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Subsidence at lava dome of Tarumae volcano as revealed
by ALOS-2/PALSAR-2 InSAR
(2015-2019)

Satoshi Fuwa, Shohei NARITA
Department of Natural History Sciences, Graduate School of Science, Hokkaido University
Mako OHZONO, Makoto MURAKAMI
Institute of Seismology and Volcanology, Faculty of Science, Hokkaido University
(Received February 25, 2020)

We applied interferometry analysis to the L-band SAR (Synthetic Aperture Radar) images
acquired by ALOS-2 satellite for the Tarumae Volcano from 2015 to 2019 and detected ground
deformation at lava dome and eastern mountain flank. As a result, the observed distance length
change in line-of-sight increased up to 4 cm at lava dome and eastern flank for 4 years. By
the multiple images from two different track directions, quasi east-west and vertical ground
deformation was also estimated. Each displacement at the lava dome and eastern flank were <
5cm of east-west intension and < 5cm subsidence, and 5cm of eastward displacement and 7 cm
subsidence, respectively. Source modeling to explain the displacement at the lava dome, shows
10°m® order of deflation at the depth of 200 ~500m below the lava dome. A previous study
supposed that the observed GNSS baseline length change in the same period is caused by
depressurization and cooling at shallow hydrothermal reservoir. Our result also supports this
suggestion. Several previous studies suggested that a shallow hydrothermal reservoir at around the
same depth has been inflated for 1999 ~ 2000. Therefore, it is assumed that this reservoir is
contracting during our observation period. On the other hand, it is thought that the eastward and
subsidence displacement at the eastern flank might be not caused by volcanic activity for the
present. more detailed SAR data analysis, and its temporal accumulation monitoring will give us
further constrains on the on-going process at the shallow hydrothermal system of the Tarumae
Volcano.
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I.IxZ C & Iz

BRI IV T 7 OMBEICAET 2% VT 7 KLUTH Y (Fig. 1), #9000 45 12 iEE)
MG L VR KILTH D (I - HI1, 2010). (LRI FICKIEE S X OKIRHEREY 2> 5
8%, RELPRBREZL TWD, ITEMICITERER 1.2km OKOJREZH L, ZOPREFICT
M#EEROEE =035 5, ERIGEHITI X £ 9000 FHiICHEE - 7 —IFEH, X%
2500 5> 5 2000 FERTZ 2T TOH IGEHH & 1667 420 S BIE £ THER L TV A5 =158
SFbNG,. FHAFTEEICT2 B0 Y = =gk, FIESHHICE3EO T ) =—KXEAHFE
ELTWD, fHoH =158 H TIi3 1667 4F & 1739 412 VEI (Volcanic Explosivity Index;
Newhall and Self, 1982) 5 OWEKBFEAEL TR Y, 1804 5 1817 FFITNF TH~ 7 ~<iEk &
1867 fE D~ 7 <MK TIX VEL 3ICEL TwWa (LR - £, 2006). HUEILTERICSH 2% N —
20E 1909 FEDREKITHE > TR S iz, 1909 FE DMK LIRE, ~ 7 < AKIFZRAEL THARVND O
7 1981 £ E TIC 18 [FIDKFEKIE K 2 R4 I TR VIERRIGEKILTH S,

RERTIL T 1990 AR, ZIH H OHERY B A BRI 2MT O TE 70 (B 20, A - fl,
2018). HLLE, HEFTILTIERERT 2R 0ICBRZfTHoTHE Y, EDOHEHEIXGNSS (Global
Navigation Satellite System), HWEE, i/, ERIRE, RN A, ) T7AZ A LKA
B ZIEIC kS (RET, 2019). HEA - L (2018) 1T X 2 & 2000 AERLAE D KILTE BT 2R,

