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Abstract

Effects of spatinl, specimd, and radiomstric resolution on re-
mote mopping of fourth-order in-stream habitets were eval-
uated by compuring hyperspecteal imogery to simulatad
madtispectral dala. Spectral esolulion was mrore impartant
than spatinl or rediomelele resolulion in improving classi-
ficntion securacies, although overall accuracies never ox-
cepded 62 ent. Overell accuracies ware significantly
greater for [1] hyperspecteal data [7.2 percent] compared fo
simrulated multispectral imagery, (2] 1-m pixels [4.7 pereent]
cenmpared to 2.5-m pivels, and (3) 11-bit dete (0.8 percent|
cenmperred [o 8-bit dote. Higher spatiol resolution olso enobled
removal of transitional areas betwesn units by using interior
buffers, improving accuracy by up to 158 percent. We believe
low nl.-rm!ﬂ:tr.'umdm were primarnily doe to the subjective
and oversimplified nature of the polygon-based field maps
wsed ag ground referonce dota, and high-resolution imogere
might provide ¢ more detailed represantotion of in-stream
habitats, Improved methods of collecting ground reference
date, ulilizing a point-besed approsch, showld be developed
forr assessing the accuracy of i:?ussifr'mi-inn: derived from fine
spatial reaolution {less than 5-ml imogeny,

Introduction

Streams and riparian zones form the heart of lerrestrial ecosys-
tems, often supporting up to half their biodiversity (Karr and
Schiosser, 1978], but these narrow scological lifelines are also
wulnerable to natural and anthropogenic disturbances, Vaclous
land-use practices can provoke dramatic changes In stream
morphology and hydraulic regime, advarsely affecting blotic
communities dependent upon these fctors [(Knapp f al.,

1 ). Classification and magpping afl atreama ts thus cruclal for
characterizing stream habitats, assessing suitabllity for differ-
ani organisms and varying uses, and monitorlng the impacts of
disturbance on fluvial systems.

Conventional feld-based magping of stream microhahitats
such as riflles and |.|u|:||E [Bizenn of al., 1AR2: Ladd o @, 1998)
can be time-consuming and expansive, aspecielly when con-
ducted arross enlise watersheds or on 8 reapaated basis bo moni-
tor temporal variation, In addition, traditional faeld-besod map-
ping is plagued by subjectivity, with a glven siream feature
clossified dillerently by differant surveyors (Marcos. 2E02). A
compelling nesd therefore axists to develop a mors effective
technigue lor characterizing in-stream habitats, One possible
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tool is the application of high spatinl resolution remote sensing
technology to stream :hlssi%ir.al:iun- This approach potentlally
provides an ohjective, quantitative lechoigue driven by the
stream's inhermnt spectml vaciability.

Arrinl phnrnﬂmphy e beren wged slnes the 1940s 10 doca-
ment channel changes, but the application of flm-ased madis
o Mluwwind studies ot walershed scales hos been limited by its
speciml :'u.l'i;ljlu and ils restricted spatial and tamporal covarags
{Wright et ol., 2000}, Satellite hnagery has overcome many of
these problems, alihough most applications have baen in
lamges river systema due to coarse spatial resclution. Nonethe-
lass, remiobe sensling might be the sole approach capable of gen-
erating Frequent, synoptic, guantitative data for rivars (Muller
el nl,, 1993: Engman, 1995).

Spvera] recent gludies have utilized high spatial resolution
digital imagery 1o guantify and map stream morphology. Five
general bottom tvpes were idantified with 85 percent accuracy
and waler depihs wers messured with 5 percent accuracy on
the Saind Mary's Blvar, Michigan, using a 12-band scanner with
10-m resolutlon [Lyon ef al., 1992), In-stream habitats and waler
depths Lo the Grean River, Utah, were mapped wsing 0,25+ to 3.0
i resolution multizpectral video imagery [Hardy of al, 194064],
and 1-m pasolutlen scannad panchromatic aerial photos were
used to map ralative woler depths and morphologic fratures
such as riffles and pools on Faith Croek in Alaska [Gilvear el al,,
1065). Using simulated nine-band imagery, water depths werne
eatimated with a coefficiant of determination {7*] of 067 [Win-
terbottom and Gilvear, 1997). These previous studios examined
rivars larger than the fourth-order mountain stream analyzed in
this raport.

Whille the above studies indicate the potential for remote
semsing of stream habitats, the use of sickorne multispectral im-
BEETY hias hesn limdted by trdssfs betwoeen .'IF’L"l'.ilI'HJ regolution
and numbar of spectral hands versus spatinl resolution amd
measursmand PI‘FH.'.iEi.ﬂII (Frice, 1657]. Two recent shudias hiEh-
light the difficulty of selecting the ideal sensor and spatial scale
for fluvial applications. Using 1-mo, four-band imagary resulted
in clessifcation acomcies rAMGLNE from 11 to 53 percant fior
third- and fourth-order in-stream habitats. Thess poor resulis
wore mainly attributed to coregistration erross betwean ground-
hased ficld maps and remole sensing imagery, 25 well as inadsa-
quate specinal separation of habitat types (Wright ef al., 2000),
I &t fifth-order strewm, hyperspectral Imagery was used to clas-
sify four in-strenm habitsts with overall accuracies of 66 percent
angd 85 percent for 5-m and 1-m resolutlon Lmagery, respectively
(Marcus, 2002). Rarely, bowever, Ls imagery with both I-m reso-
hation and hyperspectral band coverage readily available,
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Flgure 1.

