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Abstract.  II] 1988,  ncar]y  OI]C n]il]io]l  lI(Ktarcs  of forest,  bur]Iccl  ill tllc  Grea te r  Ycl-
Iowstlollc  area. S i x  years ]atcr, the fire scars arc still visible ill tl]c radaJ il~lagcs
acquired at C- (5 .6  cm)  al~d 1,- baltd  (24  CII1) frcqucllcim, witl~ bet,  }I like aIId cross-
po]arizcd  Jwturlls  by the S~)accborIIc lll)a~;illg  ltadar C (S1l{,-C). ‘J’lle  r a d a r  ilnagcry
was registered to a digital elevation Jnodc] of tllc  area, rcc.tificcl  for gcolnctric  distor-
tlimls, corrected for calibratio]l  errors  introduced during  proccssiJlg  by assurJlirlg  a flat
lhrth model,  and corrected for natural variatioJls  ill raclar  backsc,attcr of t,hc forest
with tllc local incidcmcc  angle  of t}]c radar illu Jl]inatioll. ‘J’l]c radar data were tllm)
clll~)loycd  to produce a land cover  classification) usilig  a ~u])crviscd  llayesiall classifier.
(;ood  rcsu]ts  were obtained evcli i]) ZIJ’C21S  of prol)ou])ccd  topographic relief. CoII]paP
isolls wit,}) a Jnap  of the 1988 fires obtaillcd  froIJl lja~]dsat illlagcry,  atria] pl]oios,  aJld
grou  J]d surveys rcvca]  SII{-C si~lg]e date illlagcry  idclltifics  burIlcci forests wit]l I]]orc
tl)al] 7S’XO accuracy. Various lCVCIS  of fire severity corI cspoJJdillg  to difrcr~!llt,  ]CVCIS
of crow]] biolnass  a rc  cliffcrclltiatcd  witliill  the burI]. III live forests, S11{-(; separates
forests which  differ ill dcrlsity,  structure, and crowl] biolt]ass. lj-balld  Cxoss-polarized
data arc most cfrc~ctivc  to lnap the fire scars dur to tllcir scllsitjivity  to crowtl  biolllass.
C- baJld c.ross-polaJizcd  data snow less  contrast  bctw’cc])  bur]l  aI)d IioI]-13urJ}. l’-band
da ta  collec.tcd  by al) airborr]c  systcl~~ s])ow J1O fire scars at ]ikc po]arizatiol] bccausc
tllcy  ixltcract  with tree-trunks and the larp;cr  Lral]chcsj  wllicll,  dcspik  bcillg  killed by
t,llc fires, were Jlot coJlsulncd  by t]lclll and  arc sti]]  acting  as cflicicnt  scattcrc.rs after
t]]c f i re .  ‘] ’hcsc s]}~-~  rcsu]ts dcllmlstratt:  t])c uti]ity  of ]oJIg wavclcllgt]ls,  ]Ilultip]c
~mlarixat,ion,  ilnagillg  radars to study ]a,rp,e wildlalld  fires. opcrat,irlg  itlclcpclldcll{f  of
solar i]]\llllillatioJ),  C]OUd cover, alld  fire SII)O]:CS, these  i]l S(, J’lIIIIC’Jlt,S could  dctcc.t, fore.st
burl) CVCI] as tllc firm progress, lIlaJ) fim scvcrit,y, provide syJlo~ltic  views of tlIc  forest
rclllail]iJ~g  burning  fuels, allcl IJCll) study ])ost-burl)  forest I(:g{’]l(:l”at,ic~I].
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i n t r o d u c t i o n

1)) 1988, tl)e Ycllowst,onc  NTatiolial  l’ark  (YN1’)  was aff’cctrt{ by 01)[’ of’ tllc  largest corf)-

]JICX of firm  iI] t,l)c Nc)rLl)cr]] l{o~lii~s  i]) t}lc last 50 ~(ars  ((;lIristc]lsc]]  Ct a], 1989),

‘1’llc firm  a t t r a c t e d  illtr)lsivc ]I]c(lia  atte]]tio]]  a]id (Ice])  ]Jlll~lic  coIlccr]I, l)(xaI]s(:  tjllcy

were so cx t CII si vc , a]]d provided a ulliqur  ol~portur]ity  to stud-y forest lc’~(’llcliltio]l,

tlIc  1 9 8 8  firm .31s0 gcIIcrakxl  i]l]llmisc  sci(’lltific.  i]ltcrcst,. AltlIough  tlwy W(IIC vas t ,

tl]csc  film w e r e  IIot at  al l  llII]~Icc(:[lc’lIt(,(l  (l{oIlllnc  all(l l)cs}>ai]i,  1 989a a]Id 1)). ‘j’llc

ul)usua]  cxLcllt of the  19S8 firm Ivas t])c COJl SfiqUCrICC of cxtrcltlc  droug]ll, al\d ])ersis-

tmlt  l]igll  winc]s  CJ]I tllc  Y e l l o w ’ s t o I I c  IZlatcall iI] tl]c suImIIcr  of 19S8,  collll)illcd  wit,]l

tllc prcsc]]cc  of an cxtc]lsivc  cover of lligllly  fla]]ll])ablc old-growt}t  forests that l]a(l

dcvclopcd undist,urbcd  sillcc the car]y  1 S00’s (I{o]r]l]w  and lk:spaill,  1 989).

S e v e r a l  p o s t - f i r e  stuclics  csti]natcd  IIotv II IIICII of t,l Ic (Jrcat,cr  Ycllo;\’stoIIc area was

bllrllcd  by the fire, the i])tcnsit)y  of tl)c fire, tllc  distribution of tile  Lur])s,  aIld so

mi (I)cspain  ct a l . , 1 989; Rotl]crnlc]  c1 al. 1 994). ‘1’11(’ results rcvcalcd a c.oIlq)kx

~nosa.ic of forest stallcls  with various degrees of Lur]], \yitll  spatial scales rallgil)g  fu31rl

a fcw meters to scvcra]  liilolnctcrs.  III SOII](: areas, tlIc fire COIISUT)lCCI  all tllc Ilcccllcs

al]d  So]llc  small twigs of t]]c tree al]d sa])li]lg CrOWTIIS. ‘J’llis  all occurs  ill about  10-40

sccoIIds  (l)(!spai  I] et al . 1996). l)uriIlg  this tirl]c  tllc  ]ittcr, dufl’  aIld l’ott(!Il logs 011

tlllc forest  f loor would  be igl]itcd  and tl]c o(lt,sidc 2-3 c.1]] of both stalldirlg  and  fallcl]

tllc clcacl  t r ees  would  bc cliarrcd, crcati]lg ;L caJ]o])y lJLIIJI. ‘1’]IC!  Ch’y dll(!’  a]ld l’OttC!Jl

]ogs and  t h e  dry dca.d brallc]lcs  u}) to ] () CJII dial  llctcr  Jvou]d bc corlsulllcd  OVCI’  tllc

]Imt IIour or two. III otljcr arms, the fire Co]lsu]ncd  tllc  cro\v Ils of sorl Ic trees, ]I]crcly

score.llesl tl]c  crowns of ot}lcrs, gird]cd  ot]tcrs  ttlat  Wou](i  dic over  tllc Ilcxt tl)rcc years,

aTI(l crept a.roulld  OIJ the grom)d  surface causi]Ig  very litltlc da Inagc to t}lc  tlrccs a]Id