42.8°

a7

Fig.1. (a) Map of the study area. (b) Close view of Tarumae Volcano, which is indicated by the rectangle with
dashed-line in (a). White squares indicate campaign GNSS stations constructed by Japan Meteorological
Agency.
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GNSS, MEXURER L OERT AT R R LB+ 2 &L o At zrL, ZOHEOTE
ik, KIEHOWELIRED FR 2733 L9 2BIRAKS RS R o5 HIH (1998FE7 A»b
2000 42 10 A) &, KIEREOUHE LR EDIKT 2R3 & 5 e BIHIFER S R 5 5 (2010 4
10 A2*5 2016 £ 10 H£T) @223 F b, A -l (2018) 13, HERTLEHH O B Al
BN L B YIS (Yamaya et al, 2009) & DENS, A F—AE FICHES AN
RO AR SR HTREIR 1T ID » T S KL AN EF+25 2 L TB MBS EAEL, #KELE A
LD e EE O S ISP IR £53ATe 2 & THEEEOE RS IEAE L TV D LIEIRL TV D,
2000 SEARLARE D RERT L T O AR BLINILRETIC L 54 VK L GNSS BB ERTH o 72
(REGHFTEFT, 2008; K&JT, 2019). 1998 4E2> 5 2000 40 FLEZHY K ILTE B ANEF 22 RE I B L
TILGNSS 7 —Z I HBEB DO ET V) o F 24T o Te|ERH D (KEHF%ERT, 2008; LA -
fi, 2011). 7z, K[EWZERT (2011) ° EIHEERL (2010) Tidbo 7 72RO A &2
HEAT L Tuh7z 2005 AE0> 5 2010 AERT-OHiM 2%t 4 & L TT¥# SAR (Synthetic Aperture Radar)
MR L OEDEBRDOET V) v 7 %24T2>TW5D, —J7, 20104 10 A2 S L THAEL T
WD UHEPE O MR ZEENICBE L T OWMEIIAEA - i (2019) THHLNTWDL 00, #VEL
GNSS BUHNC X 2 HEMEEMOAICEB L TEY, FHSARTIIfTOhTWARN, 22 TK
9% T id 2015 42 4~ 5 2019 4F & TIT Advanced Land Observing Satellite-2/ Phased Array type
L-band Synthetic Aperture Radar-2 (ALOS-2/PALSAR-2) TH(fG S 72 SAR HEfg % HWT, 4
AL THAEL TWOHIBEEOFEMEZH ST 5. BE F— LRI RSN 5 HAEZEENIT R L
TKRIMEDIGHEIR 2 K E L 7o ETEDWHEIRDE T N/NT A2 —%HEEL, T BT THE
EINTETNNT AL — T 52 LT, BEOHERE OFLUS - FHER bERT D.

I. Fi5 SAR f&#T

ABFFE TIZRERTIL T 2015 402 5 2019 4E % TIT ALOS-2 12 £ - THUfS S iz 18 i SAR H
BEFEH L. Fig 212327 L—ADOMAEGDLE %, Table 1 127 —% OFTE T, T
M 21X RINC (Radar Interferometry Calculation Tools) Y 7 bW =7 /Xv /75— (Ozawa et al,
2016) ZfEM L7z, FHERIZITV— 7 —EER TOERDMELK 10mIc2d Loie, v
THE (A 7 wE OB HW) KOT U~ 2 EN (FEOETHR) oLy 7BEELLD 4
LTIV TF vy ZABE ZfE LTz, AR ORIEICITE B G REIND 10m X v a
O MEIEEE 7V (Digital Elevation map, DEM) % Jeiz/NEHE L (B5 K RH2HMFZERT) 2
ERR L 72 0.4 oA Y > 7Y o VP ¥iEks A& T 7 v (Digital Ellipsoidal Height model, DEHM) %
AL, 2 EOBRNCEIT2EMEDO AR —ED b4 L DA OB S ITHEFER PG I 2L —
FLIEREMEZZELGIK 2 & T]Y Rz, FWEG ORI EEBOKRE I 32 &L T
Baran filter (Baran et al., 2003) ZHHL 7. 04RO 7 LB T4 a— K27, #X
JERERICEE LTz, - n~ + n OIC wrap SNTAARZE R BRI O 7 2L TOREHDOET,
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oMkt EERD DT T v B ZIZiZ SNAPHU (Chen and Zebker, 2002) &M\ 7z, &t
ICREHF DKIERIC Lo THEL 2RFERER, EEICHBEL 2y 7PV GEET D 2 L 2R
L7z T, DEM ZeICESHER S 2 2 2 L— L, FHESEPSFEESZ & TERL 2.
AWFIE T A FH 43 o FH g 21Ek L 7z (Fig. 2).
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Fig. 2. Temporal and perpendicular baselines between each path frame. The orange circles denote radar
acquisitions. Each line represents an interferogram formed using two acquisitions connected. Green, blue
and red lines indicate path frame as 117-840, 123-840 and 18-2760, respectively.

