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1. INTRODUCTION

Since 1980the Long ValleyCalderain the easternSierraNevada(California)has shownsigns of renewed
volcanicactivity (Ltmgbeinet al., 1993; Hill et al., 1985). Frequentearthquakes,are-inflation of the caldera,
hydrothermalactivityand gas emissionsare the outer symptomsof this renewedactivity. In 1990and 1991several
areas of dying trees were found around MammothMountain.The causeof the die off of the trees was first sought
in the persistentdrought in the precedingyears. However, the treesdied regardlessof age and species.Farrar et al.
(1995) starteda soil-gassurvey in 1994in the dead-treeareasand foundcarbondioxideconcentrationsranging
from 30 to 96% at soil depths between30 and 60 cm. CO#oncentrations in the atmosphereare usuallyaround
0.03 % and in the soil profile COz-levelsdo commonlynot exceed4 to 5% (Voigt, 1962).Althoughnot much is
known about the effectof high levelsof carbon dioxide in the soil profile on roots, it is most likely that the trees
are dying due to oxygen deprivation:the C02 drives the oxygenout of the soil (Drew, 1991; Luxmooreet al,,
1986; Voigt, 1962). So far, four sites of dead treeshave been mappedaround MarnrnothMountain.

The two largest dying trees sites are locatednear HorseshoeLake and near MammothMountainMain Lodge
covering approximatelyan area of 10 and8 ha respectively.Analysisof the gas compositionregardingthe
‘He/4He-ratioand the percentagebiogeniccarbon revealsthe sourceof the gas: the magmabody beneaththe Long
Valley Caldera (Farrar et al, 1995). Until recentlyit was not knownthat volcanoesreleaseabundantcarbon dioxide
from their flanks as diffuse soil emanations(Baubronet al,, 1990).As a resultof the magmagas emissionaround
MammothMountain there is an excellentsequenceof dead trees, stressedtrees, healthytrees and bare soil
surfaces, This research site provides excellentopportunitiesto:
1. Study the capabilitiesof imagingspectrometryto map stressed(and dead)pine and fir species;
2. Study methods to separatethe vivid vegetation,stressedvegetationand dead vegetationfrom the soil

backgroundof glacialdeposits and crystallinerocks.

The dead tree areas are locatedon the flanksof MammothMountain(N:37”37’45”and W:119°02’05”)at an
elevationbetween2600 and 3000 meters. The area is coveredby an open type of MontaneForest. The dominant
tree speciesare LodgepcdePine (Pious contorts), the Red Fir (Abiesmagnifica)and the Jeffrey Pine (Pinus
jeffreyi). The soil surfacenear HorseshoeLake is generallyfairlybright. The surfaceis coveredby glacialdeposits
(till) consistingmainly of weatheredgraniticrocks.

2. FIELD SPECTRAL MEASUREMENTS

LnOctober 1995spectral fieldmeasurementswere carriedout in two of the four dead tree sites using the
JPL FieldSpecinstrument (ASD, 1994). This instrumentcovers the 350-2500 nm spectralregion using three
individualspectrometers.It samplesevery 2 mu and the re~olutionvariesbetween 10 and 11 mu. Togetherwith
each set of target measurementsa white referenceplate and the instrument’sdark current weredetermined.

1 Visiting Scientistfrom: Departmentof PhysicalGeography,UtrezhtUniversity,
3508 TC The Netherlands (s.dejong@rw.ruu,nl).
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Figure 1: Examplesof Field Spectra(n=8) for litter and healthy, deadand stressedLodgePolePines (Pinus
contorts var. murrayana).

