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Abstract

One of the many science questions that will be addressduebiytyiperspectral Infrared
Imager (HyspIRI) mission wilbe to help identify natural hazards suclvalsanic eruptions and
any associated precursor activity, and it valko map the mineralogical composition of the
natural and urbamand surface.To answer these questions, the HyspIRI satellite includes a
themal infrared (TIR) multispectral scanner with seven spectral bands in the thermal infrared
(TIR) between 7 and 12 pm and one band in theinfrdred between 3 and 5 pm designed to
measure hot targets. Th & afl300R and allbatids hakesasatiab N E
scale of 60 m. A critical aspect of HyspIRI being successful at answering the science questions
associated with the HyspIRI science tractability matrix is placement of the 7 TIR inahdsq
12 pm spectral region. In order to helptetenine the optimum positions for the TIR bands, a
small team was assembled to conduct a study report based on laboratory, spaceborne, and

airborne data.
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1 Introduction

The Hyperspectral Infrared Imager (HyspIRI) mission will provate unprecedented
capability to assess how ecosystemgaoad to natural and humamduced changes. It will help
us assess the status of biodiversity around the world and the role of different biological
communities on land and within inland water bodies, as well as coastal zoned esdliced
resolution in the ocearfHyspIR| 200§. Furthermore, it will help identify natural hazaddm
particular volcanic eruptions and any assded precursor activify and it will map the
mineralogical composition of theatural and urbafand surface. The mission will advance our
scientific understanding of how the Earth is changing as well as provide valuable societal benefit

in understandingrad tracking dynamic events such as volcanoes and wildfires.

HyspIRI includes two instruments: a visible shortwave infrared (VSWIR) imaging
spectrometer operating between 380 and 2500 nm 4nni@ontiguous bands and a thermal
infrared (TIR) multispectralcanner with eight spectral bands operating between 4 and 12 pm.
Both instruments acquire data with a spatial resolution ah8fbm the nominal orbit altitude.

The VSWIR and TIR instruments have revisit times of 19 and 5 days with swath widths of 145
and600 km, respectively.

In terms of spectral and spatial resolution, the HyspIRI TIR measurement derives its
heritage from the Advanced Spaceborne Thermal Emission and Reflection radiometer (ASTER)
instrument, a fivechannel multispectral TIR scanner thahw | aunched on NAS/
spacecraft in December 1999 with a-fBOspatial resolution and revisit time of 16 days
[Yamaguchi et al.199§9. The ASTER band positions iturn were derived from the NASA
airborne Thermal Infrared Multispectral Scanner (TIMS), a precursor airborne instrument used in
preparation for ASTER that had six TIR bands. One of the most important aspects of a TIR
i nstrument 6s de s img mumbes, poditonseandndetedtian ghresh@ds iof the
TIR channels. Positions of the bands within the TIR region will influence the ability to better
guantitatively map: 1) S&X r om vol cani ¢ and anthropogenic so

surface sah as feldspars, carbonates, and silicates, as well as 3) urban materials.

The remainder of the document will detail case studies involving volcanic emissions and

surface mineral mapping to optimize the HyspIRI TIR band positions in order to answer the
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relevant Earth Science questions. The data used in this study include satellite, laboratory, and

airborne data.

2 HysplRIl instrument characteristics

The TIR instrument will acquire data in eight spectral bands, seven of which are located
in the thermal infrar@ part of the electromagnetic spectrum between 7 and 13 um shown in
Figure 1; the remaining band is located in the-imfdared part of the spectrum around 4 pm.

The center position and width of each band is providéichbile 1 The exact spectral locatiar

each band has not been determined; the nominal locations provided here are based on the
measurement requirements identified in the scitrameability matrices, which included
recognition that related data was acquired by other sensors such as ASJ Hi aModerate
Resolution Imaging Spectroradiometer (MODIS). HyspIRI will contribute to maintaining a
longtime series of these measurements. For example, the positions of three of the TIR bands
closely match the first three thermal bands of ASTER, wiute df the TIR bands match bands

of ASTER and MODIS typically used for spiitindow type applications (ASTER bandsi 12

and MODIS bands 28, 31, 32). It is expected that small adjustments to the band positions will be

made based on ongoing science actisitie
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Figurel. HyspIRI TIR instrument proposed spectral bands.
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Tablel. Preliminary TIR Measurement Characteristics