‘1’wo of tllc  ll)ost  ilnportall{  qucstiol)s  asked  duril]g  11)(, fire lvcrr:  llo~v lJII]CII laJ]d

h a s  l~urllcd  and  whcm was  tllc  ]wriJtlct(!r  of tllc  dif[’bmlt  firm at tl]c  end of cacll

bll]])i]]g p e r i o d ?  Arlswrerillg  tl]osc  q~lcstiolls }vas difficult,  bccausc grou]ld  survcyi]]g

w a s  r i s k y  a]~d o p t i c a l  i]nagcry  could  IIot, bc IIscd throllg]l  tllc  SII]O]<C,  eslwcia]]y  iIl

t])[)s~ a~(!as whCIT slllok[:  frO1ll OIIC fil”(’  obSC.UI’Cd  allO~]l(’1’  fiIY_’. ]Jlfra-rd S[>11S01’S WCl”C!

utilized at night, over tllc  lI]ost critical areas ljut  o]]]y \vl)cIl  tl~cy were: IIOtj  ]Iccclcd OT1

fires with higher priority. ‘1’hc i]] fra-rcd iluagcs  arc (li[licult  to il)tcrpret aJ]d rmtify

to ll”laps bccausc they rely 011 tmnperatu]c  dif~crcllccs. ‘I’ll{!y lllc)s(lyI’ccoI’(1  not spots

a]o])g t h e  Inost  rcccvltly  bur]~cd  fire frollts. l’;stiTnatcs  of burllcd area could  v a r y

~vi(]~]y ~~p~Il(]iI]g  on t])~ ~(:[illif,;~ll o f  I)l]]l]cd  area allc] t]lc Ilrlccl.ta,illty  ill t,llc IIlcalls

of lncasuril~g  it. ‘1’hc biggest  ])roblcl:] ultilr)atcly  bccalrlc  tllc slicar  nlagllitudc  of tl)c

fires. Aircraft sin~l)ly could IIot cover tl]c wltirc area l>UIJ]CC1 ill a suitable til])c fra]llc.

‘1’hc locatio]l  of the fire perilnctcr  is ve].y i]ll~mrtallf  to tllosc  il)volvcd ill tllc  coI\staJlt

p]allllillg  I]ccdc’d  during  t h e  su])])rcssioll cfl’orts. ‘J’l)c plalll)illg  tcall)s  ]Iced t o  klIo\v

now Inally rmourccs will be ]lccdcd  for tllc ]Icxt shift  aJld wllcrc  tllcy  will be Ilccxicd.

‘~’llcy .31s0 I]mxl that il)forlnatioli  to ])rovidc  for tile  safety  of tllc  fire figlltcrs  and ally

l)coplc  ill the ])atll  of tile  fire.
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(fioIl or to p]al)  for ttlc cl~allgcs  IIia(lc  ill {I)c l)at~llal r(ui(j~lrccs ak’ailal)lc  to tltc dilrc’ltIlt

(:01)  s11111(:1’s, lmtll  hllll”rall  a n d  Ilolllllllllall. l{cs(~ar(l)crs illtcrcsl(’(1  ill qllcs!iol)s  rcgard-

il]g fire effects 0]] l’cgctai,ioll, allilllal  ]x~pulatiol)s  a]~d lwl]avior  a]ld  lty(lrolog~’  IIrc(l

ac(:llrat,e  il)forlr]at,  ion 01] tllc locatiml  and  illtc.llsitjy  of i,llr firm. ‘I)his  illforlllation  is

also of illtcrcstj  t,o tllosc  studying  lalldsca])c  ecology. lillo}vlrdgc  of lvllcrc  tllf’ [ire was

at various times is uscfu] to l,llosc:  studying  fire I>cllavior  as it, is affcctcd  by wcatl]cr

al)cl  fuc] col]ditiol]s.

No s])accborl~c  Sylltllctic  Apcrtu]’c  l{a(lar  (SAI{)  was ol)eratilig ill 198s LO surv(:y tile

YcllowstoJIc!  firm.  A Sf41{ illstrulllel\t  would  l)avc l)rl])cd  s u r v e y  tl]c firm I)ccal]sc  ii

opcratm illdcpelldcllt  of solar  illulnillatioll, cloud  Covvl’,  a n d  f i r e  S l i n k ,  ;]11(] S(;]]s(:.s

. .
var]at]oIls  IT] ca]lopy  s t r u c t u r e  aI1d  lJIo II Iass. 111 octol>cr  1994 ,  t}Ic S}luttlc  llllagil)g

lladar C, a spaccl)ornc  radar operating at C- and 1,-l~al)d  t“rqucllcy, witl) bet]] I(rt,ical

and llorizc)J)tal  polar  izatiol]s,  ])roviclcd  tllc  filst lnulti-cl~alll)cl  sl)ac[’}>or]lc il~lagm o f

Ycllc)wstollcj  .s ix  yea r s  after t,llc last lllaior fire disturballccs. ‘1’llc ll]ail)  objectives

o f  this study  w e r e  to clctcrjl)illc  w’l]ctl]cr SII{.-C SAI{ could  s t i l l  sw tl]-c fire scars,

l)ow accuratc]y i t  could  I]lap tl]c]l], w’llctller  diffcrclltj  l eve l s  of flrc severity  COIIld  ljc

diffcrclltiat,cd, how the rmlllts  would coI]ll)arc  to t]losc  obtain  ccl by carlic!  st, udics,

w h a t  a d d i t i o n a l  iljfornlatioll  SI}{-C SAI{ COIII[l ]JrocI]rc almut burllcd  aI]d U]]IJUIJ]CCI

a r e a s ,  and w}lat  radar c.l]al~llcls  alno]lg  tll<m’  studied  )Vcl(:  Cssclltial and IIIOSL c{liciclkt

to lllap  forests da Jl]agcd  by lvild fires.

S t u d y  Site

Ycllo}vstoll(!  NatioIlal l’ark (YNI)) i s  LIIC oldest IIatiolla]  ~Jarl< ill t,l~c  world.  IL l i e s

lnostly  ill tllc IIortllwestcrll  corJIcr of WJ~olllillg a]]d illcludrs  about  890,000 lJa, parts

of sout}lwcst  hlolltaria  aJlcl  sou theas t  lda]lo. Itj collsists  of  large vo]catlic  })latcaus
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of rl)yolilic  r o c k s  sulroll]lclfd  by IIloulll,;lil)s  0( ])lt’clc)l]lill:~)ltly  all(l(’sitic I’()(lIi. ‘1’11(:

wcatlI(JId ljrod{lct,s  of tl)esc  ]()~li ty])(~s  ]) IY)CIIICC  (oII!IasI  ill~ soils, A1ld(*sitc  l)ro{l([c’cs

soils wit,h good fertility al]d good wa{ (:I ]I(jldillg  ca])acity  Ivllilc r]lyolil,c  ])Ix)(IIIcCS  soils

that  arc iJ]fcrLilc  aJld d ry . M’ilitcrs ar(: cml(l,  lastil]~, fro]]] Ini(l  NTOVCII]lJCr  to ll)id

