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Table 1 Main ALOS features.
Sensor Wavelength (;; m) Spatial Resolution (m) Swath Width (km) Pointing Angle (degree)
Nadir onl -1. +1.5 (Triplet M
PRISM 0.52 10 0.77 2.5 (at Nadir) 70 (Nadir only) 3 to 1.5 (Triplet Mode,

35 (Triplet mode) Cross-track direction)

Band1:0.42 to 0.50
Band2:0.52 to 0.60

10 (at Nadir)

70 (at Nadir)

AVNIR-2 -44to+44
Band3:0.61 to 0.69 20 (at — 44 or + 44) 160 (at — 44 or + 44) ©
Band4:0.76 to 0.89
PALSAR Chirp Bandwidth (MHz)  Range Resolution (m)  Observation Swath (km) Incident angle (degree)
28 7 to 44
Fine mode 40to 70 8to 60
14 14 to 88
Polari metric 14 24 to 89 20to 65 81030
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Table 2 AVNIR-2 and PRISM data used in this study.

Sensor Path Frame Date and Time (UTC) Pointing angle Sun Ar.lgle Memo
Elevation
AVNIR-2 83 2960 2008.03.28 2:05 0.0° 56.0°  Fig 1-D
PRISM 83 2955
AVNIR-2 83 2960 2008.11.13 2:06 0.0° 39.0°  Fig 1-®
PRISM 83 2955
AVNIR-2 90 2940 2011.01.31 2:19 +27.0° 38.0°  Fig 1-(®
AVNIR-2 74 2980 2011.02.04 1:45 -31.0° 36.0°  Fig 1-@
AVNIR-2 93 2940 2011.02.05 2:25 +35.0° 40.0°  Fig 1-®
AVNIR-2 85 2950 2011.02.07 2:08 +10.0° 39.0°  Fig 1-®
AVNIR-2 83 2960 .
2011.02.19 2:04 0.0° 42.0°  Fig 1-D
PRISM 83 2955
AVNIR-2 78 2970 2011.02.26 1:53 -18.0° 43.0°  Fig 1-®
AVNIR-2 84 2960 2011.03.08 2:05 +6.0° 48.0°  Fig 1-©
AVNIR-2 76 2970 2011.03.10 1:48 -25.0° 47.0°  Fig 1-Q0
AVNIR-2 95 2930 2011.03.11 2:29 +40.0° 52.0°  Fig 1-@
AVNIR-2 98 2920 2011.03.16 2:35 +44.0° 54.0°  Fig 1-@
AVNIR-2 71 2980 2011.03.17 1:38 -38.0° 48.0°  Fig 1-®
AVNIR-2 90 2940 2011.03.18 2:18 +28.0° 53.0° Fig 1-@
AVNIR-2 88 2950 2011.03.30 2:13 +20.0° 58.0°  Fig 1-®
AVNIR-2 83 2960 2011.04.06 2:03 0.0° 59.0°  Fig 1-@®
PRISM 83 2955
AVNIR-2 94 2930 2011.04.09 2:26 +38.0° 63.0°  Fig 1-@
AVNIR-2 86 2950 2011.04.11 2:09 +14.0° 62.0°  Fig 1-@®
AVNIR-2 97 2930 2011.04.14 2:32 +44.0° 65.0°  Fig 1-@®
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M‘I (c) JAXA

200m 10:53JST
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Fig. 1 Satellite images of the descending orbit by ALOS (AVNIR-2 and PRISM). Numbers indicate AVNIR-2 and
PRISM data in Table 2. Numbers in parentheses indicate the pointing angle. The pointing angle of AVNIR-2 is
from —44.0 to +44.0 degrees. Short and long white arrows in each image indicate the look direction (range) and
the flight direction (azimuth), respectively. Each image is a false color composite of AVNIR-2 bands 4, 3, and 2.
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Table 3 PALSAR data used in this study.

