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Crustal Deformation Associated with the 2011 Eruption of Shinmoe-dake in Kirishima
Volcano Group, Southwestern Japan, Detected by DInSAR and GPS Measurements

Yousuke MIYAGI*, Taku Ozawa™ and Yuhki Komno™

Shinmoe-dake in the Kirishima volcano group located in southwestern Japan started to erupt on January 19, 2011
and the eruption developed to Sub-Plinian eruptionson January 26 and 27. Crustal deformations associated with the
eruption, including pre-eruptive inflation, co-eruptive deflation, and post-eruptive inflation, were detected by DInSAR
and GPS measurements. Geodetic information revealed by two different methods compensate each other and exhibit
good agreement. The centers of these deformations for each period almost overlap and are located about 5 km west-
northwest of the Shinmoe-dake crater. Assuming that the deformation source indicating magma chamber at a depth of
7.5km was fixed at the same location and depth, volumes of the source are estimated to have increased 1.7 X 10’ m’for
the pre-eruptive period, decreased 1.5 X 10" m’for the co-eruptive period, and increased 8.0 X 10°m’for the post-eruptive
period. The co-eruptive volume decrease is comparable to the pre-eruptive volume increase and the emitted volume.
However, the post-eruptive volume increase is obviously small and ceased after December 2011. The magma chamber
has now returned to about 50 % of the eruptive volume of the 2011 eruption. If a volume increase start again at a similar
rate, it will be about 10 months until the next 2011-size eruption.
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b, ZNFETHE L OKILIZBWT, GPS (Global Posi-
tioning System) X° A\ L# £ B WO EGHHITL — 4% (Syn-
thetic Aperture Radar, LLF SAR) 12 & % Mk SRl A
T, MWREET— 5 % flio THIT O~ 7 < iGE 2
EENTWD (21X, Owen et al., 2000; Massonnet et al.,
1995). FEILNL O ZORBIZBIT 5o KL%
BRG] & LT3/ NS (2003) A3 5 25, 2 AL
HIED O RBATH % WA EBZ O W TORETH L.
PRIGTIE, 1991 4F 11 FIZ58 A4 L 72 BESS R O BBk
W & AKEE AT DN, ~ 7 <iGBoEEIC £ T
FES L ors (EKFHFENIZEIMG, 1992).
HHRE % & LB SN LT O HURRAS Bl L A S | 2 B 7
8% — %KY (Fig2). ETHHEEIZ X %5 GEONET #i
W X % & 2009 4F 12 A VAR, FMEEZICB WS
DF 7 Ny 7 R WEEAE) &SR BRI R RO%
BIAEH S CB Y, 2011 SERKIZBIRR L7268 Th -
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Map of the study area. The triangle indicates Shinmoe-dake crater in the Kirishima Volcano Group.
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band (% 23.6cm) @ SAR £ V4 Th Y, 25T B
IZBWTEWI T2 JZH 3 % (Zebker and Villasenor,
1992). Canadian Space Agency (CSA) |2 & - T 2007 4 12
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Fig. 2. Displacement velocity field caused by regional tectonics in normal period (2003/4/15-2005/12/31). The
triangle indicates the location of Shinmoe-dake volcano. Dots indicate GPS sites which we used in this study.
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3 &7z ALOS/PALSAR 7— % (IR @), WEXHT 2010
£ 11 H 20 H & WK% 2011 452 H 20 HICHUS S 7z
ALOS/PALSAR 7— % (#Iffi @), Z L CTHIXf% 2011 4F
3 H 3 HE 20114 11 H 22 HIZEUS S 1172 RADAR-
SAT-2 77— % (Wl @) #% - 72 DInSAR f#HT % 47\
(Fig. 3, Table 1), &AM B 2 MR ZEB O %17 -
72. ALOS/PALSAR 7 — ¥ Of#HTIZ1X, SIGMA-SAR v
7 b7 =7 (Shimada, 1999) % L, TMHE{EOT »
J v ¥ ¥ 7 IZ1E Ghiglia and Pritt (1998) 12 & - CTHeft
NTWB7IF 7y b - 7)) XL (Goldstein et al.,
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EEDLNLERED /A ZZR NN s, EiE
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NET Bl 11 e, BB oReE L 72 GPS il
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B ORI E D 729, Bernese GPS Software (ver. 5.0)
(Dach et al., 2007) & F\ 7R T 21T 72, T OB, H
KB A 5 2O 1GS Bl 5 (DAET - GUAM - SHAO -
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Fig. 3. Change of baseline length between Makizono and Ebino that are continuous GPS sites in GEONET. Time series are de-

