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Latin America Volcano Monitoring With ALOS

By Matt Pritchard and Tom Fournier, Cornell University

Deformation ofthe Earth's surface at volcanoes provides clues to the myriad processes occurring below and above the surface,
andmightprovidewarningofanimminenteruption.Unfortunately,experiencehasshownthatdifferentvolcanoeshavedifferent
behaviorsbeforeeruptions,suchthatahistoryofprecursoryactivityanderuptionshouldbeestablishedforeachindividualvolcano.
Asof1997,surfacedeformationhadbeenobservedatonly44differentvolcanoesusingground-basedmethods(e.g., traditional
surveying, tiltmeters, or Global Positioning System) out of the more than 1,500 potentially active volcanoes around the world
[DvorakandDzurisin, 1997].Inthelastdecadeorso,observationsofdeformationatvolcanoeshave morethandoubledtoabout
110, due largely to the use of satellite-based Interferometric Synthetic Aperture Radar (InSAR).

Onelimitation ofthese InSAR studies has been the difficultyinapplying the available C-band radar data (wavelength of 5.6 cm)
tovegetatedvolcanoeslikethe300HolocenevolcanoesinLatinAmerica
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X Figure 1 (a-d): Interferometric coherence from ALOS for the volcanic arcs of
e . . .
i Latln.Amerlca.\ (excluding 'Fhe central Andgs) draped over shaded jcopc.)graphy.
; = The time period for most interferograms is one year and the baseline is about
‘ \ one km; although in a few cases, especially the Caribbean, only shorter time
\ periods are available. Triangles with red outlines are volcanoes from the
s Smithsonian catalog and the inset shows a reference map of the study area.
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Satellite (ALOS), archived at the Alaska Satellite Facility (ASF),
aremoresuccessfulatimagingthedeformationofLatinAmerican
volcanoes.

Thedatafrom ALOSisusedtomakepreliminarysurveysofthe
volcanoesofCentral America,theCaribbean,andtheNorthern
and Southern Andes with data that spans 2006-2008. Not
included,arethe morearid Central Andesas previous C-band
studieshavealreadyrevealedeightareasofvolcanicdeformation.
Whilethesurveyisspatiallycomprehensive,itisquite possible
thatsomedeformationwasmissedthatissmallinmagnitudeor
spatialscaleortemporallyaliased.Becausedataacquisitionsare
infrequent,dataquantityandqualityarenotuniformacrossall
volcanoes.Nonetheless,thenewobservationsrevealvolcanic
deformationin 11 differentareas. Several of these areas were
thoughttobedormantbythesciencecommunity,demonstrating
thecurrentincompletenessofglobal-volcanomonitoringand
the potential for ALOS data to reveal unsuspected activity.

In the Northern Andes, data quality, or for these purposes
coherence of the InSAR signal, seems to be highest at high
elevationswherethereisnosnowandlessvegetation(Figure1b).
A 46-day repeat provides coherent interferograms in the
vegetated lowlands whenthe spatial baselineis smalland/or
when spatial averaging is applied. For longer time spans, the
lowerelevationregionsbecomedecorrelated.IntheSouthern
Andes,itisnecessarytoavoidaustralwinter.Evenconsidering
summer only, coherence is the lowest in the foothills on the
western side of Cordillera (Figure 1c) which receives the most
precipitation and has the most vegetation. In the Caribbean
(Figure 1d), the coherenceis the lowest of any region studied
andtheshorttime-periodinterferogramswithsmallbaselines
areessential.Vegetationandterraincausethemostproblems,
withtheinlandareasofmostoftheislandsbecomingdecorre-
lated thefastest.Inthe Northern Andes, Central America,and

theCaribbean,thel-bandcoherenceresultsareclearlysuperior
topreviousC-bandresultsfromtheseareas(e.g., Zebker, etal.,
2000). On the other hand, L-band is more sensitive to
ionosphericeffectsthanC-bandandsucheffectsareobserved
in a few percent of scenes from the Northern, Central, and
Southern Andes.

With good control of the orbital baseline (<250 m), the
conclusionisthatatL-band,sufficientcoherenceismaintained
for volcanic applications in vegetated areas at 46 days, most
of the time. Sufficient coherence for interferograms will not
be possible all of the time, as shown by incoherent L-band
interferogramsmadebyInSAR systemsonaircraftand onthe
spaceshuttlewith baselinesspanningoneto7days.Theinco-
herenceintheinterferogramshasbeenassociatedwithweather
systems. Furthermore, 46-day interferograms do not workin
mostsnoworiceareas(e.g. thevolcanoesoftheSouthernand
Austral Andes during austral winter). A significant fraction of
volcanoesaroundtheworldhavesnowcoverforatleastpartof
the year. A shorter repeat time for future InSAR systems [like
the National Aeronautics and Space Administration’s (NASA)
proposedDeformation,EcosystemStructureandDynamicsof
Ice (DESDynl) InSAR mission] will maximize the chance that
there will not be a precipitation, wind, or melting event that
might diminish coherence.
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Please Participate in the NASA Customer Satisfaction Survey

In the fall of 2009, ASF Distributed Active Archive Center (DAAC) users will receive an e-mail invitation from
Claes Fornell International Group on behalf of NASA to participate in aWeb-based survey about the quality
andutilityof ASFDAACproductsandservices.lttakesapproximately 10minutestocompletethisanonymous
questionnaire and optional comment fields are provided to address user concerns.