16840

Map of the study area. The Image of the Foatbridge Reach of Sods
Butte Creek is from the PAOBEL 1-m resolution data ecquired on O3 Sugust

The expanding availability of high resolution Imagery
(frem both alrborms and satellite-based sensors) and increasing
affordability of hyperspeciral imagery raises fundamental
quastions of what ara the optimal spatial and spectral resalw-
tions that are both fersible and occwrale for remote mapping of
in-stream habitats? Wa evaluated hyperspectral and simulated
multispactral imagery to address tha following specific ohjec-
tives: (1] determine how affectively in-stranm habitats could ba
mnmlni:.' mappedd; 2] P_.'-:p]nrrl aliermative semsnr :-;]:-m'.il'lr.:lt'irln.:
h:u.' |'}:.1|:|'|_i|:.i,ng thi pHects of s]:-ln'.lnll. HEIAH:H and radiomelric
rasolution on classification acouracy: and [3) rI-':'.'|:|r|E:- punidis-
lines for huture :||'||'|Iir::|!"i|1r|.L of remiote senising of stream
Environments.

Methods
Study Arsa

Imagery was :|r:!;|:|'.n|!|| and field data collecied along a 2-km
long, fourth=nrder segment of Soda Butte Creek in the northaast
corner of Yollowstone Nationael Parck |Figuea 11 Soda Bulls
Crek, 11."|'.-i!:.'|I|l.' 25 to 30 m wida, BRI IS5 A diverse arrny
of Huwial features and in-stream |'.i||:|i':il.l"-l:|"i_i|'.lrl"£| The strenm
consists of hoth single channel and braided sections dis-
playing w mix of turbulence levels ranging from shallow,
smooth Dow through glides o patches of white walsr in high
gracient riffles, The subistrate ranges fram predoninantly sand
in areas of reduced current velocity, such as eddy dop zones,
b coarser cobhble bads o higher energy fiffle eanviroonmeants,
Streamside vegetation consists of riparlan meadow specles de-
vold of trees or bushes that might obscwre the sansar's view of
the channel or cast shadows upon the stream. Depths n the
study reach range [rom zem near shorelines to 1.2 m I cartaln
':h'Jl.'I]h.

Figure 2. A postion of the Fooltbeaige Reach of Soda Butle
Cresk, Yellowsione Nationad Park. hote Thal wnits mapped
by Tl srvaynrs are nol homagenaous. Glides, Tor example,
often exhibit sreas of rifMe-ske surfsce 1exiure, while sddy
drop zones may heve depths and surface roughness similer
1o glides.

Dats Collection

The PROBE-1 senane acguiced digital image data for the study
apan om 03 Augast 1900, Water conditions were clear, and the
flald crew could aazily ges the streambead. Dischargs at the USCS

FHOTOGRAMMETAIC EMGINEERMG & REROTE SENSNG



gage on Soda Bulle Creek was 3.9 m™s (139 cfs) on (he image
u.r.quilil:inn clate

FROBE-1 i & cross-track scanner featuring 128 contigeous
by thal cover the visible to shoftwave-infrared portiens of
the spectrim from 0438 10 2,507 pm with a spectral bandwidth
af 16 1o 20 nm; deta are recorded with 11-ki radlomeatric reso-
lution. For this study, the sensor was slde-mounted on an A-
Star Aerospatiale heliceptes lylng 600 m above the ground sue-
face to provide an approximate spatial resolution of 1 m.

The hyperspectral data ware downlosaded immediately fol -
lowing the overflight, and true color composites wera printed,
Within ten dave of image acquisltion, In-stream habitats ware
meapped disectly 1o these hard coples of the Imagery to ensure
preciss co-reglstration of the field maps and imege data, Sur-
vayars idontified and delinaated seven in-stream habitat bypes,
following a slightly modified (Ladd ef af.. 19%64] version of the
Blsson ef af, [1982] classification scheme widely used by fod-
eral and state resource management agencies (Table 1), Wa sub-
sequantly marged the original field data into 8 revisad four-
unit classification {Table 1) that more clml}' matched the way
meost field porsonnol map thess habitats in pml:rlt:t.' while
maintaining clear distinctions amnnF different hydrologic en-
vironments and incroasing the sample siee (i the number of
pixels] for the eddy drop zoone and standing water units. Thesa
twrs hahiatat 1WH‘H wiere also n'l.rrs,l.-d for ull.al'_l.'ui:u of the simi-
[nted 2. 5-m multispectral imagery and the 2-m b fensd |:|'|].'-

0% in order o increase sample size, resulting in six Gl
ﬁ:la.n EVET r|1.-|,:rr|:|-}||:||.|:|]:|_:i|.'. units for classification of those imayes.

