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AIIS”l’RAC’1’.  At the Ilonan/,a  Crcc.k F,xpc.rin]cnlal  Forest (IICIil;), past ecological research Ilas hccn dircctcd  at forest
successional proccsscs on the floodplain of the lanan:i River and adjacent uplands. Research at the Bonan7,a Creek site
continues on tbc mosaic of forests, shrublands,  and wetlands in a wide variety of successional stages on the Tanana
floodplain. “l”his paper reviews research since 1988 into the capabili[ics  of Synthetic Aperture Radar  (SAR) for
n]onimriog, classification, and cha]actcriza[ion  of tbcsc forests using radar mnotc sensing and modclling tcchniqrrcs.
Classifications of socccssional  stages, obtained by usc ofciiffcrct,t classifiers on multi-frequency and multi-prdarimctric
AI RSARdata,  arccontrastcd;  d~cscclassification shavchccn used toprcdict classification accuracies ob[aincd  withIifW-
1 data, and to cslimatc  (he utility of an }iRS-  I and RAIJARSA’1  combination fo[ classification. I;orcst  classifications,
osc.d in combination wi[h ground-tru[h data for more than 50 f(mes[ stands, arc used to sun~mariz.e the distribution of
biomass on the landscape. This will allow projections of fu(urc  biomass. hlotlit(uing of fcrrcst pbcnology,  scasonality
of fl(mding, and frcc7,c--thaw transitions is ongoing. Also, dircci monitoring of donlinan[ [rcc spccics is demonstrating
diurnal variation and interrelationships among environmental, l~hysiolopical,  and backscat(c.r mcasurcrncnts.
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Introduction

1,andscapcs in interior Alaska arc rcprcscntativc  of the
circurnborcal  taiga;  their forests, subject to widespread
periodic disturbance, consist ofcomplcx rmosaicsofdiffcr-
cnt s[agcs in vegetational succession (Van Clcvc  and
Vicrcck 1981 ). ‘ilc usc of Synthetic Apcrhrrc  Radar
(SAR) for rcn]otc  sensing of these forests shows particular

potential for ecological research. In (1w sut)-Arctic,  vari-
ations in annual cycles of freezing  and thawing have
clramatic  conscqucnccs  for ccosystcms;  these cycles in ftu-
cncc both the biotic ancl the abiotic proccsscs  shaping
landscapes. Active microwave sensors, such as SAR,  arc
sensitive. to the physical s[atcs of water  and arc also al]lc  to
pcnc[ra[e  cloud cover and darkness.

Work in progress since 1988 has shown Alaskar] for-
cststohc  imporlant silts foresting tbcccological capabili-
ties of SAR, bccarrsc of thcavailability of both upland sites
and Iclativcly Icvcl  floodplain sites, tbc existing dc~ailcd
kr{[)u,lcdgc  of both upland arid floodplain successional

pr~)ccsscs,  the records of stand history, composition, and
ge(mctry for a wi(ic  varic[y  of stands, and the existing
net work of Inctcorologic monitoring stations. interdisci-
plinary ecological research continues into the future at the
Ilonan~,a Crc.ck 1.onx ‘1’crrn I;cological Rcscarcb  (1 .’t’ER)
site,

Thispapcrsu]nrl  ~ariz.csongoin.g research utilizing SAR
in forests in intcrio[ Aiaska.  II inciucics  adcscriptiorrof  the
study site and [Ilc available SAR  imagery, examples of
insights into Iandscapc interpretation and phcnology ob-

tained  with SAR,  AlfNAR-based classifications of forcs(
ty},cs, and prcdictifms  for the accuracy of classifications

baicd on satcilitc-lxlr nc SAR.  Iwo methods, onc direct
an~i onc indirect, [or estimating forest  biomass arc dc-
scr ibcd;  one of tllcsc allows predictions of future biomass.
I;inaliy, it brief ly cicscribes  backscattcr  modcliing a n d
ptlysiological n~onitoIing  that arc establishing relation-
ships bctwccn  radar backscattcr,  forest structure, cnvirorr-
rntntai change, and tree-canopy physiology.

