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1. Introduction

Itaclar iIlterfcrolnctry  is primarily scllsitivc  to tile s~)at ial distribution of tllc scat tcrcrs
constituting vegetated terrain ~lkeuhaft et al., 1996], while: polarimetry  is prilnarily  sellsitivc
to their orientation [vatl Zyl et al., 1987]. For many types of land cover, for exatnple  forests,
there are obvious qualitative relationships bctwccm the spatial distribution and orientation of
certain typical features. Ground surfaces, which arc spatially localized at the bottom of a forest
arc also horizontally oriented. I,caf-bratlcll  Volutllcs, wl~icll arc frequently concentrated more at
the middle and to~) of the forest, arc more randomly oriented. I)iffcrent  adtnixt  urcs of groutlclj
ground-volume (inclucling ground-trunk), atld direct  volume returns induce clistinctivc  sig[laturcs
ill both intcrfcromctric and polarilnetric  d a t a . ‘J ‘lLis pa~wr cxl)lorcs  the potential for unifying
iutcrferomctric  and polarimctric  data by sitnultatlcous  analysis  ill order to estimate vegetation
and surface characteristics. Estilllatiorl  c)f paratl)cters  fronl a colllbinccl clata s e t ,  unificcl w’it,h
a physical scattering moclcll has the potential for Lei[lg lnore accurate than estimations from
intcrfcromctry  or polari~netry ill[lc~)c[l(lclltly.

Ill this paper, “ixltcrfcrc)lllc:trj~” will ]ncall tllc acquisitioll  and cross-correlation of colllplex
signals at two different ends of a b~zsclille, but with the same receive and translnit polarization
(as i~l ‘1’01’SAR)  at each cnc]:

lntcrfcromct,ric  cross - correlation =< [. I?i(fil ) ~ . fi~(~~) > (1)

where E~(fil ) is the field received at tllc  l-clld  of the ba.scli[lc due to a trallslnitted field writh
polarization vector t. “1’olarinletry” means tlm acquisitioll  and cross-corrclat  ioll of complex signals
at t}lc same clld of a baseline (single translnittcr/r eceiver), I)ut \vit h differcllt receive atld trausll~it
polarizations for cacll ficlcl in tllc crc)ss-corrclatioll:

with 13 tllc  receive polarizat  ioll of tllc first field ill tile cross-correl~~t ion, al)cl ;;’ alld ? tile recciv(’
a[lcl t rallslllit  polarizat,ioll vectors, res~mtivcly,  for tll(’ setwlld fiekl in tile cross-corrclat  io~l. ‘1’11(,
Illost general situation, “polarimctri(:  illterfero[llct  r,y” [Clou(le et al., 1997] i s  IIot yet realizal)lc
by AI1{SAR  all(l will not 1x’ treated ill this ~)a~x~r. It is tile ac(l~lisitioll and (rc)ss-c[)rrtl:~ti(>~~ of
[oI1ll)lvx signals at two (Ii ff’eretlt CI1(IS of a baseli[l(~, with difF(~rcllt  re(cive  all(l tralls[llit  l)olarizatiO1l
ilt t’il( ’11 (’11(1:
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Ill fjr(l[:r to [not ivilt (’ t li(, Illlilitxl :L[lalysis of illtt~rf(~rolll(~t ry atlcl lN)lil[illl(,t lY, tllf’ sig[latilrcs
of” ve~(,taticjtl itl b o t h  illt(:rf(’ro[ll(’tri(”  :Lll(l \)f)lalilll(:tJric (liLt  ii :kr(’  sllowll ill tll(’ Il(:xt s(x:tiO1l. Scctio[l
:] (X)llta ills :L (l(>IIIOIISt I’;Lt ioIl of \r(’p,(’tiLtio[l  [HtaIil(,tet  (t, r(>(,  Ilt}ig]lt ) list i~llatio[l fro[ll ‘1’01’SAI{  ill-
t,(~rf(’rO1ll(:try  illl(l AI1{SAI{  Imlaril[l(’try (Iata a(quire(l  ov(’r t,ll(t llor(’ils  %)lltlwrll ‘J’(’st Sit(:. Section
4 is a stl[lltilary.