NJadI.  SuInmcrs  arc oftul  dry,  u s u a l l y  lasti?lg  frOIII Ju]j’ tl]mup;l]  Aug[lst.  Most,  o f

the ])al’li  i s  coved  with  scral  fo res t s  doJJlil]atcd  by lo(lgc~)olc  ])i[lc (I)il]us  coIttorta)

al](l IOllgcllijallll  Sl)rucc (I)ica  cllgcllllallllii)  al(d si l l .ml]) i] le  fir (Al~ics lasiocarpa)  arc

cli]l]ax  spccics. otllcr  s t ands  illcludc  Wl]itcl)arli pillc  (1’i]]lts  all)jcal]] is) aIId douglas-

fir (I)scudotmga  Il]cl]zicsii).  ldgc]mlc  ])i][c is 1]]0s(  col IllIK)lI oII tllc  rl]yolitc  so i l s .  It

call for]n  c l i m a x  sta]]ds  o]) tl)c drics(  sites.  Alldcsitc soi ls  are n]ost]y  COVCIUI w i t h

dc)uglas-fir  at 10 WCI]’ clcvatio]]s,  lodgqmlc  pi]lc or sj)rucc  altd f i r  forest  at ]llid a]ld

up]m clcvatio]]s  a]ld wl]itebark pi]]c al)ove  2 6 2 0  ]]1. Most  of tl]c forest  i s  i]] so]l)e

stage of succcssio]l  follolvi]]g  Ilatllra]  disturl~allcc, cs]wcially  fire (I)espai]],  IWO),

‘1’hc  cxmt)i]luous process of fire succcssio]] I)rcaks  i]lto five rccog]limblc  stages based

0]) sta]ld  structure (lks~mil], 1 9 7 7  al]d 1900). 11) tl]e il~itial  st,agc,  f ire ig]]itcs  froln

ligllt]]ing;  ill olcl-growth  forest, of lod,gcpol(  pi]]cj l~I]gclIIIaJIl]  spruce aT]d suhalpillc

fir and burns  tl]c  fo res t ,  ovcmtory. Scmls ~)rotcctd fro]l] tllr fire ill f i r e - rcs i s t a l l t

l()(lgel~olc ])i]]ccol)cs  alclclc'ascclaf  tcxtll(filc:il](]  illiti:~tcsf’  allysllcccssio]]  (]kspai]]

[:t! al., 1996). l~or tl]cfirst  5  ycam, t h e  II(W sdliI]gs  are scarcc]y  I]oticeahlc  or] tlIc

fowst  floor but tllc]] t hey  bcgi]l  t o  g r o w  a b o u t  30 cltt  pc’r year  dcpm]di]lg  0]] site

conditio]]s. ]J] stands  that, had  all a d e q u a t e  c.mwJ) smd bal]k,  t,]lc sccd]illgs  call bc

quite  dense.  III others  they arc oftc])  s]]arsr at first  (A I]dcrsoII  and  I{OJIIIIIC,  1991) .

‘1’llis  stagy:  usually lasts 2 0 - 4 0  years arJd is called 1.1’0 Il]ltil  caIIo])y closure occurs.

11] tl]c ]Iext stage, 1,1’1, 50-100 years  post-b(lrlij tll(’  pilirs  for]])  (1(’11s(!,  hOlllO~CJICOUS

stlar)cls,  w;tl] trcm 30 -50  feet higl]. Ill t]l(’ 31d Sta&’,  ],] ’~, ]bo-:~oo yCZil’S J) OSt-bWll,



tll(’ IO(lg(’pole J)illcs tllill Out, Fllld t]lc ])1’(T’LII’SO1”S  of t  11(!  S(’(’olld g(’11(’l”atioll  l’omt  o f

ltllgclll)alII)  s]jrucc  aI]d suljall)i]]c  fir arc Iloliccal)lc  01) fc]til( soils. ‘J’]]( orif;il]a]  t r e e s

eVel  Itf Ually l)cgill  to dic ill s tage  1,1’3, 3 ( 1 ( 1  ycmrs post-1  >11111, lcal’illg  a II Iixc(l  cal)ol)y  ( ) {

lodgc])o]c  })i]lc, l;tlgcl]tlal]]l  S1)]UC.C and sul)alpil~c fir, with  large ga])s ill tl]c caflof)y,  a

!vidcly  clivcrsc ul)dcrstory,  al]d ]argc  aI1]oulIts  of dead aT id f]alnl))fil)lc  ]]la(  erials 0]1 t,l]c

forest  floor whic]l rcl]dcr tllc  forest agail) vulncraljlc to fire. ‘~’i~]lc  to progress frol[l

o]lc stage to allotllcr  a]ld tile  cl]al’actf~lisli(:s  of tlIc forest ill eac]l stage is dc]x’lldellt

01] site collditiol]s. 01] good  soils  wit])  a d e q u a t e  lnoisturc  tllr pmccss goes  fastm

illl(l  is ab le  to S u p p o r t ,  a  ]Iigllcr  Stand  l)iolllass. l’h)gelInaIIII  spmcc and  su}xlll)illc  f i r

call si, art Ivitl)  t he  lodgcpo]c  pillc  ill Inoist  ])laccs and  IIigllcr clcvatiol)s  if thrrc i s  a

IIcarby  Seed Soul’cc, GiveliclJougll  tin]c, tllcclilnaxstagcof  llllgcllnallll  spruccaj)d

suball)i]lc  fir forest is cnmlt,ually  rcacl  Icd. 0]] cxl,rmncly  dry i~]fcrtilc soils, llowcvcr,

lC)(lgc])olc  ])illcs clollliJl:lt~:t  }l(~llll(lcrst[ )ry, lcsllltil)gil)sl(:a(l  ill a IIlultiaged  lodgcpolc

])illc c.allopy  with o]]ly a ~llodcratlc  dead aL]d clowrlcd  fuel coltll)ollcllt  and J1O S1)IIICC

- fir ulidcrstory  (stage 1,1’). Very fcw sta]lds  of clil])ax stage s])rllc.c  and  fir exist at,

YNI) bccausctlleformt  typic.  ally bllrl]s  before  it rcacllcstllat  stag.

l“im occurrmlcc  and act ivi ty arc mucl] greater  ill old-gro~vtl]  formts  (1,1’3) tlllal) ill

initial  (] ’1)()), s[lc~cssiO]la]  (],1)]-],]’~),  a]ld ll]~lltia~(!d  (],]>) ]o(]~~])o](~ ])ill(’  f[)r[~sts

(l{clll<iI\  allCll)(:s])ail],1992).  ()l(l-gto\vtllf  ()lcstsi  llclll(l(lt  l()lcClc;  l(la1l(lclc)\\1l  w o o d y

f u e l  loadi]lg  than tl]cothcr  stalids,  and ll)orc livcfllc] loading  with  an ulldcrstory  o f

l’h]gcl]]]a]l]]  sprucca]]d  slll>alI)illc  fill [:gcll(:liltiorl. ]tar]y  stages of forest lc:~cll(:lzit,ic)l~

y i e l d  stands ho]r]ogcmcous in t r ee  }Icigl]t  and  dcllsity  l)(,causc tmcs arc cv(H-agcKl.

~ta~lds  of si[llilaragc  llolvcvclflc(~uclltly  dif[cr  ill dcllsity  l)cc.auseof  site cor)dit,iolls.
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S]]{-(; i]]]agcd  YNI’ 0 1 1  odoher  ~, 1 9 \ J 4  duri]jg  its Sf:co]ld  JIlissiol]  (S1/1,- 2) o]l orl~it

39 of tll(?  S])acc Slluttlc!  l;nd(:a\Jol’. ‘J’lIc false COIOI c.oll)lx)sitc  ilnagc  s}]o\t’11 ill F’igtlr(!  1

is c.c])tc.red  at 44.590N,  11 10.63[’W.  lnl;lgc size is 97.1 l(l)]  I)y 89.6 k]]l. ‘1’]]c  il)cjd~’l)cc

allglc  of t h e  radar illul])il)at)ioll  is 58,7’(’ a t  tl]c illlagc  cmltcr. Ycllowstol]c  l,akc i s

visib]c  as a, ]argc  dall{ a rea  a t  tl}c  bet, t,o]n of t,])c: SCCIIC.  Nort,lI is 011 t,o~). s]]t-~  i s

flyil]g froln  top to bottoII],  lookillg  to its rigl]t,  al)d illulllil]atillg  a 45-1{]11  wide swath.