Image anidl Classificafion

The finld maps anabled us to sccemtely digitizs morgphologic
units on-scresn wsiog the inagery as o backdrop without the
need for georectilication. The lmage was nol atmosphersically
corrected becanss most standard algosithioes [a.9., ATREM] actu-
ally exacerbate error over water surfaces [Hoardman, personal
communication, 2001). To assess the efocts of transitional as-
ead between adjacent in-stream habltats on classificatlon acca-
racy, 1- and 2-m Intarior buffers wers applied to the morpho-
logic unit pelygons to eliminate uncertain boundary areas.

We manipulated the original hyperspectral data to create a
serles of new, resam pled Images that enablad us to compara di-
rectly different levels of apectral, spatial, and radiometric reso-
hution. Although many high quality high-resolution multi-
apoctral instruments are currently availabla, we had to select
one as o benchmark for comparison in this study, We chose an
altboma, multispactral, eight-band sansor (ATLAS; Rickman
and Luvall, 2001] with coarser spatial {2,5-m) and radiometric
(8-hit) resolutions,

Tanik 1,

The ariginal imegery wos conrsened to 2.5-m pixels and
botl the original 1-m and resampled 2.5-m imagery were con-
vartad from 11-hit to 8-bit data by linear rescaling. We ad-
dressed the issue of spectral resolution by applying a filter
function based upon the spectral seasitivity curves for the
ATLAS multlspectral sensor (Rickman and Luvall, wnpuoblishad
data) to these four Images to closely spprosimate the mulifspec-
tral visible through shortwave Infrared band coverage. This pro-
cedure resultad in s total of elght PROBE-1-darlved data sets E:nr
all possible combldnations of apectral [PROGE-1 hyperspectral ag
slmulated ATLAS multlspectral), spatial [1-m or 2.5-m phxels],
and radiometric {11- or 8-hit data) resolution. Although thesa
procedures did not peeduce imegery identical to data collected
at thase reduced resclutions. they enabled analyses that con-
trofled for one variable at & time without confounding factors
such as varying sensor signal-to-noise.

For each imaga, areas outside the active stream channel
were maskad out and a principal- mmpnnanls—hmsfnnnm Lm-
aga was generated, For all of t ectral images. the first
15 principal components wire rvtll:rLI:rmcIl:I capturing at least 95

eroent I:l?nhn variahility within the 128 speciral bands. Classi-

ications of the simulated multispectml imagery were con-
ducted using thix nrigi.nu.l Eigh'l hands rathers than pli.l'll:irll];l-
compaasenis-trnsiormed datn because higher overall classifi-
culiogn arcuracies wese oblainsd uiging the non-tramslormed
daia,

Supervised classification of bath the PC-transformed and
W i [ellowed stannderd masimum-likelihoond [rasE
dires {Richards, 1884 ). Training site pixels were rnndomly se-
lected com within field mip p rﬁ}'“ﬂll! of each in-stream hahi-
tat tvper. The validation dataset consisted of all pixels within
thaese polygons that were nol chosen as training sites. Although
e training pixels and ground referance data were both derived
from the same feld map polygens, none of the training sites
were included in the validation data set used for accuracy as-
sagsment, Error matrices and Eappa statisties (Congalton and
Graen, 19099) were compated on & plual-wise basis and wsed Lo
avaluate classification accuraries,

Results

Orrarall accuractes and Kappa statistics generatad with 1- and
2.5-m saven-unlt classifications were approximately the sams
[Table 2]. In the case of the four-unit classification, however, the
1-m data outperformead the 2.5-m data by 4.7 percent, Indlcat-
ing that finer spatial resolution can improve results, All com-
parisnns of Kappa statistics wara statistically signifcantly dif-
farent | p-valwes lass than 0.05), primarily as a result of largs
samiple sizes.

MNAMES AKD [JESCRIPTIONS OF THE [5-5TATAW HARITAT CLARSMCATEN Sr5TTM '-.I-'l'l-lﬂﬁlh Tues Stuor, Maopeen rRow Bissoy o7 a4 (1882 sso

ARG gr AL, [1954)

Snpwen-Linit Classification

In-Stragm Hahitat Type Morphologlc Dascription

Hiph gradient riffles [HGR]
Loww gradiomt riflas [LGE]
Huns
Galides
Prala

amd high Aow velocitiee
Eddy drop mones [EDE)

chamactariesd by fastsAowing white wabtar over steap, mlativaly shallow areas

hava gentler slapes, lsss surface tudnlencs, and no while waler

oconsisl of malatlvaly deop witar in & strong;, Tooused carment

simsllar ta runs bt featuring shallowar, slowoe Aow with less turbulance

the deepest in-stream hahélad, displaying low surface turbulonce, but ofen having coarse substratas

where fion graioed sodiments are deposiled in areas of reciroulating curmeni

Atancing waler onccurs in abandoned channels sspartod from the primary route of flow
Faur-Ainit ClassiGeation

Rifflns u single codegory oonsisting of hoth high gredient nond low gradient riffies

Glides includes both runs and gli

Pools identicol fo the original seven-unit classification scheme

Eddy drap mons'standing waber

& combination of the twa orginal unils
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Tagif 2, Accursly RESLLTS Conwamng Emvrcs o Seafill, SPECTHAL, akD
Ranceaetric AEsoumon. Al Compamsoss or Hapea STATISTICS WERE
STATIRTCALLY Sichancanmy Drrement | preduis < 0,06},
Posaspry x5 & Aesmer or Lowe BagiLlE SEES

