed 23 Jul 2026

17. Ministry of Oceans and Fisheries (2026) Coastal wetland area status: Coastal wetland area by
administrative district, 1998-2018. Ministry of Oceans and Fisheries. https://www.mof.go.kr
Accessed 5 Aug 2026

18. Munappy AR, Bosch J, Olsson HH (2020) Data pipeline management in practice: Challenges
and opportunities. In: Morisio M, Torchiano M, Jedlitschka A (eds) Product-focused software
process improvement, Lecture notes in computer science, vol 12562. Springer, Cham, pp 168-
184. doi:10.1007/978-3-030-64148-1_11

19. Sandve GK, Nekrutenko A, Taylor J, Hovig E (2013) Ten simple rules for reproducible
computational research. PLoS Comput Biol 9(10):e1003285. doi:10.1371/journal.pcbi.1003285

20. United Nations Framework Convention on Climate Change (UNFCCC) (2015) Paris Agreement.
UNFCCC, Bonn

21. United Nations Framework Convention on Climate Change (UNFCCC) (2018) Decision
18/CMA.1: Modalities, procedures and guidelines for the transparency framework for action and
support referred to in Article 13 of the Paris Agreement. UNFCCC, Bonn

22. World Meteorological Organization (WMO) (2017) WMO guidelines on the calculation of climate

normals. WMO, Geneva

211



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

.l

AZIEA U GIS Y OI0IHES] FEH IS 23t A3 7|5t HIKI0IT. A7

UMK} leesg@Kari.re.kr

AOZZ 7|Ht 3F OO|MES| d52 F2 Tz MHQ| HAE Sit (RL ATEYN +=F 1KY
oiZ GRE Solfl T7I=I0 JACE Olet #IX[0l3= IAE9 7|sH Fatds dASok= ol RESHKIT
HAA H X2[HEAAE” M0 7= S, XA ZAS MAXCZ FIt Hol= A7t

UCL S| ZEA, ©& AKX, ZFY X HME BEF A=+E EE X<loidH gHo=
HAEHet: 24 29 2IAl, 89l L= =c/F0] ek & UL 0|0 2 S7= & 7|8 ZE FIIE
SUEE EAC=Z 2yo0], IY O0IMEIL ddst 24 ME=9 JdsS dASocke HXIOIEE
7ottt HX|OEE S0 ALY SYEE &8t 164 712 MMZ oA, HE S+ At
A HE, AAE HetE ESet HAH 2, HAH-HE ST 24 & 0|2S Zgt OHA 248
Zotottt. ZF MHols AA0 XAZ, Y= H0lH, &= 7o { Y M4E=S HSei. HO0I™EI 2y
I AYe o] MES2 2 RYE GVt JIR0 Mt Y MEST H|USHH, S Y, Sdu "
AR X S B XS SIE2At 0N SEot=X| TESH. 0|12 HIELE Y| SitEs &6l
2 280 QR 7= S XEZ FINI=E SAM. Eot UHE ¥ H0|Het 38 A% A HIt
HXE Soff 00|HE Z WO MoldS AEotalXt offt. dAgh #HX|0ta= 48 APl & 2Z H0{EE
7|29 =4 OfO|ME0| A" XHEotK OOIHE 7t g5 AIO0IE Hlu FIlIL. = A= HAEA H
GIS HQl E45 HtFet HE= S B7t MAE HMAlst] ZF O0|HES M 3 3t @F

[ ]
JY= MAXHCE o] flgh 7|EtS DHEslLt.