‘J’]lc  S]]{,-C data were gcorcfcr~!])ccd, gcoll]ctrically  rcctificd, and r(:-calihraicd  Using a

digital clcvatioll  ]nodc] (l)l~,hl)  from  tl)c U.S. (Icologica]  Survey at, 7.5 JIliliutc s]~ac,i~jg

(pixel  sim a b o u t  3 0  ,,]), i,] U~,ivcrsal ‘J’ra]]svcrsc  Nlcrcator (lJrJ’h4)  projcctio,~.  llc-

calibratio]]  of t,l]c data was I]cccssary  llccause  tlic  SAli  data were il~itially proccsscd

assunling  a flat czLrt,l I Inodc],  wl]icll illl,  roduccs l>iase.s  ill tllc.  lnodclcd  mccivcr I)ow’cr

at, t h e  antcnlla  (Ilolcc.z CL a l . ,  1994). A s  a  rcsu]t  of tllc  radiolnctric  corrmtiol)s,

to~)ogra~)hy  i n d u c e d  variatiolls  ill r adar  backscattcr  wmc  sig]lificarltly  rcduccd,  a s

s]lowrl i]] l’jgurc  2, al]d ,gcolllctric  distortiol)s  of tllc  Sr41i  ilnagcuy  i]] areas o f  r u g g e d

tcrrai]) were climinatccl.  ‘1’l]c radar briglltllcss  of tl)c forest }vas however still l)oticcahIy

i]lfluc]lccd  by topography ill areas of stcc~) surface SIOI)C because  radar backscatt,cr

also naturally varies with tlic local i?lcidmlcc of tl]c radar illumillatioll.  ‘1’lic lill)itcd

p r e c i s i o n  o f  t,hc l)l;i14s  used  for gcocodil)g  of t}I(’ SAlt ilnagmy sl]owcd up  ill t,l]c

results.  l)iscolltilluitics  i]) surface slope rcsllltillg  froll]  t]]c digitization ]Jroccss of t]lc

l)l;h4s  il]troduccd  a faint lnirillg  il] parts of tllc  gcocodcd  SAlt ilnagery.  11] a r e a s  o f

colnplm  topography ,  tile 30 II] spatial rcsolutlioll 01 tllc  1)1’; I14 was IIot sufficimli  to

yic]d  accurat,c  radio]  nc:tric c,orrcctiol]s.  ]JI addjtio]l  t o  t]lc  c]jfficu]t,jcx  jJl~lcrcllt  to the

l)ljh4s, t})e radio]  l)ctric  calihratioll  of tile  data was affcct,cd hy a 3.1 d]] ullccrt,ailLty i])

alitcllna  gaill across-track caused by a :1 O.l(’ u]lc.crtaility  ill the roll ang]c of the Sill-(;

atltmllla along-hack  (Frcclnall  ct al., 1995). C- ballcl II V-~)olarizatioll  data (Ilorizolttal



at,  a very large illciclc])  cr.

(;cort:fclcl~c.illg of the radar illlagmy  was

illdic.atcd  a ]}rccisiol)  of b e t t e r  t})a]] OIIC

evaluated  011 22 grou IId co]]tro] ]willts,  al]cl

pixel spaci[lg;. ‘1’lI(J gcod(d d a t a  mmlaid

])crfcctly  wit]l tllc d a t a  s t o r e d  0]1 a (;cogJal)l]ical  IIlfolll)atioll  $ystcl]]  ((;1S)  built

aJwu  IId the GI{ASS  software and uti]izcd  al t}]c ])ivisioll  of licscarc]), YNl).

‘I’ofLll’t]lcr  rcCiucc t]lcillf]llcJlcc  (Jf Surfa(”c topogJ’al)]ly  011 tllc  SA1l siglla],  WCJJOJJI]:ll-

imd tltc  radar clata by tl~c cosil~vof  tl)c local i]l(;cl(~ll(c<lllglv  of the radar illulllillatioJl

ca]cu]atc!d f r o m  t}lc  ])]~h~ and  t]lc SAI{ ill)agillg  gcol IlctJ’y. ‘1’l]is tyl)c  of corrcct,io]l

i s  juslificd  for radar scattcril)g  fro J[l vq;ctatio]l  wllml VOIUIJ)C scat, tcrillg il]tcJactiolls

dolnillatc  the radar rt!tuJ1)s  (e.g.  lkTJIaId aJId ~~i~li~l-klilclj:ll, 19S9), wllicll  is tllccasc

at ~- aJld 1,- ba])d  frquc  Jlcics  for t]le foJ”csts  i)l)agcd ill t]lis sccI)e as discussed later 011

ill tllispa~)cr.  'l'llcrcs~]lts  sll()\\a  sigllific;iJltJc  (lLlctioJ)(Jf  sulf:\c(:tol~  oglt\])lly-ill(  l~lccd

variatiol]s  ill radar backscattcJ,  whit.11 ill l,lIJII  validates our  cosirle-law  col~l])cllsatlioll

(lJigurc  3). 'l'l)c:  cflcctof toI~ogl;]l)llyis  (> Jlly\'isilJlcil  ]aJ(::is()f  cxccssi\c:sl() l)c(c:ll]yc)1l,

l]mulltail~  ridges) w]]crc the surface is actually s]]ado~vcd  fro]]] tltc J’a(\ii J” il][lIlliJlatioI).

‘I’oclassifyt  lJcSllt-Cclat,a,  t:ail~illgz  ~lcas\\  (l(sf’lcct,c[lill  tll(SAl t,sccll(l)  zlse(lc)ll tllc

color  cont,Jast  bctw’ccn various ty]~mof  land  cove rill tl)cfalsc-c[)lolc(  ~llll)osil[>”  Sil l -C

i]] ]agcs. l,abclil)g of each traiJii JlgaJca into a tyjw of lal~d qoveJwas  basccl  OJI pr ior

classifications of the SCCI]C  (F’igurc 6) aJld OJI the illtcJJ)rf:ti~tioJl  of tl]c  radar scatterilig

C]laractcristics  of cacll traillillg area. A total of ]2 traiJling  sites wercsclcc.ted, later

rcgrou])ccl into 8 categories of la]}cl  covcJ. ‘~’l)(sc  ca tegor ies  are: 1) O1)C]I  lvatcJ,  2)

O])CJ1 lJ)ca[low/llol)-fol”c?s(,;  3 )  C{I.JIO})Y  b i l l ’ l l ;  4) Illixd I)IIJJI”,  b) S]) W’SC/dl’y  fOJ’CSt;  6)



sl)arsc  forest,; 7) illtcrlllmliatc  foIwt;  aIId $) (l(~IIsc  fores t , . A r e a s  of cxccssil’c  surlacc

S l o p e s  \vcl’(’ ll)aslicd  o u t , a])l)cafi]lg  Ivl]it[’  ;I] l“ig)l]rc 5, }m’aus(’ tllq’  COJT(’S])OIK1  t o

areas shadolved  frotl) t)l](: radar illulllillatioll. ‘1’IIc ll)lllti-cl]i~llllcl  stalisti(s o f  tl]c 12

tJail]ing s i t e s  were  tllcll ui,iliz,cd  to c l a s s i fy  t,llr cliiir( scc]ic Ilsillg  a h4axi  J]lul11-A-

l)ostcriori  l~aycsial]  classifier (Iiigllot  a]]d (;lt(:lla])]m, 1{)!)2).  ‘1’hcrcsults,  Cololcodcd

iI) 8 catjcgcmics,  arc slIowII i]] h’igurc 5. ‘1111(’  I)acl{scattfr  cl]aractcristics  a)ld land cover

categories of cacl] trail)il)g  sit,c aIc sul III IIar; zcd iJl ‘J’al)lc  1.