“l’he study site

I’t[c I.TER site is ioc:itcci witbin and adjacent to the
B(manz.aCrcck  I:xpcrimcntal I~orcst(BClI),20k n~souti]-
west of Fairbanks, Aiaska.  ‘l”hc I.TER site includes both
thcl’anana Rivcl  ftoodl)lain and thcadjaccnt  uplands. 1’IIc
~’anana f-liver is one of [hrec major rivers draining interior
Alaska; it is primal ily glacic.r-fed, with high suspended
sediment loads, and with consequent braiding and n~candcr-
ing along its length. “]’hc rncan(icring  of tbc river has

c[catcd  a flootiplaill landscape ofcxposcd  silt bars, islands,
tc[raccs,  and n)candcr scrolls, with an associated mosaic of
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Fig. 1. Location of upland and floodplain forest stands and of weather stations at the Bonanza Creek LTER site. Stand
types for floodplain LTER stands are FP1: willow; f P2: alder, FP3: balsam poplar; FP4: white spruce; and FP5: black
spruce. The polygons represent stands where the geometry a!ld  composition arc being measured specifically for use in
remote sensing studies and represent areas from where radar backscatter  has been extracted for classification analyses.
Stand types for these stands are AL: alder; BP: balsam poplar; WS: white spruce; ES: black spruce; and CC: clearcut.

succcssicsnal vcgc[ation  (Van Clcve  and others 1993).
l:loodplain vcgclation  rcprcscnts  a primary succcssirmal
scqucncc  starting on newly fornwd silt bars near the river’s

edge. Llpland  vegetation is charactcri?cd  by a secondary
successional scqucncc  initiated by wildfire. l’bc vegeta-
tion and landforn]s  of’[hc  Bonanz:i  Crcck  I.’1’11R site rcftcc[

lhc lllajc~r[lislllrl)allcc procc.sscs wild fires, inscctinfesla-
lions, and river gcomrsrphic  pl-occsscs governing lhc
dcvclopnwnt of b o r e a l  forcsls.  Iicological I-csc;irch al
BClll:during (I)c last 30 years has rcsultccf in dcvclopmcnt
of dc[ailcd successional modc]s and availability of long-
[cl-m data f’hr vegetation, soils, climalc, and river morpho-
ogy (Van Clcvc and olbcrs  I 99 I; Vicrcck and others
1993h; I 993 C).

‘1’hc 1,“1’I;K si[c includes 24 intensively studied upland
and Ooodp lain succcssiorral  forest s[ands, will] 10 u’cathct
s[a[i(ms dis[rihu[ccl  among [hc stands. ‘1’hcsc 24 stan(is
rcprcscnlcigbt distincl successional s~agcs{)f the prcdumi -
nant upland and floodplain successional scqucnccs,  In 23
a(kliti<mal  successional slands, {iclailcd mcasu Icn~cnts of
f{ucs[  c~)t]]posi[i(m  and folcs[ .gcomc[ry IMVC hccn made
(or usc in Icmotc sensing,  s[udlrs  (l;Ig. 1 ) Vcgclational

succession is gcnct ally similarto tba[ found along all ofthc

I[mjor rivers in inkv  im Alaska and adjacent Canada. “1’hc
Fcncral  succcs~ional pat[crn  begins on exposed silt  bars,
i irst colonized by willow spccics (Sa[ix  spp. ), with subse-

quent  gcncration~  dolninatcd by alders (Alnm tenuifblia),
t,alsam poplars (Popl{lus  bal.wmt[~era), and whi[c spruce
(Piceo  gI/aI~ca). Wbitc spruce stands may pcrsisl  for
scvcr+d gcncra[ions  before dcvc]opmcn[  of pcrmafros(  and

I cplaccn]cnt  by i)lack  spruce (Picca  tml-iana). ‘1’WCIVC
stages of succession arc rccogni?,cd. Rcplaccmcn[  of

w}]itc  spruce by black  spruce and succession bc[wccn

I>lack spruce and (Ipcn bog arc Icss well understood than
(arlicl- slagcs in succession (Vicrcck and OtbCi”S 1993h).

