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1. 1 N’1’ROI)LJC’I’1  ON

lnurging  spcclr’omclry offers a ncw way of cic.rivirrg ecological information about
vcgc.ta[ion  c.ommunitic.s from rcmo[c  sensing. Applications incl UCIC, dc.riva[ion  of canopy
dicmistry  (c+,, Wcssman  ct al., 1989), nlcasurc.mcm[  of column almosphc.ric  waler vapor
and liquid wmr (Grcm c.t al ,,1 991), in]provcd  cictc.clabili[y of materials (Sabol cl al.,
19X?), more accurate cs[imalion  of grcmr vcgc.ta[ion co~’cr all(i  discl imi nation  of spcxlrally
distinct grwn leaf, ]~ol~-])l~otosyl~tl~c.tic  vc.gctation (N}>V: litic.r,  wood, hark etc. ) and shade
spc~(ra awrcialcd  with different vegetation communities (I<ohcr[s ct al., 1993).

Muc.tl  of Ollr crnphasis  has bmn on inlc.qxctin~  Ail ho; I}C VisiL}lc  and Infl ar’cd
imaging Spcchcmctry  (AVI 1{1S)  data as spectral mix[urcs. ‘J’wo approaches have. bczn
uscxi, sin]pk models, where the data arc. Irca[cd as a mixture of 3104 l:\ll(~r:\[(]ry/fic.1(1
1ncm]rc41  sjwctra,  known as rc.fcrcnm  c.n(in]c.mbcrs (l{Ms),  applied uni fonnly  10 tl]c wi]o]c
image, to more complex models whc.rc boll) the number of l{hfls  an(i li]c< types of }lh[s
vary on a ])cr-])ixc] basis  (I{obcrLs  cl al. , 1992), Wilcrc  sinlplc  mode.ls arc a]q)]ic{i,
]I)atcrials,  such  as ATPV, wilich  arc spcc[rally  similar 10 soils, can bc discrinlinalc(i  otL ll]c.
h;isis of rcsid ual sj)cctra (Roberts c1 al., 1993). OIlc kcy aslwcl  is that the dala alc
cal ilwatc.cl  to rcfkcklncc  and moklcd as mixtures of rcfcrc.ncc J {hJs, lmmit[illg  (cl nlmral
comparison of l;,M fractions, indcpcndc.nt  of seem location or data Iypc.. in previous
studies lIK calii~ratioll  was pcrformc(l  L]sing  a lllMificd-c.]ll]]  iric:\l line calil~ralion  (I<olmrts
ct al., 1 993), assuming a uniform aln]os I)hc.rc across tllc sccJw,

III this study, a Mo(i[ran-basc(i  calilm[ion  approach was usc(i  [o map ]iquici watc,r
ald almosl)lmric  wa[cr vapor ard rc.tricwc. surface rc.flcc[ancc  from [t]rcc. AVIRIS  SCC. [[CS
acquirc{i in 199?. ovc.r tile Jasper Ridge Biological l’rcscrvc  (sec.  Grcm CI al., 1993). ‘1’hc
data wc.rc acquired on June, 2n(i, Sc.ptc.mbcr  4til and C)ctobcr 6[1). Rc.flc.c[ancc  images WCN
allalyzcd as spmral mix(urcs  of rcfcrc.ncc  }ihIs  using a siml)lc  4 I {h4 nmicl, A(mosphcric
water vaImr derive.cl from Modtran  was con~]md to clcvatio]],  and community ty~m.
1.iquid watt.r wa$ compared to the abuntiancc  of NPV, Sha(Jc and Green Vcgc[ation  ((iV)
for sclccl  silts to dctcrminc  w41cli]cr a rcla[ions]lip  Cxis[c(i, and under wlmt co]ld i[ions  tl]c
da{ionsili])  broke (iown. l’cmporal  Lrcnds  in cll(imcmbcr  fraclio]ls,  liquid  wnlcr and
a[nmsphc.ric  wale.r vapor wc.rc. invcs[igalcxl also. ‘1’i]c  combination of spc<lml m ix[ ur c
atialysis  aTKi IIlc hfodtran  based at[]~osj~l~cric.fli(llli(l  wMIc.r models was used to dc,vcJop  a
utliquc  vcgc[a[ion communily  (icscri])tion.