2. The Interferometric  and I’olarimetric  Signatures of Vegetation

‘1’he anlplitude  a n d  ~)hasc of tllc  itlterfcrotrletric  cross-correlatioll  cacll respolld t o  t h e
vertical distributioll  of vegetation scattcrms. ‘1’hc Inore vertically distributed, tllc  lower tile cross-
corrcdation anl~)litude, and tile llighcr tllc! ph~asel  .as illustrated  in ~igure  1 below. F,ach C!] CItlf211t

Real Part of Cross-correlation

Figure 1: Sc}lelnatic  real  and il[lagi~lary ~mrts c)f the iliterfmol[letric  crC)ss-correlzlticJ1l.

o f  forest  vcgetatioll,  for exatn~)le, colltributcs a  l)hwsor t o  the coltll)lex cross-corrclati  oil, writh
amplitude proportic)nal to the product of the strc[lgtll  of the scattering at that elenlellt  and the
attenuation through the rest of the medium. ‘1’lle pllasc c)f the contributing clc[llcnt  is proportional
to the altitude of the cle~ncllt ~1’reullaft et al., 1!996].  As Fig(lrc  1 shows, vertically distributed
vegetation will cause a decrease in cross-correlation a~nplitude  (relative to the zero-baselille am-
plitucic, in which case all the phzwors in Figllre  1 add ill a line) and a71 increase in interfervmetric

phase (relative to the bare s[lrface  ~)hase). Figur-c 2a below shows a moclcl calculation of tlie
interferoll]etric  aml)litude  duc to a statistically Ilol[loge]leous  volu[ne versus vegetatioll  (assumed
to be trms)  height. ‘1’l)e alll~)litude accuracy m’itll ‘1’01’SAIl  is 1’% or better, so alnl)litudc  10 S S

duc to vertically cxtmldcd  vegetation) witl) t llv clktlract(:rist ics sllowll, is easily observable. Fig(lrc
2b sllowrs t IIe t o~mgral)lly  wllicll would bc cst il!l:lt txl froln a vcget at c(l sllrface  \vit 11 t lle gitx’11 slwc-
ificatiolls,  verslls tr~’e Ilcigllt. ‘1’llis tol)o&ral)lly, iW i~l(li(ated,  is  calclllate(i  ill tile al)sell(e  o f  ally
lllodclillg,  as tile illtcrfcroIllctric  ~)l]ase di~’icie(l  t)y tile I)artial  derivative of ~)llase \ritll resrwct to
to~)ogra~)lly,  d@/dto~mgral)lly ill F’igure 21). It ca[l lx’ see[l frolll tllc figllrc t h a t  to~)ogra~)lly errors
of tllc orcl(’r of tllc trm’ lleigllt, are iltdllce(l, if t lle (’f~ects of tile veget at ioli arf, not Illo(lelcd.
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Figure 2a: Calculated vegctatioll-ixlclucc:cl  cmss-cc)rrclation  alnplitude versus trcw hcigllt.
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Figure 2b: Calculated v(gcti~tioll-i[l(i~l((’(1  to~)opyq)hy v(,rslls t r(’e lwigllt.
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‘1’tl(! (’fl(!(t {)f V(!~C!tilt(’(1  Sill’f~i(’(’S 011 ~)Ola~i[ll(lt,[’~ (l(,[)(~[l(lS  011 tlo\{” ‘Lori(,llt(:(l’”  ttlc V(’gctate{l
sllrfa(c i s .  For  sitl[l)li(:ity, it is asslllllcxl llcre t,tkat tll(t \~c,p,(’tiltioll  it,st>lf is (()[llljlett’ly  ratl(lol[lly
orie[ltcd,  and wollld therefore  cxllil)it  110 ])rorlollllccd diff(~rf’ll(x’ Ix:tweell ati HII (11-trallslllit,  II-
r(~(civc) or VV tr:illslllit,-rc{(,iv(;  lmlarization  cot]lt)i[latioll.  A s[llootll,  horizolltal  grotllId sur face
is assu[ucdl for wllicll tile Ilorizolltal  reflection cocfIicicllt  is bigger than tllc  vertical. OIlly the:
grou[ld-volulnc  (including tllc  .groulld-trullk) illt(,ractioll  will be considered. ancl Ilot the (lirect
ground rcturll, which ,  for  nlarly cases is nlllcl] s[[laller tlmn tllc grc)~l[l(l-~~ollll~~c.  ‘1’llc II H/VV
~)olarization ratio is the ollly l)olarinletric  observable that  will bc collsidcrcd  ill this pa~)cr. It
i s  cx~mcted t h a t  the mom cfoluinant t h e  gro~lnd-surface  colltributionl  the larger t h e  1111/VV
ratio. ‘1’hc groulld-volunle  rct,urll will also intrcxlucc  a l)hasor contribution in 1+’igurc 1 that is
nearly horizontal. When the ground-volutllc  xet,urn clolninatcs,  the correlation amplitude will
incrcasc  relative to the more distributed volutuc-scattering-only  effect in F’igurc 2a. Wllem the
ground-volume ancl the volume rcturnsar ccomparablc, thcintcrferometric al[lplitucte will decrease
relative to Figure  2a, and when tile volume scattering dolninates, 17igure2ais agood description
of the correlation amplitucle effects. Both the effect ofagrouncl surface inthcinterferometry and
in the lIH/VV  polarization ratio are shown itl Figure  3. It can be seen that, for intermediate
values of tree height, the competing mechanisnls  cause the expected reductic)n in correlation
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Figure 3: Calculated voluIIle-only interfcrolll(,t  ric atn])litude (k’ig~lre 2 a ) ,  volulne + groull[l-
vollll[lc anl[)litude,  and ~mlarilllctric  1111/VV  ratio, versus tree lleigllt.