SAR  coverage at l{onanza Creek .
Image da(a fIom (WO curtcntly available SAR  sensors arc
I)cing u[ilizcd in studies of interior Alask:in  forcs[~. Ilm
;tgcs f[-ol]l ~~irlrtlf’1-l)(~lllc SAR  (A IRS AR) b:t\, c b e e n  L’01-

lccIcd fol [bJL-r scawns,  winter (h4ar~b), spring (May), and
iuinmcr (July), WI(II hlarch images taken a[ Lcmpcraturcs

holtl well alx)vc a[id t)clow  (W and with iat iablc  amounh
~)frivcr [I(md!tlg  ill hfay.  AIl<SAl<da[a  include b[K’kSL’2  {[(Cl
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Fig. 2. Winter and Spring L-band AIRSAR  images of Bonanza Creek Experimcmtal  Forest. Color bar shows total
backscatter,  expressed in decibels. The two March images show the dramatic decrease in backscatter  as landscapes
freeze. The two May images show the influence of ice jams (A) on flooding of the Tanana  River floodplain during breakup.
Flooding is seen both as increases in the surface area of open water wetlands (B) with low backscatter  and as flooding
of wooded areas (C), which exhibit high backscatter due to double-bounce backscattering  n]echanisms.  Backscatter
variation useful in forest classification and biomass mapping earl be seen by comparisons of these images with stand
locations in Figure 1.

for [hrcc  bands (C, 1., and P), with four pola~izatioas  (11}1,
VV, llV, VII) for each band (Way and Smi[h  1991). ‘1’hc
n]utti-fmqucncy, l]lL]lti-pc)lariz,atiol~  nature of AIRSAR
cl:\taal low's diffcrcnti  atic>nof radar-scattcri  r~g[l]cctlanisllls
under different canopy gcomctrics  (Van Z.yl 1989), assists
witl] hrckscaltcr modcliing (Mc I)otlald 1991 ), and allows

identification of optimat  bands and polariz,a[ions  for dif-
fc.tcm( ecological or cnginccriag puqjoscs  (Williams and
ottlcrs  1992, 1993; Rignot and others 1994 b). Because of
i[s n~ulli-channel capabilities, AI RSAR  may be used to
simulate the specific band and polariz,atim combinations
of future spaceborne raclar con frgura[ions  (Williams and

ottlcrs  1992, 1993).
‘1’hc !il{S- 1 SAR,  wi(h its C-band, VV polariz,a[ion

configuration. provides only one ot]scr~’alio[lctlanrlcl”  with
cacl) sensor pass bul  prc)vidcs frcqocnl repeat covel-age for-
cxalninalion of seasonal cbangc (Way and Smitf]  I 991).

[Jse of SAR for landscape interpretation

AIRSAR images  from March 1988 (l~ig. 2) at IIonanz,[t
~’r~’ck and llRS - I inlagcs froln Augus[-  Scptcmbc[- 1991

further down [hc Tanana  River (Rignot and Way 1994;
Ri/no[ and others 1994a) show [hc dramatic drop in

ba[kscat[cr  [ha( occurs as landscapes frcczc.
Both IRS- 1 and AIRSAR images c)fthe ‘I’anana Valley

disptay  ecologically significant features of Iloociplain
gc(unorpbology,  including oxbow Iakcs, meander scrolls,

an(l abandoned channels. in addition, use of SAR to
dcllncatc  pa[tcrns  of flooding in May 1991 ctcmonstrams
diffcrcnccs  bctwccn  nor[hcrn  and southern porlioas of the
ftmxfplain (I:ig. 2). l:looding on 4 May 199 I wm caused

during river breakup by the forma[ion of ice jams across
the main river rhanncls;  ice jams had dispersed, and

ftoi)ding subsided b} 7 h~ay, Ice jams arc clearly cvidcn(
as :~[cas of itlcrcawxi  backs L’a[tcr in channels ol”(qlcn  waler

wilil ve ry  low  bachical[c[; [his dcn](ms(rmlcs [Iw uw of
SAR  for  nlo[li[otinp I ivc[  f[-cczc and breakup I;lmxting is