Spectral

Bands (8) um 3.98 uym, 7.35 um, 8.28 um, 8.63 um, 9.07 um, 10.53 um, 12.88 um
Bandwidth 0.084 pm, 0.32 um, 0.34 um, 0.35 um, 0.36 um, 0.54 um, 0.54 um,
Accuracy <0.01 um

Radiometric

Range Bands 8 = 200600 K; Band=11200 K
Resolution < 0.05 K, linear quantization to 14 bits
Accuracy < 0.5 K-8igma a250 K

Precision (NEdT) <0.2K

Linearity >99% characterized to 0.1 %

Spatial

IFOV 60 m at nadir

MTF >0.65 at FNy

Scan Type Pushwhisk

Swath Width 600 km (£25.5° at €28 altitude)

Cross Track Samples 9,300

Swath Length 15.4 km (+ 0.7 degreeB2& km altitude)
Down Track Samples 256

Band to Band -®egistratior| 0.2 pixels (12 m)

Pointing Knowledge 10 arcsec (0.5 pixédg)proximate value, currently under evaluation)
Temporal

Orbit Crossing 11 a.m. Sun synchronous descending
Global Laridepeat 5 days at Equator

On Orbit Calibration

Lunar views 1 per month {radiometric}

Blackbody views 1 per scan {radiometric}

Deep Space views 1 per scan {radiometric}

Surface Cal Experiments | 2 (day/night) every 5 days {radiometric}
Spectral SurfaCal 1 per year

Experiments

Data Collection

Time Coverage Day and Night

Land Coverage Land surface above sea level

Water Coverage Coastal zone minus 50 m and shallower
Open Ocean Averaged tekin spatial sampling
Compression 2:1 lossless

A key science objective for the TIR instrument is the study of hot targets (volcanoes and
wildfires), so the saturation temperature for thgmd channel is set high (1260 [Realmuto et
al. 2011], whereas the saturation temperatures for the thermal inframatethare set at 50Q

The TIR instrument will operate as a whiskbroom mapper, similar to MODIS but with
256 pixels in the croswhisk direction for each spectral channiéiglre 3. A conceptual layout

for the instrument is shown iRigure 3 The scan inror rotates at a constant angular speed. It

11
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sweeps the focal plane image across nadir, then to a blackbody target and space, with a
2.2-second cycle time.

Direction of
Spacecraft
Motion

- | -

25.5° 25.5°

Scan
Direction

256 Pixels
15 km

v
+

9272 Pixels
596 km

Figure2. HyspIRI TIR scanning scheme.

BB CAL
TARGET

ROTATING
SCAN
MIRROR

J
J

_Illll_lﬂﬂlm Illlllm\\u‘l

NADIR

Figure3. HyspIRI TIR conceptual layout.

The /2 optics design is all reflective, with gatdated mirrors. The 6K focal plane will
be a singldbandgap mercury cadmium telluride (HgCdTe) detector, hybridized to a CMOS
readout chip, with a butchétock spectrifilter assembly over the detectors. Thittyo analog

output lines, each operating afi1@.5 MHz, will move the data to analbgrdigital converters.

The temperature resolution of the thermal channels is much finer than thefrardd
channel, whichdue to its high saturation temperature) will not detect a strong signal until the
target is above typical terrestrial temperatures at aroundK4@®l the TIR channels are
quantized at 14 bits. Expected sensitivities of the eight channels, expressedsiroenoise

equivalent temperature difference, are shown in the following two plaares 4 and )5

12
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The TIR instrument will have a swath width of 600 km with a pixel spatial resolution of

60 m, resulting in a temporal revisit ofdays at the equator. The instrument will be on both day

and night, and it will acquirdata over the entire surface of the Earth. Like the VSWIR, the TIR

instrument will acquire full spatial resolution data over the land and coastal oceans (to a depth of

<50 m) but, over the open oceans, the data will be averagespttial resolution ot km. The

large swath width of the TIR will enable multiple revisits of any spot on the Earth every week (at

least one day view and one night view). This repeat period is necessary to enable monitoring of

dynamic or cyclical events such as volcanic hotspmt crop stress associated with water

availability.

13
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3 HysplIRI thermal infrared science objectives

The HyspIRI mission is science driven by linking the measurement requirements for the
mission to one or more science questions. HysplRI has thrdeuelpscence questions related
to 1) ecosystem function and composition, 2) volcanoes and natural hazards, and 3) surface
composition and the sustainable management of natural res¢hiygsR| 200§. The NRC
Decadal Survey called out these three areas specifically. These questions provide a scientific
framework for the HyspIRI mission. NASA appointed the HyspIRI Science Study Group (SSG)
to refine and expand these questions to a level of detail that was sufficient to define the
measurement requirements for the HyspIRI mission. Five overarching thematic questions (TQ)

were defined by the HyspIRI SSG for the TIR component:

1 TQ11:Volcanoes anl Earthquakes. How can we help predict and mitigate earthquake

and volcanic hazards through detection of transient thermal phenomena?