2.. Rltsul,’1’s

A[mosjd]cric  waler vapor, ]iqui(i  water an(i [I]c abundance of soil, NI’V, GV arid
plmlornctric  shtidc, were dclcmnincd  for 14 si[cs of kIIown c]c.va[ion  from llIc 3 dates (I;ig.
1). A comjmrison  of a[mosphcric  wa[c.r  vapor 10 ckvation  dc.moms[  ra[c(i a gomi  Ii near
rc.lalionsl]ip  for all 3 dales, wi[t] Scp[cmbe.r  havi[)g  IIK Iligllcst  wa[cr vapor



co[lcc]llr:itic)lls,  JUnC inl~rmcL]ia[c  ant! Oclobcr’  tlIc lovwst  (Fig.  2). A[mosphc,rk  watt.r
vapor was ncgativc]y  c,orrc,lalc~  10 increased clcvalion.  ‘J”he. stcc.lml  g[adicrlt  oc~uld  al
inkmmiialc water vapor conccntidtions  in Jane., producing tlm highcs[  mnlrasl  klwcen
c]cva[ions.  3’llc,  relationship bc.twc,cm ckwation and atmospheric water vapor showed a
malkcd dcpallarc frcm prcdic[cd Wa[cr vapor over heavily vcgcfa[cd areas in June and
Scptmbcr.  In all of the.sc regions, cxcq][ the Stariforcl Ciolf  Chrsc  (C in Fig. 1), [hc
atnlosldlc,ric  water vapor was higher  over Lhc \wgctzztc.d  rc.gions. ‘1’hcsc  dcpariarc.s may
rc.]mcscnl  Cwq)otranspircd water valmr,  tra])]Kxl  wa[cr vapor in canyons or an incomplclc
sc.]~aration  of liquid  wa[c,r f~on~ at[nos])hc,ric w:l[c,r vapor. “1’llc  latter, howc.vcr,  is unlikely,
bccamc  liqaid  wa[cr and atnmsphc.ric  wale.r val)or, althoagh  positively cm clalc..,  were not
{ii]cctly corlcla(cd in all areas. I ,iqui(i  walc,r  was n~a])pcd as showing vc.ry shall)  gradicnls
bctwct.1~  vcgc.tatcd  and non-vcgclatcd areas. Ahnosphcric  water va]ror, on [hc o[hcr ban(i,
had gra(iational  bomdcrics.  1 ]cavily  vcgclakxl  sites did nol show above normal wale.r
va])or co]]cc.nlrfi[ions  on Lhc clrycst da[c,, in Oclobc,r, potc.n[i:llly  al[ributab]c  to low
trans[~iralion  ra[cs at that lime.

l;igurc  1

l;i~urc. 1. Ir)rlcx  mrsp sl]owing the localion  c,f 10 of [he. slurfy silts, ‘1’hcsc  inclurfc  a IIorse Ranch (A), Webb
Ranch (11),  Sta[]forci Golf Course (C), Iivcrgrccn  liroadlcaf  ]:orcs~ (D), Scrltintinc  [irasslar]rl  (}1),  Chaparrdl
(l;), AIMIon} GrasslzJnd  (G), l:orestcd \Vc~lard (11) and 3 }]iS}l clcva[ion grasslands  (I, J and K). ]bur  folcs[cd
areas ill IIIC Sa]lla Croz hfour]la ins,  or]c at Ala!llbiquc ~rcck (3]7 m), and Ll, rcc aim, g a!] clciv+liorldl lral]s  ccl
ill Marlin Cruck,  al 183, 2[,2 afd 390 n), rcspcclivcly,  \vcrc  off Ihc :Ilap.