Multiple target measurementswere averagedto increasethe signal-to-noiseratio. The dark current was subtracted
from the raw spectralmeasurementsand the white referencemeasurementswereused to convert the raw data to
reflectance,Spectralbehaviour of severalsurfaceswas measured:healthytrees (severalspecies),stressedand dead
trees, the litter layer, dead trunks, bare soil surfacesand rock outcropsand some referencesites for radiometric
imagecorrections. Trees were considered‘stressed’if severalbranchesweredeador if at least some of the needles
had lost color,

The field spectra were then analyzedon their informationcontentregardinghealthy, stressedand dead trees and the
soil background reflectance,The results yield a physicalbasis for the interpretationof AVIRISimagery. Figure 1
shows some examplesof the collectedfield spectraof LodgepolePines. The spectrashow clearlythe presenceand
the absenceof respectivelythe chlorophyllabsorptionnear 680 run in the healthyand dead LodgepolePine spectra.
Analysismethodsapplied to the field spectraare 1) standardnormalizationprocedures,2) ftist derivative
transform, and 3) convex hull transformand automaticabsorptionfeaturefinding.

First derivativeanalysis (Curran, et al, 1992; Wessmanet al., 1989)is a commonmethodto enhamx abrupt
changes in the spectralcurve of objectse.g. to enhancethe red edge for vegetation.The convexhull transformation
is a method to normalize spectra (De Jong, 1994a; Sedgewick,1983).The convex-hulltechniqueis analogousto
fitting a rubber band over a spectrumto form a continuum.The differencebetweenthe hull and original spectrum
is subtractedfrom a constant to obtain a hull-difference.Sucha normalizationof the spectraallows the application
of quantitativeabsorption featurecharacteriution.
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The figures 2 and 3 and table 1 show somepreliminaryresults, Figures 1 and 2 show the reducedchlorophyll
absorption for the stressedLodgepolePines and the absentchlorophyllabsorptionfor the dead Pines. The red edge
or blue shift (Curran et al., 1992) is visible but not very pronouncedin the derivativespectrashown in figure 2.
The spectralrange from 1400 to 1700nm displaysan increasingbrighmesswith decreasingwatercontent (from
healthy to dead pines to litter). The specna for dead pines and litter showthe absorptionfeaturesfor lignin around
1720 run, describedby Ustin et al, (1991), Petersonet al. (1988), Wessmanet al. (1989) and Weyer (198S),
Furthermore, the range from 1500to 1750 mu showsa positive first derivativefor the vegetativefeatureswhile
non-vegetativeobjectsare usually flat or even show the decreaseof solar energy in this region, Figure 3 presents
spectraderived from an AVIRISimageof August23rd, 1994. Thesenormalizedimagespectraalso display the
lignin absorption featuresand the positive slope for vegetationbetween 1500and 1650nm, Somefirst results for
the convex hull transformationof the field spectra (0.4 -2.5 #m) are shownin table 1. Wateris the most dominant
absorption feature identifiedby the automaticabsoqxion featurealgorithm,The stressedLodgepolePine shows a
decreasein chlorophyll absorptionof approximately15%comparedto the healthy tree. The lignin absorption
features for the litter spectrumand for the dead LodgepolePine spectrumare only identifiedif the ‘depthtolerance’
of the algorithm is reduced. Absorption featuresare then found at 1724mu with a relativedepth of respectively
1.60 and 3.53.

3. AWRIS IMAGE ANALYSIS

Three AVIRIS(Airborne Visible/InfraredImagingSpectrometer)imagesof the MammothMountain
region were retrieved from the JPL archiveacquiredat the followingdates: 21 May 1994, 23 August 1994and 22
June 1995. The AVIRIS radiancedata were convertedto reflectanceusing the empiricalline method, A linear
regression fimctionwas computedbetweenthe field reflectanceand the AVIRISdata of a dark and a bright surface
(a large asphalt parking lot near MammothMountain Lodge and a gravel field south of MammothVillage).
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Figure 3: NormalizedAVIRISSpectra(1450 -1800 nm) of Healthy,Stressedand DeadPine Speciesmar
HorseshoeLake.

Reflectance of a number of sites throughoutthe threemulti-temporalimageswerecomparedto verify the results
of the empiricalline conversion. The next steps in this researchare 1) to study tither the AVIRISspectral
properties of the dead trees area at HorseshoeLake, 2) to examinethe tempoti changesof the dead trees areas
using the AVIRISimagesavailablefor differentdates, 3) to study stress indicatorsfor the Pine trees and 4) to use
spectralunmixiug to produce a map of stressed, dead and healthytrees.