Table 1. SAR data used in this study

Path frame (orbit type) 117-840 (A) 123-840 (A) 18-2760 (D)
Number of images 5 6 7
Interferograms 10 14 19
Looking angle (deg.) 36.2 36.2 39.6
Azimuth angle (deg.) -17.0 -11.1 189.8

Note. A and D represent the ascending and descending paths, respectively.
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m. #% &

ARFETIE201546 AH 6 2019485 A £ TOK 4 FMICHE b ALOS-2 77— ¥ DTt 5
EZDET Y VL DEMENROHEEREZRT. ERERLZRICKRND &, T SAR f#
Hric XV ¥EsE F—2z i & L7k 500 m DS CUGHEE O AR A B 2@ i S 4, £ DR KMEIE
4 £ T LOS (Line-Of-Sight) FMIC4dcm BETH -7z, Fiz, IWHEFE O K QRS (LIE
E TOFMPAICIWT, I8 N — L8 & FARE OB M OME 2R T AR R O i, I R—
LD ONHEE O E B Z AT 5 e O OBBENIR ZHEE L 25 R, B8 F—AE FRS
200 ~ 500 m IZARFEZALEDS 10" m® A — & — O IHER R S iz, BUF TIRIERNC Z DFH# 4
R

1. Fi% SAR EZ&

Fig.3 (a-i) IC T SAR T THONTHERD 9B, 96 Z/r7. Figd (a-c), Fig3 (d-f),
Fig. (g-1) XN ENBEHKI 14, 24, SEULL LRI T OBTRHREZRLTRY, Th
SO G, NSV T F A THORMICAE TS 2 Lic Xy, HERY 7 e L Tt
RE7ZR MR BN 23ME 2 b e, FICHIRIA 3 FLL L& R 28T EE (Fig. 3g-1) TIX, iEH N—

a Path 117 2015/08/04-2016/07/19 b Path 123 2015/06/11-2016/06/09 € Path 18 2016/05/19-2017/09/07

9 Displacement
T
oward _ 12cm

Displacement

d Path 117 2015/08/04-2017/06/06 e Path 123 2017/05/25-2019/05/25

=

Fig. 3. Results of SAR interferometry for the area shown in Fig. 1b. (a-i) Interferograms depicted dLOS (distance
change in LOS). The path and period for the stacking are shown at the top of each interferogram. Positive dLOS
values correspond to increases in the distance between the satellite antenna and the ground target. Arrows represent
the flight and viewing direction of the ALOS-2. (j and k) Displacement distributions in the quasi east-west and
quasi vertical component, respectively calculated from Fig. 3h and 3i.
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LEDICBNTERK 4em BEOHMB LT MOMELZRTEHNRROND. £ Z0HHTIE, W
EHME O KB EZEPLILIEICENT, WEN—ARLTRONDI Y VTNV ERBEDOREID
BRFROHENRLOND., Zhb 2O0FKTENTNRLND V7 FVITRR DHEDORT
THRBRICIEAGNTND Z 225, EEROMBAEHHZKML TNDEEZI L.

