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INTRODUCTION

Wetlands assimdate pollutants, prowde flood control, and serve as breeding, nursery, and
feeding grounds tor fish and wddlile (Odum, 1989). Intormat_onon wetland distributionand
conditionare essential for their eltective protectionand management (Norton and Slonecker,
1990; Dobson and Bright, 1991) Unfortunately,wetlands present challenges Io effective
evalualeon and quanldlcal_on. For example, Inland wellands are found in diverse geographic
areas ranging fromsmall tr_outarystreams,shrub/scruband marsh commun=ties,to open water
lacustrine environments(Cowardinet al., 1979). In add=tton,the type and spatial distributionof
wetlandscan change dramaticallybetween season, especiallywhen non-persistentspeciesare
present (Mackey, 1990).

There are touralternatives Ior collectingaquaticmacrophytewetland Information,Including:1) /n
situ field Investigation, ideally usingglobal positioningsystems (Shirer, t991), 2) tnlerpreltng
aerial photography (Wllen, 1990), 3) analyzing high resolution aircratt multispectral scanner
(MSS) data (Jensen et al., 1984' 1986), and 4) digital analysis ot satellite remote sensor data.
Jensenet al. (1991) reviewedthese alternativesIndetail and provideda case studyon the use
of a) muitidatecotor ana color-lnfraredaerial photography,and b) a singleyear of SPOT remote
sensor data. This study builds on the initial work by demonstrating the use of multiple season
and multiple year SPOT panchromatic satellite digital data for aquatic macrophyte inventory and
analysis in Par Pond on the Savannah River Site, South Carolina.

AQUATIC MACROPHYTE CONDITIONS IN PAR POND, SOUTH CAROLINA

The Par Pond Study Arem
The Savannatl RiverSite (SRS) isa 777 km,?.federal facilitylocated in Soulh Carolina. Par Pond,
whichts approximately1,000 hectares insize, was constnJctedin 1958 as a reclrculattngcooling
lake. The water level ts relativelystable, fluctuatingonly 0.1 m each year, Natural Invasionel
wetland has occurred over the reservoir's 33-year history with much of the shoreline now
characterizedby extensivebeds of persistentand non-persistentaquatic macrophytes(Table 1),
These beds often exceed 20 to 40 metersInwidthwith severalbeds being > 100 m wide.

Cattail beds exist (persist)ye_r-roundin Par Pond and generally occupy the shallowwater (< 1 m
in depth) adjacent to the lakeshoreline, Theirphenokxjcal cycle is illustrateddiagrammatically In
Figure 1. They green-up inearly to mid-Apriland ellen have a full, green canopy by late May,
Cattailssenesce in late Septemberor early October,remainingbrown through the winter months
(Mackey, 1990).

Waterlilles and other non-persistentspecies do not live through the winter. They appear at the
outer-mostecIgeof the cattailsby late earlyMay and reach fullemergence6 to 8 weeks later.The
watertilybeds persistuntil aboutlate.Octoberto mid-November(Figure 1). Thus, thebest time of
year to estimate the areal extentof thesebedsis later in the growingseason in the southeastern
United States. Thesephenoiogicalor seasonalpatternsdictate the appropriatetimesforremote

= sensing data acquisition.



Table 1. CommonPersistentand Non-pers=stentEmergent Aquat=c
Macmpnyles Found Along the Shoreline ot Par Pond

Persistent
Cattails Typhalatifolia
SpikenJshes Eleocttaris spp.
Pickerelweed Pontedena cordata
Matdencane Pantcum spp.

Non-Persistent
Waterlilies Nymphaea odorata
Watersnteld Brasema schreben
Lotus Nellumbo lutea

In situ Data Collection In Par Pond,
The m s_tu data collection was performed in the spring and fall of 1988 - 1991 at 48 transects
srluated around the perimeter oi Par Pond (Figure 2). At each transect, the width of the cattails
and waterillies were measured using a surveyors tape, In addition, the depth at the transect
marker l:_le and the depth at the lurthest extent oi the waterlilles was measured,

ANALYSIS OF MULTIDATE SPOT DATA TO INVENTORY
AQUATIC MACROPHYTES IN PAR POND

The goal oi this analysis was to determine 1)if there was a significant dillerence between
aquallc macrophyte information derived from SPOT multispectral (XS) and panchromatlc (PAN)
data versus in situ data, and 2) the ulility oi such data for seasonal and multi.year change
detection.