1 TQ2:Wildfires: What is the impact of global biomass burning on the terrestrial

biosphere and atmosphere, and how isithgct changing over time?

1 TQ3:Water Use and Availability: How is consumptive use of global freshwater
supplies responding to changes in climate and demand, and what are the implications for

sustaining water resources?

1 TQA4:Urbanization and Human Health: How does urbanization affect the local,
regional, and global environment? Can we characterize this effect to help mitigate its

effects on human health and welfare?

1 TQ5: Earth Surface Composition and ChangeWhat are the composition and thermal
properties bthe exposed surface of the Earth? How do these factors change over time

and affect land use and habitability?

For each of these questions, accurate retrieval of Land Surface Temperature and
Emissivity plays a key role in defining the measurement obgstand requirements for these
questions. The HyspIRI LST product, in particular, will be especially useful for studies of
surface energy and water balance in agricultural regions at the crop scale (<100 m), where
guantification of evapotranspiration proses are essential for helping land managers make
important decisions relating to water use and availability. The HyspIRI emissivity product will

14
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contain spectral/compositional information from rocks, soils, and vegetation at different
wavelengths, which Wi provide a diagnostic tool for discriminating surface cover types at

spatial scales of 60 m or less.

4 Background

In terms of TIR band positions, the HyspIRI TIR measurement will derive its heritage
from the ASTER, MASTER, TIMS, and MODIS multispectralasarements. ASTER is a five
channel mul ti spectr al TIR scanner that was |
1999 with a 96m spatial resolution and revisit time of 16 days. The TIR positions of ASTER
bands 1014 are placed in the so called atmdse r i ¢ O6wi ndowd r egllzons of
pum) and centered on 8.3, 8.6, 9.1, 10.6 and 11.3 um respectively. These positions allow accurate
emissivity surface temperature retrievals which are used for mineralogic composition and
mineral mapping studssg{Hook et al, 2005 Vaughan et aJ.2005 Scheidt, et al., 2011 The
ASTER band positions are very similar to the NASA airborne Thermal Infrared Multispectral
Scanner (TIMS), which has six spectral channels frod28um centered on 8.4, 8.8, 9.2, 9.9,

10.7, and 11.6 pmespectively.

MODIS isamulispectr al i mager onboard the Terra
Earth Observing System (EOS), and has been the flagship feslafade remote sensing since
the launch of Terra in December 199istice et al.19989. MODIS scans 55° from nadir and
provides daytime and nighttime imaging of any point on the surface of the Earth e2aigyk
with a spatial resolution of ~1 km at nadir and 5 km at higher viewing angles at the scan edge
[Wolfe et al. 1998. MODIS TIR bands include bands 28 (7.17%75 um), 29 (848.7 pm),
30(9.589.88 um), 31 (10.78L1.28 um),32 (11.7712.27 um) and their placement include key
uses such as upper tropospheric humidity, surface temperature, total ozone, cloud temperature,
cloud height, and volcano monitoringhe MODIS/ASTER Airborne Simulator (MASTERJas
developed to supportcentific studies byASTER and MODK projects including algorithm
development and band placement stulidsok et al, 200]. At present, the nominal HyspIRI
TIR band placements arehgbrid between ASTER and MODIS TIR bands, and include MODIS
bands 28, 32 and ASTER band$ 1P shown in Figure 6.
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Figure6. HyspIRI nominal band positions in the TIR region based on MODIS baftiis 28daH@)32and ASHaRds
10'12 (HRH4). Bands H5 and H6 centered at 10.53 and 11.33 micron are similar to ASTER bands 13 and 14. Transmissior
features ofzB, Qand C@are also shown as reference.

