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Abstract

The project area includes three potential large-scale landslide zones located
in Tongmen, Xitou, and Gaoshan of Hualien County. Among them, the Tongmen
investigation area has a history of debris-flow disasters, and geomorphological
interpretation indicates a high potential for large-scale landslides. Therefore, the
Hualien Branch of the Soil and Water Conservation Agency (SWCA), Ministry
of Agriculture, initiated related monitoring and investigation work in 2022 to
establish and analyze the fundamental geological model, potential landslide
scale, mechanisms, and associated risks.

The Xitou and Gaoshan investigation areas were previously monitored and
investigated by the SWCA and were handed over to the Hualien Branch in 2023
for continued monitoring. Although preliminary surface surveys and
observations have been conducted in both areas, the geological models and
landslide mechanisms of the slopes have yet to be fully clarified. Accordingly,
this project will continue surface surveys and monitoring work to better
understand the current slope conditions.
1.Tongmen Investigation Area

In the Tongmen investigation area, the geological model and regional slope
monitoring system have been established. Preliminary assessments have
identified the potential causes, scale, and mechanism of the landslide-prone zone.
The area mainly contains one L1 potential large-scale landslide block, which can
be further divided into three smaller sliding blocks—S1, S2, and S3.

Based on geological drilling data, the shallow zone of the investigation area
consists of colluvial materials containing mixed-sized rock fragments and
boulders with loose structure. The average slope angle is 37.5°, which is close to
the angle of repose. It is therefore assessed that areas with steeper slopes are
prone to shallow colluvial sliding failure. Furthermore, if post-failure materials
accumulate within the gullies, historical disaster records indicate that, under
extreme rainfall events providing substantial water flow, debris within the gully
may be mobilized downslope, potentially triggering debris-flow hazards.

According to the slope activity monitoring results, slight subsurface
displacement occurred during the April 3, 2024 earthquake, with cumulative
deformation of 1.7-3.0 cm recorded at the entrances of two inclinometer
boreholes. The displacement stabilized after the earthquake. Subsequent extreme
rainfall events have not induced continued subsurface deformation, suggesting
that the previous deformation was likely caused by localized stress redistribution
within the rock mass due to the earthquake.



GNSS surface displacement monitoring shows that all stations exhibited
varying long-term displacement trends following the April 3 earthquake, with
displacement directions generally correlated with the orientation of local gullies.
This suggests that the slope failure mechanism remains more consistent with
shallow material sliding.

Since no clear slope activity events have been recorded to date, continued
field inspections and monitoring are necessary to track shallow-slope failures.
Subsurface monitoring instruments are also needed to clarify whether
deep-seated deformation exists. The landslide mechanism, scale, and monitoring
thresholds should be continuously reviewed and updated.

2. Xitou Investigation Area

The main tasks for the Xitou investigation area this year include monitoring
slope activity using existing instruments and managing the warning and alert
operations. Based on LiDAR-derived digital terrain data, one L1 potential
large-scale landslide block has been delineated, further divided into four smaller
sliding blocks—S1, S2, S3, and S4. Significant scarp features are present at the
heads of each block, indicating previous large-scale slope movement.

Surface and subsurface investigation results suggest the presence of a ~30
m thick colluvial layer composed of fragmented material with clay inclusion.
Continuous headward erosion within the gullies may lead to the formation of
dual headwater gullies, increasing instability across multiple sliding blocks.

Monitoring data indicate minor activity in the S3 and S4 sliding blocks.
During extreme rainfall events, small increments in surface and subsurface
displacement have been observed. GNSS data during Typhoons Doksuri (2023),
Haikui (2023), and Koinu (2024) show two-dimensional cumulative
displacement increments of approximately 10—-16 mm at station X23-G3 (S3
block) and 11-37 mm at station X23-G4 (S4 block).

Inclinometer results installed in 2024 show cumulative displacement of
1.16 cm at borehole X24-BH1 (S3 block) and 4.48 cm at borehole X24-BH2 (S4
block), with sliding depths of approximately 20 m and 10 m, respectively,
indicating slight activity.

