F36[E B ARFHMIKFRFBER

mEZE R

GEOINFORUM-2025 Annual Meeting Abstracts

B  BF: 2025568268 (K) - 278 (%)

P
St

 RKIRAIKRFE HA4 T URR—)L (KR)

E  # BXRBEHMBKER
® & BFRMEYR FHRHEFEMANS



FRIRERE
A coupled hydrologic modeling framework for drought evaluation in New Mexico -+ Huidae Cho * Abdullah Azzam 1
FEHHIEREISE « T2 0 ZALETOED Y & TAUD D 0D kLol R oot
................................................................................. K fEsR - PRI RS - BFadE - KE DD 3
— R
GIS-Web-GIS
S TTHD 1 MG S N VT S OB --oeeeeeeeeeeeeoo JIAR KAE « U - TEE BE - POIE B S
S L AR B A JL L BB BT L Th e e e TR R 7
SWRITTHI TSR A b THARDHITE T | [T o0UN T rrrrrrrrrreeereereemiii ettt e 9
BE ) L OHITE » HVEL L AL ORISR - eerrerrmmrmn et wE HA - BEZE PEA 11
AT =R FA =T T R LTSRS E U A 7 OYIGER oo AT =B 13
RS TO AT —Z DAT LA LT FR & Z ORI B RE DB AR FBEE 15
JE—bUIVT
TILF AT RILT AT e AN T R U i oo
....................................... KB W) - A %ué-‘d::‘[{] KA+ LA g{ﬁﬁ.ﬁ%# KE - HE FRL - hE B 17
WY B— By AN LT 5 HITAIT 35 1T 2 HIZARE S DD HETE - v eeeeeerermmmn e e et
........................................................................................ G OB - fEHE O - AR M- i B 19
Ve % I L7 IR BIE A~ M LSHEEO ML Y E— b2 VB~ & REEERRE - ororeeereeee
...................................................................................................... PR I - AR KB - i IR 21
#iE-
BEFEMTT 1 DRUEHT B L BT 70 B S0 T RO A & A P BT OOBEIAEEL v reevnesenecnnecn
................................................................................................................... WA AZET - B 1ES 23
W T 12 350F 2 AT R EE M 0D JE KR & BB DD BB FEE oo eeeeeeemmmi e ettt
................................................................................. HiE o8- A B - v HFvia SHIL 25
T—HR—R
Mg LA e AR — ) o 7 ST — 2 OBURGHT LA TFAE oo PRI fl— - OKIER W ROA L 27
HUJB AL BZE DT A R IZI T BT —F T R0 A L R S/ AT In s e ettt ettt
........................................................................................... TR 6« Bl 1Al - Kbk 2 AR 29
E R
360 EENEINC LD U T VT o« %% 7F v ffi 2 IO TR AR Do ovveeeeeeeeeees
.................................................... fﬁﬁ High « 57 (H:':ﬁé.iﬁfﬁ‘ B - FRAE A« AAR KA - fEH B 31
B RS A AT (NeRF) 2 VN7 LI T & BT LT o0 U N T reeeeereeeeeee ettt
........................................................................................ FSE KHE - S| iERE - K Ok - B 3 33
WERE EERR

[lluminating 3-D rheology of weak volcanic arc of NE Japan from postseismic deformation of the 2011 Tohoku-oki

earthquake ............................................................................ Sambuddha Dhar . Youichir() Takada . Jun Mut() 35



fRIrFix-IGA
Assessing slope failure susceptibility in volcanic ash terrain of southeastern Hokkaido ««««+vverrrrerererrrrmereinieinieinne
.......................................................... ZlChltO Jomane . Daisuke Miura . Tatsuya Nemoto . Venkatesh Raghavan 37

Multi-criteria evaluation of groundwater potential zones in Abuja (FCT) using Analytical Hierarchy Process: A pathway to

sustainable Water ManagemEnt -« -« xxxerererrs e Danlami Ibrahim * Tatsuya Nemoto * Venkatesh Raghavan 39
Evaluating shoreline prediction models with pre- and post-2024 Noto Peninsula earthquake satellite imagery ««-«---coroveeeeereeees
................................................................................... Job Thomas - Tatsuya Nemoto + Venkatesh Raghavan 41
ETE Berggren R4 N2 TR S OFEHT —Kersten (1949) FA (1948) L IE R 72 Z LIT K DFER — e
....................................................................................................................................... ER = 43
b B N B N L - . o, ZN S ) I 45
ALy TGN UTe P E S O BGR R AT TR oo H MR - AR KRR - i ] 47
A O BRI R B 5 16 O L AR R A BE B DA oo A b - T N - NG IR 49
FEHEAL ML S R 2 e 2 T L B BRI DTG T T R DHERE - +eeeovvveeeesmereee et
........................................................................................ I B - ITE ERE - E M 50F - e 51

Uncovering vertical controls on tin mineralization through PCA and MAF analysis: Toward future applications in geometallurgy--
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Raharisolonjanahary Rindraniaina Sylvie + Katsuaki Koike * Vitor Ribeiro de Sa

Mohamad Nur Heriawan * Slamet Sugiharto « Nur Rochman Nabawi *+ Anton Murtono 53

72 i B ELHIFE & R R SRR FE AR A 1 B3 TR KL I O VA S OHETE « ALVEE HURAR L T OB v
...................................................................................................... A BEflE - %R BfE - /i Tl 55
U e — I AR R A S T R LTS Y 2 B AT RS 7 SR LE OO BTG oo vveeomeeeeemnee et
““““““““ 28 BE— - RAE BTE - B 3B - /b TP - Chatchai Vachiratienchai + Weerachai Siripunvaraporn 57
ALY — NEERIEE TS T T 4 0B D A AT TR O ERZR o oeveeee e
........................................................................................... W% SOIR - BRRE AR - S/ VT - B SE 59
RRE—% K
TE K LK TR 31T B At — SR HUER AL 22 S 12 B3 2 R 72 B O BIRIHIAIRZE e
...................................................................................................................... Ml - KR 61
757 ZNARICE RN TN 6 ERE R B IR IS O MU ZEAL MR oo
................................................................................. S R - ARA - RUBTF v ia THUL 63
Tensor Voting % V7= DEM 2255 < HUZAFMN 5 D U =T A 2 k0 E B -+ veeeeeeeeneeei i,
................................................................................. Hikt ATE - B G - RV BT v a THTL 65
AR S 2 b g v A DT B RER PR T /L T R N FERE o oevee et
................................................................................. W B R B R ATy THTL 67
NA XTI ER N VT 2= 2 R VAT DT R DML S a L=t L
................................................................................. T BB ARA FEM - R B TF vl THTL 69
BRI L 2 T2 s BRI B 210D B B TRV BTG o vevemeoneene oo Bl AREE - R B 71
Sentinel-2 4 55— & % FIU V7= NDCIIZ £ B4 2 S O EEERBE DA v eevveermmeemeeeseeense e
................................................................................. ARES Pepk « ARA L - _XUhT v THUY T3
Wl STEAM HEEE R DL S 11 & H AN MM ZE A~ DA 5~T X NVEM 228 & U T8 e FRR APk~ -
................................................................................................................... K @Y - TE &R 75
Web N— X 3 IRTTHIEHAEET L E 2 —T O R : #1X] - X7 —v « FALOFRTFH e
...................................................................................................................... W bE HE - BE BLT 77
WElAL U 2 27 S O 7= 8 D RBEIFIZ 531 2 H1 F KD 3 U AR BT B IIFZE e veveemeeeeereeneieeeeeeeeeenee,

......................................................................................................... o R - KR R AR BT 79



BARICE DG T2 B3 B SV BETEND 0D 584 T 1 BB ST HI D BT HI G B~ R v
......................................................................................................... EH R AR B KR 81



CONTENTS

Special session
A coupled hydrologic modeling framework for drought evaluation in New Mexico««+-+-+* Huidae Cho and Abdullah Azzam 1

Geo-informatics: A road we have wWalked and WALl Walk -« -+« -« -« s ereeemementnntn ettt et ettt ettt eaeaeans