The TQ1 HyspIRI overarching science question states: How can we help @medict
mitigate earthquake and volcanic hazards through detection of transient thermal phenomena? It
has been shown that transiehertmal anomalieprecede earthquakes and volcaeraptions.
TIR images from HyspIRI will allow us tononitor these phenomenma the hope of one day
providing capability of predicting such disastersed@irsorybehaviorsof volcanoes can include
increases in S£emission, and therefore TIR data will allow us to detect not only B@ also
ash and water ice in the eruptive pleRealmuto and Worder200Q Realmuto et al.1997.
Similarly, thermal anomaliesuch as crater lakes, fumaroleemes, etctypically precede an
eruption [Ramsey and Harris, 2012; Rosi et al.,, 2DORemote monitoring of thisctivity
provides crucial informationthat can lead to more accurag¥ent predictionsSG, absorption
primarily occurs in the 7.5 and 8.5 um regions, and correct placement of bandsd #nese

regions is essential for quantitatively mapping lomes.

Figure 7 (a) shows aASTER nighttimemultispectral TIR imagef Augustine Volcano
on 1 February 2006howing hot pyroclstic flow deposits (bght in TIR) and eruption plume.
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Colors represent different materials entrained within plurker example magenta indicates
mixtures of water droplets (steam) and silicate ash; red, yellow, and orange indicate mixtures of
ash and S@ Figure 7(b) shows arSO, mapof column abundanceerived fromASTER data.

The rapid acquisition of the higlesolution ASTER image was possible because of an integrated
program of thermal anomaly detection, which uses lower spatial/higher temporal resolution TIR
instruments to trigger ASTER TIR observations at a hmhigher temporal frequencypida et

al., 2009. HyspIRI will provide both the high spatial and temporal TIR data to make this type

of fire and volcano monitoring routinely possible.

Augustine Volcano
1 February 2006

f
I\

TIR'Dstretch
\* Color Composite
)

Figure?. (a) ASTER nighttime TIR imagesgjo$the Volcano showing hot pyroclastic flow deposits (Bright in TIR) and
eruption plume. Colors represent different materials entrained withinphapeldby&Cfrom ASTER data.

The TQ5 HysplIRI overarching science question statelsat\&re the composition and
thermal properties of thexposed surface of the Earth, and hdw these factors change over
time and affect land use and habitabilifif?e emissivity ofthe exposederrestrial surface of the
Earth can be uniquelgelpful in discriminating between differenock, mineral, andgoil types
Surface compositional studies hold clues to the origins of materials, the processes the
transport/alter these materials, and also the geology and evolution of different rock types.
Spaceborne measureme from HysplIRI will enable us to derive surfatemperatures and
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emissivities for a variety dtarthts surfaceskor example, different SD bonded structures vary

in their interactionwith energy in the thermal infrared regi@1 2 & m) . Fr atese wor k
such aqquartz and feldspaicommon in most continental rockshow minimumemissivity at
shorter wayv e)lwharegd pliraxengn8 oliine gcommon in many volcanoesjow
minimum emissivity at progressively long&ravelength Carbonate mierals have a diagnostic

feature around between 11.2 and 1%.4n which moves from the shorter to the longer
wavelengths as the atomic weight of the cation increases. Correct placement of the TIR bands in
the 812 em i s critical f ong betweep geisic @nd anafid roaki st i n
compositions as well as positively identifying certain minerals, mineral classes, and urban
materials. Figure 8 shows an example of an ASTTERved decorrelation stretch (DCS) over

Death Valley, CAThe DCS exploits intechannel differences to enhance the color in images,
resulting in an image where the pixels are distributed among the full range of possible colors.
ASTER bands 14, 12, and a€e plottedas red, green, andue (RGB), respectively Quartzrich

rocks are diplayed in red and magenta, qugrtor rocks in blues and purples, and carbonates in
green.Temperature information is related to the brightness of the colors, i.e., areas of higher
elevation (and cooler rocks) appear darker than lower elevation areadav higher

temperatures.

Death Valley - Decorrelation Stretch - RGB (Band 14,12,10)

365 N

36.0 N - - . .
1180 W 175 W 17.0°W 1165 W 116.0°W

Figure8. ASTER decorrelation sti@€Epf Death Valley using bands 14, 12, and 10 as RGB respectively. Different colors
in the image correspond to different mineral typearte.features are red, carbonatesewgagré quasmoor regions
arepurple.
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5 HyspIRI band positions for the detection of volcanic plumes

TIR data will allow us to measutbe emission rates &0, from volcanoes. This in turn
allows us to infemagma supply rates, contributions of volcanoes to the globab&dyet and
emission rates of other amounts of gas (e.gQ,HCO, HCL, HF) and aerosols (ash, ice,
sulfates)[Realmuto et aJ.1997 Watson et aJ.2004. The frequent coveragand the higher
spatial resolution oHysplIRI will allow us tomoreaccuratelymonitor passive SO2 degassing
from the world's active volcanoes. This inputeofissiongnto thetroposphes will affectlocal
and regional climate around these persisteatiyve volcanogsa capability not offered by
existing moderat€~1 km) resolution instruments. Multispectral TIR data ko allow the
identification of the mixture of ash, $Oandwater vapafice in eruptive plumes, providing
improved hazards warnings for aviatisafety [Realmuto and Worder200Q Tupper et al.
2004 .