3.1 Dead Tree Image Transect

In the August 1994 imagea transectwas put over the dead tree areanear HorseshoeLake, The transect
covers from north-east to south-west: the Borrowpit, stressedtr&s, dead treesand bare soil areas, dead and
stressed trees and healthy trees. Along this transectthe spectralinformationis analyzedregardingchlorophyllab-
sorption, liguin absorption and stress indicators. Figure 4 showsa 3D plot of the transect.The Y-axisshows the
AVIRIS spectralbands from 460 to 1250mu, the X-axisassigns the distancealong the transect(total distanceis
approximatey 1200m) and the Z-axis reflectance,Pixels 74 to 77 (X-axis)show the high reflectancethroughout
the spectrumof the bright surfaceof the Borrowpit, Pixels 62 to’74coveran tuea of stressedpine trees, the typical
vegetationshape of the spectrumis still visiblebut chlorophyllabsorptionis rechwd, Pixels 46 to 60 covel an area
of exclusivelydead trees and of bright soil surfacesof wearheredgraniteand glacialW (manytrees have bxn cut
and removed from this former campground).Pixels 20 to 45 show tt transitioni’oneof”stressedand healthypine
trees. The beginning of the transectis an area of vivid deciduoustrees rindpine specieswith a strong chlorophyll
absorption and a significantinfrared reflectance.

70



Figure 4: 3-DimensionalPlot of the AVIRISImageTransectnear HorseshoeLake. The TransectCrossesa Gravel
Pit and Healthy, Stressedand DeadPine Trees. The X,Y,Z Axes RepresentRespectivelythe Distancealong the

Transect, the AVIRIS SpectralRangefrom 460 to 1250mu and the Reflectance.

3.2 Multi-temporal Analysis

A multi-temporalanalysisof the three availableairborne imageswas carriedout to assess the temporal
changesof forest cover betweenthe first availableAVIRISscene(21 May 1994)and the last acquiredimage(22
June 1995). The three imageswere geometricallymatchedto one anotherusing ground controlpoints and a first
degree polynomialwarping algorithm. Next a NormalizedDifferenceVegetationIndex (NDVI)was computedfor
each image. Large NDVJvalues indicatepixels with high proportionsof green biomass, low values indicatepixels
of bare soil, water bodies or built up areas and intermediatevaluesgive an indicationof differencesin coverage
with green vegetation(De Jong, 1994b; Tucker, 1979). The three multi-temporalNDVIimageswere displayedas
a red, green and blue combinationand visuallyinteqxeted, Differentcombinationsof red, greenand blue mark a
changeof NDVI values, which is an indicationfor an increaseor decreaseof vegetativecover. Resultsshow that
the HorseshoeLake dead trees area is fairly constantover the 13months studied. Only the westernedge of this
region shows someminor enlargement,The seconddead tree area furtheruphill of HorseshoeLake shows a
significantdecreaseof NDVI valuesover time and hence, an importantenlargementof the dead tree area since May
1994. At the western flank of MammothMountainuphill of SotcherLakeanotherarea of diminishingNDVI values
was found. It was first identifiedas a fifth, so far unknowndead tree area. However, imageand topographic
interpretationrevealedthat it is most probably an avalanchearea where sometrees vanished, Fieldworkmust reveal
the definitecause of the NDVI drop as differencesin snowcover hampermulti-temporalimageinterpretation.The
dead tree areas near Red Lake and the Mammothmain lodge are unfortunatelyoutside the coverageof this multi-
temporaldata set.
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3.3 Stress Indicators’

The first sign that vegetationis exposedto stress (senescence,waterdeficiency,or herbicide)is usually a
decreaseof the abso@ion of radiationby chlorophyll(Carter, 1994; Carter& Miller, 1994; Hoque& Hutzler,
1992; Ruth et al., 1991). These subtlechangesof light absorptionare at first detectableat the edgesof the
chlorophyllabsorption featurei.e. around 605 run and 695 nm, The plant stress indicatorsproposedby Carter
(1994) were applied to the field and imagespeetrato determinetheir suitabilityto map the stressedpines near
Mammoth. Reflectanceratios as stress indicators, suggestedby Carter (1994), use the followingbands: 606 and
760 mu, 695 and 420 nm or 695 and 760 nm. If the Mammothfield data (e.g. figure 2) are comparedto Carter’s
dataset, a small shift of the chlorophyllabsorptionband towardslonger wavelengthsseemsto occur. This shift
might be due to different vegetationspeciesor to a shift in sensor sensitivity.