‘1’hc  llhfi fraclions  changed among Ihc [hrcl,  da[cs, primarily dac to a dc<[ ca~c in
lllc  solar elevation and sc.ncscc.ncc.,  producing an increaw in tllc shado ard NI’V fractions
and a dccrcase.  in [he, (;V fraction (I;ig. 3, Site loca[ior]s,  }~ig. 1). }:or a [norc  dc[ailcd
discussion of Il)c rc.lalio[dlip  bclwcm c.ndmcmbcr  abuldanccs,  vcgc.ta(ion  c.or ornunilic.  s,
ald [cm]mal  lrc.ll(is  scc Sabo] cl al. (1993).

l;rac[ions  of NI>V, GV and  sha(ic w’crc  conlpalc41  to liquid  water absot  plions  for
lIIC lhrcc dates (Fig.  4a-c). ‘1’hc bcsl  relationships occurrc41 in Jane, where slmlc  and GV
wc.r’c ]mitivc.ly  c.orlckrkd [o liq~lid water rind hli’V  was negatively cormlatcd,  l’k bc.s[  fit
was for N1’V ald liqui(i  wa[c.r. The cmly  major (iclml  [urc was ir~ (Iw Scrlm~tinc  si[c. (Ii on



c).>>>
I~ig. 1), whc.rc Ihc Soil fs-~~lion  was high. GV showc.d  clclmrturc.s at two sites, Ihc Smnford
~iolf ~oursc.,  w!lcrc  the (3V fraction was high, bul lhc ]iquid watt.r conccnlmtio]l  low, and
ill [hc Santa Crw, Mountail]s (Ma[lin and Alarnt)iquc  Clcc.ks), where the highcsl  liquid
waler abscrrp[ions  ocmrcd  but GV was low due. to a high shade fraction (>0.60). In these
al”cas,  slmlc showed a high correlation with liquid wale.r. ‘1’hc di ffcrcncc bcLwIcM GV and
liqtlid  wale.r absorption is due, most  likcJy,  10 the low leaf area of lhc golf course
[VXV+CS.  ‘1’hc  relationship bc.twcm  the ]lhf fractions was similar for ti~c olhcr two date.s,
allhough lhc fit was poorer. 1.iquid wa[cr absoq)tion SIIOWCA a systcma[ic  change, bc.twcm
Ilw Ihrcr, dam; values for Scp[c.mbcr  were highc.r  [IMu]  J uric. by 20, whc.rcas the Oclobcr
value.s wcm lower for the IOwcst si[cs (by aly)roxin]atc,ly  1()) and sligl]tly  higher for the,
si[c,s  with the highcsl  absorption. Whc[hcr  OICSC  diffcrcnccs  arc rcfil (due 10 rainfall in
Scptcrnbcr),  01- duc to ]nodc]ir]g  crlors (c.g,, sligh[  w~avc,lc,nglh  miscalibrations)  rc.quirc.s
furlhcr ilwcsligalion.

l:igulc 2. (h[lpriscm  Mwwn alrl)ospllcric  \vatrr vapor ar,cl  clc.valion  for tbc 14 s[~idy silts over LtIc I}lrcc

dritcs.  Water vapor was rjcgalivcly  corlcla[cd  with c}c.vation  (JuI]c: Y = -1 .236*X+  1820,  1<2=.0.966:  Scl>t:
Y= .O.’/59*X+  2225, R2= 0.875: ~cl,: Y = -0.576’X  + 1117, 1{2=0.896),

l;igurc 3. Chal]ccs  in cndn]cmbcr  fractions at 7 silts cm three da~cs.  “Ihc  flrs[, sccot]d  and third COIU][INS arc
for J1]lic, nmt Lhrcc for Scplcnlbcr  ar]d last rbrcc for October. A’cga[ivc and sq,cr-posi[ivc  (>1 .0) frac[icms
arc doc to linli[aliom in ~hc  simple. n)odcl (SCC  Sabol CL al.,1993).