2. 2.5 RITEHT

SEER L 7 TS T IR ENENER 2 5P O8IT 2 2 DOWIERD 5 12,
25 WICMMfT 2179 Z LI T&E 5 (Fujiwara et al., 2000). 2.5 RICMENTIC X 0 HER PR & L
TR B HEE L T2 fE5R % Fig. 31, k 1CR$. 2 OHEEICIL Fig. 3h & Fig. 31 @ 2 DO THHE {5 % fif
L7, 723, Fig 3h & Fig. 3i OBAIARNIIZ4E40 1442 H & 1422 H @RI 23 &
KRERBRZTRNOT, THEBICATZr—) v 71X EMBOFHIE R L 13T > TR,
Fig. 3j, k £ 0, AH N—AELOPWEIRICSW T, ERRS TIER K T4em, ¥ ETHKS
TIERKR 6 cm OILFES R S iz, ¥ERTE G TIIES F— A0 THME, Ba R—2070
RICHA E OHBEE N R SND. #ETRS TIAE R — A F0 TR FPRIC TR & OZ 85
RoNsd. Zid ORITIAIN 2 IHEE O ZEEN 2 KM L 72 b D TH Y, A R—LETD
TLEHICHDNHERIC L > TSRS TWDE E AL,

(LA AR T oD AR S B (L YE SRV 5 M DL 3 e KT 5 em FREE, Y ETFHMOEMD KT
TemBELRole, ZOEBICITADSCERIL R CIXFEEY T, ERE TORIEE & L LG
STV, Fl - (2004) RFEUT (2019) THHEIEEITREI TRV, b0
TEPBKIIMEDOEENC L 2MBLEHZRB L2 LD TIERVWEEX LN, ZOFHMIZON
THHREETOT =005 2 L I3EL .

3. REESDETY VY

ARHFZETIX, A R — 80 O R ZEEh T 5 U T8RS BB T 0 BRR o PUEIR 2 E L,
EARET IV (Mogi, 1958) TH#tlAd 2 Z & HR AT, IUEIROAPALE XS K — AE T & RE
L, TOBRS LEBEMELZRIEEL L TYY v R —FIC Lo TEHME L 0FENE/NE 2D
AR L 7. Z OB ITBREIMA 3 FLLEE 722 7O THERICK L TERETNTR ST,
BAMEIXZ N ZN O T4 SAR Bl 0> S WA K— A0 1km FOHFICH 5 B 7 05 100
S B IENE DA E WVER TS, ARSNES W TIEBIC) b T T EITH 2 ET
iz, BT NRT AL —ORBEHFITLATHE (KEAFSEHT, 20085 20115 (LA - fth, 2011) %
£HEIC LT, BTE %100~ 1000m OfF T 100 m % 2, »2>EZE(L&E % 0.1 X 10' ~ 10 X
10'm® OFPFHTO05 X 103m* AAE L, K7 Y3025 L. 7V vy R —FOfEE, IX
FEIROTES1E 200 ~ 500 m, AFEE(LEIT-1.0 ~-45 X 10'm® LHEEShiz. EFAHEEICH
W TWHEIGR Z L ORERET VNI AZ—OEPGEHE SN S EAMEEG (Fig da—c) LFHEI
VTN E G & BB & DS & L o T Eit% % Fig. 4d-f 12”7, Fig 4d-f 22 HIEE R — A
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a Path 117 2015/08/04-2018/10/23 b Path 123 2015/06/11-2019/05/23

¢ Path 18 2015/10/08-2019/09/05

Displacement
T
| oward 12cm

© : depth =500 m, AV=4.5%10*m3
@ : depth =200 m, AV=1.0X10*m?

1 -1 g [

GNSS baseline change (cm)
.

Fig. 4. Comparison between observed and calculated displacements. (a—c) Interferograms depicted dLOS same as Fig.
3g-i, respectively. (d-f) Calculated dLOS distribution using preferred model for Fig. 4a-c, respectively. (g-i)
Residuals between the observed dLOS shown in Fig 3g-i and calculated dLOS by the optimal model, shown in Fig.
4a-c. (j) Location of the campaign GNSS stations and their baseline number. (k) Calculations and observations of
the GNSS baseline length change (BLC). The number of horizontal axis is corresponding to Fig. 4j. The gray and
black circles are observed BLCs for 3 and 4 years, respectively. Red and blue circles are calculated BLCs.