Spatial Kesolution

Seven Hahital
Types Fuair Halsdlad Ty pas
{Hy parspeactral, 1 L-hit} 1m 15 m 1m 25 m
[rerall Accumcy [%%) 11.5% 42.0 ([l 573
Bappa Value 0.23 Lz 0,29 1LZA
Bamipla Size [pianis] 206,470 3,852 20,775 3,852
Radinmetric Hesolution
Seven Hahital
Ty e Fusiir Habital Types
(Hyparspectral, 1-m) 11 kit i bit 11 hat & hig
Crrarall Accumcy (%) 41.9 A5H RI.0 L1h
Kappa Value 0.3 a0 .21 2R
Sample Size [pisels] 26,471 2h.470 26,775 26,775
Spectral Hesolution
meven Hahital
Ty peeea Four Hahitat Types
Hypar- Sl Hyper: Bl Iei-
[1-m, 11-bii duis] gpectral  speciral  spectral  specimal
Orverall Avcurascy (%) 414 4.7 620 G0
Kappa Vilis .23 016 .2 0.2
Sample Size (pizels) i 470 2R 470 6,770 20,774

SREES =

Tha greatest advaniage provided by increased spatlal raso-
lution resulted from the buflering capability permitted by the
smaller pixel size. The 1-m image had 6.25 timas mwore pixels
than the 2.5-m image within the active stream channel, which
allowed ns to spatially buller tle 1-m scale habltat units in or-
dir to remove the suter pixals of each polygon. The buffering
I_mpm'l.'ad overall classitication accuracies [Table 3) bacause it
remaoved many mixed pixels, dateted some transitional areas
with mixed speciral characteristics [Figure 2), and focusad on
the contral core of units ather than the boundary lines, which
might have been mapped incomectly in the field, The 2.5-m im-
agory, om the other hand. could not ba spatially buffored bha-
cause the bulfers complately deleted many of the units,

Higher radiometrle resolution slightly improved averall
aceuracy [Table 2). Accuracies increased by 0.8 percent for the
four-unit and 2,1 parcent for the sevan-unit classifications,

TaEiE 3. CLASSACATION ACCURACIES. SHWING THE IMPROVEMENT PRoDUCED
e SeatiL BurFesiiG oF Hapmat Urets Usms e 1om PROBE-1
HrPERSPECTHAL IMAOERY. THE CLASSIFCATIONS LisnG Tar 24m Burres Wene
Foir 52 UraTs [EpDy Deos Zones a8 STancing Wars Wome MERseD
niTa & SMGLE CLARS) RATHER THam THE OmGina Smwh. The 2.5m imaoem
Couin Mot Be BusTrReD Benass m LEp To Copprere Aemoval oF

Marry Lyms
Palypnn Huffer Sioe
1Ll eyhwyi e 1-m buffer 2-m hufler

Orverall Accumcy (%)

] unais 41.8 fi{n e ] LA

4 unils ] BoLl Ta.%
Kappss Valus

Ti6] wnits 0.23 0.0 .38

4 uniie 0.29 0.0 031
Samplo Sl (plaels)

TG} unies IBA4T0 10 A 9,507

4 unlis 26,7 7TE 172002 i, ihii

Spectrally resampling the PROBE-1 data with a flter func-
tion designed to closaly mimic a multispectral sensors bands
allowed a direct comparison of hyperspectral and multispec-
tral data by izelatin 1?: effect of spretml reselution on classifi-
cation accuracy, independent of instrument charscleristics
[2.g.. signal-io-noise ratio, radiometric resolution, ebc.). The
hyperspectral resolution and nearly continuoos speciral cover-
age improved overall necuracioes selalive to the similated mslri-
specimal data by 7.2 percent and 3.4 percent for seven-unit and
four-unit classifications, respectively [Talle 2).

Discusslon

Senser and Aesalution Sebechion far $tream Mapping

Ohar analysis fecused on isolating the effects of spatlal, radio-
muattric, wnd speciral peolution. Enhanced spectral rasolution
improved remole mapping of ln-stream habitats o a8 greater ex-
tont than did increased spatial or rediometric resolution | Table
2. The eften suldle variatlons among soms uits requirad mora
detailed speciral Information in order to effectively capture
differences among similar habitat types, The improvement pro-
vided by hyperspectral imagery was greatest [7,2 percent) for
the seven-unll clessification, where datecting relatively minor
distinctions botwesn similar units {e.g.. glides and runs, or
high gradient and low gradient riffles] was crocial fo scoorate
Identification of in-stream habitats {Table 23, In contrast, the
hyperspectral imagory iz only 3.4 percent more sccurate than
multispaciral imagery whon the in-stream habitats are broken
Into only four, more spectrally separable classes,

However, instrument electromachanical characieristics,
Including signal-to-noise ratio apd gain settings, will also in-
fluence classification acouracies. In resampling PROBE-1 dada to
simulate a multispectral sensor, we wa unﬂbfu Lo Lake theds
effects into account, and the analysis of simulated imagery pre-
pented here was not necessarily squivalant o collecting data st
i coarsar spatinl, spectral, and/or radiemetric resolution. There
Are L[kﬂ]}' o b suhstantial differances i ACCUrAcy betiwsai
classifications derived Bom actual and stmolated multispaec-
tral daia.