Please participate! Your feedback affects the ASF DAAC's future performance and helps the ASF DAAC to
identify science needs. The ASF DAAC is one of 12 NASA Earth Observing System Data and Information
System (EOSDIS) Data Centers evaluated by this survey.




Quad Polarization PALSAR Radar, Radar Texture,
and Optical Data for Land-Cover Classification

by Arjun Sheoran, Fugro EarthData Incorporated and
Dr. Barry Haack, George Mason University

Faculty and students within the Department of Geography at
George Mason University in Fairfax, Virginia, have conducted research
withradarandtheintegrationofradarandopticaldataforimprovedland-
cover mapping for many years. Much of that work has been possible by
acquiring RADARSAT-1, and more recently ALOS Phased Array L-band
SAR (PALSAR), data from ASF.

Thebasicresearchincludedtworelatedactivities: 1)examiningmethods
toimprovedigitalclassificationoflandcoverbyextractionofradar-derived
datalayers,and2)comparingradarandopticaldataresultswiththeoption
ofintegratingthemtoassessmultisensoryclassificationaccuracy.These
wereimportantasmostofthespacebornesystemsweresinglewavelength
andsinglepolarization,thusgreatlylimitingdigital-classificationstrategies.

Theprimarymethodtoextractradar-derivedvalueswasbyusingvarious
texturemeasures.Variance,meanEuclideandistance, kurtosis,andskew-
nesswere often evaluated atdifferentwindowsizesrangingfrom 5x5to
13x13.Veryfrequently,texturemeasuresprovideimprovedclassification
accuraciessometimesforindividualclassesandoftenforoverallaccuracies
overtheoriginalradar.Mergingtextureandoriginalradarmeasurements
generallyresultsinbetteraccuracies.Otherspatialmethodsthathavebeen
examinedincludethecomparisonofdespeckletechniqueswithdifferent
windowsizes,despecklingatasmallwindowsize, thenextractingtexture
at a larger window size, and post-classification filtering.

Theclassificationresultsfromradarandradar-derived values were com-
paredtothose fromregistered optical [Landsat Thematic Mapper (TM),
SPOT,ASTER]datausingthesameclassificationandaccuracyassessment
methods.Differentmethodstointegratetheradar,radar-derivedvalues,
and optical data were examined to evaluate multisensor classification
accuracies.Thesemethodsincludedrelativeweightingofbandsfromthe
respective sensors and use of principle components analysis.

Recently, the Departmenthas used quad-pol PALSAR data provided by
ASF for studies in Bangladesh (Figure 2a), Sudan, Kenya (Figure 2b),
California, and Washington, D.C. The PALSAR data were obtained at a
12.5-mspatialresolutionand ASFremote-sensing software, MapReady,
was used for pre-processing the imagery.

The recent, more-widely available, quad-polarization radar, such as
PALSAR, increases the usefulness for feature delineation and allows for
comparisonofthevariouspolarizations.Forexample,forfourlandcovers
in the Kenya scene, the VV polarization provided an overall accuracy of
85 percent versus 62 to 71 percent for the other three bands.

Theuseofradartextureon PALSARimageswasoftenauseful procedure
forincreasingthecapabilitytodistinguishamongthedifferentlandcovers.

Continued on back page

Figure 2a: PALSAR image (65 km by 35 km) for
Bangladesh, acquired 14 March 2003. 2b: PALSAR
image (65 km by 35 km) for Nairobi, Kenya, acquired
12 May 2007. Polarization for both images is HH, HV
and VH; RGB.
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Generally,theVariancemeasurewasbestamongthoseexaminedand
the appropriate window size will vary by location. In Bangladesh,
using aVariance 7x7 window, the producer’s capability to classify
agricultureincreasedfrom?1-percentaccuracyusingfouroriginal
bands to 90 percent using a combination of radar and texture. In
Kenya,theproducer’saccuracyforurbanincreasedfromé4percent
in the original radar to 87 percent using texture.

Thequestionofwhetherclassificationaccuraciescanbeincreasedby
fusingmultisensordatahasbeenanimportantissueintheremote-
sensing community. For these sites, the fusing of PALSAR with
opticalimagery,yieldedbetterclassificationaccuraciesasopposedto
takingeitherdatasetindividually.InBangladesh,theoverallaccuracy
forradarwas91percentandincreasedto98percentwithamergeof
Landsat TM and radar texture. In Kenya, the original radar had an
overallaccuracyincreasefrom77 percentwithradarto86 percent
with Landsat TM and radar texture.

The wider availability of multiple-polarization spaceborne radar
has made available to the geospatial industry a great wealth of
data.There is good evidence in these studies that radar-derived
measures and the merger of radar and optical data can be useful
strategies in classifying land cover in diverse regions around the
world.

Thisnewsletter,published by ASF,was createdto provide
detailedinformationaboutspecialprojectsandnoteworthy
developments,aswellassciencearticleshighlightingthe
use of ASF data.

To receive the newsletter by postal mail, please fill out
the subscription form linked to the ASF home page at
www.asf.alaska.edu. Current and back issues of the
newslettercanalsobeobtainedthroughthe ASFWebsite.

Submissions to the ASF News & Notes and suggestions
about content are always welcome. If you are interested
in contributing materials, please call or send an email to
the editor:

Vicky Wolf, ASF User Support
907-474-6166 | uso@asf.alaska.edu

Alaska Satellite Facility’s Management

Nettie La Belle-Hamer, ASF Director
Scott Arko, ASF Deputy Director
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