Although slope activity events have been recorded in this area, only five
extreme rainfall events have occurred since installation of subsurface monitoring
instruments. Groundwater characteristics and rainfall-trigger thresholds require
further verification. Continued monitoring and rolling assessment of the
landslide mechanism, scale, and management thresholds are needed to better
evaluate slope activity and support hazard analysis.

3. Gaoshan Investigation Area
No significant instability has recently been observed in the Gaoshan



investigation area. The primary work includes operating automated monitoring
instruments and managing warning and alert procedures. Investigations indicate
that the area contains one L1 potential large-scale landslide block, which can be
divided into three smaller blocks—S1, S2, and S3. Distinct scarp features at the
heads of these blocks indicate past large-scale slope movement.

Field surveys and geological mapping reveal a terrace at the toe of the
landslide area, providing temporary protection against fluvial erosion. Therefore,
the likelihood of large-scale material collapse is relatively low. However, the
presence of an 18-25 m thick colluvial layer in the shallow zone indicates that
continued headward gully erosion may lead to the formation of dual headwater
gullies, potentially causing instability among the sliding blocks.

Monitoring results show no obvious displacement trends during normal
conditions or extreme rainfall events. However, significant surface displacement
has been observed following earthquake events. After evaluation, such
displacement is attributed to regional crustal deformation across the Hualien—
Taitung region and is unrelated to local slope movement. Nonetheless, the
possibility of rainfall-induced slope activity following strong earthquakes cannot
be excluded.

Since only a few extreme rainfall events have occurred after the installation
of monitoring instruments, the slope-failure mechanism remains uncertain.
Continued monitoring is recommended, and landslide mechanism and scale
assessments should be updated after additional extreme rainfall events are
recorded.

Keywords: Tongmen area, Xitou area, Kaoshan area, Potential large-scale
collapse, Observation of slope activity
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12.2m-12.3m ~ 14.0 m-14.8m-~152m-156m~16.2m-16.7 m~18.7m
0.0-90.0m | -19.7m~21.8m-22.2m~265m-26.9m~31.5m-31.9m~32.4m-33.0
m-~35.3m-358m-~484m-49.0m-~49.3m-51.1m~56.8m-57.0m -~
58.5m-59.6 m~60.2m-61.0m~69.3m-695m-~77.6m-77.8m ~ 83.2
m 85 O m)EllF 5N /ﬁ °
% 3-12~ # XK it % 8% (T22-BH3 34)
Py £ S H it
T ENEHBL P22 PREAES P EBRARTHE
FhEY I BRBR A FAN6.8mM-17.2m~23.3m-24.6m~ 25.4
0.0-90.0 m260m 28.2m-29.0m~29.2m-29.8m~30.8 m-32.4m-~34.4m-34.9
Ml m-351m-35.8m-~36.7m-37.0m~39.8m-40.7m~415m -42.5m -~
43.0m-43.6m~43.8m-45.8m~46.0m-46.7 m ~48.0m-48.6 m~ 49.1
m-49.7m ~ 50.4 m-50.9 m ~ 51.0 m -68.0 m)B &% % o
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>~ #FSRQD-Zz2 i EWe =

@ sueh 7 5 F 4p 1% RQD(Rock Quality Designation) % # & i i= 1z 1 425
oA RS AR AR S > A A PRI T A RS A
LT XL A(013)E T AFANEME T Vo ST A FH ot A0 T

ROVEREAFE DB CA RIS B kG 2 B¢ § = F (Intact, 1)
B %] (Cracked, C) ~ %] 4. % & (Jigsaw-1, J1) ~ &4 & g8 (Jigsaw-2, J2) ~ X 7§ &4
#%(Disintegrated, D) ~ # % it (Pulverized, P) (] 3-44) » F]t * 3+ 3% %% + A 2
2 X EMABRER S B F AR AE e F e BRLI ER
2 3+t e

A AT S AH AR E 10 em FEERERA 313 A K &
SRS A R A T

(=) T22-BH1(90m)sL/2Az & » &

1. #2&F4H#H:24 (RQD) : #3-% T22-BHL 3*¢ RQD :=A &% 87 #
SR 0~40% Bt BB BRRE R AINER T AAHRIFEOEM
RQD 4 % 50~100 % > =13 & % 4o 3-45 #77% o