WTORETIZLNSINT LG, HEINZETNVEHRICT —F ZHPTETND KT
&5, ERFKEOBEHBNG, PHEROKEAEIEE F—AET EDREFRLETHLLEZD
ND. AWFTE THEE ST GEIROTR & L ARRZLEITATIE L L T, BB X CEAHZR
il 72 -7 (Table 2). —7F, A - fit (2018) THEE SN 7HFREIR OB S 13X 500 m & ABFFED

Table 2. Estimated model paramenters by previous study and this study

Data Data period Location Depth (m) Volume change (m3)
Meteorological Research Institute (2008) GNSS 1999/07-2000/08 under the dome 310 +1.9x104
GNSS 2003/07-2003/10 under the dome 270 +3.0x10%
Geomagnetic total force 1999/07-2000/10  north-west under the dome 370 *
Meteorological Research Institute (2011) InSAR 2003/07-2003/10 under the dome 200 +1.3x104
Yamamoto et al. (2011) GNSS 2133;’_'22383 * 340 +10¢
Hashimoto et al. (2018) Geomagnetic total force 1998/07-2000/10 north-east under the dome 380 *
Geomagnetic total force 2010/10-2016/10 north under the dome 500 *
This study InSAR 2015/06-2019/05 under the dome 200-500 -0.5X10% - 4.5X10*

Note. * mean “Not mentioned in previous study”.
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TRRE & —E T DR E R T,

Fig. 4j, k [CR&T (2019) 7B FAM - 74 V3K L GNSS Bllic X5 3 ~ 4 4 (2015 ~ 2018
fE L 2015 ~ 2019 FOHIM) DOEMELOERZRT. FHEME L TEHES 200 m THRREIHE &
-1.0 X 10'm® DEA EFEE 500 m THRINHEE -4.5 X 10'm® OBRSICHE SIS BEELLD
FIERICRT. GNSS OV IR LBRIOFRZENS Ilem BETH L 5258, 7V vy NYF—F 0 oHE
SNIETNANRT AL =X > TRB R ZBIAIMEZHHT O R L RoTe. T OBIHNE & FHHEME
DFEZDOWTITHFEOZRPRKENEE X bND. RIS TR EERREVE 2 0E L 7225, 58 N —
Ll GNSS HH S OB KZE > 100m &89 700 m OEASBEBEO =RTeAr— V2525 L, H
WOREBEST L Z & THEMEPEET LR H D, Eiz, KRB TIX GNSS BRIIC L 2
FERZ IS L TORAN. A%, GNSS &illF — 2 & F4E SAR AT OFE RO 0 F— % %
HAWicETAMERICE Y, RVBEENREHRERETAPHEETE L LHfFEND .

N.& g

AFETIEATE TH O NG R & 1A R TOMIBEZ DIEE A I = XA LT ONTERELT
9. HEE S HIPUREIRD A J1 = X 2B LTI B BUHE 2 (50E L 7€ 7)1 L HEE S U7 e
BOREEEL OHKRIPOERZITH. BBICENLOHEMEZHE A ETHZOBEIT OV
TERZTO.

1. WA D =X L

A - fi (2018) T, 2010 FEHOHBE B IRD O IHEITER L, 2R SRR Z2 7R
Liad 5 Ko izt 2, THRERH AR OZEOERIRE DK T Lind 2R L &2 5
Tl AR, ZORKITGEE? O OEIROKILUT ZADEADPEZ, KEEHBICBWTRE S &
HPEITL TWDZLICE DD DEERL TWD, KRIFZE THEE SN iRa K — A E T O PGEIR
DO SVIFEAR - 1 (2018) THEINTHRIROEI BRI Z—ET 50, TNV FHFETEN
R IC e DEMB DD, FHROMEY, R TIIHEE2EZEL TV, £z, A (2018)
TOHHEOREITZEEL THRV., §E-T, SHRHMEOMREZRT D2 EL TR VFEMRET
NWRTG AL —DHETEEITH T & T, TNODAEBREEEMICHETE 2200 LAy, Wi
AUTHE IARIFZE TR 2 O VIR E) b (LRSS T ORE £ 7 i3mEiEfE, 25 WEEomb %z
KL bDThHDEEZLND.