trended, and annual and semi-annual components are removed. Periods @, @, 3, and @ indicate SAR data acquisition
periods. (1D 2007/12/28-2010/2/17. (2 2010/2/17-2010/11/20. (3 2010/11/20-2011/2/20. 4 2011/3/3-2011/11/22.

Table. 1.

SAR data information, including acquisition dates of first and second images, sensor

names, perpendicular baselines, and errors estimated in each interferogram.

First image Second image Sensor Bperp(m) _ Error (em
Period® 2007/12/28 2010/2/17 ALOS/PALSAR 63 0.9
Period® 2010/2/17 2010/11/20 ALOS/PALSAR 785 1.0
Period® 2010/11/20 2011/2/20 ALOS/PALSAR 1002 1.5
Period@ 2011/3/3 2011/11/22 RADARSAT-2 241 1.3

H20H, 20114E3 A3 H, 2011 4E 11 H22 HOZHD
Rifs 1 AT, A5 15 HM O % £l Tk, £
NoOEEFIH, #Flo0EMEE L. 2L,
SRMFHAIISEHT O 2 s OBHESIE 2010 £ 4 H 10 H2»
LB L TWb 720, FEEJ7EETIEME KR DInSAR <7
(7R @) & MO MRRETHES R v, fho
B goRNEOZElERITHL 2 L0 D
(Fig. 3), BOKBIOBIEL — M E 572 ERE L Tl
BHEM AT, EOMEE 25 BB AIZB1T 5 2010 4E 2
H 17 H-2010 45 11 H 20 H® 276 H B O & % Ko
7o, B, BWIETIE, WRESS T <, Kbtk
MW AT O EEN DL 2 511D GEONET - K

A EEMNE LTWAD. Fig. 2 TRONDIEEDT 7
=2 AR T L MR A BRI A EE T 5 L, ARG
TIEECTH 9D ABOMBERTHLZ Lnb, R
DTV F=y AL BEBIHHINECDLDTH D EE
AHIENTEDL. Lo TUT TRIERM S ZFEE S L
T5HZ Lo TELNLHREIE, u—h LKl
IR T 2 MBI CTh 5 L IRET 5.

3. # R

Table 1 % OF Fig. 3 TR EN-EHM 2BV T, Din-
SAR fHTIZ & » THEH & M7z M2 Bh % Fig.4 12, GPS
2 X o T SN L T % Figs ICRT. &b,
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DInSAR 7 — ¥ Oz L LT, KOADS oIl Hin LS
B0 LETELHBED 0 5DIEL2E KDL
A, HIHOA0.87cm, M@ A 1.0em, HiH G A%
1.5cm, £ L CHIM @ 2% 1.3cm & ARG D S5 7z, GPS
T =% O, AL TR 0.20cm, FPERS TR 0.
35cm, ZLCETHSTHO090ecm & RfED S5/,
72, GPS 7= ORI AT v ML v VB fE L
GPS Bl 543 D DInSAR 7 — % |2 X B ZE & 071,
ST 0.24cm (W D), 0.63cm (A @), 0.39cm (]
H®), 030cm WM @) &%), Bw—5%mR¥. Fig
350, 2011 4E 1 HOMKIZT TOEM A IEHEOM
O, T b bR IEE > 720132009 4E 12 HTH 508
ZNLIET O (UK ©) @ ALOS/PALSAR 7 — % % i
V272 DInSAR fEHTIC & o TH S N7 T HI{§ % Fig. 4a
7R, Fig. da 2 O\ Z MR M S5, WIS
S 7 B OZALA L S i 2> > 72 GEONET 12 & %
ARSI & M TH 5.