SPOT multispectral and panchromatic data were acquired on 17 April 1988, 25 October 1988,
26 April 1989, and 4 October 1989 (Table 2). Ali SPOT Imagery were rectified using 3rd order
polynomials to the 1:48,000 scale Savannah Rtver Site Topographic Map. Each multispectral
and panchromatic scene was resampled to 5 x 5 m using a nearest neighbor resampling
aigonlhmwith an x,y root mean square error (RMSE) ot 1,0 pixel for the panchromatic data (± 10
meters) and +0.5 m for XS data (±10 m), The extraction of the acluatlc macrophyle Inlormat_Jn
from tl_erectified SPOT data requ=redseveral innovative image processing tunct_ons,

Table 2. SPOT Data Used to Estimatethe Growth
oi Cattailsand Watedlllesin Par Pond

XP,aL IZaUL _ EL[LC. B.U.,0J.U.U.g_
1988 17 Apr=l HRV2 Pan 10 x 10m
1988 HRV1 XS 20 x 20 m
1988 25 Oct HRV1 Pan 10 x 10 m
1988 HRV2 XS 20 x 20 m
1989 26 Apnl HRV2 Pan 10 x 10 m
1989 HRV1 XS 20 x 20 m
1989 4 Oct HRVl Pan 10 x 10 m
1989 HRV2 XS 20 x 20 m

The Creation of a LandWater Mask
" When tryingto extract wetland Inlormattontrom a SPOT scene II is uselul to excludeali upland

vegetationlrom furtherinvestigation. A maskwas producedIn the followingmanner (Figure 3).
First, a 3-band (24-bit) color composite image oi the study area was converted intoan 8.blt
pseudo.colorcomposite usinga 24 to 8.bit data compressionalgorithm. This stngteiffla,ge was
then viewed at 3x magnificationon the CRT screen and used to perlorm 'heads-up',manual



digitizing ot the shorelineof the lake, Ali upland regions were then recoded to a value oi "0"
and alt lake regions(includingthe wetland)to a value oi "1", This binarymaskwas then applied
to theoriginal 24.bit SPOT XS dataset yteidincja filewith ali theuplandmaskedoutto a value oi
"0". Thissan',_maskwas alsoappliedto the PAN data. Thus,alidatesandbandsoi SPOT data
=cluded exactly the same geographic area which is importantwhen comparingthe hectares oi
wetland in differentseasons and years, With the data rectified and maskerJ,the next step was
the wetlandclassitlcation,

Wetland Classification Using Panchromatic Data
Seasonalaquatic macropnytechange detectioncan be pedormed by producinga classilk:atlon
map lrom each date of multispectral data,and applying an appropriate change detection
algorithm (Jensen, 1986), The accuracy ot this method is dependent upon geometric
registrationoi each date oi imagery and very accuratewetlandclassificationoi each image. To
get awayfrom pertormingstandardstatisticalpattern recognitionon the poorerspatial resolution
XS data (20 x 20 m), a moreelegant solutionwas foundusing justthe PAN data. The method
was based on the tact that cattailsare presentthroughoutthe year while waterllllesare present
only from May to October, The procedure involvedthe merging of the PAN data (17 April
1988, 25 October 1988, 26 April 1989 and 4 October 1989) Into a single, lout.band dataset
whichcouldthen be analyzedin a numberol ways,

©he very powerlut analog (vtsual) presentation of the data was producedwhen the 17 April
1988 image was displayedinthe green Image plane and the 25 October1988 image displayed
in the red Image plane, The stablecattailspresent on both dates were revealed in shades oi
yellow,while the emergentwaterUltespresentalter April 1988and stillpresentIn October 1988
were seen in shades of red. Image dillerencingoi the Apriland Octoberimages in each year