2T, IWEEHOPIHENRER T O L > TRAEL TWD EEL GE, HEE S
MERFEZ DT 2 2 N TE DN THSMRRFE21T 5. WIROEEZIER o 1ILLT O X
ICERINSD .
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1AV
A=y AT (1)

(1) XBELD VIImEDERE, AVB I OATIZZENFNEEEE SIRESLETH S, (1)
AL VIBEZCEICH T DEBEEEIIULTOL SIS .

AV=aVAT (2)

FRERE a 1L 10° /K & 55, 22T, HESNEEELEPLETHEID AEL 60
HRTG AL Lo TEOREMRPINDIDEEZ D, KILEHO BRI 0 I O IUHE S —F 1
SOK DIRERTICE > THEEZENTNWD LRET D, H ETOETIREDOIRT & & IHEIR
FHETORTIREDOKTE L OBRIIRHTS S5, [BIT (2019) OMEHEIcRIT5k0T
DETIREDKTEOBB L ZDEZAWZ., ZO%HE, HE S I EBEEE -1.0 ~ 45 X
10' m® 23T 5 72 DI BEARBRIRE IR OPEIL 170 ~ 280 m & 725, HEE S L2 PUHEIR O 17
I (200 ~500m) &HERT D EHIER D S IHEIROE S 2 T2 2L 25 HAI D HD DD
BRIZTHENRMEOEMIMICNE -T2 L F XD, —J7, [EHIEFT (2008) TIiL 1999 45
2000 £E D K (LITEE) DIEFEAL OB 25 57 5 4 2 I 0 GNSS # 0 i USRI & 4857 81 0 #E 5 7
b, 1O O EIENTHEEE 2R > K L MBS 42 Y 7 b ¥ = 7 MaGCAP-V (&5,
2008) ZMWT, MIMEER (4GPa) LEAMMLE (1AmM) ZKET DI & THEE F—AE FOEK
REDFRORE S LIES LMBEHEE L. TORERE K —AE T TR 120 m OBRIRZIRIR
AR LTz, ZOWEHREUT D L, AP THE SNICEROMEIIRRK TR X% 2 SR E
DEL72o7-, BHREIRSEZY, AN TWSKINEEIO® AL R 2 2 L5 EBEE
TLHLZEEFHLNLDOD, BREIZF-HTIHEINES>TNDEEXLNDIMRLE LT, Uik
DT EPSEMTOIEPSILAENTOBEEETICEVBEL TVWEEEXTHHATESLI L L
v, SEIEEOTZDIRERTICLDIUEO R EEB LTI, LA =X NOHEED T2
DICIIREA - fth (2018) AMEHL TV D X 5 ICEMOWIE L WH ERE L 12T T NV EHEET D0
HRbbeE2LND .

2. ILAEAIE T O ZEE

Fig. 513 10m DEM 2> 555 U 72 iai (LU ZRm i B8 17 2 A 2n 3. KINEENICER T2 b o
TIE7R W EAEE S35 THE R TR O A5 AR O AR ZEEh X, AT ILLR O H T b kKB
R0 EZHE A D KO REERERI AR S REBTREAL TS, £, HME TOMBLEE)
X Fig. 3,k KV RMEX DS L FTREORS ZEL I LD, 2AROHITERS 2 Hi3
DICE > THEAEL TWDHREEMENE X2 B D. Fig 3d-f 138 X% 2 EMO T SAR Hi{g TH 5 73,
2018 FEIRHRFGH S 2 B te T 7 TIX L 0 BRI R OB AR AL D H B H 5.
ARBFFE TR L 72 SAR Bifg 0 7 — 2 B3 b ig 2 EREFREABS NI NI L LB ERMN
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Slope (degree)
20

30 40

Fig. 5. Slope of the Tarumae volcano. Red line indicates the main trail of Tarumae Volcano. White circles indicate
parking space for climbers.