IJI Sqte]nbcr  1989, t}lc NASA/.ll]l,  .411/SA1{ illstru~l)cJ1t  ilnagcd  YNI),  ill aJ] aJwa

cutting  along  t h e  ll)idcllc  of the S11/-(1  s~vatll, i]] tl]e cast-west, dirmtio]l,  jllst 011 C

year after t}]cfirc. ‘I’llc radar data ~v~l(’co  ll(ctc(lsi[l  llllt$arlco~lsly  at, tllrccfj(:(]llcllcics

( C ,  1 , - ,  zuld l’-ba,,cl  (68 c,,,)), ,vitll tl,c f~,ll polari],letry , across  a 10 Ii Ill S\Vatll, at,

al)out 10 In pixel sl)ac.il}g.  111 this t~~pc of iI]laF;cly,  tlIc radar illu]l)il)atiorl  allglc  varies

from 20° in t,llc I]car-range to > 55° i]) tl)c fa]-rallgc, wllcrcas  ill tllc  S11{-(.;  illlagcry

tllc illulnil]atioli  al)glc rclllaillmi  a t  alwllt, .58” across t,llc c)ltirc scc]lc, ‘J’]](:  cIltiJ’c

All{SAl<  data talic was 50 Ii]]l  lo])g, b u t  wc IIcr(: olIly cliscussd  a 10 lilll  ])ortioll

of tllc il]lagery  a c q u i r e d  JIcar tl)c Old 11’aitllflll  IJodg(’, ill the cclltcr-left ]mrtiol]  o f

tllc! Sll{-c  sceIlc. ‘1’l]c radar data were pmjcctcd  o]]to groul)cl-ral]gc,  assulllillg  a flat

]{;arth ]I)odcl, arid w e r e  al]a]yzcd  to dctrrllliJ)c t]lc IIIOdC of scattcri]lg  of t]Jc r a d a r

sip; Jlals at the tl)rcc diffcrmlt,  radar frcqucl]cies. ‘1’his  a[]alysis  uti]izcs  a I[l<ltllclll:ltical

dczolllpositioll  of the polari  Jllctric  signal into its eigml-vectors al~d cigell-val[lt’s,  k]]ow]l

as Cloudc dccx)lllI)ositioJl  (vail Zy], ] 99’2). ‘1’l)c th]ce callollica]  forlJ1 of radar scattcJil]g

arc sillglc  boul~c.illg,  double bouTlcil]g,  and  lnulti~)lc scattcriJlg (or voluInc  scattcri  Jig).

‘1’llc colltribuiiol)  of cacl)  cal]o~lical  forlll of sCattCJ’illg  to total  baClisCattm  is sl)owll,

rcspecti  vcly, ill blue, rcd  and glccll  ill l“ig~llc  4 . ‘] ’]1(’ (](’COJll])OSit iC)Il dOI.% JIOt  id~lltify

a ty~]c of lal}d  c,ovm but iJ)dicatcs  }Iow t,ll(! radar sigl)a]s i]ltcract  with tile.  s u r f a c e ,

(J



\vl]icl  L ill Lurll IIcl])s  i]) tllc  sci(’lltific  al]alysis  of tl~c racial  dafa.

l,al]dsat  ‘11h4 p r o v i d e d  i t s  first  clou&frec:  il]]agc of tl]r 1988 YN1) firm o]) octo)mr

2, 1 9 8 8 .  WI]C1]  t,hosc data  })(xaInc  a v a i l a b l e  t o  tllc  l\l{OS  l)at,a  (;c])ter, t]]c i]nagc

w a s  gcorcctificd  and a I]ormalizcc] difl”cr(~[lcc vcgc.tat,ioll  i]]dcx was c.alc.ulat(d  for cac}]

])ixcl. ‘J’hc  resultant layer was suljjcctc(l  to all LlllsLl]Jc’]\is(:{l  classi[icatio]l.  C lasses

tl]at were obviously burllcd areas }vcrc tllc]l  used as a ]IIasl{  and a sccoJid  Illlsll]xrviscd

classification was rllI]. l)ost,-fire air-pllotlos  }vcrc tltc]] used to visually coIIIl)i]Ic tllc  32

rcsu]tal]t  cla.sscs i]lto 7 classes accord  i]]g 10 3 tlrcc  dcl]sit,y  classes (dmlsc,  II Io(lcIat,c

and sparse) and two bum illtculsity  class(!s  (caJIo])y  a]id II]ixcct), plus burned  t]onforcst

(O1llin  a]ld l)cspail], ]Ilalluscril)t  ill prc]mratioll,  1996). ‘~’llc resulting  ]]la]) of fire

severity is show’])  in F’igurc  6. ‘J’his lllal)  also slIowIs 4 sl]ccmsio])a] stages ol’livcforcst

(111)1, IJI)2, 1,1)3  a]]d 1,1)), st:ulds  do,]]i]]a

white bark, and opcu water, ‘1’hc class 1,1)(

(canopy burl,  ) or orange (lnixcd  l)un~).

u] by dougl as-fir, stands  dollliliatcd  b y

i]]cludcs  })l]rllcd  areas colored eitllcr  rcd

Acriall)}lotog]a]  ~lls ~vclcalsoa  vz\il:\l~lco  \crt, l~c[:]]tirc]J:  [ll;to}l cll~il]tc  ]l~1ct,tll(]a(l:l1

obscrvatio])s.  ljacl]  i]]]agcis  about  5 km by 5 kin,  and i]idividua]  trccsrl]ay lJC rcsolvcx]

b y  illspcciioll  of tl)c data uIJdcr  tjllc IIlicroscol)c. ‘1’lmc  ])l]o{os wmc  used to locate

tllc  lilniis of tl]c t)urll,  and study spat ial  valiatiolls  ili for(’st,  dcllsit,y a]ld tree s]mcics.

ltesults

Sca t t e r ing  mechan i sms

Wc first discuss the radar scatter t)g lnccl]a]~isl)ls  mcordcd ill tl]c 1989 Alll  SAl{ ilm

agcry  Sllowll  ]]] ]Jigurc  4. Siglliflc.allt  clia]}gcs  ill sc, attcril]g  ltlcc])allislJls OCCIlr I)ct,wccj)

C- ,  1,- alId l’-bm]d  frcqumlcics. At C-lIaIId,  lIurIIcd  areas .MCWCI1  scparat,ccl  frolll live
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folvsts.  l,ivc forests  ap])cal’  ~J’CCll, wlIi(lI  I I  ICaIIS  VOIUIIK  scattcri])g  il)t(ltl(:tiolls  dOl II-

il)atc,  wl)creas bul”lld  areas a])]xa]”  b]u(’, wlli(l]  111( ’aIIs sillgl(~ I)oullci])g  (Iolllillat(w,

11) live forest,  tl]c  rccordcd  ]mlarill]ctlic siglla] is c.ollsislc]]t  wit]) volull]c  s c a t t e r i n g

il)ix:ractions  frolll  tllc llccdlcs,  twigs  a]i(l bral]cl]cs  of tl]c uppcJ f o r e s t  callol)y. Ill

I)UTI]CC1 f o r e s t s ,  sir]glc!  scattcriIIg  cvm]ts  lltust  be ca{lscd by d i rec t  rcficctio]ls  of tl)c

radar sifylals  01) Llw grou]ld  layms.