seen botb as incrcascs in surfiice  a]ca of Iakcs and wctlan[is
co[llaining open Wii(rr  (low hacksra[[cr)  and a~ dramalic

incrcascs in backscaltc[  caused by tbc prcscncc ot’standing
w:]tcr  in folcs[s,  i:l[~(ding upslrcatll  ([~) the left) of [i)c Icc
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Fig. 3. Separation of six vegetation types of the Tanana  River floodplain, Bonanza Creek L_t ER site. Discriminant  analysis
was app!iecf to C-band AIRSAR  backscatter,  full polarization,

jan]s  is mos( dramalic on [hc sou(ll  side of lfm ftood[jlain
(top  of figure); the nordl side of lhc  floodplain is narmwcr
and nlay  slmw  a skcpcr gladicnl as the livcr is being
pushed north  against a~ljaccnt uplands by the continued
rise of the Alaska Range. Although in a year widmu[ icc

jam forma[ion, seasonal flooding lypically affects treeless
seasonal and pcrmancn[  wcdands,  mm+{ of the flooding

causcct here by icc jam fnrnlation is that of forcslut alcas.
IiRS- 1 transects across Alaska provicie  examples of

Iargcr  scale cnvironmcm[al  monitoring with SAR (Rignrrt
and Way 1994). Such lratlscc[s  stww  Ia[i[uct]na]  diffcr-

cnccs across Alaska in frcczc-  dlaw  cycles, va[ia[ion  among
years, and variation in abruptnc.ss of transitions between
frozen and thawed slates. Spring snowmclt  is identifiable,
as ciislinctions  among landscape components bccomc

blurred and images show rcduccd  contrasl.  Iikcwisc, wet
snowfalls in early winlcr I-

Cd LICC in)agc  con[ras(.

Forest classification

1 and cover of d]c world’s horcal  fore.s(s is composed of
complex vcgctatirm  mosaics suhjcct  to periodic dis[ur-
trancc by wilclfirc,  insccl  infcstalion, and rivcrinc proc-
csscs.  l.ong-lcrm monilming of Ianclscapc c h a n g e  re-
quires  rcmolc sensing of [his mosaic of vcgcla[inn  types
and successional stages,

I)ismiminan[ analysis (lJig. 3) dcnmnstl-atcs [hc scpa-

rahili[y of’ successional stages in floodplain forcsli in
in[erior Alaska using  C-band fllll-[]olarill]c[ric AIRSAR

data Comparisons of single-channel class iflcati(ms  are
pOSSlh]C  Wjlh  SLlbSC(S O f  (I)C  AI]{SAK (hh;  ~;-bald,  ] ]v-

polarizalion consis[cnt]y  prt)vidcs  tlw tws[ classlf[cations
(“1’ahlc 1). llfiscd [m lhcsc class  illca[i(,ns,  n o n e  o f  t h e

sillglc-chanricl satellite-borne SAW was cxpcc[cct to clas-
sily forest [ypc.< as acruralcly as sensors with cross.
polariza[iorl.  This ptcdiction was tcs[cd for Ii[<S-  1 d;ita,

l~i,,m AIRSAR data, classifications based on C-hand, VV-
polari~.a[ioti  avclaSc 36% error; classifications based on

10< S- 1 data showed ct)rnparab]c  accuracy: 46%  on 25
Al)ril 1992 and 39(1 on 30 May 1992. Combining data
from these two  dates did not improve classification accw
racy signifwanlly.

A striking in]proi’cincnt in classification accuracy was
ob[aincd  hy conlbliling AIRSAR C-band VV and 1111
polarization da[a w][tl 1.-hand }111 polarization cla[a. Ikr
thi~ reason fm CS[ classifications based on images from
Iil<S-  1, JIXIS-  1, and RAI)ARSA”I’  were cxpcctcd  to bc
82’4 accurate, well within accuracy Icvcls  obtained with

optical  sensors (Williams and others 1993).
Similar clawiflcation accuracies have also been ob-

laillcd on a pixel to pixel basis with a maximum a po.rlet-
ioti Baycsian  claw]flcl (I<ignot  and others 1994 b). With
[hi< classifier a conlbination of C-band HV and I-band
}11’ yields ttlc higtlcs(  ovetall classification accuracy, with

Tat Je 1. Error rates for single-channel classifications of
ve$)etation types of ttle  Tanana  River floodplain. Discrimi-
narlt analysis is appllcd  to AI RSAR data both forclassifica-
tiorl and for accuracy assessment. Error rates are ex- ‘
pressed as percentages of total numbers of stands.