Fig. 4b IZMKHTRT (W @) 2515 57T ilm g
THb. Fig.da LILRT, WEFIZRR /A AL LR
L, SO NAEBREOBREILN 1.0cm THo 7z, Fik
KT (P AR=A) 2548 Skm PEILE 2 H.0 & L C,
I A REWARTTICREBRMAHOEA R ONS, &
IR RE- T M O WEEAHE E 5 /38 — v (Fk— =)
ZRLTHBY, HKTH 4em O, 2 &G HFELT)A
o EHMT LI TEL. FYIBO GPS 12
Lo THI E N ETNL, FL KD 5 5km
PEALTE AR B O F.G (kR ) 28RS, BEhkicatm
EOKTFEH L AR L TEE%/RT (Fig. 5a &
Fig. 5b).

Fig. 4c 3K Z A ZZ~T HIE Q) »5ESN:
T¥WM{%Tdh 5. Fig 4a X° 4b L LT PIZ, 1 X
BE AL, [BONTEBEOFREILN 1.5cm THo
7z, LFC Fig. 4b TR S N/-MKFIOZEB O i & [6] U
I TNy — >, R M O REEANE S5 8
¥ — (Fk—EF—aR) OMHELSRS N, KATH A4
Sem DLMEE SLHBMET PRI > 72 L MRT 2 2 &
MCTEL. FYE O GPS 12 & » THI S 7z R 2B
&, ZEEhHLGIT L CREHRIC I 2 o T B IRPER BN &
WAL LT ZEB) %33 (Fig. 5S¢ & Fig. 5d).

Fig. 4d [T RRT (W @) 2515 57T ilm %
Th b, WX, WKFIZERO F.OAH - 7250 L [
U 2 ol AR - M R O BB 2SHE £ 5788 — & (f
=) ONAHZALA RSN, WAHT & FERICERY &
WFREZEEAS, W UBH TR 572 L IRT 52 25T
L. 72721, WRAETEIERR/NE {, A THERR
HIENIA 2.5em Td o 72 FEIH O GPS 12 & o THii

SN MR, WEAHT (Fig. 5b) & MARICEB O L
25 EHIRIZONT & OIRPEE) & kg A %
# ¥ (Fig. 5e & Fig. 5f). 3IH ZNZhicB VT
DInSAR f##lT & GPS OfEFIZBW—5Z/RLTBY, &
H 5O E UABIRIC L2 M Ash 2t Lz b0 eE
RAHZENTEDL. ZLTEOEEO/NNY — 1%, WK
AOWR, BEXIAE - 7200, # L CRAKROBRIZ 5
J5ZEHRTE, ZRHOPLIEETOMEIGET, Fik
SR Sk FALTE 2 5 L) S Lo 7z,

4. & =
RIFFEClatl S 7o iR E B oL B E LT, #F
EHICH B~ 7~ ZMGEL, Mogi (1958) |2 & 52k
RETTRE TV & HWC, SWEIIBE S 7 e Zs &)
DFMERADL. BEFED/NT X —F (EE, R 3
X, ORREZEALE) (& DT o, B LG S5 S
ND 2 /MNT LD RENT A5 L L, 7
Py —FIC X 0HEE L2 B, ~ 7~ IREMmIER A
THY, MEAOEAORT Y Ik 025 EET 5
(Delaney and McTigue, 1994).
N —(.\2

22T, N BT —5% 0 i HFHOBIME, C: i
HoEHHEAE, o i % HOBIMME 0,07, £ 3%, Din-
SAR O 7 — % 1%, Fig. 4 O E R ZEEFHI A U] ) H
L7 #iPA (Fig. 6) O 7 — % WA L, Wk @ 1& N=8100,
WM @1k N=8095, WM @ 1L N=13381 & o7z, %
B O E % EEET, WSRO T A—-5 %
Table 2 |2 (Model 1), 4= % 8 L CEBIE O & 1222
LA v 4 L, @I o DInSAR & GPS 7°— % %
[FIFFICHVCRD 72787 A — % % Table 3 12783 (Model
2). Fig. 7137V 5155 25H R & BNAE O 5%
EHTH), EHLLLEHEMELY LCHHTE WS, £
7o, WIET WIS L BRGHE/ST A — & ROFRZER * g L
Jol A, REBZBEWHZLZWI EA5 05 (Table2,
Table3, Fig.7). & 512, Bl S /T %25, 4l
FiZ L CEBOFLDNTEE A EZLL TV RN L8
GhoTBY, R CIIEBEIZZOMEEZE 2 312
fRFE % 2L S 272 (Model 2) EARE L, MR, M
T WK OB EFEORIEZELE % G S % (Table3).
HB, BoNTTwmIND 2% Pank L, KNTA—F %
TN T X — PO LALE D Ay 2= 12— ¥ %min
MU BEDINT A=Y DR, K/8T X —F DiE
& L (Bevington, 1969), Table 2, Table3 |2/~ L7z, 4xilf
il DInSAR M UF GPS 7 — % & I\ 72 EF) ¥ 7 D
B2011 RIS L 2T~ 7~ ) o E ISk
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(a) Interferogram produced using ALOS/PALSAR data acquired on 2007/12/28 and 2010/2/17. (b) Interferogram