An actual ATLAS 2.5-m resolulion image colleclad over the
stady ares on 25 August 1999, 22 days after the PROBE-1 Imag-
ery was collected, provides s possible Ulustration of the impos-
tance of thess instniment characteristics, Although no sub-
stantinl changes in in-siream habliats were noted in the field
.-Iu:in; this pariod of baseflew, the discharge had dropped 1o
2.4 mYs (T4 ofs) and the reductlon in depth might have affactad
lue weater's specteal characterlstics, Additional factors ranging
from differences in sun angle to varlations in turbidity and algal
growth also precluded definltive conclusions about instru-
imenl pesformance basad on direct comparisons of classifica-
tions darived from the simulated and actual ATLAS data sets,
However, the difference in classification acouracies between
sctual and simulated ATLAS imagery was sufficiontly lorge
[Table 4) to suggest that sensor characteristics might play as
large & role In determining how effectively in-stroam habifats
can be remotely mappod as do speciral, spatial, or radiometric
resolution. Regardless of whether one examines the simulated

T4BLE 4. [NFFERERGES (M SENGIR CHARKCTTRISTICS A% [RDICATED &Y
CLERIRCATION ACCURMCER FOR ACTUAL AN Seneann Bat, 2.5m

ATLAS IdagTRY
Sevan Hahitat Types  Four Hahia Types
Simnlaend Simulabed
ATLAS ATLASR ATLAS ATLAS
Cvarall Accurcy (%) AT 221 fid .4 20,5
Kappa Vilus .18 115 .20 LRI

(L] Aupard 1002
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of achunl ATLAS data., sur rosults suggested that modern hyper-
spectral sensors, which often combine highor spectral resolu-

tlon, higher radiometric resolution, and enhanced instrument
precislon relative to multispectral sensors, might provide tha

best too] for strepm mapping.

The physleal dimansions of the river and features of intar-
asl in lamge part datermine the level of spatial resolution
needed for & given uppliullun. and b owr sludy a higher eatio
ol siremm widlh Lo [.u':r:ul. g [~ 2521 fior 1-m dats ve =~ 10:1 for
fhe 2.5-m datal provided the moest accurate clossification of in-
stroam habilats. For larger rivers featuring mose sizable in.
stroam hiafbitat units, imagary of a coorser spatial resolotion,
with reduced cost and data volume, would still maintain the
sama ratio of stream width o pixel size and therefore might pro-
vida similar eccuracies, Alternatively, wsing high-resolution
dati in larger rivers might allow stream surveys io achiove the
accuracies typleally expected of rpamote sensing classifications
(Marcus, 22). In addition, an inherent advantage of smallar
plxel slzes |5 the ability o study nacrower, low-order streams
and peduce the number of mixed pixels, an important conside-
ation tn morphologically complex channels. Imagery of auffi-
cienl resalulion can aldo detect and illusteate spatial hetapoge-
nally within the channel, [dentifying key habitat aresas ona
|'ri'ur||.-|.1_l|-*—'|.1i.:l|:|:1] basis to provide o more thorough inventory of
stream mondition.

[n this study, even though the finve scale 1-m msolution did
not dramatically enhance classification accuracies, it enabled
spatial buffering that did significantly improve accuracies
[Tahle 3], However, the difficalties in mounting instroments
on a helicopter are substantial, and hyperspacizal data at this
feval of spatial resolution might not currently be worth the effort
(and 625 timas increase In dats volwme) for stream mappiog,
The significantly bettar results from buffarad images suggest
that aequilring tmagery of sufficlently high resolution to pro-
vide a rntio of ploel size 1o stream width on the order of 25:1
will be appropriate for studies In small streanss If futeee -
J:rm'emunls in technology make 11 mere faasible. At presant,

arger, {iftki- aned sixth-order civers mI.H|1.1 b effectively |'.|'I.II!FIE€I
using coarser spalial resolution imagery, which could be ac-

uired loss expensivaly from more stable, higher-altitude pla-
nrms. Barmobe xr.lnuinﬁ of smaller mountain stroams bke Soda
Butte Creek represants a greater challenge, bot our results illus-
tratad tha potential of this approach,

The minor affects of radlomatric resolutlon on stream clas-
sifleation sccurscy were unexpected (Table 2). Wa had sus-
pestted that s sensor capable of measuring smaller vasiations in
mflerted ERETLY would betier :I!i;.'li:nuuinh HIme Fulﬂl;l.' tli Heer-
pnt stream features due to the low reflectance of water, espo-
cially in the infrared bands, The 11-bit imagery did perform .8
percant (four units] ta 2.1 parcent [saven unlts) battor in classi-
fleation acocuracy than the B-blt imagary, but this might not be a
|m'g|f enough improvement Lo justify atuiringan 1 1-hil sensor
bor the sole purposs of increasing radiometric detail, with the
drawback of increased dota volume.

