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1. IN’J’ROD[JCTION

California chaparral is one of the most imporlant natural vegetation communities in Southern
California, rcpre.senting a significant source. of spccics diversity and, through a higl~susceptibility to fire,
playing a major role in ecosyslcm dynamics. Due to steep topogi-aphic gl adie.nts, harsh cdaphic conditions
and variahlc fire histories, chaparral typically forms a complex mosaic of different specie.s dominants and
ap,cclasses, each with unique successional responses to fire and canopy characteristics (c.g moisture
content, biomass, fuel load) that modify fire susceptibility. The.high human cost of fire and intimate
mixing along the urban interface combine to modify the natural fire regime as WCIIas provide additional
impetus for a better undc.rstancting of how to predict fire and its n~anagement. Management problems have
been further magnified by nearly seventy years of fire suppression and drought relalcd die-back over the
last few years resulting in a large accumulation of highly combustible fuels (Radtkc ct al., 1982; Yool ct
al., 1985). Chaparral communities in the Santa Monica Mountains exemplify many of the management
challcng,cs associated with fire and biodivcrsity.

A study was initialed in the Santa Monica Mountains to investigate the use of the Airborne,
Visible/lnfrarcd imaging Spectrometer (AVIRIS) for providing improved maps of chaparral coupled with
direct cslimatcs of canopy attributes (e.g. biomass, Icaf area, fuel load). The Santa Monica Mountains arc
an cast-wcsl trending range located approximately 7S kilometers north of 1.OSAngclc.s extending
westward into Ventura County. Within the Santa Monica Mountains a diverse number c)fecosystems are
located, including four distinct types of chaparral, wetlands, riparian habitats, woodlands, and coastal sage
scrub. la this study wc focus on mappinp three types of chaparral, oak woodlands and grasslands.
Chaparral mapped included coastal sage scrub, chamise chaparral and mixed chaparral that consisted
predominantly of two species of Qanothus.

2, MET] 10DS tmrl S’NJDY SITIL

Analysis focused on AVIRIS data collcctcd on October 19, 1994. Two east-west flight lines were
collcclcd, consisting of a total of 12 scenes. Results will only bc presented for sccnc 5, centered over ]’oint
Dumc, California (1’ig. 1). Maps of equivalent liquid water thickness, prccipitablc water vapor and
appal-cnt rc.fteztance wc.rc generated using an algorithm coupled with the MocItran3 ractiativc transfer COCIC
((irccn cl al., 1993). C)ncc convcrlcd to aJ~parentrcftcctancc, AVIRIS data were modc]cd as spectral
mixtures of field ancl laboratory measured spectra of soil, non-photosynthetic ve.ge.tation(N1’V), green
leaves and shade (Adams et al., 1993; Roberts et al., 1993). Spectral mixture analysis (SMA) was
performed using a complex modeling approach, in which the.number of cndmembcrs and types of
cndmcmbcrs were varied on a per-pixel basis (Roberts et al., 1992). This approach has advantages over
the. simple mixture model because it offers the potential for greater separation of communities through
e.cosystcm unique cnchncmbcr selection while minimizing fraction errors that typically result from
e.ndmcmbcr ambiguity or intcrpixcl differences in spectral dimcnsionality (Sabol ct al., 1992).

Rcfercncc e.ndmembcrs were sclcctcd from a library of field and laboratory spectra collected
during two field campaigns, in June and September 1995 (Ustin et al., ]996). Endmembcrs were sclectcd
using techniques cicscribcd by Smith et al. (1990) and Adams et al., (1993). These techniques were used
to develop suites of candidate endmcmbcrs for green vegetation and NPV for each major community in
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the stucly area. A single soil and photometric shade spectrum were selected for simplicity, although
community level variability in shade spectra can be significant due to multiple scattering of NIR light
(Roberts et al., 1993). Suites of candidate spectra were developed hierarchically, starting with two-
end member models, followed by three endmember models etc. Training areas for each major vegetation
type were extracted from the reflectance images and used to guide the development of a candidate library.
The final library consisted of 3 leaf spectra, 2 NPV spectra and one each of soil and shade. Candidate leaf
spectra for coastal sage scrub, chamise chaparral and mixed chaparral are shown labeled as S24PNL, adfa
and Ceme, respectively (Fig. 2). A fourth spectrum consisting of NPV is included on the figure labeled
Ih-ci stem (Eriogonum cinereum). The best fit for a leaf in coastal sage scrub was actually an NpV
spectrum, reflecting the drought deciduous behavior of many dominants in this community.

