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f} | iterature Review

 \Volcanic Remote Sensing
Using TIR Data

— over the past 2.5 decades

= publications in all of the
main thermal remote
Sensing topic areas have
peen steadily increasing

= guantitative applications are
relevant/impreving

= 2 shift tewards puklication
Volcanologicaljournnals

" Atransiertoerscience and
system drvenapplications

Cumulative number of publication

Cumulative number of publication

- - - Detection Report/Assessment
— Thermal Structure
—-- Heat Flux
— Effusion Rates
Compositional Analysis

1985 1987 1989 1991 1993 1985 2003

Year

1997 1999 2001

- -- Volcanological Journals
— Remote Sensing Journals
—-- AGU Journals

— Others

I

1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005

Year
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=) Review: Thermal

 Operational Algorithms
— used for routine thermal anomaly detection
= pased on three end-member algorithms developed in the

1990's:

VAST
Harris et al., 1995]

Contextural

Fixed threshold MODLEN
[Kervyn et al, 2006]

MYVOLC Okmok
[Hirn et al. 2008] [Dehn et al., 1998]

VI®DVOLC MODVOLC2
[Koeppen & Wright, 2010] [Di Bello et al.,

[Wiright et al., 2002]
[Stetike;, PhD; 2009]

lemporal
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¢z) Review: Thermal

« MODVOLC: Operational Since 2000

— a decade of global hot spot data from MODIS

= Qutput can be converted to heat or mass flux
> accuracy improved with emissivity data
> must be applied with caution (process dependant)

— example

= fime-averaged discharge
rates for Etna’s 2008-
2009 eruption:

= final voelume from time-

Integration: BE 2 Loueno
> 68 X 106 m3 01/05 20/06  09/08 28/09 1711  06/01 25/2/09 16/04  05/06
= field velume: Date (dd/mm)
: black = AVHRR (281 pts)
> 62-80 % 10° M= [Boris Behncke, pers: comm| bliie = MODIS (375 pts)
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Integration 7 Feb 2005
ASTER Urgent Request L 22
Protocol (URP) Program =

— Integrates Alaska Volcano
Observatory. monitoring into the
ASTER Urgent Reguest stream

= focused on the northern Pacific
volcanic arc

" thermal (AVHRR/MOD

> detection and filtering
algonthm at UAE-AVO
(OKMOK-11)

0, IMPreved NOISE detection &
MINIMIiZeTalSe POSItVES

rnJJars
WHIGH IS sent t : Kilichevskoeilime Serfies
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¢z) ASTER URP Summary

* North Pacific (2004 — 2008)

— 18 different
volcanoes targeted

— 0) ASTER URP Augustine:
93% from the _ o year (2004-2008) 17 @9
automated algorithm seomiamy
based on thermal

alerts from AVHRR

— 7Y% from Uuser- 102 (46% Ceeveland:
defined reguests

— similar % te the
AVH R R a|ertS Karymsky:

29 (13%)

26 (12%)

Kliuchevskoi:
23 (10%)

average: 1 TR scene /8 days
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*+) 5 June 07

ASTER TIR (night) ASTER SWIR (night)
Tb(max) =467°C

o

second
SE flow

0] 3km
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ASTER SWIR (day) ™
T = 465°C

new flow
in 13 hrs
v = 26 m/hr

W Lin
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Review: Compositional

Wavelength (um)
8 9 10 12 15 20

—  glass (obsidian)

PUMICENHNE);

pumice (course)

1120]0) 1820]0) 110]00) 500

Wavenumpbers(d/cm)
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Vesicularity
— 15 -20%
— 20 - 25%
— 25 - 30%

30 - 35%

[Ramsey et al., 2006]
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¢z) Science Results

¥
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ASTER Derived Maximum Temperatures

e Kluichevskol Volcano

— 2007 eruption phases
based on increasing
temperatures

= progressive saturation
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o Bezymianny Volcano
— thermal precursorny

[Rose & Ramsey, 2009]

Aﬂ“

. . O — 50
signals detected in the £f - Tmex o

ASTER TIR data prior te £5 w0

2 Ofithe 3 eruptions sS

.. . 23 10

= SimilarEBENaVIeRFeitNE 38

deme eyverthelenatenm 10

[Carter & Ramsey, 2009]
i
/\ large eruptions: 24 Dec 2006, 11 May 2007, 14 Oct 2007
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¢x) Temperature Response

R

. 2007 K||aU ea 2439 259002 $R0000
Eruption
— 15 observations:
July-Dec 2007

= full moede night time
Imaging (11/25/07)
> VNIR: HGH gain / &<

> SWIR: LO2 gain

Mauna Loa

new

Kilauea Crater. activity

o HYSPIRIFARnalysiIs
— VINIR radiance
degradediter60'm

— reference channel 1=
£ Sepanation

TIR: 25 Ne)yz 07

749000 7 50000 7 R000¢
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=) Temperature Response

NIRtemp(80m)
I s (Max aetecied) = 100/ C
Saturated pIXels (red)

Band Si(HGHgain)temp(Lsm)
1,z (Max detecied) = 849/ C

T = 099/C

saturation
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=) Temperature Response
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VNIR Night Time Data: L1B
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Thz (Max detected) = 86491C bz (Max detected) = 720/C
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Glass 1a
48% Oligoclase, 52% Quartz
Melting Point = 1250C
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SUpPEersresolution
ASTERIDCES
PanN0SH 15742710




Emissivity

0.85
“—_ similar spectral morphology/
depth to laboratory spectrum
of high silica obsidian glass
I]IBDE.EIEI 9.:IIEI 1EIjIIIEI 11jEIEI '12jIIIIII

Wavelength
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 HysplRI Simulations

— ASTER temperature data

= 15m/pixel degradation to 60
m/pixel

> maximum extracted: = \
temperatures from 850 to S
750 °C -~

— ASTER emissivity adata

= IEWIY-CEVEIOPEU IMAJE PrOCESSING algerthims (SUper-
[esolution) allewsHully radiometically accurate/reversinie
[RradianCe data terve createa

= mprevementte 60 my/pixelsimulatedi=yspiiR]
> EXtracCtion eiimererdetallSpectralinionmation
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Conclusions

 The Past Decade

— capacities (technological, computing/ processing and
algorithm capability) advanced faster than predicted

— volcanological remote sensing using TIR data expanded
exponentially with every new orbital sensor

= temperature and compositional o
NUMErous processes from activity onset to eruptive products

— [OULINE USE O remote SENSING MEecSHoRINPUEINTG
NEQYAEC MONIEHNG; MOUEING ane hazara appraiSa

— concemsloomingilackioiliRidataiorvelcane Studies
bl that APty
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