[(l.e, BVtjkout - BVijkOct -BVtjkApr) rescaled to 8-bits (valuestrom 0 to 255)] yielded maps
showingthe exact locationof the watertillesin 1988 and 1989. By identifyingali ptxelswhich
were aquatic macrophytes at any time during the year (t.e, presenton both April and October
images), andthen subtractingthe waterlillesinformationfromthisfile, itwas possibleto produce
a map showing both the cattailand the waterlllydistributionfor 1988 and 1989 (Figures 4 and
Figure5). These techniquesworkwell foryears whenthe growingseason is normal (i.e. spring
does not arrive early causing somewaterlilles to appear) and thermaleffluent is not Introduced
Into the reservoir, When such conditionsexist, the analyst must a) obtain the spring image
earlier in the growing season, or b) analyze the sprlng image using careful density sltctng
techniques to reduce the total amount oi aquatic macrcphyles present in the spr=ngimage,
This preprocessedimagecan then be dillerencedwiththe lall imageto obta=ngood results,

In Situ Versus Remote Sensing Derived Measurements
The location of each of the 48 In situ transectswas identified inthe rectifiedclassificationmaps
and the number ol ptxeis of cattailsand waterlilleslound alongeach transect were quantified.
Using this informationit was possible to detern_na the correlationbetween in situ and SPOT
aquat<:macropl'./le data. Figure 6a is a scaltergram of the widthof cattail beds foundalong the
48 in situ transectsin 1988 versusthe intormationextracted from the SPOT PAN April=October,
1988 dataset. The lit was a goodlit withan r of ,856, accounting lot 73% oi the variance (r2 ..
.732). The correlationIs was even betterfor the wateritlles(Figure 6b) which yielded an r oi
925, accountingfor 85% oi the variance (r2. ,855). Figure6c depicts a scattergramot the
cattail widths |ound along the 48 in situ transects measured in 1989 versus the tntormation
extractedlrom the SPOT PAN April-October,1989 datasel, The alsohada good fit,withan r o!
.895, accountingtor 80% oi the variance (r2. ,802). Again,the correlationwas better forthe
watedilles(Figure 6d) whichyieldedan r o! .953, accountingfor91% oi the variance (r2..908),

The upland mask previouslydiscussed may not be completelyaccurate at the Ian(I/water
interlace and may be responsible tor some of the error in the remote sensing cattail
measurement. Also, beds smaller than 20 m are generally underestimated because ol the
spatialresolutiono! the SPOT PAN sensorsystem. Jensen et at. (1991) obtainedslightlybetter
results for the same study area analyzing high spatial resolution color-inlrared aerial
photography, The advantageof aerial photography,however, Is offsetby the cost Incurred. In
SouthCarolina, inlandwetlandInformationderivedlrom analysisoi SPOT data are encouraging
and appearto be a realisticalternative,especiallyII many lakesare tobe studied.



Becausethe 1988 and 1989 SPOT data were registered to a common map proiectlon, tl was
possibleto pedorm multi-year 1988 versu_ _(J.=J9aquatic macrophytechange detection (Figure
7), The image differencing revealedthat the,e was 192 ria of cattails present during the 1988
growingseason and 179 ha in 1989, Interestingly,there were 150 ha of waterlilies in 1988 and
only 126 ha in 1989, Thus, while cattaildistributionremained relatively constant, waterllly
distributiondeclined and mustbe caretutlymomtored. Initialevaluationof 1990 and 1991 field
data suggeststhat the waterlilieshectarescontinuedto decline.

Conclusions

Aquaticmacrophytes (cattailsand waterlilles) In a South Carolina freshwater reservoir were
inventor=edusingmultldate SPOT panchromaticdata and lound to be highlycorrelated with in
situ measurements. Digital changedetect)onwas used to monitorseasonal and yearlychanges
inthe aquatic macrophyte type and distribution.SPOT Image Coq3oralionis considering the
use of a 5 x 5 m spatial resolultondata on future high resolutionv,sible (HRV) sensors. Such
dataw=llallow smallerbedsto be moreaccurately=nventoned.
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Figure 4, The spatial distributionot cattails and waterlilies in Par Pond in 1988 producedusing
panct'tromaticSPOT data 3brained on 17 April 1988 and 25 October 1988).
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Figure 5 The spatial distribution of cattails and waterhlies in Par Pond in 1989 produced ustng
panchromatic SPOT data obtained on 26 April 1989 and 4 October 1989).
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Figure6a.A scattergrams_w,ng the relationshipbetweencattailbedsmeasuredin situversus
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beds measuredusingSPOT multidatepanchromaticImageryin 1989.(6d) Scattergramel
waterlilybedsmeasuredinsttuversusthebedsmeasuredusingSPOTmulttdatepanchromatic
imageryin1989.
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