Additional Limiting Factom

The flald maps used totraln and valldate the image classlfica-
tiens, rather than any fundamental shorcomings of the re-
malely gensed data, might well have been the Llargest factar
limiting classification accuracy [Marcuos, 2002). Transformed
divergence statistics (Jenson, 1996] for this study's byperspec-
tral data indicated that all pair-wise comparizsons of in-stream
hetitats wore spectrally distinet, with the sole exception of
slanding water compared to eddy deop 2ones. Thess specieal
diffi=rencas betwaan wnil lypes suggested thal elassification
acturacies should be higher than the 37 percent to 62 percend
wiz ohiained |:|£ir.|E h:.'me'pr:ar.rm] immnr}'. E1-c'in'|'i:r|.[|; fnld-hasmd

PHOTOCAAMMETRIC EMGINEERING & REMOTE SEMING

stream classification methods atempt to divide the contin-
uum of fuvial forms and processas into discrete morphologi-
cal entities ushng arbitrarily defined and subjectively applied
criteria (Goodwin, 1999). The drmatic impovements pro-
duced by buffering the habitat units [Table 3) indicated that
field mapping of transiticnal areas into the wrong habitat typas
ganarated & good portion of the “misclassification.” Super-
vised Imapge classifcatlons sra only as valid as the eaining
site= from which they are developed [Congalton, 1991); the
low overall accurscies in this study might boa consequenae of
the inadequacy of the original field maps.

We balieve remotely sensed hyperspoctral imagery might
map siream morphology more affectively than field craws.
Spectrally driven classifications map pixels on an individuoal
basis, lndependent ol the HIJ:I'I.'\'IJIIILL:“:II.H_ plm]u, i quiﬂna -
Lo lescd i:li:ml-l:ly-pim] ortrynl of stream morphology. Field
teams lumping npalia.lljl ¢ wariable habitat types into large ho-
MHERnenIs areas miss tLis fine scale spatial hetarcgenalty,

By way of axpmples, Plata 1 contrasts the polygon-hased
field map with the pixel-by-plxe]l PROBE-1 Image classification
of habbtat wnlts. L the classilied bmage, a gradation balween
the glide and low-gradient riffle and from the fiffle intoe the
run downstream wis |:|l|:||'|.}' visible and an I'i.r|;||::|.' reasnnablo,
wof absant in the feld map. Even more ramarkable was the im-
ag classification of bankside pixels as standing water, which
was accurale for these very shallow, zero velocity porllons of
the steaam, althouegh our feld team lumped these shoreline
Features into the larger in-stream habitaf type (Figere 2 and
Plate 1], The eddy drop zone locations derived from the image
classification were also mostly in slack water locatlons that
were hydreulically reasonable, but were too 2mall {often only
one pixel in slze) tobe mapped in the field. The question then
arizes as to whether our field maps adequately depicled the
1:um|1-|1-::n; niadure of Auvial :Jrrlq-:rna, and it |l;|-3i|:n”:l,r ol loswes:
that classification accuracy was limitod by our oversimplifisd
reprosentation of stream morpholegy. Close examination of
the antire clazsified image ylelded similar results, fostering
the somewhat disturblng but promising notlon that the we-
maotely sansed dafa might have baen the most acouwnbe mag,
and that our irror matrices wara actually an evaluation of the
acouracy of onr field mapping rather than an evaluation of the
Image classes. Determining classification "accuracy ' be-
comes 8 maper methodological hurdle when the imagery might
be more accurate than the fiald maps.

In light of the unaccagptably low classification accuracies
obtalned In this studv, an alternative solution would be 1o em-
|:|||.1}I i L FEr\'iHnd u.|:||:|n:|:|r.1|. L'IE['I.ni:n.H_ diztingt image
clnsses based upon the stream’s inhorent spectral variability
would eliminate dependence upon a fald-hased habitat clas-
sifleation scheme and thas svold the subjectivity Inteeduced
by supervised image classification. Allowing stroam eacolo-
gists and resource managers to interpred spectrally clustered
image classes In terms of in-stream habltats might provide a
more uselul ool

In addition to the constraims placed on accuracy by Hald
mapping techniques, the clazzification methods employed
wire probably Himbtlng, For both the multispeciral and h:.?m-
spectral imagery, we used o single appronch appropriote for
heth types of imagery, supervised maxi mum-]'llialihmd classi-
fication, Using a single technique snabled us to compare di-
rectly the guallty of the imagery, lncluding varylog resolu-
Liome. Mope nul:lh:iﬂljl::u'lzd clackification methods are
available, however, especially for the hyperspectral imagery,
such as spactral mature fitting, discriminant analysls, or clas-
sification and regression trees. Use of alternats, mare ad-
vanced classification algorithms for the hyperspectral imag:
ary would likaly have resulted in higher accuracies.
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Plate 1. Field map polypons used for ground reference data (left) and morphalogic unil classificstion derved fom the 1.m
hyperaspectial data, The classifliad Image displays the spatial hetarogonedy that ocourred in Irafdilion ronss Babyeen dnita and
abaryd ahonelines,