REHMIE AT 5 T & 133 L v b 0 0 B T OHRZAENIBRBIMIC B W TEFRICHEAEL TV D
DT <, 2018 FEAEIRAGHIHEIC L - TINE S L <A SN2/ REMEREZE Z b D, 20
AR TEE) 3 A L T B HEI TIERSTIC & D GNSS # 0 iR LBINIAT b Tnien (REIT,
2019). F7z, YFBESICIPRILESCRLFHOBERPIFET D720 (Fig. 5), 4% 0D SAR
GNSS 72 & ORI TR X 5 IR FRIE T OB oMkl L 7 BRI K 0 BLE 6 b &
EThbLEZLNS .

3. SRNERE

ARAFFE TIHBRAE RIS W TEB BB ITHEIT L TW D LRE L THIT 21778 > Tc. [T
(2019) @ 2014 525 2019 FEOHIM OV K L GNSS BUANC X 2708 K — A ED OB S o &
MEZGITEENRET 5 L0 REMEZRT. —RICTH SAR BT ICRBIT 2B EITE < TH &
cmBELEND D, ZOBBEOKTEZRZDDITH L. EREICHEEMNE2HET 5 FiE
& L TPS (Permanent Scatterer) T-¥# SAR ff#T23% 5. Z OFIETIIHRM 1 om BE DN &1
26D 72 (il Z21F, Kobayashi et al., 2018), 5% Z 9 WoleFiEZ Y AvD T & THEA N —
IE T OUGHE (LR C OB ORFFRELZHET DN TEDLEZ LS.
Table. 3 124 EIFEM L7z ALOS-2 @ SAR 7 —# & S RIE TE holc b O OWFRGELFH IC
AL E £415 ALOS-2 @ SAR 7 —# OF L E R T, ARBFE TIEEZR D 2 DOHEIC X 281
FERDD 2.5 WA 2 HEE LTz, Table. 31233 X 912 3 HALALED SAR Eifg 245 2
L TEBO IRTENMGEHET D ENTED, SREENMHOEREAND Z LT, PUHER
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Table 3. SAR data used / not used in this study

Path frame (orbit type) Number of images Date of images
117-840 (A-L) 5 See Fig. 2.
123-840 (A-R) 6 See Fig. 2.
18-2760 (D-R) 7 See Fig. 2.
25-2710 (D-L) 2 2015/10/29, 2019/07/04
2015/10/22, 2016/06/02, 2016/07/14, 2016/08/25, 2016/11/17, 2017/08/24, 2018/05/17,
116-890 (A-L) 17 2018/05/31, 2018/06/14, 2018/06/28, 2018/07/12, 2018/07/26, 2018/08/23, 2018/08/09,
2018/09/06, 2018/09/20, 2018/10/04
123-850 (A-R) 6 2015/06/11, 2015/11/12, 2016/06/09, 2016/11/10, 2017/05/25, 2019/05/23
124-840 (A-R) 2 2017/10/03, 2018/05/15

Note. A, D, R and L in parentheses following path frames represent the ascending, descending paths, right and left look, respectively. Images
taken in winter season (Mid-November to mid-May) is excluded.

DR EFIKT D ZENTE D00 Livev., SR TE 205 I EiQIIAME THEA L 72
BOBULEOKBEBGEET D, ChboTF—22HAL, Lo PS T¥# SAR @i &2 v 5 =

& THEZERIMICE D MREE R BB ENHEE TE 5000 Livie, RIFFETIXHARD ALOS-2 O
SAR W4 & 7o, BETILRIEE A IC B DL Tz, X-band & 5 W iE C-band D7
EROWNOMHELZTERT 22 LT, XV EHBEREMGOWEN TS RMELSH D .