.............................................................. KenT. Murata’ Keiichiro FukaZaWa, Susumu Nonogaki and Yukari Kldo 3

General session
GIS*Web-GIS

Progress and current status Of VeCtOriZatiOn Of 1'50,000 Geological Map .....................................................................
...................................................................... Daisaku KaWabata, Junichi Miyazaki, El]l Saito and KaZuki Naito 5
Seamless EleVatiOn TileS and EleVatiOn DOWnlOader ............................................................... Y()Shiharu NiShiOka 7
About the 3D topographical information website "Japan's Topographical Landscapes" -« «-«-«xrrmrererereeees Fumio Nakada 9
The relationship between geology, topography and vegetation of Mt. Tatsunokuti-yama =« -« «-«ceeerereeeeeereee,
................................................................................................. Fumiharu Fukushima and YOuSuke Noumi 11
A case study of interpreting potential disaster risks on road slopes using open source and open data -----+- Saburo Kinoshita 13
Skill acquisition to display stereo pairs for point cloud data from dynamic viewpoints and to view them with the naked eyes -------

................................................................................................................................. Kunihiro Ryokl 15

Remote sensing
EXtraCtiOn Of Oak Wllt disease using multispectral (o300 1s v R R R R PR PR PR PR PR
"""" Go Yonezawa, Tomoki Takeda, Daisuke Yoshida, Michito Yamanaka, Taiki Fujii, Chikara Yoshimine and Naoki Date 17
Estimation of geothermal structure using vegetation remote sensing in a caldera topography « -« -+« «crererrrrrreereeinee,
..................................................................... Kakeru Miyazaki, Naoya Hukuta, Talkl KllbO and Katsuaki KOike 19
Application and accuracy verification of a nonlinear spectral unmixing method for geologic remote sensing imagery by considering

spatial information ............................................................ Masahide KiShimOtO, Talkl Kubo and KatSuaki KOike 21

Mathematics and logic
Discrete expression of species range zones and biostratigraphic units estimated by micro fossils content of samples in an outcrop
SECHION * 7 ¢ w v v v e r e e e e e e e et et e e e et e e e Kumiko Yamaguchi and Kiyoji Shiono 23
Mathematical expression of scarp and main body of slope failure area in gEOmMEtric SECHION =+« +-xxrvrrrrrrrrrrrrererereraiieeeeees

............................................................................. Mitsunori Ueda, Tatsuya Nemoto and Venkatesh Raghavan 25

Database
Current analysis and utilization methods of borehole data exchange for stratigraphic correlation -+« -« «-«xwxororrrerrrrrereeeeeeees
..................................................................................... Kenichi Sakurai’ GO YOneZaWa and Tatsuya Nemoto 27
Data management System for Site inVeStigatiOn il'l geological disposal prOjeCtS ..............................................................

.................................................................... Hlkarll NiShiO, HirOnOri OHOC, YOlChl OShirO and Kozue lShlbaShl 29

Image Processing
Case study of civil engineering structure inspection using reality capture technology with 360-degree video -+« -« «--wovoveeeeeeees
"""""" Satoshi Kagamihara, Hiroyoshi Tachikawa, Tomoki Shiotani, Hisafumi Asaue, Taiki Kubo and Yoshihiko Fukuchi 31
On-site reconstruction and analysis using free-viewpoint image generation technology based on Neural Radiance Fields (NeRF) --

................................................................... Dalkl Katahira’ HirOyOShi TaChikaWa, Keita Amo and Ryo HOShinO 33



Geophysical survey and observation system
Illuminating 3-D rheology of weak volcanic arc of NE Japan from postseismic deformation of the 2011 Tohoku-oki

earthquake .......................................................................... Sambuddha Dhar’ YOuiChirO Takada and Jun Muto 35

Data analyses and applications

Assessing slope failure susceptibility in volcanic ash terrain of southeastern Hokkaido ««««vveeerrrrrreeeeins
.......................................................... Zichito Jomane, Daisuke Miura, Tatsuya Nemoto and Venkatesh Raghavan 37
Multi-criteria evaluation of groundwater potential zones in Abuja (FCT) using Analytical Hierarchy Process: A pathway to
sustainable water management -+« -« crcc e Danlami Ibrahim, Tatsuya Nemoto and Venkatesh Raghavan 39
Evaluating shoreline prediction models with pre- and post-2024 Noto Peninsula earthquake satellite imagery ««-«-«-«--ovoeeeeeeeees
.................................................................................. Job Thomas, Tatsuya Nemoto and Venkatesh Raghavan 41
Analysis of frost depth using modified Berggren formula - Result caused by mistaking Kersten (1949) for (1948) formula---------
................................................................................................................................. MaSaZO Takami 43
Hazard assessment based on pumice drift simulation -« «-----roreeereerereeeeees Tatsu Kuwatani and Haruka Nishikawa 45
Modeling of terrestrial heat flow distribution throughout China using stacking method - -« -« xorerrrrreeeeens
............................................................................................. Wel Runqian’ Talkl Kubo and Katsuaki Koike 47
Extraction of chemical compositional features of granitoids related to formation of hydrothermal deposits in Japan «----------------+
............................................................................... Takuya Taniguchi, Michiharu Enatsu and Katsuaki Koike 49
Estimation of formation process of hydrothermal deposits through reactive chemical transport simulation -« -« «-«---xororereeeeeees
.............................................................. Suguru Suyama’ MlChlharu Enatsu’ Shohel T()mita and Katsuaki KOike 51
Uncovering vertical controls on tin mineralization through PCA and MAF analysis: Toward future applications in geometallurgy--
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Raharisolonjanahary Rindraniaina Sylvie, Katsuaki Koike, Vitor Ribeiro de Sa,
Mohamad Nur Heriawan, Slamet Sugiharto, Nur Rochman Nabawi and Anton Murtono 53

Inferred geological structures on the flanks of active volcanoes based on aerial photographs and time-domain electromagnetic
surveys: A case study of Shiretokoiozan Volcano, Hokkaido, Japam«--+++++««xxxeenseererrmmiiiiinii
............................................................................. Mutsunori Yamam()to, Tada_nori Goto and Katsuaki Koike 55
Development of an inversion method for reproducing subsurface resistivity structures with sharp discontinuous boundaries --------
......................................................................... Keiichi Ishizu, Tada-nori Goto, Yukitoshi Fukahata, Katsuaki Koike,
Chatchai Vachiratienchai and Weerachai Siripunvaraporn 57

Sparse inversion approach for surface wave attenuation tomography in COMCIELE <« -+« «w«xxxrrrrrrrrrrsrrrrrrerrt e

................................................................... Wenxu Sun’ Hisafumi Asaue, Tatsu Kuwatani and TOmOki Shiotani 59

Poster session
Theoretical and observational research on heterogeneous geochemical equilibria in the hydrothermal system of active volcanoes -
........................................................................................................ Takumi Akiyama and Shinji Ohsawa 61
Fractal dimension analysis of topographic changes caused by the 2024 Noto Peninsula earthquake <« -+« +coevreeererrseneeeeeee.
........................................................................... Haruki Takahashi’ Tatsuya Nemoto and Venkatesh Raghavan 63
Automatic lineament extraction from DEM-derived terrain features using Tensor VOoting <« -« ««-worvrrrrrrorreereeieeeeees
.......................................................................... Kosuke Nakamllra, Tatsuya Nemoto and Venkatesh Raghavan 65
Implementation of a dynamic routing algorithm using urban flood SIMUIAIONS =+« ++«+++==+rssrremrreseerte
................................................................................... Yukl Sakai’ Tatsuya Nemoto and Venkatesh Raghavan 67
EVaCuatiOn simulation using a multi_agent System Wlth hlklng funCtiOnS .....................................................................
.................................................................................. MOe Hirata, Tatsuya Nemoto and Venkatesh Raghavan 69
Development of an automated method for detecting intragranular cracks in quartz grains in sandstone using image analysis «--+-+-+

.................................................................................................... Ayuml Nakagawa and Shln-lchl Uehara ’71