Barld/polarizatiorl May 4 May 6 May 7 Mean

C/t IV (conststcmtly best) 1 8  1 1 13 14
C/VV (as in E“F{S-l ) 26 50 33 36
C/tlH (as in RADARSAl ) 29 28 28 28
Utiti (as in JEF{S-1) 38 25 38 34
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Fig. 4. DECOF{ANA of tree and shrub vegetation for 120 Tanana River floodplain stands. Stands are
represented by identification nOmberS. On each figure,  distances between stands represent vegetational
dissimilarity. Overlays for the top graph are Populus  ba/sa(~~ifera, overlays for the bottom graph are Picea
g/auca.  For each overlay, circle sizes represent percent cover in each stancl for the chosen species.

10% error rates in Ihc lest s(hnds (’1’able 2). tion  of biomass levels cxcccdlng  200 tonne ha” ‘; biomass
In addi[ion, AIRSAR-based clawif’lcations  showed dislr ltw[ions aT-C higl]ly col [elated wi[h lhc  dis[l ibutiorr  of

po(cntial  as a nlcans  of idcatifying ou[ljcror unusual forest successional stages on Itlc landscape (Vicrcck and others
stands, In l:igurc 4, dcwcndcd  co]-rcspondcncc  analysis 1993.1). AIRSAR inlag,rry  has been used to cslinlatc  and

(Hill 1979) of tre.c and shrub vcgctatirm  for 120 s[ands prcdlct  biomass in [w,) ways, I>ircclcstimalion of biomass

demonstrated that onc stand (847), class ificct by discrinli - by illtclsion of regression curves relating backiwattcr  to

nanl analysis on different dates as either a balsam poplar or biolllass  for dlffclcn[ avallablc  channels has proven cspc-

a whi~c spruce stand, was in fwt an intcrlncdiatc stand witl~clan> usciul  a~ l o w  tlloll{ass lCVCIS  (I:ig. S; Rignot and

significant cover  of bodl  wllitc spruce and bals{im popli{r. othcls  I 994c).  lndi[c~l cstilllation of biomass is underway

Biomass estimation and prediction
usin{ a model (I:iy. ()) designed 10 into]-poralc cxis[ing
long [crm da[a and cuolog]cal  insight for the floodplain.

M(mitoring of biomass in boreal forcs[s  requires cstima- ‘1’his model con~biocs cl:iwiflcation of land cover with

Table  2, Confusion matrix resulting from vegetation classification with a maximum existing successional modcts,

a posferiori Bayesian classifier (Rignot  and others 1994 b). F’erccntages  on tlw long-term photographic and field

diagonal represent stands correctly classified into each vegetation) type. Column rcc(wds, and known stand v:iria-
Iabelled  ‘From’ designates identifications from ground-truth data. Overall error rate ti~)ns in biomass and productivity.
is 10YO. (’luingcs  in the vcgc[ation  mosaic

Frorn\to: cc AL BP Ws [ ;s Water.
and in Iandscapc-sealc  biomass

Clearcut 78 0 0 0 2 0 c’;II) bL’ Pr”ojcc(d  1010 dlC ~a$[ or

Alder o 68 3 1 1 0 (IIC [u[ure  (I:rg.  7; Williams and

Balsam poplar o 31 89 6 0 0 ()[IIL. IS 1994).
White spruce o 1 7 91 4 0
Black spruce 2? o 0 2 :)3 (1 h’orcst  structure and fnnction