(Sgr:)i; Path Frame Dat(zér;(ic";“lme Off-nadir angle Mode Memo
424 620 2010.11.20 1345 34.3° FBD Fig 2-D
428 620 2011.01.27 13:53 43.4° FBS Fig 2-®
420 630 2011.01.29 13:35 21.5° FBS Fig 2-(3
431 610 2011.02.01 13:59 47.8° FBS Fig 2-@
423 630 2011.02.03 13:42 30.8° FBS Fig 2-®
426 620 2011.02.08 13:48 38.8° FBS Fig 2-(6)
421 630 2011.02.15 13:37 25.8° FBS Fig 2-(D
PALSAR .
(Ascending) 432 610 2011.02.18 14:00 50.0° FBS Fig 2-(®
424 620 2011.02.20 13:43 34.3° FBS Fig 2-9
427 620 2011.02.25 13:50 41.5° FBS Fig 2-@0)
422 630 2011.03.04 13:39 28.8° FBS Fig 2-@)
428 620 2011.03.14 13:51 43.4° FBS Fig 2-®
420 630 2011.03.16 13:34 23.1° PLR Fig 2-®
431 610 2011.03.19 13:58 47.8° FBS Fig 2-@
424 620 2011.04.07 13:42 34.3° FBS Fig 2-©®
73 2980 2011.01.18 1:43 34.3° FBS Fig 3-
71 2980 2011.01.30 1:39 38.8° FBS Fig 3-®
74 2970 2011.02.04 145 30.8° FBS Fig 3-®
66 2990 2011.02.06 1:28 47.8° FBS Fig 3-@
77 2970 2011.02.09 1:51 21.5° FBS Fig 3-B®
69 2980 2011.02.11 1:34 43.4° FBS Fig 3-®
64 2990 2011.02.18 1:23 50.0° FBS Fig 3-(D
67 2990 2011.02.23 1:30 46.6° FBS Fig 3-(®
PALSAR 70 2980 2011.02.28 1:36 41.5° FBS Fig 3-9
(Descending) 73 2980 2011.03.05 1:42 34.3° FBS Fig 3-00
65 2990 2011.03.07 1:25 49.0° FBS Fig 3-@
68 2980 2011.03.12 1:31 43.4° FBS Fig 3-®
71 2980 2011.03.17 1:38 38.8° FBS Fig 3-®
77 2970 2011.03.27 1:50 21.5° PLR Fig 3-@
69 2980 2011.03.29 1:33 41.5° FBS Fig 3-®
67 2990 2011.04.10 1:28 46.6° FBS Fig 3-@®
70 2980 2011.04.15 1:35 41.5° FBS Fig 3-@)
73 2980 2011.04.20 1:41 34.3° FBS Fig 3-@®
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Analysis by MRI (c) JAXA/ METI

22:58JST

! Analysis by MRI (c) JAXA | METI
2011.03.19 (47.8° )

s00n

2011.03. 16 (23. 1°)

soon

. Analysis by MRI (c) JAXA / METI

2011.04.07 (34.3° )

B LT L TE K A OBz DWW T

500m

22:594ST

Analysis by MRI (c) JAXA/METI

200m 93:00JST

Analysis by MRI (c) JAXA | METI

_500m 22:51JST

Analysis by MRI (c) JAXA | METI
2011.03.14 (43.4° )

22:42JST

Fig. 2 SAR amplitude images in the ascending orbit by ALOS/PALSAR. Numbers indicate PALSAR data in Table 3.
Numbers in parentheses indicate the off-nadir angle. The off-nadir angle indicates the angle between the nadir
direction from the satellite and the slant range direction. Short and long white arrows in each image indicate the

look direction (range) and the flight direction (azimuth), respectively. Yellow arrows indicate the new hole in the
crater rim.
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Analysis by MRI (c) JAXA / METI

Analysis by MRI (c) JAXA / METI
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Analysis by MRI (¢) JAXA / METI
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10: 42457 I 200 10: 25057 i 200 10:314ST
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2011.03.05 (34.3° ) 2011.03.07 (49.0° 2011.03.12 (43.4° )