Conclusion
The results of this stody atbest to e illirll."il:lﬁill of ot SETES|ME
technology as a tool for mopping in-stream habltats, This ap-
proach permils the extensive, frequent coveraga required 1o af-
foctively monitor stream cond|tion and change over entire wa-
tershiods. We havee sddressad the effects of sensor resolution on
remnote mnpping of strsam morphoelogy oo o foarth-order
meniatain dves, bul o findings apply 1o stroams of other bypes
and seiles as well Enhnnced spectral resclution improves fms
g clssifications by capturing subtle distinctions amoog the
reflectnnce propertibes of similor habitat types, indicating that
by peerspoctral eather than multispeotral sensors will provide
more sccurte classifications, [nstrament alectromechanicnl
chiracleristics {o.g., slgnal-to-noise mlio) al=o influemnce re-
sulla. Optimnl spatiil rosolution depends upon the physical di-
miensbong of the river under study, with the mtio of pisel stee o
ihe atze of typical in-stream habitats attacting o laussi Fiondiod ac-
curacy, Ralatively coarsor spatial resolution imagery mighit be
affective for mip Liug ||_i__|,l_'l11||'-r|i'|:||'-r rivers with thH,n. i|1:-|:||-:a-;.;|:-
necale In-strapm habitats, but smaller strenms fealucing spo-
||a|_|_:,' varinhla, metor-srale habital omils 1'|-1'|'||Ir|1 [insir
resaluliomn

Tha charactor of the channel and il= 4-||.r.r|:|un|5|':|.|;.;:1 abe s
Important considermtions, Highar spatial resolotbon might be
mare important for r|1|1|'||1|1r||r||.:|1::|.||_l.- comples beaidad stresms
thiam For realat i'l.'r~|5' =i pl H.II.'IHI.I!"I.:|1II.IJI:II!!E Hlluiﬂ!l.' i rkeandar-
ing rivors, Mounmtain strenms in foeesesi cuiyons cnnnong b mf-
fctivaly axaminad in this manper because remole mapplng of
In-Hrmui.'n habitais i Hmited (o anviroameints devold of over-
hanging vegetation or extensive shodows. [n approprinte set-
tings, hoveever, the shility 1 obiain o detalled pixel-by-pixel
it raval of the n;mli.||| dbstribu g of In-streaim habltats Slp-
grests that remaote mapping mighi become a valuable ool for re-
source managers widking to quantify habitet svadlability and
muonibor svslem respoties bo varlows disturhbanos regimas,

The resulis of this study wars at first discouraging besasse
o tha bnsis of scouency siatistics alone (Tables 2 and 3], the
potential for widespresd mapping of streams with high spatial
resulution digltal imagary appsared mther limited, We belima,

2] Aaguir 2003

hiwiavar, thit th imagery was capablo of providing maps that
wers mire geourete in many places than the ground-based
Fiadd EUFVaYE, The rosidar is |'|rn:|r.=|'|r|1i with this comundram:
Which to belirmes, the srmor matrix statizlics or the visosl im-
prossion givan by the clossification resulis (Plate 1]7

The future’s |1rir|:|.'||r|.I i.'.|'|.'v||||::||;l||- wiill be im revising iradi-
timnal mathods of ground reference dala collaction and classi-
il comeeptions of in-stream habilats in order (o more affec-
tively assnes the accurncy of |||:|au|.ﬂ.—|:|||.~iu|i classtflcations.
Ground roference dita collection campaigns must be plinoed
around what the sensor sees, anad the sensor does not geoup
hishilats into brge, homogeneoes arsns divided by hand line
bapndorie. ladeed, the palygon feld mips we used to abtaln
walidation daota bs this study peaved lsadequate. A supeelor al-
berrumlive paighil b o rendomly salect points at which to com-
paare This inmuege clagsification to o fald-basad designation of the
tn-adream hiadsdtat at that specilic location rather than for soma
larger aren af the channel, This polot-based approach is mor
rapredgantative of reallly, bocanse distinct, channal-spanning
pealygiong fall 1o capture the fine scale spatial baterogenaity of
babltut typas available in any glven stream roach. This also has
Implications for training site salection, which might similacly
proceed by sampling lsolated paints in the channel, catagoriz
ing In the Aeld the in-stream babitat @l theso points, and then
using this Information to drive subseguent image
classificatinng,

Alternatively, an unsuporvised approach might be om
ploved und spectrally dofinad imnge classes interpretod in
tarms of in-strenm habitits. In any cese, we suggost o departem
from traditional [u_li:l.'gms.-llumni idans of in-stream habitot ot
subdivida the rivars continuom of habitat I'n.'rn:!r; into disrreis
antities, and we recommend as an altermative o cellular con-
e |:|||_|||=||z:_|1i-;:-r|. of the Nuvial eovironmient, Folaee stidies des-
signed in accordance with this ontologicl rameswark will ad-
vance tha potential of remets sensing of eivers.

At

Robart Ahl and Jim Bosmussan helped sureey strmam habdtats
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Iogical Resanrch Contor kindly made the digital data available,
as will sz providing logistical support for field activities. foon
Plunkett provided personnel and guidance for the project.
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analysis presented in this paper was supported by the Environ-
mental Protection Agency. The manuscript benafiled from
lhmﬂhlfulcnmmentu}' :|:|_l,rli1.r=lr| NI VITNALS Pé s,

Referances

Higgon. PA. L. Mielsan, B.A. Palmeson, and LE Grove, 1982, A
systam of naming hebftat I}'p-aa in amall gtreams, with axamples
of kahitat uiilization by salimonids during low streamflow, Peo-
covdings of the Svmpesiim, Acquisibon ara Ltilizebon of
Awpuatic Habitat Ievertory fnformtion (M4, Armatrout, ediiork,
28-10 October 1981, Portland, Oregon |Amsarican Fisherias Socl-
aty, Hethesda, Maryland), pp. 62-73,

Congalton, LG, 1991, A roview af sssessing the accumcy of classifca-
tioms af remotely sensed datn, Hemole Saesing of Erviromment,
175848

Congalton, B.G.. and K. Groon, 190%. Asssssing the Accwemocy of A
modaty Sensed Doto: Principles ard Proctices, CRC Pross. Hoca
Raton, Florida, 137 p.