produced using ALOS/PALSAR data acquired on 2010/2/17 and 2010/11/20. The color cycle of green-yellow-red indicates
a shortening of the satellite-ground distance. (c) Interferogram produced using ALOS/PALSAR data acquired on
2010/11/20 and 2011/2/20. Another color change is found in similar area as (b) and the color cycle of green-blue-red that is
opposite pattern of (b), indicating an elongation of the satellite-ground distance. (d) Interferogram produced using
RADARSAT-2 data acquired on 2011/3/3 and 2011/11/22. A slight color change (green-yellow) is found in similar area as

(b) and (c).
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Fig. 5. (a) Horizontal and (b) vertical displacement vectors detected by GPS data for 2010/2/17-2010/11/20. (c) Horizontal and

(d) vertical displacement vectors detected by GPS data for 2010/11/20-2011/2/20. (e) Horizontal and (f) vertical
displacement vectors detected by GPS data for 2011/3/3-2011/11/22. Red arrows indicate observed displacements, and blue
arrows indicate displacements calculated using Mogi [1958], in which we used best fit parameters estimated by grid-search
method. Error ellipses and error bars indicate 68.3 % confidence regions. The red triangle indicates the location of Shinmoe-
dake volcano. The green star indicates the location of an estimated deformation source.
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Fig. 6. (a) Enlarged main deformation areas in Fig. 4b. (b), (c) Interferograms for 2010/2/17-2010/11/20 calculated using
Model 2 and Model 1. (d) Enlarged main deformation areas in Fig. 4c. (e), (f) Interferograms for 2010/11/20-2011/2/20
calculated using Model 2 and Model 1. (g) Enlarged main deformation areas in Fig. 4d. (h), (i) Interferograms for
2011/3/3-2011/11/22 calculated using Model 2 and Model 1. The red triangle indicates the location of Shinmoe-dake
volcano. The white star indicates the location of an estimated deformation source.
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Fig. 7. (a), (b) Residuals between observed (Fig. 6a) and calculated interferograms produced using Model 2 and Model 1 (Figs.

6b and 6¢) for 2010/2/17-2010/11/20. (c), (d) Residuals between observed (Fig. 6d) and calculated interferograms
produced using Model 2 and Model 1 (Figs. 6e and 6f) for 2010/11/20-2011/2/20. (e), (f) Residuals between observed (Fig.
6g) and calculated interferograms produced using Model 2 and Model 1 (Figs. 6h and 6i) for 2011/3/3-2011/11/22.
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Table. 2. Best fit parameters estimated using Model 1.

Latitude (°) Longitude (° Depth (km) Volume change (m?) RMS (cm)
Period® 31.926N=0.004 130.850E£0.004 7.5+0.3 +1.240.05%107 0.94
Period® 31.919N=*0.003 130.828E+0.004 7.41+0.3 -1.24+0.05%107 1.35
Period@ 31.939N=-0.003 130.831E+0.002 8.4+0.1 +0.90+0.02x107 0.75

Table. 3. Best fit parameters estimated using Model 2.

Latitude (°) Longitude (°) Depth (km) Volume change (m3)  RMS (cm)
Period® 31.929N=0.002 130.839E+0.002 7.5£0.1 +1.2%0.05%107 0.95
Period® 31.929N=+0.002 130.839E£0.002 7.5+0.1 -1.24+0.05%107 1.36
Period@ 31.929N=-0.002 130.839E+0.002 7.5%0.1 +0.70+0.02x107 0.74
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