‘3. . SIJNIMARY

AVIRIS provictc.s illforma[ion about vcgc.[atioa  [Ilal cannot  lm obtainc.d using
oll Ic.I sc.[lsms.  In (I)is ~)apcr wc n):i~II)cd  Ic.mpo[al  and Sim(ial  }m(KmIs in Iiqllid  watt.r,



atmos]]hc,ric  water vapor, sha(ic, GV, NPV anti soil, relating lI}CSC  paramclc.rs to
vc.gc.[ation  t~m.  ]ixamplcs  inc]uricd a[mosphclic  waler vapor which was mode.lc(l aS
hi.ghcr, for a given clcvatioa,  over vcgctatcd sites than non-vcgc~?tcd  sites for JUIIC  and
Scptcmhcr,  lwL not for Oc[obcr,  on a dryer day, 1,iquid water was corrclatc(i  witi~ CiV on
ali lhmz riatcs Criccpt  for highly shaded areas, wi]crc shacic  showed a bcttc.r mlatiollship,
and arc.as With  low  leaf area bu( a higil CiV frac[ion,  such as tllc Stanford  (ioif Course..
lJncic.r these inslanccs,  liquid water cstilnatc.s and mixture models provicic complcmcnlary,
bul different information about vegetation. I’hrougi]  tilis anaiysis,  wc c)ffcr a nc.w way to
characlcriz,c  vcgc[alion  C.ommunilics  lhrougil  tilcir  physicai atlribulcs (Illvl  fraclions  and
iiqui(i WMCJ-) and asscrcia[cd atmos]hcric  propcr[ics  (water vapor).

l;igorc.  4. Scattcrplo[  hc~wccn  scaled liqoid wamr absrwl,  tiot, aod NPV, GV and Shade fraclirms.  l;or all !hrcc
dates,  N1’V was nr~s!ivc]y corrclalcd and shade and C;V were pmilivcly  collclatccl
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1cmlrmllralims,  .lunc inlmncdiatc and [)c[obcr  IIIC OWCSt (I~jg. 2). Atmospheric wa(cr
vapor was ncgalivcly  ccmcla[d [0 incrc,asc41 c]cva icm. ‘J ‘JIc slcrpcst grad ic]lt occwrcd :1[
i[l[crmcdialc  wam  vapor conccn[ra[iol)s  il~ JLIIW,  p Odl]cil)g [hc JIighcs[  contrast  bc.[wccn
clcva[ions.  ‘1’hc rclaliollsl)ip  bc(wccm  clcva[iol)  a]]d atmosp]lcric  waler vapor showed a
IIMIkCd  dcpaIIuIc  from prcdictcd  water vapor OVCn heavily vcgc[atcd  areas in JUHC and
Scp[cmbcr.  IN all of [hcsc, regions, cxccpt  (11c Slal ~ord Golf (kwrsc ((; ill l;ig.  ]), tlIC

)
atmospheric water vapor was higher over the vc .mlcd rcgiol~s. ‘J’hcsc dcparlurcs  may

/

rcprcscllt  c\~aI)o[rallsl~irc{l waler vapor, tmppcd va[cr vapor in canyons  or all incolllplclc
separation of liquid  waler from a[mosphcric  w lcr vapor. ‘1’hc la(tcr, however, is
unlikc]y,  bccausc  liquid  waler and titmosplwr”c waler vapor, alllwugh  positively

Icorrcla[cd,  were 1)0[ dircc[ly  corrclalcd  in al areas. I .iquid  water was mfippcd as
sbowii]g Vc]-y sharp gradients bclwcctl vc 1

f
Ialcd and nm)-vcgclatcd areas. Alinosphcric

waler vapor, cm lhc o[hcrhand, had glad” imlal boundcrics. 1 Icavily  vcgctatcd silts did

/
ml slmw above normal waler vapor c{ ccntralions  m d)c drycs( dale, in Ock)bcr,
po[clltial]y  allributablc  K) low trampi  ation ra[cs  al dial [imc.