AtAL
0] = BBHTLZATY

hY
40
0x
ox
HT
ruﬂ"
/_E
)
N
(0))
[
(e}
\=/
1o
pal
o
njo
|-|II
°
4>
o
[T
30
dlo

212



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

S BN HES MR OE MMM FSED IUHNE U AT X0 HO|3 T YNIMS
SH5I0) BRAPY| Yo TAMOICL & ATOME TEH SM0| FAS T XS MOE HEH
4 THE, Sk Jldr BA A, s | UM HE MCIAS HIZSD, A DY JE FHAT
TS0 THEE 2t W0 HISS WILSIICL YITOIS THEITIZ QAMA| HEHSO| CAS500-1, KOMPSAT-3A,
KOMPSAT-3 QA2 ABSIZIOM, 0|3 ResShift 2 XE310] TAS 4 tf RHMBISIACL SIFT &

g
ORB = MEX EZ| 7|dt 8itHO 2 SuperPoint 2} SuperGlue E= LightGlue 9 & st& 7|8t 5|4
= coarse—to—-fine WAI9| L I WHO=Z FHSIRULCE
S M= {2l AT AXIOIN 76D
SH™ £ 2 30-74 Hlj, SuperPoint-LightGlue
A2 OfLIALL RoMa = 7t H2 S7HH HE HA 71 &

UME ISH 4 36-46% ZASH YIBI TR 15-20% HMEIUCE E3t Am

fol
H
I
&=
H
rt
riok
i)

[
o

s 0| :
B g ds= AR & UCU, I ol HHiet F7|= Z' FX0| O=t FepXiths HOICt
.I

ARAF
This research was supported by the Al-Based Advancement of Aerospace R&D Projects funded by
the Korea AeroSpace Administration (KASA) (Grant No. RS-2026-25582411).

213



I 2026 (AH)GeoAlH|0|E{stS| =A[staths] =5 I

MK K} soneh0431@korea.kr

J12Het2 2 7] Adxstet IXH L HSH0| MM L= Lo ==4d0] HX| AN,
71 Qa3 Ot XIHS| AN AX 47| Htgok= e LEfgXle7t Q70 ot 2L
Forest Fire Danger Index(FFDI) § 7|& ﬂ%%’—@ﬂ_ﬁ*_f 7|A QA0 QE5I0] XEHO| HAX AEE
Hidot= O StAI7L QUL 0| Hekgh o~ U +2(Soil Moisture, SM)z} ZIHE LA (Potential
Evapotranspiration, PET) & 914 Atg= H b
m zzto] 545 O{EA HrFSX|of tigh 127t E'REHZL
2 SF0ME H2otld 2AS Al 7|8 AEE9Q1 SM, PET
7180 MEQEX] LY HON, 2 HeE AE HI0| Y0 0jX|= SYS HIWOIRALE ot
2021 HARE 2026 HEANK|Q AEF LETCHIHEOA Aot & =
FHSIR O, Ha= Empirical Cumulative Distribution Function(ECDF) 7|82 HHst6t
2XE H2ls 1| 7EX] AE(M Ha o SN e @ T PET 2 & HR-PET 2F & H))S &5t
D sksi AB2 2024 CTMX|2E 2025 A 0|2 7|7+S &2[ot0 ZIASHRACE

& At 7|Z FFDI Q| Area Under the Receiver Operating Characteristic curve(AUROC)7t 0.52 42!
|50, SM-PET & Zglotil PET 0|2t & T2 HsE MEet M2 0.78 = 71 4oLt ™ H
2 Hel= 0.75, © B A Hel= 0.69, PET 02 ¢ Hel= 0.66 O|2A2M, Critical Success Index(CSI)
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offd7|2 LA HokH HMsts Doy TS MSotX|Zt ALt HIE0| ALt 0| Hixlot= dEshsE
Zolledsh= Mollef ol S2|F0| FHUM EELX] Y= ZH7E UCL Moy dA =529 BHUO
Aoy 0| HACITE Si= SIC HUSS MAST, 0| e Ao SYH DER THSIACH A
Xz= MOMb-WRF4 Zgh ZHo| 1/12° oiY UHA EHEIHIE +2-F2-3M 35 /%, 1986
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Regional Assessment of Groundwater Hydrochemistry and