Assessment Of coral health by NDCI using Sentinel-Z satellite data ............................................................................
............................................................................... Kaisei Hattori’ Tatsuya Nemoto and Venkatesh Raghavan ’73

The launch of the marine STEAM initiative and its contribution to the Geoinformatics - A novel interdisciplinary challenge initiated

by dlgltal teaching materials P Yukari Kldo and MQriO IChihara 75
Enhancing a web-based 3D geological model viewer: Implementation of map, scale, and orientation -« «««««-««xerererereereeeeeees
.................................................................................................... Susumu NOnOgaki and Sakurako Yabuta 77
3D distribution analysis of groundwater for liquefaction risk assessment in the Osaka Plain:««-««covveeeerereermeen
...................................................................................... Takumi DOWaki, Go Yonezawa and Kenji SugimOtO 79
Prediction of solar panel waste generation caused by natural disasters and its impact on landfill capacity «--------v-ererermrereeeeees

....................................................................................... KaZuhirO Ueda’ Kenji Sugimoto and GO YOneZaWa 81



36 HER 001-002 2025

A Coupled Hydrologic Modeling Framework
for Drought Evaluation in New Mexico

Huidae CHO and Abdullah AZZAM

Department of Civil Engineering, College of Engineering, New Mexico State University,
3035 S Espina St, Las Cruces, NM 88003-8001, United States E-mail: hcho@nmsu.edu

Key words: Surface-subsurface hydrologic coupling, Hydrologic modeling framework, Open source.

1. Introduction

New Mexico is the sixth fastest-warming state in the
United States and faces increasing challenges in
managing its water resources amid growing hydroclimatic
variability, including more frequent and severe droughts
(Union of Concerned Scientists 2016). In regions like the
Rio Grande Basin, where snowmelt-driven surface flows
and groundwater withdrawals serve as the primary
sources of water for both municipal and agricultural
needs, understanding the dynamic interactions between
surface and subsurface hydrology is critical for
sustainable water resources management and planning.
Despite the critical need for integrated water resources
modeling, there are, to our knowledge, no existing efforts
in New Mexico that couple surface and subsurface
hydrologic models. To address this need, we developed a
coupled modeling framework that integrates the Variable
Infiltration Capacity (VIC) model (Hamman, et al. 2018)
with MODFLOW 6 (Langevin, et al. 2017). In this
abstract, we highlight the methods used to implement
this new coupled modeling framework, which is still
under active development.

2. Coupling Methods

We used data from two existing models: (1) a
Contiguous United States (CONUS)-scale VIC model
(Yang, et al. 2019) and (2) a Lower Rio Grande
groundwater model (Hanson, et al. 2018).

Yang, et al. (2019) developed the 1/8-degree VIC model
and calibrated its parameters. They then downscaled the
calibrated model into 1/16-degree for evaluation. However,
this downscaled resolution is still insufficient for
statewide analysis, so we further increased the spatial
resolution to 1/32-degree (approximately 3.375 km) by
subdividing each 1/16-degree grid cell into four smaller
ones after clipping the original model to the state
hydrologic boundary. Their calibrated parameters were
spatially interpolated using GRASS (Neteler, et al. 2012).
We wused the Parameter-elevation Regressions on
Independent Slopes Model (PRISM) and Mountain
Microclimate Simulator (MTCLIM) to generate weather
forcing data for the simulation period.

Hanson, et al. (2018) used the MODFLOW One-Water
Hydrologic Flow Model (MF-OWHM) to develop the Rio
Grande Transboundary Integrated Hydrologic Model
(RGTIHM) for groundwater modeling of the
transboundary region between the United States and

-] RGTIHM Extent ®  WEL_MNI_MX
Wells General Head Boundary

®  GHB_MXS
.

®  WEL_DOM_NM ®  GHB_EPNarrow .
.

GHB_MXSE
GHB_MXSW

®  WEL_DOM_TX ®  GHB_fimore

GHB_MXW

Figure 1. Modeling extent of the RGTIHM with general head
boundary, wells, and horizontal flow barrier packages. The inset
map is available at httpsi//en.wikipedia.org/wiki/Rio Grande
under CC BY-SA 3.0.

Mexico near the Lower Rio Grande Basin. Figure 1 shows
the spatial extent of the RGTIHM. The spatial resolution
of this model is 201 m. We migrated the RGTIHM to the
latest version of MODFLOW (MODFLOW 6), which
provides two important capabilities compared to its
previous versions: (1) parallel simulations and (2) the
eXtended Model Interface (XMI). The scope of this project
covers the entire state of New Mexico, making
computational efficiency essential for effective coupling
and parameter calibration. MODFLOW 6 supports
distributed computing via the Message Passing Interface
(MPI), enabling large-scale groundwater simulations in
High-Performance Computing (HPC) environments. Its
XMI is based on the Basic Model Interface (BMI),
originally designed to standardize model interfaces across
different modeling systems. This interface exposes the
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=
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Figure 2. Conceptual diagram of VIC-MF6 coupled hydrologic
modeling.

internal components of MODFLOW 6 so modelers can
control simulations both between and during timesteps.
We used this capability to tightly integrate the VIC model
within the MODFLOW 6 modeling framework. Figure 2
shows the overview schematic of the VIC-MODFLOW 6
(VIC-MF6) framework for coupled surface-subsurface
hydrologic modeling.

VIC supports two different input and output data
formats “driven” by the classic and image drivers. The
classic driver uses text files for input and output, whereas
the image driver uses the NetCDF format. Beyond data
formats, the key distinction between the two drivers lies
in their processing order: the classic driver iterates over
all timesteps for each grid cell (i.e., time over space), while
the image driver iterates over all grid cells for each
timestep (i.e., space over time). The coupled modeling
framework requires the space-over-time processing order
because both models must advance synchronously in time,
exchanging hydrologic fluxes at each timestep for the
entire modeling domain.

We used Python to implement the coupled modeling
framework. Because the spatial resolutions of both
models are different, we incorporated a geospatial
procedure within the framework for upscaling and
downscaling of hydrologic fluxes from both models. This
hydrologic scaling procedure involves a spatial join of the
two model grids, distributing coarser-resolution VIC
fluxes to the MODFLOW grid, and lumping finer-
resolution MODFLOW outputs for VIC input. The
procedure was implemented using various GRASS GIS
modules.

3. Future Work

Both VIC and MODFLOW 6 models support multi-node
distributed modeling using MPI. However, the current
implementation of the coupled modeling framework does
not yet support parallelization because incorporating
parallel execution while maintaining synchronized time
stepping and data exchange between the two models
introduces additional complexity that is still under
development. Figure 3 presents the proposed architecture
of the planned distributed modeling framework,
extending beyond the basic coupling of surface and
subsurface hydrology. In this figure, the entire spatial
domain is split into multiple tiles for distributed modeling.
Each modeling tile is simulated on one computing node
independently.

-

= I
N
="

-I:la’

Figure 3. Proposed architecture of the parallelized coupled
hydrologic modeling framework.

Although we began with -calibrated surface and
subsurface hydrologic models, the process of converting
and coupling them can alter their hydrologic behavior. For
this reason, we plan to recalibrate the model parameters
using the Isolated-Speciation-based Particle Swarm
Optimization (ISPSO) (Cho, et al. 2011) following the
integration of parallel modeling capabilities into the
coupled framework in the future.
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HERBLAfEE 2 WY E— R 203, R
D72 54 BIR KGN O IR A BRI T 5
TeDIZE G STV DL B LWEEIR O % L AME & [K
W2/ BT, MIEFRESLY O X RS RFERR A R O DL TH
5. K T OZERGRREDRIRD ., —fRIZANT My
B O — BB PITITEROMBEDEDNRET D720, HiF
EHLA D L0 AEE 2@, Bl S io A<Y bV
N ED XD B INRIE LTV D R W FRNTHICR O 5
EGAEENVEE L 72 5. 2 OERILEREIZAY F vy
B L i, FARM) 72 LSU (Linear Spectral Unmixing :
BIEART NGB OMIZ, IERIERI AR M Edh %
EELI-FIEICOWTHIER ST 5 (Bioucas-Dias et
al.,, 2012). F7z, TV EAMELS L2,1 ERME (Fi A/ —2
EHNR) o X5z, EMEREME Lz, K0 &EERAY
FVSHEEBBFE STV D.