The use of multispectral TIR airborne data to map volc&@s plumes has been
previously demonstrated with much sucddé®salmuto eal., 1997 Realmuto et a].1994. With
the | aunch of NASA6s Terra spacecraft in 199
twice daily with MODIS data and at much higher spatial resolution with ASTER data. For
example, MODIS wW have sufficient resolution to monitor largeale SO, plumes typical of
those seen from Kilauea in Hawaii or Mount Etna in Ifdgalmuto et a).1994. In contrast,
ASTER has the ability to resolve smaikarale plumes such as those from Pacaya in Guatemala
or Soufriere Hillsin Montserrat. Algorithms for detecting plumes rely on spectral attenuation of
infrared radiation betweeri I3 pum. ASTER band 11 and MODIS band 29 can be used to detect
SO, burdens, whereas the-12 micron splitwindow bands can quantifylisate ash and water
ice. The clarity of the Earth's atmosphere in these regions allow the detection of these plume
constituents down to ground level. In contrast, the 7.3 micron absorptiddCors much
stronger, but is only effective if the plumeviery large and/or enters the stratosphere due to the
strong absorption of water vapor in this region. The heritage of the HyspIRI spectral response

versusS(O, transmission is shown in Figure 9, including the ASTER and MODIS band passes.
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(a) ASTER Response vs. SO, Transmission (b) MODIS Response vs. SO2 Transmission
1.0 1.0 1.0 1.0
@ [
2 I 2
2 08 -os 2 0.8 - - 0.8
2 = 9 3
12 R %
£ 06+ 063 £ 061 -0.6 3
o ] o »
@ P @ @
& g | & )
0.4 043 €D 0.4 04 3
g 2 2 2
N o= | N )
£ 02 - F02° | S 02 o2 ©
$ - 5
0.0 T Jkl T T T 0.0 0.0 T T T T T 0.0
7 8 9 10 " 12 13 7 8 9 10 11 12 13
Wavelength (pm) Wavelength (um)
(C) HyspIRI Response vs. SO, Transmission (d) Brightness Temp Difference vs. SO Concentration
1.0 - 1.0 0.0
] E I
c
5 © -1.0 o
g 08 708 4 o i L
[ 3 5
= | = .20 -
T 0.6 Fos 3 & ] |
8 & =
@ o O 594 -
Q. =) -
® g4 Loa 3 | & 4 L
3 2| 2
N 2| 8 -0 B
E 0.2 - 02 e é 1 3 r
£ 5 50 . 0.25 mg/m> SOy | |
z L = ] 1 0.10mg/im3s0z | |
0.0 T Y T T T T 0.0 o T T
B & : . 1 42 5 -6.0 T — T ——
Wavelength (um) 6.5 75 8.5 9.5
Wavelength (um)

Figure9. Heritage of the HyspIRI spectral response, showing (a) ASTER. &&3parsamission, (b) MODIS response
vs.S02 transmission, (¢) HysplIRI respo8§etransmission, and (d) brightness temperature difference
SQ concentratio

The retrieval of SO, concentrations from remesensing measurements relies on
radiative transfer models that estimate the amount of atmospheric emission, and scattering and
absorption of surfackeaving radianceThe recent introduction ofiigh-resolution (0.kcm™)
band models in MODTRAN%$Berk et al, 2003 enables us to analyze hyperspectr& tiata.
Hyperspectraradiance measurements improve our ability to discriminate the constituents of
volcanic plumes.A limitation of radiative transfer models are their dependence on input
atmospheric profiles such as temperature, relative humidity, andagaposition. Furthermore,
the need for accurate atmospheric corrections increases with increpstiral resolution. The
improvement in our ability to model ambient atmospheric conditi@ms] thus improve
atmosphere corrections, will increase our gefity to subtle changes in passiesnissions of

SO, and surface temperature, regardless of the spectral resolution of our radkasteements.
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5.1 Mapping volcanic plume constituents