1 ‘Ir,(tfc 1. IIdcx lIIaI> slmv,irlg  tlw Icwilim  of 10 of il)c sludy  silts, “Il]csc i]jcltldc  a IIorse Rar)cll  (A), M’cbh Raw}]
~!), Sta!)fc,l(i  [;olf  (’mrsc (C), ]{vcr~!wrl  [{rmdlcaf  }’orcst (])), Scrlm[,lit)c [;l~sstand (11), ~tiapzrfal O ~, Allrmat
GIassla IKi (G), l’mcslcd W’cllarjd  (11) aml 3 I!igll  elcvalior]  g[asslarlris  (1, J and K), lkwr fmc.sled arcac ill [IIC Sar,la
Cmz, hlou[ltaills, O(W a( Ala!)hique. Gwk (?,1? Ii!),  aINi  tllrce alo]lg an clcvatior!al  Iranscct  in Nfwtirt  (’rwk, at 183,
262 ald  390 Ill, rcsl,’wjivcly,  wclc off Ilw ]11011,

‘1’hc llhq frac[im]s  cl)angcd among  (hbth< dates, plilnarily  (ILIC [o a dccrc;isc

\
ill IIIC solar clcva[ion  and SCIWCCI)CC,  poduci[ g an illcrc,fisc ill (1IC SIIWIC  aIId NIIV
frac(i(ms  and a dccrcasc jn the (;V fraction (l;igj,  3, Si[c localions,  l;ig.  1). li)r a mote

/
dcmilcd discussion of [k rcla(ionsllip  bclwccII ‘Idmrmbcr abundances, vcgclalion
Comlnunilics,  firld  lcmporal  muds scc Sabol c} al. (1993).

]:r’aclions  of N] ’V, C;V ajid slladc  ~}c Jy compar’cd (o liquid  water absorI)[iolls  for
IIIC [hrcc dak’s  (I;ig.  4a-c). ‘1’IIc bcs( relation lIIps occurcd June, where shade a[id (iV

)were posi[ivcly  corrclalcd  10 liquid  wi[cr a id NI’V was ncga[ivcly comclalcd,  ‘1’hc bcs(
/fi( ws for NIW aIId liquid wa[cr. ‘J’hc or }y m:~lor  dcpaI [~lrc was in (I)C Sclpcritit}c  si[c (Ii

/



!ml:ig, l), W'l)CrCl llCs(Jilf  v~c(ioll\  \~asl)igll,(  iVslJow,c fic~jal-ll)rcs  attw~osilcs,  tllc
Slanford  Golf (1OUIXC,  WlICIC,  (lIC {iv frac(i~[l  was high, but IIIC  liquid water
comwlralicm 10W, and in [hc San[a (1-llz,  h40[)11tai11s (~4ar[iTl aMI Alambiquc [kinks),
wl~c.rc tllcl~igllc.s(  lic]l]i(l  watcrabsol J>ii(~l~s occllrcdbt  (;V w~aslow dtlcloa  l]igllsllaclcj
fraClic)ll  (> 0.60). Illlltcsc areas, slla(lc  slloM~cdat~igl  cor[cla(iollv ~i[lllic]ui(lw  ~atcr.-l’llc

/

(liffcrc[lcc l~c[wrccll {iValldlic]t)i[l  wa[erabsorp[im  isclllc,  ltlostlikcly,  lolllclowlcaf”
al"caof tllcgolf  co[lrsc grasses.  'l`lIcrclatiol~  sl)ipb.lw~W1~  [llc}~M frac[iolls  ~t~assil]~ilar
forll)c otllcrtv~c~  [lalcs, altl~ollgli  tllcfiiw~as~  v-.l,iquidwatcr  ahsor[~tic)l~sllo~}lcda

/sys(cll~atic  cllailgcbctw’cct]  U~ctllrcc (lalcs;  va[csfor  Scp{cl)~bcr ~,crcl~igllcr  [lial~JLl[~c
by 20, whcms dIc Oclobcr  values were ]ow

1
/for [hc 10WCS1  silts (by appmximalcly 1 O)

al~dsligl~[ly  l}igl~cr  fortl~c sitcsw’itlltl~c  l]” llcs[at~sorj>[i()rls.  \Vjlcttlcr  ttlcsc(]iffcrc]  }ccs
talcrcal((lllclc)rail~fall  in ScpKmlbcr),p (illc[OIllc)clcliIl~  crILIIs(  c..g., sligl\lm  ~avclcl}gtl~

miscalibra(ions)  rcquircs  furlhcrinv ~1.ga(ion.  -

September
“-~.*._w ~

% ---...?..w.,gve$’a’bn
June ‘ ~-_b

- - - . . .  - , -

--w*
~..