T ZCARMFSETIX, BUKEEIWE LD BRI 5
TFIEEMESL L, NA X=X NVEBRT — XI5 O bE
WEINTDZ 2B ETD. TR0, BUKE G I
FNTATT B Mk 2 b U 3 FREAD /A /X— AT [ L]
BB IO~ LT AT MVEBRE R, BOKEESY DI
BRI IR AT N VIRAE L OGRS T 5 Hriz /e
ALy NVAYBER A TE T LTS, kGt o Buk S a8 o
HEEDA Rl 2 LT, A7 RV & i 7g 22
7 MV BEREDOEEWE R RRGE LT,

2. HAIRxIRIG & BT —42

KIE RS HER Cuprite #idsk 2 7 AT G2tk (258 A 72
Cuprite HUEJE 01X, 528 U 7% CHEZEDSB O 7 - rb
WThy, @Es50EREMPER SN TS, RE
Hix, BTV TRNPOHE ZAE TORL DEANLTR

0, BRI, B4V FA b, A= 7e EOBOKEE L
WIS IRFIFHIZ 3495 (Swayze et al., 2014). Cuprite Ml
T, HERESCZ <DV E— MU U TRITICL 5T
FKEHE OFMARRHENMTON TR, MBI FiEERET
HOICKETHD.

gt — 4 & LT, Hyperion, HISUI, AVIRIS 04+
VI L o TIRE SN SHEEDO AT MVEERE iz,
Hyperion Hi{g1X7 A U 7 & REHEREFIT(USGS) 232k
54T 47T v b7 +—24 [EarthExplorer] %i#%H
LT, EERRLDARV 201149 H 19 AfRE T, HEM
1EZ &t S IE 28 & A7 LT Hifg & s L7=. HISUI
WEITEENZ DR 20214E 10 H 1 HITRE SN, #
TEARIE & & F 22V IEARR 22 8Tl IE AN HE S 7z L1G |ifg ©
HY, REELEOMVMAL LTHESNHET —4
77w b7 —2n [Tellus) %#%H L CTHfS L. AVIRIS
W I R Y 7 F 7 =7 ENVI BT 560 T
HV, 2011 48 A 8 BT SN/ FmKH A7 b
g EFEH L. B2 X3FNEN 30 m, 20 m
15.5 m TH5. ATV T T2, 3FHED A
R—= AR VIR NE R D SR A AT RIS RR E LT

G sk & AT RIS & OV S 0 A & 1 KNSR
F72, AT MLSEED =01, USGS Ik » TAB &,
400 nm~2500 nm O EFFHD AT MV F A 7T Y & F|
AL, ZOART NAT—F &R /=T [ L
DR RIZEDLED OIS, BRI L > T
TV T EToT.

3. BmFE
3.1 AR bVEBRRTLEGE

AMFSE CfEH L7z Hyperion [Eif% & HISUT @&kt L, %
NENDOHEBRITHFFA O gain & offset ZFIH L, B EEZE



ik X OR& B CH 3 (TOA : Top of Atmosphere) ~MD%
#1717 > 7-. gain |3 Hyperion T VNIR:2.5X102, SWIR:
1.25X102, HISUI TVNIR : 1.0X102, SWIR : 3.2X10
3 Th Y, offset |F Hyperion T VNIR: 0, SWIR: 0, HISUI
CTVNIR: -10.0, SWIR:-3.2 T& 5. &IZ ENVI Ofiftr£
Ya—/®D—>Td»H % FLAASH (Fast Line-of-sight
Atmospheric Analysis of Spectral Hypercubes) Z i\, K
ROFEBE AN LTRSS AR MVICER L. S
512 MNF (Minimum Noise Fraction)% AT / A XfrE
ATV, BN —4 & L7, AVIRIS B O#RMET — & (3§
TIZHPLENHE SN TV D720, [EHEMITIC .
8.2 AR MorBEE

FARWIIR AT MVAEERE TH D LSU UL, S X
T MBI B AT SV O MBI B R R %
BEHETHHRE/ETHD EHETSH. LSU ET7 VT Y X
LADHET, HESREEICEN TS LW FRRH 5D,
HESSRKBRIEIC X DI RITBERRE S EEBIH
HEVIRELDD. FIZAIXTENERICE - T, BEDEL
T LSU OHEEREN R/ D Z ENEFESNTEY, Bo)
Tua—7 LG OEEY 3 mm BEL 2T OREDE
1t.23, RMSE (Root Mean Square error)}L#ET 7 fZLL Lo
WEOEZET ST (BARIZ)N, 2024). 20 L5 2IERE
RAEME LI AT MVSEEEE LT, BAMEEE L
LR PR & & # A & b ¥ 72 LCR-CLSU (Log and
Continuum  Removal-Constrained  Least Square
Unmixing) N 2L SN T % (Zhao et al., 2019). LCR-
CLSU LR O WA E O & BRI ORI E
WWERGITE £ D T~ b« XR— L OiERI @A Lz
B A, 35 X OIEMIBRZ S RMICHIE L2223 5
W R 2 TR C & 2 BIHARRE S RTLER & L THEE I,
ATALERR DT — & & FIVTHIKINS & 27 DA BEZAT S .
AKFFETIE, USGS AXJ " F A4 7 F ) Zhipkisy & LT,
L1 EHHEIC & D A2 bov4yk & Bifg 2RO SmpR Sy 2 —
THMEZFFO L2,1 EAKIZ L 2 A7 MLV SRBED ik %
1To7=. ¥7=, ADMM (Alternating Direction Method of
Multipliers : 23 A J7 [A13RIIE) & 5HHE T L2 U X AZTHW,
HAEAMN AR S Y.

4. BRELUBRE

fEMTRE R D — & LT, Swayze et al. (201DIZHES< H
AV FA N OMESA AL DHEFREEE 2 KT
5. WIRIZBW TS, Hyperion BIfgIC L 5 fENTHRS
RITBIR D 7 A AR RRIZEAL TV 523, HISUI Eifg &
AVIRIS W2 L D fENTHE R TIX, /A RO 7 W B
TV A S BPESNTZ. O FEIE, Hyperion B D
15 BHE F s HISUT {40 AVIRIS Hifg £ 0 & Kig/h &
WZ EITERT 2.

—7J7, HISUI Hitg & AVIRIS B4 % V- fBHT#E B 1T
A Y FA N EO—EHOPEWNTIBNT, FFAEREOBE/]S - i
KHEE DM H Iz, L2,1 IEAMEZ V2R R T b [FkE
Tholz. B4V FA MaHOREEE I 1E Veganzones et al.
Qo1 THIEFEINTEY, HEASLTOMOHE & A4
FA SOOI AR MV DORINARZ — U BEEEL TN D T
EPRFRIZE 2 65N D. M2 B EGRO AR+, &5
W2 EBREA O ) A OB RKOREEN S 5.
Hyperion Ef41%, ALBLIZBT 2R EHINTWVDH T
EDD, RENAY ROBRESCKIMIEIC R HE#REZ LY
FEANCHL AT, Z ERA[RETH Y, ZD7edEU Y )4 X
DOEBIHLLOD, W BIFICH AV FA Nz
ETEREEZLND. Lo, Bl E X v kb4 52

22

& T HISUT #&0 b OHEEREE 2217 ET& 5 afREMEIZH 5.