Atl,-l]al](l,  li\cfo]csta] ~l~cz]rsg]ccl]cl  ~]
. .

, T licl] It]ca TLs VOII]lIIC scattcnl]g  ]ntcract]m)s arc

[J]llla]lc.cd  CO)ll])a,l’d  to C-txllld. ‘1’llclll{]](’l~l~lisl~  toll(’(>ftll(foltstat  C-bar]d  suggest

a IIigllcr po r t ion  o f  tl]c  backscattcmxl  c]](:rgy  rcs[!ltc(l  floll) direct  rcflcctio]]s  of  the

radar sigr)als froln  tllc  t o p  of tllc  ca]tol)y. IIur]lcd  arms are s t i l l  doll)illalltly  blu[t

at, 1,-l)alld, bllt a  grcc]) collllmllcllt  i s  J]OJV lJMW~IIt. l“olcslj  regrowt]l  was IIcgligiblo

ill 1989 a]ld is un l ike ly  to  cxp]aill  that grcxw co])~}x)]~c])t. VO]UJIIC  SC.attCl’ill~  lIIUSt

or ig ina te  froln  scattcril]g by the ~llally  (lead braTicl  Ics still ])rcscnt  oll stalldil]g  d e a d

trees k i l l ed  by tl]c firm. NuIIIcrous  ~)arts  of t])c forest  :1]S0  S])OW (1ouIJI(T  bOUI]CC

rcflcc.tions. Scattering nlodc]s  i])dicatcd  douh]c  bou]]cil]g  is Iliost]y associated wit]]

rcflcctjolls  OJ] t]]c cor]lcr  r e f l e c t o r s  forltl(~d l~y (Il]c tr[~c-t,rullks  and  tl)e groul]d.  ‘1’hc

I])agllitude  of these  illtelactiollsillcrcas(:s  w’llcui tl]cg;mlltld  is w(:ttcr  or sllloott]cr,  tllc

trunks  arc tall, w i d e  and  w e t ,  ai,tclluatio]l  of  tile  ra(ial signals  tllrougll  tllc  formt

callo])y is reduced, al]d tcrrai Il slope  faci l i tates rcflcctio]]s  toward the radar 100liillg

(Iircctioll  (vail Zyl, 1 993). 1]] l ive forest ,  (~lllla]lccd  douhlc l~ollllci]lg ])robahly  occurs

ill areas of lower  forest dellsit,y.  IVlost lodgc])olc  ~)illc forests of YhT1’ Ilavc low dcllsity

})ccal]sc  tllc  rhyolitc  soils arc Illlt,ricnt  ]mor and  dry.

At l’-balldj  volmJ]c  scatteril]g  and CIOUI)lQ  I)oullci])g  doll)il)afc  t}Ic radar  ICtUIIIS  frorl~

live forest. 1 ,argcr l)atclles  of forest  arc COIOI d d, s[lg;g(:sti]lg  cIIIIaIlcd  illtcractio])s
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Wit]] t]l(! tl’CX-tlllllk  S. ]] U1’JI(Y]  foI(!StS  tll’(: Stj]]  ~)]11~ bU( t]l(! ~K’(!Il  :Il]d 1’(’(1  (’0111  ])011(!11(S

a r c  l a r g e r  tllall  at! 1,-balld. l“irc scars arc ill fact 1)0 lo]]gcr visible at, l)-lm])d 1111-

alld  \~\~-lJolill’i  7,t~tiol~, a]]d o]]]y the l’-ba]ld  IIV data  (I ICJT  coil’csl)ollclillg” to  tlIc  grcc II

UJIII]mIICIIt)  sc])arates hurl] frol Jl m] burn. At l’-ba])(l,  tl)(! radar sigr]als do~J)illar)tly

illl)cract  wit,]] the larger tree braIJcll(,s  aII(l I,lIc t,ru  IIl(-groIIIId  r e f l e c t o r s  (Ilcaudoi  Il ct

al., 1 994). our JCslllts  suggest tlllis  is cv(:lt t,ruc after trees al)d ]argc  bra]lclics  arc l{illccl

lby a  f i r e  cvcll Llloug]l  t,}lcir  dic]cctric coltsla]]t  II Illst I)(I ]OWCJ tlIaII ill  ]ivc vcgctatio]l.

WC cou]d  I)of,  I’UJ1 tllc  SaIIIC: tyl)c o f  ({cco)~)l)ositio~l”  }vit],  t,]]c S1l/-C data bccal~sc tllosc

data coln])riscd  only two clta])rle]s  (1111 and I] V), ‘1’li(’ coIIJ])lctc  polaril  Jwtry  is IIdcd

l,o allalyzc  radar  scat{eri]ig  IllccllallisIIls. IL is l)o}vcvcr  likely t,l]c results obtail)cd

wit]] AIll SA1/, still apply for Silt-C bm:al]sc both ili)ages were acquired ill siI1lilaJ

colldit,iolls  alld forest  rcgrowtll  was lilnitcd Lct,wce])  19S9 a])d 1994.

Silt-C Classif icat ion of  ],ancl Cover ‘1’ypcs

1 lur]}cd  areas arc clearly visib]c  ill tllc  false-color col JJ])ositc i]nagcs  obfaillrd  fJw]n

Sill-C (1’igurc  1-3). ‘J’hcy appear dark red, Illcallillg  low radar rcturlls at 1,-ba]lcl  1111

alld  ll\~ aIJd high radar rcturlls at C- baT]d 1111. q’llcsc areas are llot we l l  separa ted

frol]l live forests at C-t)al]d 1111, but a diflcrcncc ill bacl{scattcr exist at C-l)alld  llV,

co]lsistc~lt  witl~ the All{SAll  rcsu]ts.  Callo])y burn al]d ~]]ixcd burn (l~igurc  (i) y i e l d

(Iificrmlt  levels of radar backscattcr  (’j)ablc 1 ). Nlixcd bLIrJ) lias IIigllcr 1,-ba])d  1111 and

lIV backscattcr,  collsistcllt  wit]] a  grcai,cr  alIlOIJIIt  o f  crown  biolllass.  CZIIIOl)y  lJUIII

l~as very low llV backscattcr.

A r e a s  a])pcaril]g  yellow ill l’igurc 1-3 corrcsl~o]]d to callo~)y  burr] il] spa r se  fo res t s .