2. X2 F HMMH A By T22-BHL chgbif 25 = % & (7 FHALsER

A FEREHE S A B % 4o ] 3-45 0 JF A 49~51m ~ 53~59 m ~ 80~86 m
B2 E AL LDPA B B T22-BHL & 2 B2 iBR » 2 4
i o

(=) T22-BH3(90m)skmdfe B A

1 # 7% FH s (RQD) : A3+% T22-BH3 3t d RQD 324 & % 37 #
A 0~20 % BT R MELEATR B 0 0B IUER § AR HR R
248 RQD 4 5 30~50 % » 312 & % 4o§] 3-46 1 7 o
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LA B L HIFL R NE TR BEYE S EFEE D

2. X F HMP A5
i o BERY

P % > T22-BH3 B % B2 jF R > A7 2] 4

495 T22-BH3 chglir B o 2 i 7
WA Bt % 4] 3-460 R A 59~88 M 2 £ X5 A

KRBT R
A HE LD
AR T

Disintegrated Pulverized
10 cm
IT‘;Ct Crack spacing of >10 cm.
e SRR %t 10 om -
()
Crf;cfkﬂed Crack spacing of 10 cm With no relative displacement or rotation between rock fragments.
((; HFEE10cm > #h R G s &g -
Jigsaw-1 Crack spaci_ng of 10 cm Wit_h r(_)ck fragments displaced an_d rotat_ed with respect to each other,
P although original rock continuity can be reconstructed. Little evidence of attrition.
A e 10em EEFEh RN B2 gl L i g P e £ o 5 i
(1) BB AR e g o
Jigsaw-2 Crack spa_ci_ng of 10 cm V\_/ith_ roc_:k fragments displaced and rotated with respect to each other
i 45 B but the original rock continuity is observable over >50% of the zone.
" f(35) ’J §;F"’&P 10cm > 2EF # A gt B i gy 2 b R4S HE T il 0§ 4 3 50%:h

T RRET -

Disintegrated

Rocks are brecciated, forming disintegrated fragments of various sizes with little evidence of
their original continuity; these rocks are called brecciated rocks or breccias within tectonic

£H Mgz fault-related settings.
(D) HAEHE AT RN R B LR e P %o B ST TR AR M
PooisR UG AR AT R
Rocks are pulverized and are rich in clay fractions and contains visible rock fragments with a
Pulverized maximum diameter of ~1 cm. Visible rock fragments generally form>30% of this zone, so this
POl W texture is not the equivalent of fault gouge in tectonic fault settings.
(P) %1"*’:*“’*75&'@3*}3“3;‘ T AR LR leme T L ehE B 5 B - kb

30% > Flltie RS HE S EERREOEE L A E -

(™ p Chigiraetal., 2013 ; S8 TR 42 HEF LY < > 2018)

W 3-44 ~ ESE a5 8 A % (Chigiraet al., 2013)
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HEIRIFR RN o Rt g o T oRA L > B

4 5ok ” p oo v pre b Ak Tok2 g BAA RN E > S p b

pd kR F = EMESL IR TR P 1B T 1k ek i
F AR m R o

GREFIFER RN 0 455t 2 T oRA L 0

LR kK ¥ + 4 +a TR R BAGRAE o &p gy

TokE A ot p TR o

GERERR BTN o 43t 2 T kAL #

e F P . 4 R ok gk B AR o P apE
BEoRiEEF A

o o 45 - ! & S EL

T rE R TRE(ER]) GAFFR P RIP 0GPt 2 T kLG s B

4)5 ARl s TN p b o pER TR )

% E iy o -l <50%

L H# % TR T % (<50%)
| TR (AR %) zz?}i%l?l%é] BT K2 g B TRz

.7_
R

E-)

= 4

& W3

A

f >50% & i -k SR P b1k bR T 5006
%k P o o o L
s (25K) ®k -k FRPREE - 2 2Ek o SkEF o
1571\}% _ _ } /T",.\/\ }\%];1 }\%]/Tl]l ’/}lﬁ#ﬁﬁ}?},?ﬁo

EREE

§are

LESSGE PR CRFEZ QTS TROAE - BRHCES 2L R EFFIHELE AfR223 0 K2 ML RERS L F &MY LT
DFe”
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TR R H L TR 4o