5. £&6H

ABFZETIL, NA/R—=Z7 bVEGE AV TR I
OWBIREE N &2 B L, File AT MSEEFRIE A
A UTc, 205, BRI OS540 & G 3 2 lBIRER 115
LIS, — B OV TR TEE B OB/ N8 K
ARBD BN, ZOHERE LT, KA ML
SEREEICKTT DRIMEO RS EIRNEZ NS, Th
DOBERFFERLI bR LUEFIEALHERL, L0 EM
YR LTSI T D 2 E NS B ORETH D,

117°30W 17°10W 116°50W

T T - A
511X kPGl L ARMTIEIR O F L. (a) Hyperion,
HISUI, AVIRIS @it —4 @ CIE 1931 &84 % v 7=
RGB Eifg, (b) fiElrst@ kot 2 HISUL 7 — 4 Ofiik
Mif%, (c) Veganzones et al. (201412 L % #i R mak /n i
Zb)cENT-

I Kaolinite W= Kaolinite and/or other minerals

W NTIEW ITEW NEEW UTIRW Tew
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HTHW  HTIW T 0W NTEW  UTIZW  UTlew
HTW  TI7I2W oW NFHW  OTFIZW 1710w

N
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Ul
HPW  7I2W Nlow 7w [TERITS

%5 2 X Veganzones et al. (201)IZESL AV FA FD
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1. Introduction

Past geodetic studies in the 2000s have indicated localized
concentrations of high crustal strain rate along the volcanic
front of NE Japan (Miura et al., 2004). These local
anomalies of strain rate are often correlated to low viscosity
zone (LVZ) beneath the Quaternary volcanoes along the
volcanic front of NE Japan. The LVZ refers to the small-
scale bodies of weak mantle material in the lower crust-
upper mantle. Following the 2011 Mw9.0 Tohoku-oki
earthquake, InSAR observations and GNSS analysis
detected local ground subsidence in and around the five
Quaternary volcanoes of NE Japan: Mt. Akitakoma, Mt.
Kurikoma, Mt. Zhao, Mt. Azuma, and Mt. Nasu (Takada &
Fukushima, 2013; Muto et al., 2016). Although several
studies hypothesized the LVZ causes these local ground
deformations beneath Quaternary volcanoes, the dimension
and rheology of such LLVZ are still poorly understood. Here,
we analyzed the GNSS observations after the 2011 Tohoku-
oki earthquake and identified localized areas of postseismic
strain around the five volcanoes. To explain such localized
postseismic strain, we investigated the three-dimensional
structure and rheology of LLVZs related to the five volcanoes
(Dhar et al., 2025).

2. Localization of postseismic strain rate

To understand the spatial distribution of the postseismic
strain rate in NE Japan after the 2011 Tohoku-oki
earthquake, we extracted the short-wavelength strain rate
from the GNSS measurements (2012-2014) provided by
GEONET stations. We applied a moving average filter
(Meneses-Gutierrez & Sagiya, 2016) to the postseismic
GNSS velocity field to remove their long-wavelength
components. Then, we used the remaining short-
wavelength components to calculate the strain rate field by
the method of Shen et al. (1996). The spatial distribution of
postseismic strain rate (short-wavelength) illustrates the
localization of (dimension of 80 km in both arc-parallel and
arcnormal direction) postseismic contraction near five

Quaternary volcanoes, embedded in the background of
extension (areas marked in blue side of colormap, Figure 1,
Dhar et al., 2025). This localization of strain contraction is
due to the faster relaxation of coseismic stress changes than
the surrounding areas. Such anomaly in stress relaxation
rate indicates the presence of low viscous material (as in
LVZ), which has a shorter relaxation timescale.
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Figure 1: (a) GNSS observations after the 2011 Tohoku-oki
earthquake (b) Short-wavelength postseimic strain rate (after Dhar
et al., 2025).
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3. Three-dimensional LVZ model

To explain the localized postseismic strain near the five
Quaternary volcanoes, we constructed the three-
dimensional rheological model of LVZ near the five
volcanoes (Figure 2). We discretized the LVZ into cuboid
elements to calculate the earthquake-induced deformation
strain based on the semi-analytical Green’s functions (see
details in Dhar et al.,, 2022 and references therein). We
consider the LVZ to be a viscoelastic material whose
deformation behavior is defined by power-law Burgers
rheology. Using the postseismic strain rate as a constrain,



we explored the dimension, shape, locations, and effective
viscosity of LVZs beneath the five volcanoes. The key
findings of our study are as follow: (1) Our results suggest
that most LVZs are located at depths of 15 to 55 km in the
lower crust-upper mantle. These LVZs may represent
viscoelastic heterogeneities which is a deeper extension of
shallow elastic heterogeneities (< 5 km) inferred by previous
studies (Takada & Fukushima, 2013). (2) Most LVZ models
exhibit narrow tops (~20-40 km width) and wider roots
(~100 km width). Such arc-normal shape of LVZ is also
inferred by past seismological studies (Nakajima et al.,
2013). Furthermore, the LVZ shapes vary from volcano to
volcano and the LVZ dimensions are limited to ~80 km in
arc-parallel direction. Therefore, our result infers an arc-
parallel heterogeneity in subsurface rheology along the
volcanic front of NE Japan. (3) The effective viscosity of LVZ
is estimated to be ~1017 Pa-s and ~1018 Pa-s in the transient
and steady-state postseismic deformation, respectively. The
effective viscosity of LVZ (~10'® Pa-s) is one order of
magnitude lower than the average viscosity of the lower
crust-upper mantle.

°
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Figure 2: The 3-D rheological model of LVZ near five Quaternary
volcanoes (after Dhar et al., 2025). Inset shows the spring-dashspot
representation of power-law Burgers rheology model.

4. Conclusion

We found the localized postseismic strain rate near the five
Quaternary volcanoes of NE Japan, utilizing the two years
of GNSS observations after the 2011 Tohoku-oki
earthquake. To explain such localized postseismic strain,
we developed a 3-D rheological model of LVZ near those five
volcanoes. Our results suggest that these LVZs have narrow
tops, wider roots, and ~80-km arc-parallel dimension. They
are located at the 15-55 km depth beneath the volcanoes. As
their shape and viscosity vary among themselves, they
highlight the arc-parallel rheological heterogeneities of the
volcanic arc of NE Japan.
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1. Introduction
Slope failures in volcanic ash terrains pose a significant
hazard in Hokkaido, especially in the Iburi prefecture,
where a recent slope failure with volcanic ash materials
was triggered by the 2018 Ibura-Tobu earthquake in the
region (Kawamura et al,2019). Up to 40% of the
Hokkaido area is covered by pyroclastic materials
(Machida et al, 2002). Pyroclastic layers typically have
lower strength than the underlying rocks, therefore, slope
stability 1is compromised, leading to devastating
consequences. Excessive rainfall or strong earthquakes
collectively trigger the occurrence of these events. Slope
failures occurring in such unstable volcanic ash terrains
pose significant threats to human life, infrastructure,
economic assets, and long-term damage to the regional
ecosystem (Kawajiri et al, 2024). Although there is a
widespread application of GIS-based slope failure
modelling in Japan (Kohno and Higuchi,2023), there is
limited research focusing specifically on volcanic ash
dominated terrains especially using AHP-based spatial
analysis. This gap is critical given the wunique
geotechnical behavior of tephra deposits (volcanic ash)
and their vulnerability during heavy rains or seismic
events.
The study aims to:
(A) Derive topographic and hydrological factors
using a Digital Elevation Model
(B) Assess and integrate the influence of volcanic
ash characteristics (cohesion, shear strength,
ash thickness factors contributing to slope
failure.
(C) Map areas susceptible to slope failure in
pyroclastic terrain.
(D) Develop a Web-Map service for geo-visualization.

2. Significance and Contribution

Our study aims to assess slope failure susceptibility in
pyroclastic environments using a GIS-based AHP
framework to support disaster risk mitigation. The
results will clarify the relationship between rock and soil
strength in relation to tephra deposits. Practical
outcomes include: (a) tools for identifying high-risk areas
for use by governments, planners, and developers, and (b)
support for implementing early warning systems.

Future research may integrate additional data sources
such as remote sensing and ground-based sensors.