‘1’l)mc  stands arc r a d a r - b r i g h t ,  at 1,-bmld  1111 and cs])ccial]y  at C-barld  1111 wltcrc
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tllcy rcl)resc])t  tllc  brigltt,cst  Lyl)c of for(vit  ill (lIC clitir(~  SC(IIJ(’. s u c h  a ]):11  ( ’ 1 1 of fol’cst

i s  ]) IWCII{J  ill tJIIC IIo1411-wcs(  s e c t o r  of tltc  SAlt SC:CIIC, west of’ \3’I!st-\’rlloiVstoJlc,”  i])

all area of i]lfcrti]c  soi ls  of sa])(l a])d gI:IIIcl with  liLtl(~  fo res t  floor vcgctatio]].  h a l f

of tl]at,  forest burl]ml  in 1988 al]d SI]OWS u[~ as brig]il  yellow ill LIIC S11{.-(; false-color

colll])ositc  ilnagc. ‘~’llc ot,l]cr  ]Ialf a])pcats  l)ligl)t  grcc]]-ljll]c.  St,rol]g radar  r(:tIIIIIS  a r c

rccorclcd  at 11 ll-]>olal’iz:itjiol)  ill tllc  bur]]c(l areas, sllggcst,illg strol]g  dolll)le bOllll  CC

sc.attjcri]lg.  Stal]ds of sill]ilar  cl]aractcristics  jll tltc  S i l l - C  jlllagc  are ])]cs(J1l  wiil)ill

tl}c zwca covmcd  by Llic Alli SAli. SCCJ]C aTI d S]1OW pro] ]ou]]ccd double bou]tcc  scattcrjl)g

at l’-balld,  bu~ a l s o  at 1,- al)d (~-}xil]d  ill tllc  Cloudc  (Iccolll]jositioll.  ‘1’l]rsc  forcst,s  arc

distinct  frolll  live forests bcc.ausc  both tl)c colllbillcd  abscf]cc  of a thick  forcsl  callopy

and of fewest floor  vcgc.tatiox]  grcatfy cl~l)allccs  doul~lc boul)cc  rcflectior]s  froll)  trultk  -

groollcl rc(lcctors. ‘1’llis  l,ypc o f  vcgcl,atioll  lvas lalwled  as callo])y IJUIJ] ill ]rigllrc:  ~.

‘] ’])(! fire! lnap i l l f’erred froI1l L]]c S]]{-c data (l(’igllrc  5) co]tll)arcs  ~vcll tvit]l t]lc llla]~

ill fcrrcd fro]n  ].andsat  ‘1’A4 da ta  and  grollli(l sllrvcys  (1+’igurc 6). 01] a pixc] ]Jvr pixc]

basis, more thall 78%, of tl)c hurl]c(l  forests ill ]Jigurc 6 arc corrcct]y classified  as burIi

ill l“i~;urc 5. ‘1’hc agrcx:lllcr]t  13cttvccll  dif~crcllt Icvcls of fire severity is COll)])il~atiVC)ly

l e s s  as Sil l-C tcI)ds to ovcrcstil]]atc  tllc  fraction of Illix(d  burn colll~)arcd to cal]o})y

1)111’ 11. Canopy  burII ill t h e  SIII-C classificai  ion corrcs]jolld  to areas o f  lowmt  crow])

biollms,  Jllcal)illg  wllcrt,  fire dcstJuclioll  was tl)o greatest. 11] tl]o ]Jandsat  classific.a-

I,iol],  ca]]o])y burn  cor responds  to  a reas  ivllcrc f)atcllcs  of Iivc vcgctatio~]  coul(l  still

bc fou]ld  ill 1988 .  Canopy }.)urJ]  ill tllc  l,alldsat  dcfillitio]l  thcrcforc  i~lcluclrs  a  l a rger

fractiol) of bur]~cd  forests. IIot]l classificatio]]s  coln])lclllcrlt  ratl)cr tl)al] co[lt,radict

eacl] otllcr.

III tllc lligl~cst lnoulltail)  raIIgcs o t}Ie solltll-cast, sol l l l -west  all(l TIortll-cast  of tllc
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. .

l)arl<, S1l/-C  Jnisclassificd  ])alcltcs  of live forcslj  as l)L]rtIr(l  forests. ‘I1lICSC  fomts  colll-

~)ris(:  a ]I]ixtllrc  of (loug]as fir trees al]{l  T IoI I - fores t ,  alI(] ar(’ ifl(:l(:for(’  of” v(’1.y  loiv CIOWII

bioll]ass.  (k)llfusiol]  wit]] burllcd f o r e s t s  i s  ullavoidaljic  hascd  0]] radar I)acl{scattcr

alol]c,  yet Wild flrcs arc l)igllly  ul)likc]y  ill {,]]CS(! lligll-c~lc’v:~t,i[jll  lcgiol)s.  ,Sjl)lj]:ll,]y,  illlagc,

~J;xcls  at tllc IIrans;tiol]  lmtwccIl  forest alId li]cadows  or o]x!J]  waler were lttis-classifid

a s  burl~ ill l“igurc  5. ‘J’his ty]x: of error is caIIsc c1 by edge cfk:cts  froll)  tl)c su rroulldi]lg

forest al]d is also I)c easily rccoglliy,  cd ill tllc  c.]assificaiioll JJ]a]).

Scvcra] patcllcs  of burI)Qd forests wclc ]Ilis-labeled as Iivc forest  by S1 li-(~ SA Il. 011

Cxali  Iplc i s  t h e  l a r g e  ~)atcll  of lllixcd  bur]l  ill tl)v llort,h-mst  smtioll  of  t,llc SCC1lC,

l)ortl  I of a large JI]ca(]ow. l’crlla~)s  f o r e s t  Icgrow’t]l  Ilas tmcll l])orc sigllifica~lt  ill t])is

region. ]rorcst  rcgrowt]]  varies widely across  Lllc ]~arl< dqmldillg  o{l soil c.oliditio]ls aI]d

post, -buI’Jl  ba]lk  SCXCIS. Sccdlillgs  I]lay va ry  frol[l  a fmv tmls of cmltilJwtcrs  ill l]cight

011 ]Iutricxlt,-poor  dry soils to 1-2 Ii] 01] ]Iul, ricl)t,-ricli  Ivet so i l s . l:urt]lcr  studies  arc

I~m:dcd to dcl, mmil)c whctllcr tljis provi(lcs  a rcasollahlc cx])lallatioll  for tlIc diffcl’~ll~c

bctwcml SII{-C and l,al)dsat  classificatio])s.  All[~tl)c~]  )ossil>ility,ll  {)~\e~cJ,;stll  (ltl(lal

dal,a wcm  not calibratcxl  well Clloug]}  ill tl]is far-rallgc ])oJtioll of tl]c scmle. l“irc scars

arc actually clcar]y visible il\ tllc  false-color col]i]msitc  in]agcs  (1’’igurc 1-3), but tile

fo res t  appears  briglltcr  tl]an  0]) avmagc a[l(l  tllccl:lssi  (i(at,ioll  assigJ)s  a higllcJ-tl)al)-

Cx])ccted  j)crcm)tagc  of live forests ill this area.