Quality in the Chungcheong Region, South Korea

¥ MXXL: pythagoras84@kigam.re.kr

Groundwater provides an accessible and dependable source of water for regional development,
particularly where existing water supplies are constrained by natural and anthropogenic factors.
Accordingly, this study investigates the hydrochemical characteristics and quality of groundwater
from 128 sites in the Chungcheong region of South Korea using field and chemical data collected
during the 2020 dry season. The hydrochemical data showed acceptable analytical consistency,
with a mean ionic charge balance error of -3.6%. Ca—HCOs was the predominant hydrochemical
facies, accounting for 89% of the samples and indicating the dominant influence of water-rock
interactions. Pearson correlation analysis, principal component analysis, and hierarchical clustering
were used to identify major hydrochemical relationships. Gibbs and Schoeller diagrams, ion—
exchange indices, and PHREEQC saturation—index calculations indicated that silicate weathering
and cation exchange were the dominant geochemical processes, with localized salinity inputs also
influencing groundwater chemistry. Coastal groundwater had significantly higher concentrations of
NOs~, CI7, Na*, and TDS than inland groundwater (Mann-Whitney U test, p  0.05). According to the
water quality index, most samples were classified as Excellent, while the irrigation indices indicated
that most samples were suitable for agricultural use. However, the non—carcinogenic health-risk
assessment identified hazard index values exceeding 1 for children at 26 sites, primarily because
of elevated nitrate concentrations. These results demonstrate the value of integrating the field
dataset with additional chemical measurements. This integrated approach can support
hydrochemical interpretation, spatial analysis, groundwater quality and health-risk assessments,

and future machine—learning applications.
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This work was supported by the Basic Research Project, "Development of an Integrated Research
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“Development of Advanced Technologies for Sustainable and Optimal Groundwater Management
and Conservation (26-3411, GP2025-011)" of the Korea Institute of Geoscience and Mineral
Resources (KIGAM), funded by the Ministry of Science and ICT (MSIT).
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5= HIZtHT SEDSPIX of HAE2 020 7|Xt S5 28dks Y EF=o 7|H0|H,
2022/23 MZEM= E30| &5 FHYAXIX| 40t 71X 72 Ol2f M2z HFZE XHotK| RAUCE

JELE Y A2 SHofCt £ g B CiED, O A17|9) WA BHO0| H SR AFE Hie A9 Qlfh &2
AT=E 2 m e 98 AHHL DSM 16 2 3S™EYstY, 7|X| MH 8.87 km? O|A HAaE HH
HYS IFA FEH OiH] 7|52 7|$9 SH(EF)-HINMYE 87|(TW)- 7 2(AH)- AR W HEL
ZOHOIRCE HYYS Sentinel-2 235 Y2 &l TE DIAZS0 SYHOZ MESIY, 24 NEQ HF
7| JHHIQR|] Ye iz I*aﬂora'tr 2016/17~2024/25 AlZ0| ZX Y HE20| &H AHE A
o] JHY T 2022/23 OIUCE. O] AIZ0ME Y 56 Y MEEH 23 Y ™ AO|of] HMH &
HAH|7} 0.19 %A 2.47 %, dELE7t 0.030A 0.31 km/km2, SMUEI} 0.050A 0.35 km/km?Z
AXMOL MY 7|HMY 87|-MY &S0 &H B7tet A=, UF-MAY-QIF0| SAI0 TIHE MEfLL
SESITE O AI™OlE FAY A0 H30| Al2tRl HEIHH)0] 0 %}, 2 F F 33 %, MU
84 %2 SAULCE HHH JHEl 27 U M HEZ 71Xl 2020/21 2 Yl ME20| 2T LA, JHUMK| He

rlo mio

||
0l0
~

YrUC=E= HE JE7F SBEX| FUAN. 219 AHHSL DSM 0] 7HE M Yol EH HyS B
TRZ Eoig + USS 2Y ACE, #UF HIEE =0/ FH Azt ZgotH 7K 230 EQst
o oH UHCZ =EE 4 Us A2E J|HEM. Lot 2 A20M sl 2Y-Jolf 0]
oiOtCt O{2A E2AI=XIE XlAlots £ ol4O| NM2= E#EE + Us A= 7|HEL.

