Next Frontier of Space-borne SAR Interferometrys
Seeing Detormations through Snow and lce
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Outline

Volcanism and Surface Deformation (Introduction)

e Present-Day Interferometry over Ice Covered
Volcano

e Future Challenges:
Seeing Deformations thorough Snow and Ice



Volcanism and Surface Deformation

Surface Deformations of a Wide
Variety of Sizes and Distribution

\

Dike Intrusion

Magma Chamber
Inflation & Accumulation

Magma Supply Deflation & Extrusion

from the Depth



2011 Eruption of Kirishima Volcano, Japan

Google earth
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Lava Fountain
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Lava Lake in the Crater
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Inflation of the Volcano Edifice
1 Year before Eruption Detected by cGPS

130°40" 131°00"

- -

F

o T EDREEREE
i ) AR b .f e e

¥ -._.-_ 2

Sk I_.' r .-l. _..lil' . i -':l.
¥ 4 . ¥ i Bl = I "

- L -

-
J.i"
| AT ISBI=o T, 20038 BN Lt

130°40° 131700




Basis GFS Ubservalory [ EBINO[YEU 14|

Post -Eruptive

MAKIZONO[950486] -Baseline- Observations Inflation
54032 ! 1- ' ' ' | ! | |
3549 .31
E Pre-Eruptive
E‘iﬂama.a:u - Inflation
m
L
EEGS#‘ELE‘EI =
23549 28
FRERE 007 2005 006 =007 =005 = Co-Eruptive 55
Deflation
oo DBEEIEE L
4000 - il T WYY
3000 — M
2000
1000 -
O TTrrTrrrrirrid [ TT1TrrrrriuoTia | TrTrrrrrrriria I TrrrrrorrrruoTl I rTrTrrrrnrTrrd I rrTrrirrTri : mi
2003 2004 2005 2006 2007 2008 2009 2010 2011
& Lt EO BRIEM (FTAERE) SR  AEH 2 gm/shLE
4000 -}
2000
0 rTrrrrrrirni [ TTrrrrrrirnria | rrrrvrrrrna I- |
2003 2004 2005 2006 2007 2008 2009 2010 2011 I



ALOS/PALSAR Interferometry ~ 5cm Inflation / Deflation Observed

Obs Infr. Simltd Infr.

2008/02/12-2010/11/20
Pre-Eruptive Inflation

src #1: (lon Jat)=(130,825,31.920) depth=9,5km, delta vol.=17.1x10*m?

i
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2010/11/20-2010/02/20
Co-Eruptive Inflation

src #1: (lon Jat)=(130.832,31.942) depth=10.5km, delta vol.=-29.6x10°m’

cGPS D

Left Pre-Eruptive Infl.
Cntr Co-Eruptive Defl.
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2010 eruptions of Eyjafjallajokull

Volcano plume on 17 April 2010

IAXYI4¥Vr>3—OKIL Source Wikipedia o



TerraSAR-X:

2009/09/25 -2010/03/20

- Wavelength =3.1 cm

- Resolution: range ~2.5 m
azimuth ~3.3 m

- Four images possible every 11
Days

- Unprecedented InSAR
coverage of eruptive period
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638’

14 April - 23 May
Summit eruption
trachyandesite

Y
20 March - 12 April
Flank eruption
basalt

636"

Joana Martins, et.al.
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Persistent Scatterer Results (STAMPS)

an

Joana Martins, et.al.
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msaefﬁﬂﬁﬁmmweﬂ Tokachi-dake Volcano, Hokkaido
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Recent Eruptions
1926 Killed 144 People
by Slow Melting Lahar
1962 Killed 5 People
by Blast
1988 No Loss of Lives | Googleearth
Small Pyroclastic Flows "




Summit and Craters in Summer 2012/07/20

Location: Central Hokkaido
Latitude = 43.4 deg
Summit Altitude = 2077 m

62— II Crater
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@ Recent Deformation around 62-1l Crater
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@ Example of ALOS/PALSAR Interferometry in Summer

20070813-20091003- 20070928-20091003-

a Bm g Aok a il =
1km

20080630-20091003-

62— II Crater at the
Center of Interferogram
Recognizable Inflation

Signal

0 w10km

-12108-6-4-20 2 4 6 81012
cm
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@2008/06/30-2009/10/03 (Good Coherence)

4330

2008/06/30-2009/10/03

» 10km

-12108-6-4-202 4 6 61012

cm

LOS Distribution arount 62— II Crator

Local Deformation around 62- II Crater
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Tokachi Volcano in Winter 2010/11/18




In Summer 2012/07/20
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20070813-20091003

Summer Pair
No Show/Ice

Some Artifacts by Troposphere and
lonosphere

But Coherence is Good !
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20070928-200/1229

Winter Pair

Degraded Coherence by
Snow/Ice Coverage




20081231-20090703

Degraded Coherence by
Snow/Ice Coverage

Winter Pair



I Progressive Orbit Separation

Baseline information
Pathaa 7/ Rowsed, Cff- : Fala e nce: 2007-06-28
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Snow/Ice Time Window

http://isvgeodd.sci.hokudai.ac.jp/palsar/showbperp.php?scene_id=ALPSRP075920860
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Global Volcanism Program by Smithsonian
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1406 Volcanoes on Land 6 Subglacial
388 Lat > 40 deg Northern Hemisphere
73 Lat <-40 deg Southern Hemi sphere
635/1406 = 45% 168 -30<Llat<30 but Alt.> 3000m

AffeCted by S/I Total 635 Volcanoes might be affected by2§/I



Challenge 1

Improved S/N Ratio

Power, Incident Angle, Bandwidth,
Aperture, Bit Length, Polarization,
PRF, etc.

Challenge 2

Improved  Orbit Stability




Challenge 3

Innovative Analysis Method:
For Example, Improvement of Persistent Scatterer Analysis
and Hopefully Further Novel Follow-ons
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2010/11/18 Close Up Photo of a Crater




Summary

e 45 % of world Volcanoes are at Least Partly Covered
by Show and Ice. - Existing Space Borne Interferometry
over S/l is Unsuccessful.

e Effective Interferometry over Snow and Ice is
still Left for Future Work.

e Future Challenges:
Onboard Hardware
Orbit Control
Novel Methodology