allll)lit  udc relative t o t llc vollllllc-s (”at,tcrill~-c) lily case. If correlat  ioll alli~)lit Ilde were tjci[l~ IIMXI to
illfcr tree heigl~tj the grollrl{l-t’(~111[11(’  illtcractioll,  if it were Ilot Illo(lele(ll wwuld callsc  a lmtclltially
s[’~rcrc ovcrtwt illlatc  o f  tree 11(’igllt (}mallse  tile (orrelat ion allll)lit ll(lc wollld tx: 10W’). l“i~llrc
3 (1(’lllollstratcs ttlat tile 1111/VV ratio, wrllicll is lligll ill th i s  t[lo(lt’1 W’lICII t i le  gr(>(l[l(l-k~t)l[llllf’
(:O1ltril)lltiOIL”  is substantial,  (all  11(,11)  to i(l(~lltify tll(~ iIll~)orti  LI1(”(” of tllc  ~r{)(llltl-t’f)lll[li(~ (’olltriljllt,ioll.”
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A f:f)[lllji]lc(l  analysis  of illt~:rf(,r(J1lltJt ry iitl(l ~x)larilil(,try llli~llt ttl(rcfo[c ~)r(xlllc:e tx!t t(r rfslllts tllatl
tll(’ i[lt,(’rff;r(jlllctry alorle, ‘1’lI(J ll(,~t sm:t,io]l {olitaills a  (()[lll)i[l(d arlalysis with ‘J’f)I’SAI{ (Iilt,a is

SIIOW1l.

3. An Interferometric-Polarimetric  Demonstration of Tree-Height Estimation

Figure 4 shows tree lleigllts  mtilllatcd  frolll ‘1’01’SAI{  data collected over tile l~orc~s
%utherll ‘lkst Site in “pitlg-pong” II1OCIC (effc,ctively  yicldillg  two basclillcs  c)f lc:gths 2.5 a n d
5  m e t e r s )  in .July 1 9 9 5 .  AnL~)litudcs arid ~)ll~scs fro[ll both  basclillcs  were used to l)roduce the
illdicated  “no
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from 1’OPSAI{  plus polaritnetric  data from the IlormsSouth-