Engnuan, ET., 1905, The use of momete pansing date in waiessbed
rusenrch, fourmnl of Sedl and Woter Consapntion. 50:430—441

Gilvaar, L], T.M. Watoers, and AL Milner, 1995, Image analysis of
warial phalography 1o quantify changoes in channol morphalagy
and instream habital Sollowing placer mining in inlerior Alaska,
Freshwmier Binlogy, 14:388=19H.

Gosilwin, CHL, 1986 Fluvial classification: Meandorthal meceagity or
teisteil bnza morimaley, Wildlend Hpdralagy (D5, Olson and )P Poty-
oady, editors], American Water Besources Association, Mid-
dlebiing, Vimginia, pp, 229-2348

Hardy, T.B.. PC. Amderson, M.U. Meale, and DLE. Sbevens. 19594, Appli-
cations af mullispectral videography for the delineation of riverine
depths and mesoscale hydrawlic features, Effects of Human-In-
duced Change an Kpdrofopic Spslems (R Marston omd V. Has-
fharther, edilors], American Waler Besources Associstion,
Besthipsda. Marvland, pp 445454,

[emsan, K, 1996, Intredactory [Ngitad Tmege Procasaing: A4 Hearole
Sansing Perspactive, Premtice Hall, Uppar Saddie River. MNew Jar-
sy, 118 p

Earr. [LR.. and L] Schlosser, 1970 Water resouross and the lnod-waler
imborface, Sciapce, 201-220-2754.

Knapp, LA, VT, Viodonbarg., and K.B. Malthows, 10%8, Effacts of
stroam channid morpholegy on gelden troul spawning hakigat
and rocrultment, Eoalagion! Applications, 8:1104=1107.

Lasilel. 5.2, WA, Marcus, and S, Cherry, 1090, Dillerences in breos
iwirla] concenitealions among Nuvisl morphologic wnits sid impli-
catbons for sampling, Eavirsmental Geelogy, 56:259-270,

Lyon, LG, B8, Lunatta, and DG Williams, 1992, Aidhome multispec
trl scanner data for evaluating botiom sedimenl typos and wator
depths of the 52, Mary's River, Michigan, Photogrammetnc Engi-
mesning & Aemole Sensing. G8:951 =466,

Mlarcaig, W, Andrew, 2002 Mapping of stream micrehabitats with bigh
apatial resalution hyvperspactral imagesy. faron)! of Geagraphical

vatams, 401 :113-125,

Bluller, £, H. Decomps, and MK, Dobson, 1985, Contribution of space
reimbe senaing Lo river studises, Freshwater Rindogy, 29:301-012,

Price. |.C, 19597, Spaciml hand selection for visthie-near infransd re-
mabs sensing: Spectralspatinl rmealution tradeoffs. JEEE Tramame-
tiens an Geesciemce ann Remate Sensing, 35:1277=12949,

Richards, LA, 1984, Banots Sensing Digital Dmage Anelvais, Bpringes
Verlag, Berlin. 340 p,

Rickman, [O., ond |- Lovall, 2000, ATLAS Remofe Sensing, NASAS
GHOC/AMSFC web site, URL: httpediweather msfe.nns gaw)

Ei atlasremote.himl

Winteshottom, 5.1, and D). Gilvear, 1907, Quantification of channed-
b morphology in gravel-bed dvare ssing oltborme mulifapectral
imogory and werfsl photography, Regulmied Hivers: Rosearch &
Maonagement, 13408454,

Wright, A, W.A. Marous, and R. Aspinall, 2000, Evaluation of muli-
spectml, Boe scalbe digitnl imagery us a lool for mapping stream
marphalagy, Geamorphology, 83:107-1200

[Recsived 17 Augusl 2001; acoepted 28 [anuary 2002; mvissd 04
Wlarch 2002]

How Do | Contact ASPRS?
Membershlp Proceedings - Paper Submissions PEARS Editorlal
Eqie =103 Py Lok
P LM rSATAS [ 5 O kbrribias prs.org
FEARS Manuscripes
Centification Awards "Scholarship Accounting S02-472-7531
x101 alls imerchant ] @uwnl.edu
certification@asprs.org
awardsiasprs.org Pullicatians /Boakstore Calemdar
schalarships®asprs crg 103 #1607
ASprspUbEnmcs. onm calendarBasprs ong
Exhilsli Sabes
202-333.8020 PERRS Subscriptions General/Miscellaneous
potompebiiacd com 104 x101
sibasprsong AspryBaaprs org
Meeting Information
mestingsibasprs.ong 201-333-8020 homepagefasprs.org
potompubédac com

PHOTOGRAMHETRIC ENGIMEERG & BENDTE SENENG

Aupust JH0T

a7