Water o 0 0 0 0 100 .Al[lIINIglI land~cape inlcrlwta[ion,
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Fig. 5. Predicted biomass levels of forest stands  fronl  the Bonarlza  Creek ~xpcrirnental
Forest. Predictions were obtained from the following regressions relatlng  logarithms
of stand biomass to backscatler  in decibels, where shv is backscatter  of HV pcdariza-
tion, shh is backscatter  of HH polarization, and svv is backscatter  of VV polarization:
L-band HV: In biomass = 9.204 + 0.200 shv -0.011 shv 2

P-band HV: In biomass = -3.372-1.408 shv -0,057 shv 2

L band: In biomass= 9.839-0.601 shv – 0.037 shv 2-0.914 shh -- (),070. shh 2

+ 2.396 SW + 0.150 SVV 2

P band: In biomass= 6.598-0.129 shv -0.007 shv 2 + 0,370 shh + 0.011 shh 2

– 0.880 Svv -0.050 Sw 2

forest c l a s s i f i c a t i o n ,  and
bi(mlass csllmalion nlay bc cl-
fcc[ivc  wfilhou[  understanding
ttlccxacl  rclil[lt~t~sl]iIls t)ctv,ccl~ ,
Imcksca[tcr  and S[ruclure  or
func[itm  (Jfbiologlcal sys[ctns,
s u c h  uncfcrs[andlng w i l l

ult imately bccomc  impor[anl
for in[crprclalion or predictions
at Iargcr  spalial  and lcmporal
scales and under less contro]-
Icd condit ions. At Bonfinz.a
Creek, [hcsc rcla[ionships  arc
being inves[igavxt  wi[h back-
scattcr  modclling a n d  yi[h
physio]oglcal monitoring of

dominant (rcc spccics. Back-
scat~cr modclling w i t h  [hc

MIMICS model provides in-
formation about  Ihc kinds of
structural and lernporally
changing hirrphysical  proper-
ties that can trc ctc[cctcct  with
spacctxmc  and airborne SAR
(McDonald 1991 ). Physiologi-
cal moniloriag of [hrcc donli-
nant tree species (Picra~lafm/,
I’iced mariat~a, I) OIJUIUS
ba/mnlr’fcra)  has cs[ablistlccl
Iinkagcs  hctwccn  water lcla-
tions  of [ret canopies. dielec-
tric properties of vcgctalion.
and radal backscatlcr  (Z.imnlcr-
mann and olhcrs  1 994). ‘t’hc
derived relationships between

dielectric constant, xylcm  flux
density, and water potential
have potential utility for nloni-

torirrg  of forest health.

Summary and conclusions

‘l’his research has dcmonstra[cd  applications for the usc oi

Fig. 6. Model for mapping of biomass and productivity in boreal forests of intericw Alaska (Williams and others 1994),

Successional model Ciassiflcation Biomass and productivity
of land cover measurements

Developed by Viereck  and Maximum a posterior Bayesian large numbers of stands and stand
others 196&present. classifiers and discrirmnant types for which these have and wit!

—.

1
analysis on AIRSAR  data be measured provide mean values

Provides transition probabilities classify land cover by forest for successional stages and esti-
as simple stochastic functions

-1
type and successional stage mates of within-stage variation.

Jor as functions of stand age.

1

f or these stands, ages, species
L o n g - t e r m  s i t e s  p r o v i d e )

●

composition, and cover are also
verification of transition known.
probabilities. Model projecting changes in

vegetation mosaic through time
Long-term aerial photographic

J
{

records allow testing for
projections of model back Landscape scale biorrlass  (and
through time. ultimately productivity) projections
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Y E A R  1

*
Fig. 7. Present and
projected 100-year
biomass distribu-
tion for the Tanana
River floodplain,
Bonanza Creek
LTER site. This
v e r s i o n  o f  t h e
model described in
Figure 6 lacks al-
gorithms for recruit-
ment of early suc-
cessional stages;
photographic re-
cords will be used
for this purpose,
The land classifi-
cation (Rignot and
others 1994b) is
f rom May 1991
AIRSAR  imagery
obta ined dur ing
spring breakup; it
shows an unusu-
ally high proportion
of landscape as
open water. After
flooding subsides,
most of the areas
not in immediate
proximity to the
river are low bio-