- ~T22-BHI : ik RygpiFGARY ¥ K 3 kA2 B kPETH VAR 2K
(-) #-kk o gHFERY > 083 mIFAFFIPN 0 RERFIF Tk
MrriFERFERER > = 2FRK O ERER -
) Xk As va}%’%ﬁzr‘ ) 33~40 m FR RPN 0 F P T I kE R
TprackiEodesp baoR ] by R TR (< S0 %) 0 RRIgET P 2

! ;o o
T 7}\/,,L » 'E_’J %[:\mh .t” 'E'_ °

Iy

(

= ~T22-BH3: 2RHFERY # K kA2 S kPETEH - FAHE 3K
(-) FRE DHHFEERY 0 020 miFRFRIPN > RERIFIF TR
ol FRFFERE = 2FK kRS o
) LFokR CTHEFEARY 026040 m ERFFIP 0 F P T okF
P ackodas p b3k ] R R T (<50 %) 0 dIRIgET R 2

) & A5
T ’J\ e N 'E_ ’J‘ 3 ine

I

(

Il

(2) B e F-kE :»4REARY > 4090 m FARFRP > F P Tk
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REETI , s ok > VAL A ok
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PRy AFE ) 23 TR el or 0 4R Y 0 T22-BH3 48t A4 &
MR TORF b RAEEEALEAOMIERFRIE G 2 A B REE T
KT R AN IER PR AN > TR RS AT RE AR S
PR ZEERFE 0 RERE TREFEEDN G L YA BYERHY
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Bl I E RPN 2 TR AR

\\\fyr

o

3-62



114 # B BAFP ~ 552 33 RBEAS REHIN S
3.2.6 ¥ R IF I

I # 3 T IER G G T R M %f#fg TR R S EBAFEFT N

P i ZoRR A ERA S R R RT ?E_'E‘;%O‘?{ﬂ&;"'%

i

A LR SR SRRE AR
PR T ILARRIZ B TR AR 0 RS

L‘l

o

AUNN

MFIGETE D > R T23-BH2 4031 B o5 15 > 5Pl LA 5 B8 TPt > 0
SR EE SRV S Y

PR T ¢
Feplar 1 15 (Bl 3-49) > BlaE B 550 m o A P|aR - g #p T22-BH3

FTH B T
GEaL o POV RS A B B R A 2 R TR RIELERRI S RSP AT o

PlAR T ho@) 3-49 o 0 e T PR P Sl Ak ek 3-15 -

—_ \ 23
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L ARTR BY 2R TR (AR B) BENR

B
NER
WAy T E% T RRIR IR LY T ART R (MEN)

e g BRI A A B T TR T
BB et E 2 2 BT R M e ot ApE il o A TRIE LR
MR RIS T LAV BT FE Ne kT g pa=K - (AV/) 5 4o 3-50

”'TT—]' o

N
@\/M+++++++++++
1st r21
. 0 ri2
r22 ril
Ry v v v vy Vv vy
6th
A B
- p.=K(AV /1)
. K= 2n/[(%/r11)+(1/r22)—(1/r12)—(1/r21)]
AV:® = &
I.ﬂ_,/n 59)&
A-BFinte: M~N7T =&
PaAR T FE

n th

B 3-50~ # TIEFRRET W

K # 5 A @ ]+ (Geometric Factor) > H &2 £ 4 7 crjp i 8 5 B
AT FE 5 (Apparent Resistivity) * 3 ¥ 7 R & B2 F 2T 1eF > m LR & Gt
TRPAGFA T 2 TR FE Tk TIRBIEG < 0 BRI EE &
FoFEe k2 T Fl AAFRREARY BT BB FEE e 0 BT B
BRI F BT R Red Mgt - kA FRITRE SR F FE S

