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ABSTRACT

Information from satellite imagery is an important data source to forest
management. Remote send ng techniques provideinformation about volume,
biomassand other biophysical parametersof forest stands. Themain goal of
thiswork isto map the conifer stand volumefrom Landsat Thematic M apper
(TM) datausing Spectral MixtureAnaysis(SMA). Fractionimagesfrom
gpectra unmixing show biophysicspropertiesmoreeasily than original bands
because they represent physics aspects of ground covers. Thework area
wasEl Alto Valleddl Ebro (Spain). Two mini-scenes, (50x50km) acquired
onMarch 12th 1996 and July 13th 1996, were used. Theapplied methodology
had threemain steps: 1) unmixing theoriginal imagery, thebands 3, 4, 5and
7 (the most employed in vegetation studies) were used in SMA; 2) these
fraction images were related with the over bark volume (OBV) variable
(extracted from Second Spanish National Forest Inventory NFI2) by means
of regression techniques and multivariate analysis; 3) avolume map was
obtai ned using interpolation techniquesfrom the obtained allometric model
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and the basal area(BA), of considered stand. The main conclusion of this
work wasthepossibility to obtain amodd (adjusted R?=0.75) which permitted
to estimate the stand volume from medium spatial resolution satellite data.
Moreover, theuseof thismode and withthesupport of digital ortophotographs

allowed an estimated volume map to be obtai ned.

Keywords Forestinventory; remotesensing; conifer stand; volumemapping;

umixing

RESUMO

Informag&o advinda deimagensde satélite € umaimportantefonte dedados
parasubsidiar o manejo dos recursosflorestais. Técnicas de sensoriamento
remoto tém propiciado informagdes devolume, biomassaeoutros parametros
biofisi cos de povoamentosflorestai s. Nesse contexto, o principal objetivo
deste trabalho é mapear, a partir de dados do sensor Thematic Mapper/
LANDSAT, o volume contido em povoamentosde coniferas, utilizando para
tal atécnicademoded o demigturaespectra (SMA). Imagens-fracio derivadas
do modelo de mistura espectral mostram propriedades biofisicas mais
facilmente que asbandasoriginais por representar melhor osaspectosfisicos
dacoberturado terreno. A &reade estudo sel ecionadacorresponde aregido
deEl Alto Valledel Ebro (Espanha), com dimensdo de 50km x 50km,cuja
imagem de satélite é datada de 13/07/1996. No procedimento metodol 6gico
foram adotadostrés principais passos: 1) aaplicacéo do model o demistura
espectral apartir dasbandasoriginasTM 3,4, 5e 7 (asmaisempregadas
em estudos de vegetacao) gerando imagens sintéticas; 2) as componentes-
fragdo “vegetacdo”, “solo”e “sombra’ dessas imagens sintéticas foram
rel acionadascom avariavel devolume com casca(OBV), cujosdadosforam
extraidosdo I Inventério Florestal Nacional daEspanha—NFI2-, apartir
detécnicas deregressdo e andlise multivariada; 3) um mapade volumefoi
obtido através de técnicas de interpolacdo, usando dados de modelo
alométrico e de &reabasal. A principal conclusdo dessetrabalho relataa
possi bilidade de obtencdo de um model o matemético (R2 gjustado de 0,75)
quepermiteestimar o volumeflorestd apartir deimagenssatdité&iasdemédia
resolugéo espacial. A utilizagdo do model o desenvolvido com subsidio de
informacOes derivadas de ortofotos digitais permitiu elaborar um mapade

volumeestimado.

Palavras-chave: Inventario florestal; sensoriamento remoto; povoamento

de coniferas, mapeamento devolume; misturaespectra
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INTRODUCTION

Thewoody volume of aforest stand issuch animportant parameter that any
extraction without thisbeing knownissmply not viableand the sustai nable management of
forestswould beimpossible. (STELLINGWERF eHUSSIN, 1997). Theclassical way
to quantify forest stand volume was by using volume tableswith one or more entries.
However, inthelast few decades, the stand volume has been quantified by regression
models based on aerial photographs. At present variousforestry agencies use remote
sensed images, in addition to aerial photographs, to detect, identify, classify, evauateand
measurethe different forest coversand the changes produced in them.

