
IMPROVINGALPINE-REGIONSPECTRALUNMDUNGWITHOPTIMAL-PITSNOW
ENDMEMBERS

l’homasH. Painterl, Dar A. Robertsl,RobertO. Gmenl~ andJeffDozier]

lUniversity of California,Santa Barbara 93KM
‘Jet Pm@aicm Laboratory, California Institute of Technology, Pasadena, CA 91109 USA

INTRODUCTION

Surface albedo and anowumrecl-area (sCA) are crucial inputs to the hydrologic and
climatologic modeling of alpineand seasonallysnow-vexed areas (Dozier,1989). Eecau= the
spectd albedo and thermal regime of pure snow depend on grain size, weal distribution of snow
grsinsizeisrequimd. -teh~~btintikmti~w(d~)~of
deriving mapsof grainsizedistriition (DozierandMarks,1987;Nolim1993) and snow-
covered-area(Dozier,1989; Nolin 1993; Rosenthal, 1993). Developtxi here is a technique
whereby maps of grain size distribution improve estimates of SCA from spectral mixture
analysis with AVIRISdata.

BACKGROUND

The qwctral signature of snow is distinguishedby very highreflectancein visible wavelengths
and moderate reflectance in NIR wavelength Whilevisiblereflectanceis stronglyaffectedby
absorbingimpuritiesand nearlyindependentof grain size, NIRrefktance is primarily
dependenton grainsizewithreflectancedecreasingas grainsizeincrea- Mostsensitiveto
grainsizeis reflectancein the wavelengthregionfrom 1.0- 1.3 micronswhichspansthe
diagnosticiceabsorptionfeaturesat 1.03 micronsand 1.26 microns. Theserelationshipsare
exploited in grain sizemappin~ most quantitativelyby Nolin(Dozierand Marks,1987; Nolin,
1993). Whendepositedon thesurface,snowgrainsundergoa processcalled‘metamorphism’
throughwhichlargergrainsgrow at the expenseof smallergrains. Metamorphismis in most
casesheightexwdwithincreasd temperature,thereforesnowcovenxi regionsexhibitgrain size
distributions inverselyrelated to elevation.

Spectralmixtureanalysishas as an ob@tive the definitionof subpixelproportionsof spectral
endmemks whichmaybe relatedto mappablesurfaceconstituents(Adamset al., 1993). The
spectralmixtumapproachhasbeenshownto be effectivein mappingSCAin alpineregionswith
ThematicMapper data (Rosenthal,1993) and AVIRISdata (Nolin,1993). These effortshave
incorporatedfbuxiendmembersuitesof snow, v~tion and A (hale ~n~dered
complements@. However,fixedsuitesof spectralendmembersare not naessad“y optimalfor
image-wideendmemberdetectability(Sabolet al., 1992). It is theorizedthat the NIR-
dependenceOfSnOW dkdanee ongrainaizerendersahglesnow~ inadequatefor
regionsof significantgrain sizegradient. In thisstudywe utilizedmultiplemixturemodelson a
suiteof snowmdmmbem (Coxmspondkgto thescene’sgrainsizerange)to optimizeSCA
estimates, pixelby pixelchoosingthe snowfractionestimatedby the modelwithleastmixing
error (RMS).

DATAand METHODS

Thistheoxywas testedon an April5,1994 AVIRISsceneof MammothMountain,CA. Calibrated
radiancedata was convertd to apparentsurfacereflectanceusingthe atmospherictransmittance
modelMOUI’RAN2and a non-linearleast-squareswater vapor fittingroutine(Greenet al.,
1993). A mapof ~W grain size WSS generated using the method of Nolin (1=0.

spectralmixtureanalysisused the following mixing Iules (Roberts et al., 1990}
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Rc = ~FRi,c + Ec
i=l

~ is the apparent surface reflectance in AVIRIS band c, Fi if the fraction of endmember i, ~~ is
thereflectanceof edmedwr iin AVIRISbandc. Nis~numberofspectrd endmembem and%
iatheerror in AVIRISband cforthefit of the Nendmembem The average root mean squared
(RI@) error is calculatd as follow=

1/2Rius=[1J@fE:
i=]

where M = numberof AVIFUSbandsin spectralmixtumanalysk

Theapectrdmixtureband-subsetwaschosenasperNolin(l993). Thisconsistsof4 VISchannela
and 13 NIRchannelsapandng thediagnostic103 microniceabsorptionfeature. Mixingmodels
may be evaluatedin three ways; RMSEanalysis,fractionunder/overflow analysis,and
residualsanalysk In thiswork RMSEanalysisis emphasizedwhilesnowfractionunder/
overflowis used as a semmdaryqualitativetool.