BTE@LE KB TS .
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RAZ A Ik ET A F AR S Sl ERM G o - A 3 E I
Bl S TR TR e Bl 0 A R RIARFERFIN TR R IEF S ] i
e KEARIUI 5 VR VI3 B A e AR LN DR G A IR
B2 - W 351 32 P EHPLE TEFAF o fidp k2 HREN
FR2ZHFREIRBETERAFLRAL  FHERIRLAEUNESRFE Y
e

lgneous rocks I
KBE

Metamorphic focks e A A —_—
BEE

Clay

o I

Soft shale _

=P

Hard shale _

EEE

Sand -*-p

b

Sandstone #

=

Porous limestone _

IRERAKE

Dense limestone

BB

100 10t 102 103 104 105 108 107

W 3-51~% ks EHELH TIEFLF

Z o B RIEFERSEHESK)

(—)T22-L1 (550 m) : AR E 550 2 ¢ » S wH & FR2Z La—oF 4w
ABodp TSR3 AT FREALIT
BBt 3e T F$%%’“%%ﬁ%w’PH??ﬁ%%%ﬁﬂ@ﬁ
REE G Mo u’r)j} IFi R R A TN
L A& 13 2 20FAE 0S5 m@ERP » ¥ KRS 4k i 3,000 Ohm-m 12

o rglsmpe gL LB H A Ry o e 3 -
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2. AR 21FERNS510m T R 2 K TS # 4+ 70-2,000 Ohm-m
ZEF O RHF R E o YRS 0-300 m 2B 0 BINERE R 4P
HEZTETEF > P8 R AR ez 2 8RE M &
U e e @2 SREIP X |

W 352 -4kFPHB AT T22-L1pI2AK TEFES %

(=) T23-L2(550 m): ~ Bl E 550m S H s e R T 4oL s P4

DR TSR (R 3S)E AT ERAITS LA K2 T AR

e FHRIEFRF AR E o A SRS BN BB R
%?ﬁ’”T%ﬂ%%%@Fimz

1 A& 1:3 2 2FAE O0-SmFRP > & TS 45 1,500-3,000 0hm-m

THAGFRedEE & LR AR R e

- 2 R RS B AR .

2. A K 21iFAR N 5-10m T g R K R RS ¥ i 4 > 200-1,500 Ohm-m
2R R F BRI EFET & MR 0-300 m 2 HINHIE K AP
HRTEIEF B FEME AN AR L ERE Mo VAT S
m&mmﬁ%%wpﬂﬁiﬁﬁﬁé&@&ﬂ%@°
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M 2 RALA R (R 3-16) 5 HHARE
AT G AR
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32 42
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28 PHICERRSSAEZI AL
GWREAPMTHE - HFE RE G BT 2PN EEP T REFEA

BLRIE 2 3+ TR RLIRI(2020 £ ) ROEIRR HHE B 2 R D RS F A4 RUES

% i {7 In-SAR 4 17(2007~2024 # [ 7k ) R 8 L H 2k B 4ok 3-17 977

N

% 4o 3-41 #7F o iR AP 4 In-SAR % 3 ¢ BRALELR| B BB % defs o

— ~In-SAR & H5(& B3 p Fi2 L B HAH9)

BoEE R E 2 R EEE A 2015~2024 E F AymAphit i E L A
PP EwEPGA 0 FIF P A ALOS A 3T 2007~2011 # (G E 2009 £ 8
P E R LB R is) 0 2 ALOS-2 #FE Y 2015~2024 £ P2 £ XL E T IR B
oo fie & PFIS AP B BE S i F 02 (Temporarily Coherent Point SAR Interferometry >
TCP-InSAR)$E/iF » A 47 > & b #ib B S f M o

d TCP-InSAR # % E#p 2,8 £ % &7 (% 3-18~ Bl 3-54)(o8 & & #) >
2015-2020 # ALOS-2 #y f2. 2 i 3 F # L £ 5 -1100.0 mm/yr ~ 7 # & 84 5 295
2~ A L3985 -3.8 mm/yr > TCP-InSAR & A=k 5 [0 2020-2021 &
ALOS-2 #F f2.# B3 /F # £ 521512 mm/yr~ F # AZbdkc s 372 8~ F # T35
£ 5 -5.8 mm/yr > TCP-InSAR /&8 B 3= 5 i< |0 2022-2023 & ALOS-2 # 2.4
FEF A RE L 51375 mm/yr~ A BB G 334 2R R A T E 5 -15.4 mm/yro
TCP-InSAR ## B 3% 5 T 7 ;o d TCP-InSAR = % & m 78 5L 5 6 ek 4
IR A

pebd In-SAR B 22178528 AVH 22 287 BT R EFFR
PP R HBERAYAPT TR AR AR L HERT AR
M BT RIFN O TRERIEARST G L PRL R VEBE S 6
HEL s TER o 2 eEY T RS o 4ol 885 ¢ .
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4 321 ARRE T ¢ =804