AMAL

2 7 1) MUSHRARY HAVIESSLAY Q| XIS Lot +HASEMHS: RS-2025-25443338,
KOPRI ZtH[#HS: PN26150); 2) sia=AR0] SX|¢TA XS ot Y= RS(KOPRI UHIHS: PE26040).
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A Spatial-Temporal Graph Transformer for Space Collision Risk

Assessment and Decision Support in Space Situational Awareness

Birir Sospeter Kipchirchir*, Z&3 2, Zmts#

0 HREISS, 22 M

1_;IQ_A|:H

—

Jon
il

u Al BEHIARRICH SXMINStw AlL.SW SHR(ARESSHS)
* I AMXXE: pkkim@chosun.ac.kr

Spacecraft conjunction assessment requires reliable risk estimation from heterogeneous
observations that may be incomplete, uncertain, or degraded. This study presents an adaptive
multi-modal temporal framework for spacecraft conjunction risk estimation that integrates
heterogeneous conjunction evidence while explicitly modeling predictive uncertainty and evidence
sufficiency. The proposed approach represents each conjunction as a variable—length temporal
sequence comprising temporal-risk, geometric, orbital, uncertainty, environmental, and
observation/object information. Modality—specific temporal encoders are followed by cross—-modal
attention, reliability and conflict estimation, and a soft adaptive routing mechanism that dynamically
weights predictive, reweighting, and refinement pathways. The framework jointly predicts
continuous conjunction risk, high-risk probability, predictive uncertainty, and evidence sufficiency.
A controlled evidence—degradation procedure is further introduced to evaluate model behavior
under systematic perturbations of modalities, timesteps, and features.Experiments are conducted
on a fixed event-level split containing 11,942 conjunction events, with 1,792 events reserved for
final testing. On the test set, the proposed framework achieves a mean absolute error of 3.181 and
root mean squared error of 5.623 for continuous risk estimation, with a Gaussian negative log—
likelihood of 2.821. The high-risk classification head achieves an F2-score of 0.662, precision of
0.377, recall of 0.816, and PR-AUC of 0.558. Predictive uncertainty exhibits positive association
with observed absolute error, with Pearson and Spearman correlations of 0.651 and 0.732,
respectively. Under controlled evidence degradation, MAE increases from 3.181 to 7.092, while
evidence sufficiency decreases by 0.488. These results demonstrate the potential of adaptive
multi-modal temporal modeling for risk estimation under uncertain and incomplete conjunction

evidence.

AMA}

This work was supported by the Institute of Information & Communications Technology Planning &
Evaluation(lITP) grant funded by the Korea government(MSIT) (No. RS-2026-25580620, CSU AX
Deep Tech Bridge Center)
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224 QU H(floating photovoltaic) AARIS X HHES YShME 491 U BX0| OFHHO! XX
U SAS AEGOF SICh T2t 914 RS JIMO| 47 XBE TY S AF PRS0 o5 LS
SHH X2 ATR M4XIZ Q28 Jt54S WESID UCh 023 288 WXGP| s 44 2212
ROl B2AN SNOIZ WS DAY JE XIS 2R J|¥S MOGIAN. O flof e

T es 3sAHATPME (European Commission's Joint Research Centre)2| Global Surface Water

HOIEHAIS 7|82 A 2229 JH X[EE FEot OHE of 1R9 7|okEd Ed8
AX|3F61EON THIAE AXEIRHS S8l 719 E7|(zonal statistics) BAIS E6f &8 TE W=
LHESIICE O|E HIERE 7| SE0| ME XX J|27(7t EXMol= ot #H0| HESH NHeX|E
TEol=s HAEE Mo, HY ZYAE(random forest) LU2|EN MEs5IH Y sk& LU BEFRE
3ot A7 Zuh e F XY E4S Zge ZE2 HEE ofNe RERE gUECE SHloty
MEX| 2 2400 et 27 ZUE TEOINCH, SUHEE 7|89 XSatel FRA E{YEUX FHIX|
Tt JtseE Soloiunt. E% &Y oo At #2| 3 S QMEAHE X AAH-0 |5
SHRE & QI2 102 J|fEICt

AMAL

2 HH(ZEUS)= 2026 U UKE Y BMIIAQ AR FAMAHMES] XS =L HE
K|GME QUTHAMH A (W) 22 LICH2026-ANCHOR-02-003).
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