3. Study area

The study area covers approximately 645 km?, consisting
of the towns of Abira and Atsuma in the Iburi
Subprefecture, southwestern Hokkaido. The region is
highly vulnerable due to its steep terrain, active tectonic
features, and thick Quaternary tephra deposits overlying
basement rocks.
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Figure 1: Study area map and associated volcanic fields,
highlighting the Toya, Shikotsu, and Kuttara calderas.

3.1 Data and Methods

Lithological data were obtained from the Geological
Survey of Japan's Seamless Digital Geological Map. The
landslide inventory from the September 2018 earthquake
created by Kita (2018) is available on
(https://github.com/koukita/2018 09 06 atuma). The
10m Digital Elevation created in 2019 was obtained from
the Geospatial Authority of Japan. This study will utilize
a GIS-based multi-criteria decision analysis framework,
employing the Analytical Hierarchy Process (AHP), to
facilitate weighting of factors. There is no single factor
that exclusively influences the event. Therefore, each
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factor will be weighed based on its importance. QGIS and
Jupyter Notebook environment will be utilized to achieve
objectives.
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Figure 2: Methodology Flow Diagram

4. Preliminary results

The 10m resolution DEM was used to derive key terrain
factors (1), specifically the Topographic Position Index
(TPD), to identify landforms such as ridges and valleys.
TPI values in Fig.3 range from -106 to 166m. Higher

values correspond to ridge tops and peaks. In contrast, the
strong negative values correspond to deep valleys. The
mid-range values correspond to gently sloping terrain.

A

N

Value
e High : 166

0 5 10 20 Kilometers B Low - 106

Figure 3: Topographic Position Index

(2) Topographic Wetness Index (TWI) was used to estimate
potential water accumulation and soil saturation. As shown
in Fig. 4, high TWI values are concentrated along river basins
and low-lying terrain, indicating hydrological convergence
zones where water tends to accumulate. These areas are
likely to exhibit increased soil moisture and reduced shear
strength, making them more susceptible to slope failures. In
contrast, low TWI values, represented in blue, are
predominantly observed on upper slopes, which are typically

drier and thus less prone to saturation-induced failures.
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Figure 4: Topographic Wetness Index

5. Plan of Action

The next step involves collecting substantial data
(geotechnical, etc.), refining and pre-processing it, and
conducting fieldwork to collect samples, as well as
performing laboratory testing.
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1. Introduction

The global demand for freshwater is increasing due
to climate change and anthropogenic activities
(Déell et al., 2012). A significant portion of global
water needs for domestic, agricultural and
industrial use, is met using groundwater, which
makes it essential, especially in Sub-Saharan Africa.
While Africa holds vast groundwater reserves, rising
population growth and rapid urban development,
particularly in Nigeria, are putting considerable
stress on this crucial resource. Abuja, the Federal
Capital Territory (FCT), has seen its population
grow by over 400% in the past twenty years, leading
to an increased reliance on groundwater, especially
in rural communities where surface water is scarce
(UN DESA, 2022).Previous assessments of
groundwater in the FCT have mainly utilised
Vertical Electrical Sounding (VES) methods without
incorporating comprehensive hydrogeological and
climatic datasets, which restrict their spatial
accuracy and reliability when considered on a large
scale. This study presents an improved
methodological framework by integrating eight
essential factors, such as rainfall, depth to bedrock,
geology, elevation, landuse/landcover (LULC),
distance from river, drainage density, and lineament
density, using Geographic Information system (GIS)
technology and the Analytical Hierarchy Process
(Saaty, 1980).

An important innovation in this study is the
validation of the groundwater potential zone
(GWPZ) map by utilising actual borehole yield data,
thereby enhancing its empirical reliability. Remote
sensing and GIS facilitate effective spatial analysis
across complex terrains at a minimal cost.

The main objective of this research is to:

1. Integrate geophysical, climatic and geospatial
datasets for groundwater potential zone
mapping

2. Use AHP for multi-criteria decision-making
analysis.

3. Validate the GWPZ findings through empirical
borehole yield data.

2. Significance and Contribution

This research presents a validated method for
identifying groundwater potential zones (GWPZ) in
Abuja, Nigeria, by integrating geophysical data,
geological information, and environmental factors
using GIS and the Analytical Hierarchy Process
(AHP). A significant element is the empirical
validation of the GWPZ map through borehole yield
data using the SRC Curve and ROC curve analysis,
which enhances model reliability.

The study addresses gaps in previous methodologies,
particularly in areas of subsurface integration and
validation. It offers a scalable, cost-effective
framework for other complex and data-limited
regions.

By aiding groundwater exploration and
management, this research directly supports the
achievement of Sustainable Development Goal
(SDG) 6 (Clean Water and Sanitation) by providing
a valuable tool for decision-makers in managing
water security in rapidly urbanising settings.

3. Study area

Abuja, which serves as the Federal Capital Territory
(FCT) of Nigeria, is situated between latitudes 8°21'
- 9°18' N and longitudes 6°45' - 7°39' E, covering an
area of approximately 8,000 km? and featuring an
average elevation of 476 m above sea level. The
region is part of the savannah ecological zone and
experiences a tropical climate characterised by a dry
season from November to March and a wet season
from April to October, with temperatures ranging
between 30°C and 37°C during the dry months.
Geologically, around 85% of Abuja is underlain by
the Precambrian Basement Complex, while the
remaining 15% consists of Cretaceous sedimentary
rocks from the Bida Basin. Key lithological units
present include the Migmatite-Gneiss Complex,
metasedimentary belts (such as schists and
amphibolites), Older Granites, and the sedimentary
deposits of the Bida Basin. The study area features
a dual-aquifer system comprising weathered
regolith and fractured basement rocks. The



distribution and movement of groundwater are
affected by lithology, soil characteristics, the
thickness of overburden, and the connectivity of
fractures.
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Figure 1: Study area

2.1 Data and Methods

This study utilized various datasets to identify
groundwater potential zones in Abuja, Nigeria.
Thematic layers were created from multiple sources:
depth to bedrock from geophysical surveys, elevation
and drainage density from the SRTM Digital
Elevation Model (DEM), geological data from the
Geological Survey of Nigeria, lineament density
from Landsat imagery, and rainfall data from
NIMET and CHIRPS datasets. Additionally, land
use and land cover (LULC) information was sourced
from Sentinel-2 imagery via Google Earth Engine
(GEE). Eight groundwater-controlling factors were
selected and ranked based on literature, expert
input and field relevance. Their impacts were
assessed using the Analytic Hierarchy Process
(AHP) via pairwise comparisons. The weighted
layers were integrated using overlay analysis in
GRASS GIS and classified into five groundwater
potential zones using the Natural Breaks (Jenks,
1967) Method. Model accuracy was validated with
borehole data from 722 locations, confirming its
effectiveness for groundwater resource planning and
management.
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Figure 2: Methodology Flow Diagram

3. Results

The Groundwater Potential Zone (GPZ) map was
created using the Analytic Hierarchy Process (AHP)
by integrating essential hydrogeological factors. The
study area was classified into five levels of
groundwater potential: Very Low, Low, Moderate,
High, and Very High. The resulting spatial
distribution reveals a varied landscape, with high
and very high potential zones primarily located in
the central and southeastern regions. This pattern
is likely due to favourable geological and structural
characteristics in these areas. In contrast, the low
potential zones are mostly found in the eastern and
southwestern regions, indicating less permeable
conditions. The distribution of area across the
different categories is relatively balanced,
suggesting that the model's output is fair and
unbiased. This AHP-based mapping approach
provides a valuable spatial tool for groundwater
exploration, resource management, and sustainable
development planning in regions with basement
terrain.
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Figure 3: Groundwater Potential Zone Map
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1. Introduction

Change in shoreline, driven by human activities near
coastal areas and mnatural forces, impact coastal
ecosystems, human settlements and economic activities
significantly. Therefore, accurately predicting shoreline
dynamics and monitoring is essential for effective coastal
management, disaster preparedness and hazard
mitigation. The traditional methods used for calculating
shoreline change are often time-consuming, expensive,
and temporally unreliable. This study integrates open-
source tools, CoastSat and AMBUR (Analyzing Moving
Boundaries Using R), to streamline shoreline extraction,
tidal correction, and future shoreline predictions. The
research focuses Wajima, Japan, to assess the accuracy
of shoreline predictions before and after the 2024 Noto
Peninsula Earthquake.