Once a candidate library was developed, the library was used as an input into a series of mixture
rnodcls starting with all reasonable combinations of two-endmember models (leaf-shade, soil-shade,
NPV-shade) followed by all possible three endmember models (leaf-NPV-shade) and four endmember
models. A total of 14 models were run. Following mixture modeling, a program was developed to select
the optimal model for each pixel based on RMS error and spectral fractions. Starting with models with the
lowest dimensionality (two-endmember models), each pixel was evaluated based on an RMS threshold of
c 2.570 and the constraint that fractions ranged between -1Yo and 10OYO.Once a pixel met these criteria, it
was assigned a numeric value equal to the model and removed from the pool. This approach was
continued, progressing upwards from models of Jow-dimensionality to high dimensionality until all
models had been evaluated. This resulted in a map consisting of 14 classes, in which class was determined
by the number of endmembers in the model and the types that were used. Class maps and fraction images
were combined to produce images showing the spcct ral fractions associated with each green leaf
endmernber. Fraction maps were then combined with equivalent liquid water maps to produce a final
classified image using techniques described by Adams at al. (1995), modified to include liquid water.

3. IUUNJLTS

Using a multiple endmember mixing model, over 95% of the image could be modeled as some
combination of 2 to 4 endmembers at an RMS < 2.5% and with positive fractions. The only unmodeled
areas consisted of the city of Malibu and Zuma Beach. In chaparral the dimensionality of individual
spectra was remarkably low, with 2-endnlember models accounting for 65.9 percent and 3 end member
models accounting for 92,3 percent of the total pixels (Table 1). Although preliminary, based on the field
sites and limited field photographs the model appears to have successfully separated chamise chaparral
from mixed chaparral and mapped the extent of coastal sage scrub. Near-term objectives are to evaluate
map accuracy and refine models based on field observations and aerial photographs. Spring AVIRIS data
acquired in 1995 will also be incorporated to study seasonal effects and evaluate any phonological
improvements for mapping.

Table 1, Showing the number of pixels modeled using 2, 3 and 4 endmember models. 13,324 of
a total 314,368 image pixels were left unmodeled using a combination of the 2, 3, and 4 endmember
models. Note, - 10% of the image was ocean, which was selected by the first 2-endmember model, Ceme.
Model 2-endmember 3-endnlember 4-endmember Totals
1~af Wm-lmpmher (inclldes NPV) (includes soil). . ... -- ... . ...”..... -. ,--------- - .- , . . . . . . . . .

-,

Ceme 136677 68186 7443 212306
Adfa 9729 12526 2373 24628
Oak (PPNE) 192 699 1067 1958
Zuma (S24PNL) 55286 1497 3 56786
Senesccd Grass 2334 x x 2334
Soil 3032 x x 3032
Total Unmodelcd 107118 24210 13324 x—.
Total Modeled 207250 82908 10886 301044
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l~igure 1. Showing locations of the Chamisc chaparral (Castro) and Coastal sage scrub
(Zuma) field sites. Ccanothus marks a third site identified to be almost pure Ccanothus
from field photographs.
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Pigurc 2. Showing reference cnchncmbcrs sclectccl for Castro (Adfa = Adcnostoma
- Ccal~othulr]~egacarjl~!.s),Zunla (S241’N1~= an NWfrrsgiclda~ml), Ccanothus (Cenlc . . . . ..

and NPV (Erci Stern = Ijr-jogoj~unlcin.txcum stem).
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