Y E A R  1 0 0 mass bog or black
X:52 ions lhis spruce forest. Bio-
S:.34 mass categories

O P E N  W A T E R

m
x:118 tonslha represent means

r S::47 and standard de-

B O G / N O N - F O R E S T m viations  of existing
X,:171 tooslha biomass measure-

[  ‘- - -7

x=o.7  tonslha  _ _ _ _ _ _ _ _ _
S::35 ments for the dif-

1 ..1
ferent  succession-

_ _ _  S= . 0 7 x,:28 torrslha al stages.
S::22

SAR  imagery in monitoring, classifying, and cf]arac[cl-
i/.ing  boreal forests of interim Alaska. Usc of SAR
imagery has obvious advantages in such regions, whcle
thmc arc Iong dark pcriocfsor  frcqoclll cloud  cover,  and
where Iult[crns  of frccz,ing  and llmwinp,  of water Ilavc such
dramatic ecological conscqucnccs,  }Ioth  AI RSAR  and.
liRS-1  illmgcs d i s p l a y  gco]llorl~t](~logic:~l fcalurcs a n d

B
% annual p h o n o l o g i c a l  c y c l e s ;  f l o o d i n g  of forcs[cd  and non-

lt)l-cslccl illc:is lll:iy:llscJ  t>cclislirlgllisllc(l,  till(l  pallcrnsol
snowinclt nlay  rcilccl topography and vegc[:i[ion  p:illcr[l.
Ap[~li~’iition  (II IIIC MI MI(’S c:tl](jpy-scti[[c[ir~g  II1(KICI  [(J
f’o[csts al I{onan/aC’reck aids in intcq>lct;ilicm  ofot]scrJcd

tcmp~)rala  ndspa[ialch:ingcs; pllysiologic:ilr~ ~orlitc)rirlgis”
in place for the establishment of relationships bctwccn
radar t)ackscaltcr al)dcarlo[)yp flysiology,

Classification of’at least five ofthc successional slagcs
of flo,dp]ain {orcs[i is cffc.c[ivc  from ~lI{SAR illlagcry
with I)oll)(lisct illlirl:tlll analysis and Baycsian  class illc[-s;
accur<~cy ratcslatlgc bc~v,~ccn 80 and 90c/c, ‘1’hc avail  at~il -
ity 01 crc)sspolaliz,:{lioll”  is importarlt  to tlwsc  clawifl rib
tions;  C-band llV and 1,- and C-band lI\j-[)t)l;lli/it[lo[l
WC[-C Ihc most useful u[)nlbina[ions  of sensors. As prc -
diclcd fronl sLlt)sc(s ol’AIl{SAl< hands and p~~lari/;i[it~[l<,
CI-t~:iflcl  VV-[][}l:ir i/,;l[i(J[l ~tiit:\ fl()ll~Ill<S-l wasnolsut T-
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cicnlly pow’clful f o r  vcgctalion  Class illca[ions,  but Ibe
fu(ure combination of data from IiRS- 1, JIXS-  1, and
RAIJARSA’I’  may bc.

‘I’llcsllcccssic) r]:tl s(a~csdislitlgllistlccl b y  c l a s s i f i c a t i o n

rcprcscnt  lhc  full range of bimnass  and productivity i n
floodplain ccosystcms, l.anclscapc-scale mafq,ing  of
biomass is uncicrway, both ctircctly by usc of invc.rsion
cquatiorrs  and indirectly by using the strong correlations
between successional stage and biomass. I’hc relative
precision and accuracy of these contrasting approaches arc
currently under investigation. Usc of successional stage

classifications to map biomass is making possible projcc-
(ion oflandscapc-scal cbiomasspa[tcrns into thcpas(  ortbc
flltul”c.

Wbitc continuing work has demonstrated the useful-
ness of SAR fo]- a wide variety of ccolop,ieal USCS,  SAR

con[inucs  to bc under-utilizccf in practical applications of
these uses. An important next s[cp is the dcvclopmcnt  of
funciing mechanisms and data  acquisition protocols n)ak-
ing possible incrcascd  usc of SAR imagery for cco]ogical
monitoring and for land management pur-poses.
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