groll~ld estimation” trcw hcigllts. ‘1’hc mtilllatec]  [mranlet{:rs  wt’re t ree  hcigllt,  twlutnc cxtinctioll
coefficiellt,  and utlderlyillg to~)ograplly. F’or tll(’’’grollrld estilnatioll” tree lleip}llts a sirlgle ~)ilralll-

eter l)il\’illg  to do w~itll tllc groutld reflection co(’f[icicllt  and s~mular  reflection characteristics of
tllc  volullle was additionally estilnatcd  froll~ tll(’ VV ‘lIOPSAI{  intcrfcrollletly.  For tllc .’groulld
mtilllatio:l  + II H/VV ratio” tree llcigllts,  tllc  1111/VV ratio was also usecl ill the ~)~~ti~lllet(:r(:stillla-
tioll,  all(l tllc  real ~mrt of tlle~rc)und  clielectri(co[lstit~lt  was acl[litiollally  cstilll:ltc’{1 (tile i[lmgi~lary
~)art \v;Ls asutlled to bc 1/3 of tllc real lJart, (“ll?lril(’t(’risti(” of soil). ‘1’lle polarimetric  data kverc
taktiti two years earlier, at tllc  salnc  ti[lle of yea[. ‘1’llis is olwiolwly Il[)t O~)ti  I[lill,  I)llt this was  tile

o n l y  iIlt(’rf(’IOIll etric illl(l  ])olariIllet,ric  (Iiltil avail:~t)l(’ for this w(,ll-calit)ratc(l  sit(,.
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‘1’lw rcslllts  of F’igllr(~ 1 +irf’ IJrf:lilllillary. ‘1’11(’r(’ [I(Ns a~)~)(wr t t) Ix’ illl  twtr(wt i[llat iotl of
t  IL(I t r(’(’ ll(,igllt, for a  f’eu’ of t,il(’ I)oillts wlLf  ’11 tll(’ groll[l(l-volllIl)(’” i s  IIot Ilio(l(’1(’(1.  lk)tll I[iocl(!li[]g

tti(’ gr(jllll{l-vc)llltll(: in i[lt(:rf(’rotll(,try iitl(l  illt ro(lll(ill~  Ix)larilll(’t ry s(’f:rll to 11(,11). I“i~llrr 4 fllrtller
sll~~t’sts ttlat  IIsirlg tile 1111/VV ratio i2111)rovm  tilt’ scatter alm[]t grc~ll[l[l-trlltll tree heigl]t,s.  Illlt
tllcrc are corrw:tiolls  which llaw: not yet, txw[l a~)~)lie{l to tllc  d a t  <L, :LII(I  t llC rcslllts  collld cllallge.
At tile very l~i~<t,  F’igure 4 s~lggcsts that, grc)LII~c1-vc)lIl~llc  cst ilnatioll  atL(l tllc  1111/VV nmdcliug are
consistcntj  with the trends  in tllc  (lata,  arl(l the cotlLl)itled illtcrfcrolllt’t  ry-~mlarimetry data analysis
a~)~)roach takctl in Figure  4 is l)roll~isillg.

4. Summary

‘1’he signatures of a randomly oric[lted  volulnc + a ground-volume in interferolnctric  and
polarimctric  signals sug,gcst that using interfmonletry  and polarimctry  together may provide accu-
rate estimates of vegetation properties. Int,roclucillg the ground-volume ret, urrl further distributes

the phase centers of the returns within the vegetation, and has the effect of lowering the corre-
lation  amplitude (and phase). Introducing the ground-volume return also increases the polari-
metric HH/VV ratio. A simple Inodcl applied to Dorms  Soutllcrn  ‘lest Site interferoluctric  ancl
polarimetric  data shows rms tree-height accuracies of the order of 5 In. In the future, different
approaches to phase calibrating these data will bc triccl atlcl the analysis repeated, using all po-
larimetric  quantities (< IIHVV* >,< }IVIIV* >) etc.  Multialtitudc (sinlulatillg  multiba.selinc)
interferomctric  ‘1’OPSAR  data will bc taken along with polarillmtric  data at a site  in Oregon to
further test the combination of intcrfcromctry and ~)olarinlctry.
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