AL i E R R A2 pitv BB EEAERFH ) B2 witv = g(Eeikifd>w)
KrH p i i 2 % (cm) =4 3 £ (cm) i 5 (em/P) 82 % (cm) >4 ¥ £ (cm) A% F(em/p)
2022/8/18 0.00 - - 0.00 - -
2022/10/3 0.14 0.14 0.00 -0.12 -0.12 0.00
2023/3/4 -0.18 -0.32 0.00 -0.13 0.02 0.00
2023/5/10 -0.10 0.08 0.00 -0.19 -0.07 0.00
2023/7/11 -0.32 -0.22 0.00 -0.08 0.12 0.00
2023/8/9 -0.30 0.02 0.00 -0.08 0.00 0.00
2023/9/12 -0.28 0.02 0.00 0.02 0.11 0.00
2023/11/15 0.05 0.33 0.01 -0.18 -0.20 0.00
2024/4/10 2.39 2.34 0.02 -1.03 -0.86 -0.01
2024/5/23 2.66 0.27 0.01 -1.15 -0.12 0.00
T22-BHI 2024/7/19 2.53 -0.13 0.00 -0.60 0.56 0.01
2024/10/5 2.73 0.2 0.00 -1.34 -0.74 0.00
2024/10/17 2.66 -0.07 0.00 -1.29 0.05 0.00
2024/11/14 2.37 -0.28 -0.01 -1.25 0.04 0.00
2025/3/26 2.38 0.01 0.00 -1.25 0.00 0.00
2025/5/14 2.53 0.15 0.00 -1.45 -0.19 0.00
2025/7/24 2.54 0.01 0.00 -1.32 0.13 0.00
2025/9/9 2.51 -0.03 0.00 -1.30 0.02 0.00
2025/10/22 2.46 -0.05 0.00 -1.28 0.02 0.00
2025/11/9 2.69 0.23 0.01 -1.38 -0.09 -0.01
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AL i E R R A2 pitv BB EEAERFH ) B2 witv = g(Eeikifd>w)
KrH p i i 2 % (cm) =4 3 £ (cm) i 5 (em/P) 82 % (cm) >4 ¥ £ (cm) A% F(em/p)
2022/8/18 0.00 - - 0.00 - -
2022/10/3 0.14 0.14 0.00 -0.02 -0.02 0.00
2023/3/4 -0.07 -0.20 0.00 0.11 0.14 0.00
2023/5/10 -0.18 -0.11 0.00 0.18 0.07 0.00
2023/7/11 -0.21 -0.04 0.00 0.29 0.11 0.00
2023/8/9 -0.27 -0.05 0.00 0.16 -0.12 0.00
2023/9/12 -0.16 0.11 0.00 0.33 0.17 0.00
2023/11/15 -0.01 0.15 0.00 0.06 -0.27 0.00
2024/4/10 1.17 0.18 0.01 -0.79 -0.84 -0.01
2024/5/23 1.17 0.00 0.00 -0.82 -0.03 0.00
T22-BH3 2024/7/19 1.54 -0.65 0.01 -0.65 0.18 0.00
2024/10/5 1.42 -0.12 0.00 -1.06 -0.42 0.00
2024/10/17 1.29 -0.12 0.00 -1.07 -0.01 0.00
2024/11/14 1.50 0.21 0.01 -1.21 -0.13 0.00
2025/3/26 1.14 -0.37 0.00 0.04 1.26 0.01
2025/5/14 1.00 -0.14 0.00 -1.14 -1.19 -0.02
2025/7/24 1.28 0.28 0.00 -1.12 0.02 0.00
2025/9/9 1.49 0.20 0.00 -1.13 -0.01 0.00
2025/10/22 1.55 0.07 0.00 -1.02 0.12 0.00
2025/11/9 1.55 -0.01 0.00 -0.99 0.03 0.00
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1 “iiLﬁfﬂi . 25 32 64 47 31 ; 57 96 27
N AR