Carter’s first stress indicator (R606/R760)appliedto the spectraof figure 1 yieldsvaluesfor healthy, stressedand
dead pines of 0.22, 0.25 and 0.45 respectively.Carter (1994) reports valuesdeterminedin the laboratoryranging
from 0.13 to 0.47. The image transectof figure4 yieldsvaluesranging from 0.24 to 0.5 for the tree covered
areas. The values for the bare surfaceareas werenot considered.A prerequisitefor derivingvaluableearly stress
indicationsfor trees using AVIRIS, requires fmt a separationof vegetatedareas from bare areas. The latter is one
of the topics for future planned work.

3.4 Spectral Unmixing

In the next phase of this study spectralunmixing(Robertset al., 1993;Adamset al., 1993)will be used to
assessthe spatialdistributionof the stressedand dead trees. A group of spectralend membersis currentlyprepared.
Results will be presentedat the 1996JPL AirbmmeEarth ScieneeWorkshop.

4. DISCUSSION AND RESULTS

Fieldand imagespectraareusedm thisstudyto determinethe practicaluse of AVIRISimagesto survey COQ
induced stress and dead pine trees. First results show that field as well as imagespectracontaininformationon the
chlorophyll absorption and a declineof chlorophyllabsorptionin case of stressedtrees. In the dead tree areas the
chlorophyllabsorptionis absentbut the preseneeof dead vegetativematerialeanbe revealedfrom absorptionfeatures
in the 1500 to 1750 nm range. The use of multi-temporalAVIRISimagesappeareduseful to deteetchangesof the
surfaceareaof deadandlorstressedtreesalthoughthe timeperiodof 13monthsis rather short and someproblemswere
experiencedwith differencesin snow cover and sun angle. Somepreliminaryresultsusing AVIRISimages to derive
stress indicators for pine trees are encouragingbut need firther study,
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Table 1: Results of Automatic Absorption Feature Search.

Wavelength Depth Area Asymmetry
HtmlthyLodgepole Pine (Pinus contorts):

1.8040 25.2592 3.6183 0.0314
1,4540 22.2009 4,7954 0.4094
0.6860 18.4455 2.2596 2.6633
1.9860 13.6994 0.3587 0.1768
1.9700 13.6013 0.1553 1.9560

Stressed Lodgepok? Pine (Pinus wntorta):
1.8040 18.5023 2.6410 0.0441
1.4460 17,5540 3.5220 0.3128
0.6880 14,2796 1.9255 3.1891
1.9640 12,0939 0.2501 0.3853
1.7940 11.8013 0.1222 4.3238

Dead Lodgepole Pine (Pinus wntorta):
1.8040 25.1266 3.5749 0.0278
1.9640 14.9782 0.1669 0.5096
1.9560 14.1485 0.0831 0.5139
1,4540 13.5969 2.3908 0.3469
2.1060 11.1379 0.2055 1.5145
1.7880 10.8838 0.1313 0.5303

Litter:
1.8040 31.5548 4.6171 0.0400
1.9560 11.5030 0.0454 1.0037
1.9600 11.3799 0.1287 0.2122
1.7880 ~ 9.1239 0.0661 0.8646
1.4460 8.0103 1.1761 0.3211

Healthy Red Fir (Abies nlagnl@@
1.4460 25.3815 4.6679 0.0950
1.4280 25.2224 1.0844 20.5118
1.8040 24.0184 3.4357 0.0349
0.6880 23.6689 2,9338 2.9247
1.9640 16.5759 0.2219 1.3108
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