Narita and murakami (2018; 2019) Tk LD 2014 FK RS E K 1% O MR ZS &) 2 )b 512 T
W SAR FENT ATV, FHAUER & GNSS 77— 4 88 L OMER =R 2 5 K LR TOE I
EHEE LTz, ZORERD O ILENEOWEOFIREZHK T2 2 L bRAATWS, a7 LTIk
WERT, [T, MHELRA TR X OEEER AT IC Lo THIESN, ©FF
O VIR L GNSS BIll, R4 OB, MEKIRE I X O R A AL O BLHUBLI 23T
TS (A - fi, 2018). F7z, [WTEKLJFEITEE TiE 2001 42> & E L HIFE B 0> GNSS k1L
28 ) £ — NI E REGMOS 12 L Y GNSS #Ef#fl A fThnTnwgd (F - fl, 2011). %
TSR IL CTRESHMER 2 HE T 2R A M (2004) 2L o T Tnd, BIETIEERDY
TNHEA LEREGR T — 2 ERETIC L > TEFRMICEEG S TR Y (B2, [&T, 2019),
ZIDOHRBROWEIIFTRETH D LD, LLED X 9 RLZHEHH BT — % & A% TH
SNIZHBEBN DT —F ZERMICHET S Z & T, MENIICRBWTHIESE F—AETICBIT5
I DFEA 72 A T = X LR AT OB FHIE RIS T DMK 2 52 DD ATREERH 5 .

V.E& & &

AHFZE Ti% 2015 ~ 2019 S DO HAIC ALOS-2/PALSAR-2 THUS X 4172 SAR i1 D F-HRAT 2>
5, BERTLTHRAEL TWAHIREEI AL LTz, FOREE, BNULTEOEE R—AEFD
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IEETIE, 2015 225 2019 F DK 4 F THRK 4 cm BED LOS HHOME 2R TEEH R RS
iz, IR IRV Th RIFEEDEB 2R S v7z, 2.5 IRICHRIT OFEF 1 O 135EE N — A
WTORERFER LOEETEHIEZNENRATREZ4dem & 6em & HEL v, Z0ZEH)
DR BIEE F— A E FERBONMERICE 2 b D LA b5, IR OZEBIHERER X
CHEETHMTENENRATELZ5em & Tem & AL vz, 8 N— LB ORI
L CETNHEZIT R TCRER, A F—AE TOEES 200 ~ 500 m OALEICAEEELE -1.0
~ =45 X 10" m* OPHEIRDHEE S 40, ZIRMIIC I 1T 2 AT e OHEEME L Ak R & 72 o
7. T OUGHEIERRET B R 2 W T2 BATIT R38R L T2 K51, BE F—LE FOEHE
DOWRJE L BENT L > THRAEL TWDAEEMERE W EE XSS, 1998 40> 5 2000 H 12T TD
IEARIAM 2t 42 & U e SEATHIgE & Ol 6, Z ONHE LB EDIEIENIEAE L =0 & [F U HEikic
BWTEAL TV, LAy, (RHAIE OMBEZEBNLKIIEENIC X 2 b0 Tlidhne &2
5N b DD, BIEOBENOEBEEDORMEZ R TV BESERH S, SHOFEL LT
i, BEHT 2 SAR BB AN S 5 2 L ORERIIFNT 2 £ 2179 Z & THM R L8 2 HE
THLIENETOND. Fiz, tOHERYBLZAEN & OEENREIC X 0 IHEROFEM 72 A B
=R LHEERIENE OB FHPREB ZHIKI T2 2 L DTS HARERD S |

HE AWFYE TIE, PIXEL (PALSAR Interferometry Consortium to Study our Evolving Land
surface) THHH L TWB PALSAR-2 7 —# & L7z, ZAVXFH M2 IEEA R R (Japan
Aerospace Exploration Agency, JAXA) & HIUASHIZENIZEHT & O FEFIEHEANT LV JAXA 7
LIfES NI b D TH S, PALSAR-2 7 — ¥ OFFAHEIIRFEEEE B LU JAXA TH 5. fiEbT
Wi, BESERHEEANIZE T O/ NEFEIC X o TRF S 4172 SAR TN Y — /L (RINC) % f#
Lz, EEHBEEOEBHKEROm Ay v a2 EE52HHL 2. Ko EKICIEGMT
(Generic mapping Tools) Y 7 b7 =7 (Wessel and Smith, 1998) L 7. KT X D4
AL T OV K L GNSS Bl OB S E#IT KRG TR E (FLigsE) oRLUFRICEEEL T
TEV 2, RERTLOXR LEE R £ OV L FBEES oA E Hd B Fe X (7 E 1 web) #~v ==
TN THAMOIER L Te. BRSALICEHOBEZRT S .
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