2. Materials and Methods

2.1 Data & Study Area

The study area used was Wajima, Ishikawa, Japan as
displayed in Figure 1. The data used for this study are
28 years of shorelines from 1987 to 2014, 2018, & 2023 to
2024, where shoreline of 2023, 2024 were used for
validation. These Shorelines were extracted from optical
satellites, where beach slope and shoreline elevation
were calculated using DEM, and tidal data was obtained
from Geospatial Information Authority of Japan (GSI).
Table 1 shows the detailed description of the data and its
sources.

2.2 Methodology

The CoastSat (Vos et al, 2019) extract shorelines and
perform tidal corrections, achieving around 10-meter
accuracy. It processes multispectral images from
Sentinel-2 and Landsat via Google Earth Engine,
applying cloud masking and pan-sharpening. With the
help of MNDWI, and Otsu's threshold (Otsu, 1979), it
segments 1mages into land and water pixels and
extracting shorelines with the Marching Squares
Algorithm (Cipolletti et al, 2012). Tidal correction,
including tidal data, beach slope, and shoreline elevation,
normalizes the shoreline positions to mean sea level,
providing an accurate long-term shoreline analysis.

The AMBUR (Jackson Jr et al, 2012) toolkit was used
to calculate shoreline change rates and predict future
shorelines. It starts from collecting baselines along with
shorelines, then generates transects at regular intervals.
For this study 5 different intervals of 1 m, 25 m, 50 m,

Table 1: Input data used in this study.
USGS: United States Geological Survey , GEBCO: General Bathymetric
Chart of the Oceans

Data Year Data Source
Landsat 5 TM 1987-1998, 2004~ USGS
2011
Landsat 7 ETM 1999-2003 USGS
Landsat 8 OLI 2013-2014, 2018, USGS
2023-2024
Photogrammetry 2018 GSI
DEM
Bathymetry 2023 GEBCO
Tide Data 1987-2014, 2023, USGS
2024
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Figure 1: Study Area, Wajima, Ishikawa, Japan.

75 m, and 100 m were used along the shoreline. Two
transect types are wused: perpendicular and near
transects. These transects help measure shoreline
positions over time. Shoreline positions are analysed by
calculating intersection points and measuring distances
from the baseline. Statistical methods, including End
Point Rate (EPR), Linear Regression Rate (LRR), and
Weighted Linear Regression (WLR) are used to calculate
change rates. Predicting future shorelines depends on
factors like shoreline change rates calculated using



Table 2: Accuracy Assessment of Pre- and Post- Earthquake
Shorelines Prediction
D I: Distance Intervals, T M: Transect Methods, N: Near,
MAE: Mean Absolute Error, LRR: Linear Regression Rate,
WLR: Weighted Linear Regression

DI ™M MAE for Pre- MAE for Post-
Earthquake Earthquake
Shoreline using Shoreline using

LRR WLR
1m N 8.19 54.18
25 m N 8.21 54.30
50 m N 8.49 54.08
75 m N 9.01 54.15
100 m N 9.68 53.60

statistical methods (EPR, LRR, WLR), transect azimuth,
offshore correction values, latest shoreline, and the
forecast period for which the future shoreline position
needs to be predicted.

3. Results and Conclusions

In this study, EPR, WLR, LRR statistical method was
performed on the shorelines with different transects
intervals of 1 m, 25 m, 50 m, 75 m, and 100 m, using the
near transect method. Table 2 shows the Mean Absolute
Errors (MAE) at various distance intervals where the
shorelines were predicted for the period before and after
the 2024 Noto Peninsula Earthquake.

The predicted shoreline for Wajima before 2023
earthquake was based on the shorelines change which
were derived using shoreline positions for 28 years from
1987-2014. Among the 3 statistical method, LRR method
demonstrated the best accuracy, with MAE of 8.19 m to
9.68 m. The 1-meter interval showed the lowest error of
8.19 m (MAE). The histogram of Figure 3a shows the
distribution of distances between predicted and observed
shorelines for the 1-meter transect interval. The mean
distance was 8.19 m, with the median distance of 4.98 m,
this indicates that most of the deviations were small.
The spatial distribution of shoreline prediction errors
shows 62% of the prediction had an error below 6.90 m,
while 27% was in the range from 6.90 m to 17.0 m range.
Only 0.4% exhibited a deviation exceeding 95.50 m.
These findings confirm that the LRR-based shoreline
predictions for 2023 aligned well with observed
shorelines, demonstrating high model reliability under
stable coastal conditions.

For post-earthquake shoreline prediction, the results
show significant differences between the predicted and
the observed shorelines for 2024. From the 3 statistical
methods WLR exhibited the lowest MAE, with a value of
53.6 m at the 100-meter interval as shown in Table 2
and Figure 3b. The spatial distribution of shoreline
prediction errors, shows 35% of the shoreline’s shifts
were within 27.1 m, followed by 24% between 27.10 and
57.50 m, 20% between 57.50 and 88.80 m, 13% between
88.80 and 121.70 m, and 8% exceeding 121.70 m.

To further investigate the shoreline extraction accuracy,
observed shoreline shifts were validated against data
from GSI, where they conducted a study using Synthetic
Aperture Radar (SAR) images, assessed land emergence
and deformation following the earthquake. Their
findings revealed a significant seaward shift of 150 to
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Figure 3: a) Accuracy Plot for Pre- Earthquake Shoreline
Prediction, b) Accuracy Plot for Post- Earthquake Shoreline
Prediction

200 m due to tectonic uplift. The observed shoreline
shifts of this research showed a maximum shifts of 243
m. These findings were validated with the report from
Geospatial Information Authority of Japan (2024)
identifying substantial land emergence. This validation
confirmed the accuracy of the shoreline extraction
results.
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1. IZC®IZ

BRER S &R 5 071k & LTI, @i i(2006) THE L7
1E Berggren (5114 Aldrich,1956) X3 —#xEIZH WS 5.
DR, BMREREZRD H121F, EER) 5RO 72 Kersten
K2BHNSND. Kersten (Z HOFEE L b« kit L b
T2 2 L, EREIUTKRER & WK OBMRERERD 5
K& 1948 FITHE L7z,

Z D%, Kersten(1952)i3 Kersten(1948) THF L /=i
REDOBVRERNZFAY 238V, Kersten(1949)zUUTEE LT
EAFLI LL, ARTEHZDOZ LIZEZ 0T HET?
£(1982)%° A AE ¥ 22 (1987) 72 £ T Kersten(1948) 73
B, £, £ < OMCRHEE T Kersten(1948)
NRA &SN, 0%, PETH%20982 00U E 785 £
B T5%4:(1994) TiX Kersten(1948) % Kersten(1949)=(2 &
EL7ZIZHEb LT, BAEKRSQ009) M T.%5
(2009)1%, - T Kersten(1948):0%& A\ /-

Z 2T, 2 T Kersten(1949):0 & iz L 5 — %972
HEEME OB ERFERT & L BT, Kersten(1948) &
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2. Bk
2.1 BnERDOHE (Kersten(1949)FKDEmER)
Kersten Ui, 0.06mm L D fi2 72k 1 25 50% A O 1%
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A= Aty (5)

2
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w &k (%)
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FEEE L 0.06mm L VWKL 50% LA B+
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0.040 W/(m-K) Vb hs (HE TS, 2006)
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100
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2.3 BEHKK
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1. Introduction
Geothermal energy is recognized as a valuable
renewable resource in various fields, including electricity
generation, agriculture, and aquaculture. Although the
utilization of geothermal energy as a heat source in China
accounts for the largest proportion worldwide, the usage
of geothermal electricity is still under development. As
committed in the 13t and 14t Five-Year Plans, China is
moving forward in utilizing geothermal energy as an
alternative energy source, especially in the middle-to-
deep geothermal and hot dry rock categories.