“N% ,
October
---*. -----%6  . . .._i*..A\-- 1.

-T-. ~+..-*-.-–L . . . . . . . . . ..< L.&

O.-lwxi 2225, k2:o.875:  oct.: Y = -0.576*X + 1117, R2=(I.E96).

{; E 11 1< A 1) c
Site Location

LEGEND

❑ [W(J)

~ N] ’V(J)

~ Sharlc(J)

&j G\’(s)

❑ ~pv(s)

~ shark’(s)

@ ( i v ( ( ) )

n NI’V(0)

~ shad,(c))

rwxt  IIircr for Scj Wr]hcr aud lasi  tt]rcc fm (Mel, cr,  A’cgalive  a]d .qqh.. r.ymilivc  (>] .0) fraclimls  arc dm 10
lil[)ilalior,s  i!, IIIc Si]l,plc lIKxlcl (sw SdbcIl  cl al,,1993).

3. SIIMN!ARY
c - ---R---
)

AVIRIS provides infoma[iw~  jMUI vcgc[a[ion  [ha[ cat)no[ bc ol>tail]cd  using

Other scIlsors. ]0 (his paper wc mapp ] lcIIlpoIfi] and spa[ial  paltcr[)s  in ]iquid  waler,

,/



Iatmospbcric  wafer vapor, s]  Iadc,  (W,  Nl]v  md soil,  rcl titig  IIIC,SC  paramc[crs 10

/
vcgclalirm  lypcs. 1 ;xamplcs  iacll)dcd  atalospllcriC  Wa[c vapor which was modeled as
bigbc.r,  for a givca clcvatioa,  rwcr vcgctalc41 sj[cs  [I)al  n{)rl-vcgcta[cd  sites for Juoc and

/

Scptcmbcr, bt)t not for oc[{)~}cr,  M a dryer day.  ] ,jq(]” I Wa[cf  was c(wlclalcd  with (;V (m
all lhKZ dates CXCCpl  for liighly  sharlcrl  areas, wbry shade SIIC2WCC]  a bc[lcr  Jclalionship,

and areas will] low leaf area but a high (;V fracli  I, such as lhc SEmford  Golf (kmrsc.
lladcr tbcsc imtaac.cs,  liquid water cstimatm a]

/

mixture modc]s pmvidc
c{)ll~l}lill~clitary,  bul diffcrcn(  iaformaticsa  abo vcgc[fi[ion.  ‘1’hrougb  [his aualysis,  wc
offer a ncw way K3 charactcri7c  vcgcla[ion Nnmuai(ics  thmugb their physical atlribulcs
(1 iM fractions aod liqaid wa[cr) and ass latcd  ahnosphclic pmpcr[ics  (w.atcr vapor).
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June
GV = 0,00344X + 0,039: R2 = 0,62S
NPV = -0.00M’X + 0.863: R2.= 0.8S4
Shade = 0.0042’X  + 0.104: R2 x 0,S89

SOptenh.r
GV = 0. CP330X  .0,106+  R2 m .580

$NW=  -0.0082’X  + 1,141: R = 0,833

!%bde = O.W,’X  -0.033: R’ c 0.720
Oriok.r

Gv = Oowc’x  -0.0384: F? = 0.471

I NW= 4.0074’X  + 0,6(+9:  R2 = 0.688
Sh&de  = 0.cK3478, X + O.1O% R2 = 0.710

L______________________

l’]~mc 4. Scatlctlio[  bctwc<rl scaled Iiquicl  wafer almoq,  [ioa and NI’V,  CiV al!d Shade frar-tie])! lk,r all tlmcc dates,
h’1’V  was Iwga[ivcly  cm!clatcd and sl]adr  and (;V were pmitii$cly  conclrdcd
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