AIlotllcrsourccof  col]fllsiol]  bctwccr] l i v e  and bufllcd forest, is t]]c folcst ivc ]a]>c]cd

very s])arsc  ]odgcpo](! pil]c forest (F’igurc 5). ‘1’llcra(lar  l>acl(sci]t,  tclcllatact(:listic.  sof

tll; sforcst  suggest avcry low crow~)  biolnass  (rl’al>lc 1), hcca[lsc  t}lc radar rcsjx)]]sc at

1 , - b a n d  llVissill)ilartotl):~t  of lIlixcdbull].  h40st  c)ftl~is  folc:s!,o  cc~llsal  )()~~:2(i  ()0111

clevatio~l,  ill a mgioll  where soil c.ollditiol)s W’crc IIot,a}j]y drier tl]al]  i]) tltt~ rml of l]]c
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fir trcws ill this area, so tile dif[crc]lcc

difrcrmcc ill forest st,ructurc.

tI ra(lar bacl{scattcr  could  also be dllc t o  a

‘1’)lc c]assificatioll  of 111[’ S11{-(;  data ill l ive forest  ])mdllccd  classes  that  arc’ lfr(’illi]~

c o r r e l a t e d  w i t h  f o r e s t  agc alo]lg tl~c fire succcssiojl  (l~igurc (i). ‘1’IIc SAl~ C]aSSCS

rdlcd  diffcrcxlces  in CInWII bim]ass, ca]lol)y s t r u c t u r e , ?Illd  ])dl~])S Wat[T COlltCIlt  o f

tl~e vegetation. l~irc successim]  prcxILIccs even-aged stands,  but, forest  density  is l{]iow]]

to va ry  wiclcly bct~veml silni]ar  stands  dq)(~lldillg OII tllc il~itia]  sccdlillg  dm)si ties  aIld

s o i l  col)ditioIls.  It is tllemforc JIOt sur])risillg  tl)o S,fli cltisscs do IIOtj IIlatcll directly

into  succcssiona]  stages.

l)et,ailcd  forest illvcllLorics  will I)(! coliducLcd  ill l,l~c fl~t(lrc to cstill)atc  C]OIVII  bio]nass

and to ut i l ize the Sil l . -C data to obtaill  (Iual}titativc  estil~latcs  of croTvI]  bior)]ass.

Silnilar s t u d i e s  colldllc.tcd  ill otllcr types  of pillc’ fomits  l]avc (I[:lr)ollstlatc(l  1,-bal]d

IIV was l~igllly  co r re la ted  wit}l  crowII biolnass  ill IIlmiospccic  forests  (I]caudoill  ct

al., 1994). Combiilml  wit]]  tllc  SII{-C data, tl]csc forest iJlvcl]t,orics  will l)clp estill)atc

i,ltc live burnil)g  fuels of the forest ,  W]li(”]l  iS O f  illtCKSt, to fil’~  S])ll’:ld  1110(  ](!]S  SUC)l

a s  I’;MI]I{.}” (I]argrovc  ct a l . ,  ]Ilalluscri])t  ill ~Jrc]~aratiol))  and l~’All Sl’lll~l.  ‘1’l)is tyl)e

of i~lforl[latiol] would be a great usc to fim bcllavior  arlalysis  worki J]g o]] fire figllt-

iIlg ovcrl  Iczd tca]ns and those rcspo]lsiblc  for project,  i]]g ]lat, ura] fires ill tllc  westcIII

wildcr]]css  areas.

Conc lus ion



lrl 1988, fire ]Ila])s could only  I)( assclt]l)lcd  s(vclal  111o111  11s after tllr fire seasol) l~ecause

1)0 clol]d-free sailcl]itc  ilnagcs  Iv(’rc available d[lrilig  1,11(’ fire scasoll.  N1ulflcrolls  groullcl

sIIrvcys wmc also II(KXXSaIy  to validatr  t,l)c illtcl])lt’t:it,i(jll  of  tllc  satvlli(c illlagcly.  1{’01’

IIlany II IOIAIIS,  it WtLS I1ot Clc!al’  IIow’ IIlucll  of  YIN]) 1$’as lJul’Iled l)y t i l t ’  fire,  Wl)at W“crc

tl)c J~attcrlls  of burn scvcrjty exllil)itml  by tlIc firm,  ar)d IIOW tl]c f i res ])rogrcssml.

A satel l i te  SA1{ would  greatly ill)l)rovc illc  rcsl]]ts  a]]d llcl])  ]Ilollitor  fire })mgrcssioll

b(’CaUSC it,  Op(:l’~tCS  itldc]x:lidcllt, O f  fire SlllOli(!S, solar  jllllll)illa,tio]j, al)d clollc]  cover .

‘J’llis  study  clel~)onstratcx  SAI{caI)  ]nap  bLl]IJcd forcslsalld  filcscvcrityv  (:lytvcll(lllc

to its sel)sitivity  to crow’1)  biomass, cvcl) iflilnited  to sil]glcclatc i]nagcry.  Mult,i-elate

illlagery would  certai]lly fac i l i t a t e  tl)e lalwlillg  o f  c l a s ses  of radar bac]iscattcr into

diflcrm)t  categories of but]], and  illlprovc:  tl)(> ol’clall class iflc. atioll  accuracy, ltor olJti -

IIlum IIlappingj  cross-polarizcxl  signals  act]uirm]  at a loJ]g radar wavclc  Itg LII al)l)carcd

l)rcfcral)lc..  N o  spacclmrnc  SAli  c.uIIcIItly  offers tlIaL  ])ossil)ility.
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l“igures

F’igure  1 .  l“alsc ccJlol-ccJ]lllJositc:  inlagc  of tllc  YcllowwtoIIc  Natiolla]  l’ark,  Wyol)li]lg,
aquircd  by  S11{-{.; SAll i]] octobcr  1994 ]jrior  to grocoding.

l“igure  2 .  Gcocdd SI1{-C illlagcry  aflcr 11:-ctilil)IiltiO1)  a]ld gcwrcfcrcllcillg  of tl]e
data  to a USGS I) ItAI.

l’igurc 3. Gcocodcd SII{-C i]nagcry  ol)tail)cd  aftrr rcductiol)  of tllc  il]flllrilcc  of’ tllc
radar illumi]lation  al]g’lc  o]l radar l~arkscattjcr  assulllillg  a cosill(:-scatt(:l’illp;  l a w .

l“igure  4. Ma]) of laJId cover ol~taiTlcd  fmlll SI1{-C sllo}villg  o]x:]] water, TIwa(lotvs/IloJI-
fowsts,  sl)arsc/dalllagccl live Jodgcpolc  ])illc forest, very s]mrsc  lodgc])olc  pillc of lolv
crowll  bimnass,  sparse lodgcpole  pillc  of illt(:l]tlc:~lii~tf:  cmwI] biolnass,  dc]]sc lodgc]mlc
pil]c  forest of high crown bimllass, callo])<y  tjurl]  of ]Io crow]) biolnass,  a]ld lllixcd  burn
of very low crown  hiolnass. White  alcas colitai]l  ]~o data or corrmlmld to s h a d o w e d
regions.

Figure 5. CXoudc dccolnpositioll  of the ]mlarillwi,ric  signal  at l’-l)al}d (to]) left cor-
l]cr)l  1,-band  ( t o p  riglltl  cor Ilcr),  and  C- bal]d  (l) Ott$OIII  left coIIIcr)  frc(l~l(:ll(:i(xi  f o r  a

10  I(III by 10 k:n  SAR sccnc  acquired  t)y tl]c NAS.4/Jl’1, All{ S~\l{  airborllc  instru-
Incllt. near old I“aithful  in Scptcmbcr 1989. I{cd is dolll~lc Loullc.illg,  grcc]l is  volume
sca,ttcring,  and blue is single  bourlcil)g.

I’igure 6. hlap of fire severity and vcgctatiol]  illfcrrccl froll~ l,alldsat  illlagcry,  aerial
pllotlos, and  field o}jscrvatiolls  over the ar(a ilnagcd  by SI1{-C  SAI{ ill Octol~cr 1 9 9 4 .
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