Although it is essential to clarify the subsurface
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temperature distribution throughout China to specify
preferable sites for geothermal electricity generation, the
data points containing such information are limited. Thus,
a stacking method is utilized to predict the distribution of
heat flow, which is strongly related to temperature, and
its effectiveness is discussed.

2 . Methods

2.1 Stacking Method

The stacking method is a machine learning technique
that integrates the outputs from variable machine
learning methods, termed base models. The outputs of
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base models are used as the input of the metamodel to
predict the target value. This method is known to be
beneficial for improving the versatility of machine
learning models and preventing overfitting. In this study,
XGBoost, LightGBM, and Random Forest are chosen as
the base models of the stacking model, and Linear
Regressor is utilized as a metamodel following Ieki et al.
(2025).

As the input data, deduplicated dataset from the China
Heat Flow Database and International Heat Flow
Commission (2024) in the form of heat flow value were
linked to the related data point coordinates. For the
estimation, the target area was divided into 1km X 1km
cells and the center of each cell was targeted for the
calculation.

2.2 Feature Engineering

Along with the input data, feature data composed of
Curie point depth (Xiong et al., 2016), rock type (Pang et
al., 2017), surface temperature, volcano location, gravity
acceleration, and gravity disturbance were added at the
input data and estimation points. For volcano location
data, the Euclidean distance from the closest volcano was
used, and for the other data in raster form, data extracted
at the data points was used directly. Part of the datasets
are shown in Fig. 1.

2.3 Accuracy Evaluation

For accuracy evaluation, K-fold cross-validation was
utilized. In the process, input data are split into training
and test data, and the accuracy is evaluated by the
difference between the observed values in the test data
and output values from the learned model using the
training data. For the loss function, the root mean
squared error (RMSE) by Equation (1) was used.

1 _n
RMSE= |~ 27 (i %) @

where y; is an observed value, y, is a predicted value,
and n is the number of observations. The benchmark for
the stacking method is shown in Fig. 2, and the RMSE for
each base model included in the stacking model is also
plotted for comparison. It can be concluded from the result
that the combination of multiple machine-learning
methods can reduce the estimation error.
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Fig. 2 RMSE benchmark of Stacking method with comparison of
three base models.

Stacking

3. Results

The predicted heat flow map by the stacking method is
shown in Fig. 3. The result reveals high heat flow values
in Tibet and the Eastern Coast of Taiwan, where the
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orogenic belts are distributed nearby, whereas low values
in Sinkiang and Northeastern China. These regional
trends may be verified partly from the geothermal
utilization in China including the Yangbajain geothermal
site in which the only geothermal electric powerplant in
China is under operation. However, the stacking result
show unrealistic large-scale circle patterns and straight-
banded distributions that are closely related to the
original dataset feature, particularly the Curie point
depth. This implies that the stacking method is
insufficient to capture promising geothermal resource
sites with high spatial resolution.
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Flg 3 Produced heat flow map by the stacking method.

4 . Discussion and Conclusion

In this study, a stacking method considering several
geological features was used to produce a heat flow map
from point-measurement data in continental China. The
result showed a general agreement with the high heat
zones in China but was not sufficient to accurately specify
promising geothermal resource sites.

As our next step, a prediction of heat flow values
through a deep neural network (DNN) is in progress.
Furthermore, the result by DNN will be used to simulate
the temperature-at-depth distribution by a physics-
informed neural network that sets the surface
temperature and Curie point depth as boundary
conditions, which is expected to clarify a 3D subsurface
temperature distribution to great depths throughout
China and estimate geothermal power generation.
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1. Introduction

Geometallurgical domain definition plays a crucial role
in resource extraction and processing. Geological
domains and geometallurgical domains can reduce
metallurgical variability within a deposit by delineating
units that share similar texture, mineralogy, and
composition, which are expected to have similar
metallurgical performance (Johnson and Murno, 2008;
Tiu et al., 2023). Variability remains a challenge due to
its intrinsic properties. However, few studies have been
conducted on grouping and modelling the characteristics
of complex ore.

This study aims to apply minimum/maximum
autocorrelation factors (MAF) to data set from a tin
deposit. MAF can yield categories that assemble data
with similar characteristics. Decorrelation techniques,
such as PCA (Principal Component Analysis)-MAF
proposed by Switzer and Green (1985), have the
flexibility to furnish tools to handle geological
information. There are unique characteristics that we
should consider as geometallurgical input data without
considering the output, identifying and clarifying units
such as Rock Quality Designation (RQD), tin grade, vein
and having similar characteristics can help constrain the
variability within a tin deposit.

2. Methods and materials

PCA-MAF is decorrelation methods including
minimum/maximum autocorrelation factors and PCA.

The data used in this research are from Indonesia tin
deposit composed of 25 inclined boreholes including
grade, RQD, mineralization, vein percentage, and depth
to examine vertical zoning patterns.

First, all variables were log-transformed to correct for
skewness and normalized before analysis. After that,
PCA was used to reduce dimensionality and identify the
major components, while MAF analysis was applied to
minimize spatial autocorrelation and isolate meaningful
spatial structures. Finally, variogram analysis was
conducted on PCA and MAF outputs to assess spatial

continuity.
The methodology is described in the flowchart in Fig.
1.

Exploratory Data Analysis

Normal Score transformation
(0,1)

L 2

Minimum/Maximum
autocorrelation
Factors forward transformation

\ 4

Convert each variable toa
Gaussian variables

' !

Experimental variogram and
fitting variogram modelling

¥

Conditional Independent
Simulation of factors

Figure 1. Flowchart of the methodology.

3. Results and Discussion

From Table 1, PC1 dominated mineralization and vein
contribution from Sn indicated the structural control on
the mineralization, and PC3 indicated independence of
vein. PC1 and PC2 are used to build MAF due to it is
correlation with Sn. The field orientation is based on
in-situ measurements, with isotropy aligned along
strike: N66° and dip: 53°NE.



Table 1. Result of PC (NS means Normal Score).

Variable PC1 PC2 PC3

NS Mineralisation 0.85 -0.14 0.03
NS Sn 0.55 0.34 0.72

NS Vein 0.71 -0.31 -0.48

NS RQD -0.18 -0.88 0.44
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Figure 2. 3D representation of the MAF spatial distribution
(A1) and plot variogram with raw (A2).

The MAF1 in Fig. 2 shows that the variogram
increases gradually and smoothly with distance. The
MAF1 captures strong spatial continuity better than raw
and PC data. Based on the field research, it suggests a
structural vertical trend reflecting lithological control. In
the transition from variables to factors, Factor 1 (F1)
exerts a strong influence on both Sn and RQD. These

variables exhibit spatial inversion, making their
detection and interpretation within the model
challenging.

By aligning statistical output with lithology, tin grade,
pyrite content, and RQD, we can pinpoint particularly
important intervals. The enrichment of tin often
coincides with sulfide mineralization and zones where
the structural characteristics of the rock change.

Fig. 3 demonstrates the vertical distribution of Sn,
pyrite, RQD and MAF attribute to representative
borehole. Notably, high tin concentration aligns with
increased pyrite content and specific MAF score
intervals at approximately 50-120 and 200-250 m.

The downhole composite log provides the clearest
visualization of geological reality with statistical
analysis. The aligned scores with tin grade, pyrite,
lithology, and RQD revealed key intervals. Tin
enrichment coincided with sulfide occurrence and

structural variable zones. Vertical examination of the
borehole data reveals that the mineral deposit is
controlled by both the host rock lithology and depth.
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Figure 3. Representative sample of borehole composite log
showing correlation with PCA-MAF, tin, RQD and
mineralization.

4. Conclusion

PCA or MAF component could not fully explain tin
distribution vertically, their integration with the
borehole provides the clearest visualization of geological
reality, with statistical analysis enabling the
identification of key trends and the foundation for
defining domains and guiding future geometallurgical
models.

An additional dataset could help strengthen the model
for predictive applications. This illustrates the challenge
of operating in geometallurgical modeling and reinforces
the practical value of multivariate methods in early
geometallurgical investigations.
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