200m 10:38JST
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Analysis by MRI (c) JAXA | METI
2011.03.29 (41.5° )

10:28JST

Analysis by MRI (c) JAXA / METI

2011.04.10 (46.6° )

500 10:35,57 Jli 220"

Analysis by MRI (c) JAXA / METI
2011.04.15 (41.5° )

10:41JST

Analysis by MRI (c) JAXA [ METI
2011.04.20 (34.3° )

Fig. 3 SAR amplitude images in the descending orbit by ALOS/PALSAR. Numbers indicate PALSAR data in Table 3.
Numbers in parentheses indicate the off-nadir angle. The off-nadir angle indicates the angle between the nadir
direction from the satellite and the slant range direction. Short and long white arrows in each image indicate the

look direction (range) and the flight direction (azimuth), respectively. Yellow arrows indicate the new hole in the
crater rim.
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6.10 (iEkam) | 4

12011.3.16 (WX H)

s ,

Fig. 4 SAR polarimetric image in the ascending orbit by ALOS/PALSAR. Both images are composed of Red: double
bounce scattering, Green: volume scattering, Blue: surface scattering. These images are called “Pauli image” and
indicate the surface scattering characteristics change before and after the eruption. In general, surface scattering
components are prevalent in ponds and rivers. Double bounce scattering components are excellent for detecting
buildings. Volume scattering components are prevalent in forest areas.
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FCHEFOLICHKRK4em DS Scm R E O/ RIS <
FHEOMHENBD b, £/, AWML~ T~
Mk & 722572 2011 4 1 A 26 B & $kEe 2010 45 11 A
20 A & 2011 4F 2 H 20 H o ALAT8E & O 2011 4F 1
H 18 HE& 201143 A 5 HORMITHIEDO LT T,
LTIV EICHFTE L E LRk K Sem 2 B 6cm B2 JE
DFEENLEI DD FHOMMAENBO Sz, 73
B, TN5HO T TIEKRSAHMIEDLHE 21T -
TWRWE, v A 7 nBIER EOREIZL DR
N ED /A X GRE) BEENLAREERS D Z
EIEEE L.

Table 4 Interferometric pairs used in this study.
Image No. Scene Orbit Slave-M aster Span Bperp Cross-Track Incident Angle
Path-Frame (yyyy.mm.dd) (days) (m) (degree) (degree)

Fig 5-1D 424-620 A 2008.02.12-2010.11.20 1012 -94 N8OE 379
Fig 5-12) 73-2980 D 2008.05.27-2011.01.18 966 144 N8OW 37.1
Fig 5-2(9 424-620 A 2010.11.20-2011.02.20 92 1277 N8OE 37.9
Fig 5-2@ 73-2980 D 2011.01.18-2011.03.05 46 396 N3OW 37.1

Fig. 7 424-620 A 2008.02.12-2011.02.20 1104 1210 NBOE 379

A: Ascending, D: Descending
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Cross—Track NSGW Inc.Angle 37.1° x=0.5942 )_— 1075 z
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SAR interferograms generated from the ALOS/PALSAR before the eruption in late January ((D: Ascending

Fig. 5-1 i
orbit, @: Descending orbit). Symbols: orange circles, red circles, blue circles, black circles, and open triangle
represent GPS observation stations of JMA, GSI, NIED, ERI, and mountain peaks, respectively.
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Analysis by MRI from ALOS raw data of JAXA [ METI

130°48' 131°00 130
Cross—Track NSOE Inc.Angle 37.9° x=—0.6044 y=-0.1093 z=0.7891 Cross—Track NSOW Inc.Angle 37.1° x=0.5942 y=—0.1074 z=0.7971
>

Fig. 5-2 SAR interferograms generated from ALOS/PALSAR before and after the eruption in late January (®