Image endmembers were chosen for vegetation and rock. Guided by the grain size map for the
scene, five image endmembers were chosen for snow of varying grain size, -75 microns to -S00
micrcxu With vegetationand rock endmembersfixed,mixturemodelsusingthe ModifiedGram-
Schntidtmethod were run witheach snowendmember. RMSEand snow fractionimageswere
producedfor each. Optimization was then carried out by choosing for each pixel the lowest RMSE
and its respctive snow fraction estimate from among the five models to create a MIN RMS image
(I@re 1) and accompanyingsnow fractionimage.

RESULTS

Figure1 showsRMSimagesfor eachmixingmodeland theRMSimagefor theminimumpixelby
pixelRMSamong the fivemodels. As mfemnce,MammothMountainSkiArea liesjustleftof
center in the lowerhalfof each imageand is the mainabove-timberlinefeaturein the scene. The
summitridgerunsfromupperleftto lowerright. Northis towardtheupperrightcomer.
-on of ~ mod~ RMSimagesdemonstratesthata singlesnow edmembm is inadequateto
modeltheentiredomain. TheSWSNOWendmember(-125 micronsgrainsize)has very low
RMSEin thoseregionsof smallergrain sizes(highelevation),yet the RMSEhmeasea to 2.5%+
wheregrain sizesapproach~ microns(lowerelevation). ‘&E SNOW endmember (-S00
*n~*)how-=~nnw HWEh~@dotiti 25%-Ek&
smallestgrain domairw A comparisonof theN1 SNOWand S SNOWRMSEresultsgives
preliminaryindicationthat this techniquemay be insensitiveto aspect both endmembersare
fromregionsof-350 microngrain sizebut opposite aspects(differentillumination).Nonetheless,
spatialRMSEdistributionand magnitudeare very similar. Likewise,snowfractionestimatesfor
thispair am nearly identical. TheN2 SNOWendmember(extractedfrom north aspect with -7S
microngrainsize)RMSEimageposesan importantquestion.Is thecoincidenceof itsnear0%
RMSEdomainwithhighnorthaspectsdue to a sensitivityof imageendmemberato asptxt or the
likelycase that the smallestgrainswillbe highon a northerlyaspect? Mostencouragingis the
MINRMSimage. ThemultiplesnowendmemberapproachsignificantlyboundsRMSEand serves
to bettercharacterizethe spectraldomainof this scene.
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RMSEalone,however,is not sufficientto testthenwdelresults. Inspectionof mow fraction
imagesisalsoneceswy. Theseimages(not shown)ShOWed in the individualrnodds that Whe=
RMSEwas IOX mow fractionestimateswemwithinreasonablebounds(0.0- 1.0) and
appropriategiven locationand spectralsignature. WhereRMSEincmsed , fractionoverflow
and/or inappropriatevaluesdominated. Allimagesshowedunderflow(snowfraction< 0.0) ti
regions of dense vegetation, indicating the vegetation endmember was contaminatcxl by snow.
TluEmow fractionimagefor MINRMSis wellbounded(butfor the vegetation)and spatially
appropriate throughout.

DISCUSSIONand FUTUREPLANS

Prdiminary results indicate that multiple snow endmembers representing a range of grain
sizes are nemssary to spectrally characterize a scene containing significant snow grain size
gradients. Further work willincorporatereferenceendmembersfor vegetationand rock.
Snowendmemberswillbe calculatedfor a range of grain sizesand illuminationanglesto
more accuratelydeterminegrain sizeand aspectsensitivities.Testswillbe run on
temporallyand spatiallydifferentAVIRIScubes.
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Figure 1. RMSEimages for snow endmembers and minimumRMS image.
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