2 , 503 168.0 164.5 738.0 683.5 166.5 ; 217.5 298.0 440.5
| |aga (mm) & =
£ cw 50

3 e (r5n rf] ;‘ t Crzley ; 29.0 54.0 12.0 75.0 255 - 0.0 185 68.5
e (mm)_

4 = (mi? = 106 215 175 72.5 53.0 21.0 ; 245 28.5 415
5|esn| FEEF T24-W1 - 01 0.9 11.9 3.0 11 - 03 0.9 11.8
o B T ,J( =

6 | KR 2% (m) T24-W2 - 0.9 2.3 8.8 4.4 0.6 ; 0.5 4.7 7.9
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— Fln)

g |FAT T22-TI2 - 0.2~0.7 0.1~3.1 7.4~76 1.8~1.9 1.4~18 1.1~20.3 0.8~17 25-2.6 1.3-26
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| M| EF | eed
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12 P) T23-G4 - ; ; 0.1 0.1 1.0 0.0 05 05 0.6

13 T24-G5 - - - - ; . ; 0.0 16 2.3
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— B
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Bog i A S0 VM ARG (MRS 20105 A& # > % 2 2015; Chaetal,
2018 ; Guzzetti et al., 2009) » £ £ #35% & D £ 27 H3% 5 ff A 2 Fff EB 4%
BAE Vok 3 H 4~ W B APM 3% 6 fF AR HBME VY 5% 4ok 3-25
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‘ 35 | (m) | m) |FHE| FIF AM) | v(md)
1.01x10°
(S2 #.4) 3.22x10°
1 |V =0.04A% 8 1.0x10%| 1.0x10° 61 R % (2010) 135105
: 5
1.01x10°
2 |V =0.596 A% Korea  [0.6x10% 2.1x10%®| 930 [Chaetal. (2018)
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2024/8/6 0.00 - - 0.00 - -
2024/10/5 0.25 0.25 0.00 0.33 0.33 0.00
2024/11/14 1.02 0.77 0.03 -0.56 -0.22 0.01
2024/3/3 1.17 0.15 0.00 0.71 0.15 0.00
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2024/3/3 4.38 0.10 0.00 1.49 0.15 0.00
X24-BH2 | 2024/5/8 4.36 -0.02 0.00 1.37 0.13 0.00
2025/7/24 5.20 0.85 0.01 1.63 0.26 0.00
2025/9/3 5.29 0.08 0.00 1.54 -0.09 0.00
2025/10/1 6.31 1.03 0.03 1.74 0.20 0.01
2025/11/16 6.14 0.17 0.00 1.82 0.08 0.00
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2024/8/6 0.00 - - 0.00 - -
2024/10/5 0.03 0.03 0.00 0.00 0.00 0.00
2024/11/13 -0.01 -0.05 0.00 0.04 0.04 0.00
2025/3/3 0.02 0.03 0.00 0.02 -0.02 0.00
K24-BH1 2025/5/8 0.07 0.05 0.00 0.08 0.06 0.00
2025/7/22 0.14 0.07 0.00 0.17 0.10 0.00
2025/9/2 0.04 -0.10 0.00 0.06 -0.11 0.00
2025/10/5 0.08 0.03 0.00 0.09 0.03 0.00
2025/11/16 0.07 0.00 0.00 -0.06 -0.03 0.00
2022/8/18 0.00 - - 0.00 - -
2022/10/3 0.00 0.00 0.00 0.00 0.00 0.00
2024/11/13 0.04 0.04 0.00 0.06 0.06 0.00
2025/3/3 -0.07 -0.11 0.00 0.07 0.01 0.00
K24-BH2 2025/5/8 -0.14 -0.06 0.00 -0.09 -0.16 0.00
2025/7/22 -0.07 0.07 0.00 -0.09 0.00 0.00
2025/9/2 -0.07 0.00 0.00 -0.01 0.08 0.00
2025/10/5 -0.03 0.04 0.00 -0.08 -0.07 0.00
2025/11/16 -0.06 -0.03 0.00 -0.11 -0.03 0.00
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