Ascending orbit, @: Descending orbit). Symbols: same as Fig. 5-1

— 106 —



ALOS 1720 H | 12X 0B S Z S LB E ILTE X O D2 Bz 20T

SAR F U RATRE G 0> 5, 2 5 (L o 11K o> 5 4] 2
DMK ITEENT AL O MR B AN FE A L T D ATREME
MWENZ ENnD, KVIEKEDOEWIITELED T T
o, AKEIE KA R ORISR T D T T
FERAEML - T, KILHHMBEEDMBEST Y 7k
MaGCAP-V (fEH1E7>, 2010) ZHW7=7 U v KH

A, FRELEOWEILVER Skm OHATICE T,
e PESHY 6km, 6.2X10°m® OEREHM L, HESK
7km, 1.2X10'm* O (RFEIA T Wi O BB 2% AT HE
R EWh ol ZHORERIT, B LHERE
(2012) CBIKBFHEIFUZERT (2012) THE SN
TWD LI ICERBIHRERDICER S TND

GPS BLHIHME 0> 7 — & % i o 7= JE ) IR HE E 6 R & A
FFIHITH 5.

—FIZ R DEERKBIEROHEEZIT72. 2D
AT 2T Fig. 6-1 & O Fig. 6-2 1287, &% 2 O
MICBWTEIRIE NIR (Mogi, 1958) Z{RE L 7=

HRAW - FHW

135‘)‘7 IJGI).B 130.9 131.0 1311

Bperp : -0.094 [km]

Cross-Track : N79. 7E

Inc-Angle : 37.9°

x=-0. 6048, y=-0.1096, z=0.7888

R EETHR

—32.0

HARE -
2008. 2.12-2010.11. 20
Fas AR (]
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= o Lat:31.9319°
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5 & s g—o. 0472

100 =-0.0590
4 .M A
waes - fEH
X F-5.0
B X B Tk Analysis by MRI from ALOS raw data of JAXA / METI

Fig. 6-1 Pressure source of point calculated for Fig. 5-1-@O of InSAR results. According to SAR interferogram
generated from ALOS/PALSAR before the eruption, and when a Mogi-type point source was assumed, the
forecasted volume of inflation was about 6.2x10°m> at 6km depth according to MaGCAP-V (Fukui et al., 2010).
Symbols: orange circles, red circles, blue circles, and pink cross represent the GPS observation station of JMA,
GSI, NIED and the pressure source point, respectively.
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RN - FEL
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MEETHRA
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B kad Analysis by MRI from ALOS raw data of JAXA / METI

Fig. 6-2 Pressure source of point calculated for Fig. 5-2-@ of InSAR results. According to SAR interferogram
generated from ALOS/PALSAR before and after the eruption, and when a Mogi-type point source was assumed,
the forecasted volume of deflation was about 1.2x10’m® at 7km depth according to MaGCAP-V (Fukui et al.,

2010). Symbols: same as Fig. 6-1.
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W2 X BEDEHEE TIE, FAREILTEOVEALTE K Skm —H IR LI LA R EEENTHD Z &R
EHLE LEEBEOBEM - N HEE S, GPS T .
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FIRLTE

32°00' range RE=

=) BE XL RIRT

) T

Hh) &

31748

I Bperp:O_ 941 km  Analysis by MRI from ALOS raw data of JAXA | METI
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Cross—Track NSOE Inc.Angle 36.3° x=—0.5829 y=-0.1054 z=0.8057
% ———————— 11.8cm ——————— >
ar Near

Fig. 7 SAR interferograms generated from ALOS/PALSAR before and after the eruption in late January. White
triangles indicate the summits of volcanoes around Kirishimayama. The full color scale represents a displacement
of 11.8cm in the line of sight (LOS). Ground deformation was detected in the direction toward the satellite in its
LOS at the southeast area of Shinmoedake. Red dashed ellipses which indicate the phase change may have been
detected by the accumulation of ash. Symbols: same as Fig. 5-1.
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