Comparisons between multeand hyperspectral remote sensing in the detection and
mapping of plume constituendse illustrated in Figure 1Qvhich shows the spectral signatures
of SO, (Figure 1@), silicateash (Figure 10), and SQ aerosol (Figure 1Qc These simulated
spectra are plotte at the resolution of HyTES [Johnson et al. 2009 and the airborne
MODIS/ASTER Airborne Simulator, dtASTER [Hook et al, 2007 instruments> 0 . @nZor ¢
2 cml) vs. 051 . 0 & m, r & scpneparison,vtieel tiyermal IR response of these

corresponding constituents is shown on the right panels in FigureW0.can readily
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FigurelQ Transmission spectra expressed as brightness temperature difference spectra for three constitue
plumes and ash clouds. (a) ®PDsilicate ash, and (¢)&@osol at the spectral resolution of HyTES (thin line) ar
MASTERthick line)
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discriminate the spectra 80,, ash, and SQaerosols at the spectral resolutmnHyTES (thin

line), but the distinctions are more subtldted resolution of MASTERthick line). In reatworld
measurementshese distinctions are further mutedibgtrument noise and uncertainties in our
knowledge of atmospheric and surface conditio@ven the MASTER spectra, we note the
difficulties in discriminatingSQ, from SQ inthes pect r al range migregurese en 8
10aand 1@), or ash from S@Qin the range betweeh. 5 a mFigdres 10b andiOc).

The ability to discriminate S@ aerosols from S©or ash iscritical for climate and
environmental studiesyhereaghe ability to discriminate ash from $@r SQ) is critical to the
mitigation of the aviatiomazards posed by drifting ash cloyésata et al, 2001 Tupper et al.
20049.

5.1.1 Conclusions

SO, transmission in the longwave region (12 um absorption difference) can be
confused with sulfate aerosasd/or astwith current band positian A suggestion would be to
shift the HyspIRI 10.53 pm band betwe8.5 and 10 pm in order to help discriminate sulfate
aerosols fromSQO, or ash. Simulations will need to be run to investigate the effectszof O
absorption in this region, and optimal placement of the 10.53 um band. In terms of mineral
mapping, moving the0.53 um band closer to 10 um will also help to discriminate between
feldspar and quartz minerals. This will be discussed in more detail in section 6. In any case,
moving the 10.53 pum band to shorter wavelength region around the 10 um band will be

benefical for bothSO, and mineral mapping techniques.

5.2 Case Study: Mount Etna eruption plume

5.2.1 Analysis

Figure 11 shows a MOD#8qua visible (top) and thermal (bottom) image of a Mount
Etna plume on the 28 Oct 2002 using band 28 (7.3 pum). The ground is not besiblgse at this
wavelength the atmosphere is opaque due to stro@gandSO, absorption features. This is
illustrated in Figure 11 (right panels) which shows th#D EndSO, absorption strengths are of
similar magnitude in the 7.3 um band. This makedlifficult to separate their effective
contributions to the total brightness temperature. In addition the 7.3 pm band is not suitable for
mapping plumes below 5 km, and is therefore more useful for mappingskeatge eruptions

where plumes persistent t@her altitudes in the stratosphere.
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5.2.2 Conclusions

A more useful option for HyspIRNould be to move the 7.3 um band closer to thé 7.8
8 um region in order to obtain more leverage from the water vapor absorption gradient that exists
in this range (see Figure 11 top right panel). This would make simultaneous retries@saoid

H,O easer in combination with the 8.6 u®0, absorption feature.
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Figurell (left) MODi&qua band 28 (7.3 pum) image bfabiet Etna erupt@n28 Octob2002, (right) thermal infrared
responses of HyspiRitted with transmission curves for water vapor (tedjight).SO
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5.3 Case Study: Sarychev Peak volcano
5.3.1 Analysis

Figure 12 illustrates the complex dispersion of plumes and clouds during the recent
eruptions of Sarychev Peak Volcano (Matua IslaRdssian Kuril Islands). Figure 12(a) top
panel is a trueolor composite of MODIS erra data acquired at 00:50 UTC on 16 June 2006.
We note the viewing conditions were cloudy, indicating unstable atmospheric conditions, and the

Figurel2 Eruption of Sarychev Peak Volcano [#laidaRussian Kuril Islands). Top panelsc@ptreemposite of
MODIS erra data acquired at 00:50 UTC on 16 June 2006. (mamadamposite of MODIS thermal infrared (T
channels 32, 31, and 29 displayed in red, green, and hiuelyréBpttam panels show corresponding (a) MODI!
(7.34 um) and (b) band 33 (13.34 um) brightness temperatures.
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