Traditionally, spectral vegetationindices(Normalized Difference Vegetation
Index, NDVI, specialy) have been used to infer biophysical vegetation properties. For
instance, Gong et d. (1995) found that NDV I and Leaf Arealndex (LAI) were positively
correlated with coniferousforest. However, other studiesfound that NDV | wasnot the
best indicator: Elundh et al. (2001) found aweak correlation between LAl and NDVI;
and Hueteet a. (1997) indicated that NDV | spectrally saturated over forested areasand
wassenditiveto canopy background reflectance change. Theuseof fractionimages, derived
from Spectral MixtureAnalysis(SMA), can offer an alternativeto applying avariety of
spectral indicesand correl ationswith measured leaf and crown-based attributes.

SMA procedurewas used in thisstudy to transform the original imageand
then regression analysiswas used to rel ate the obtained fraction images with the Over
Bark Volume OBV (m3/ha.) extracted from the data of the Second Spanish National
Forest Inventory (NFI2). Fractionimagesfrom spectral unmixing show biophyscsproperties
moreeasily than original bands because they represent physi csaspectsof ground covers.
Thus, themain objectiveof thisstudy wasto eva uatethe utility of SMA and to quantify the
volume of astand of PinussylvestrisL. from Landsat Thematic Mapper (TM) imagesin
Mediterranean aress.

STUDY AREA

The study areawasthe Upper EbroValley Burgosand Alava(Spain), and
thesurfaceareastudied was 952 km2. Theclimateinthe Upper Ebro Valley corresponds
toinland mid-mountain areas, and ischaracteristic of trangtion zonesbetweentheAtlantic
and the M editerranean with hot, dry summers and winterswith abundant snowfall. The
tree covered area constitutes more than 58% of thetotal forest area, highlighting Scots
pinestands (PinussylvestrisL.)
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METHODOLOGICAL APPROACH

The satelliteinformation used in this study camefromalLandsat TM mini-
scenes, (50x50 km), acquired on 13th July 1996. Therelationships between forest stand
parameters and Landsat TM spectral responses were showed in different scientific
publications as Dengsheng et al. (2004), M kel & e Perkkarinen (2004), Santos et al.
(1999), Magnusson e Fransson (2004).

Theinformation on stand volumewastaken from the Spanish NFI2 inthe
study area. The advantages of using the NFI2 plotsinstead of experimental onesare
mainly: 1) the objectivity of the sampling of theforest stands;, 2) the existence of alarge
quantity of deta; 3) their homogenaity; and 4) theuniformity of their geographica distribution.
Figure 1 showsthelocation of considered NFI2 plots.

Figure 1. Location of considered NFI2 plots
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First at all, it was necessary to correct the images radiometrically and
geometrically. Geometric correction needed Ground Points (GP) to belocated on 1: 50 000
maps. A sampling linear transformation and the nearest neighbour werealso used to obtain
ageometrically corrected imagewith error < 1.5 pixels.
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The conversion to reflectance valueswas considered unnecessary sincean
important behaviour of SMA isitsinvariance under linear transformations. Linear SMA
assumesthat pixel valuesarelinear combinations of reflectancesfrom alimited set of
condtituent e ements, called endmembers. Each field on the scene contributeswith aquantity
of signd received on the sensor characteristic of thetype of field cover and proportiond to
theareaoccupied within the pixel. In addition, the sum of these basic cover proportions
must betheunit for each pixd. Inthisway thelinear model isdefined for each pixe of the
image by thefollowing equation:

x=Mf+e

where,
x: n-dimension digital-number vector;
M: n x cendmember spectramatrix;
n:isthe number of bandsused,
c:thenumber of endmembers,;
f: c-dimensionfraction vector;
e: n-dimension error vector, representing residua error.

Onresolving the previously posed system of equations, afractionimageis
obtained for each endmember defined which represents an estimate of the proportion of
pixel occupied by that endmember. Animage of error madeinthetransformationisalso
obtained.

TheNFI2 dataof interest for the work database were extracted using the
BASIFOR program. Thisprogram allowsthe plot datacomplying with certain requisites
established by the user to be extracted easily. (DEL RIO et d., 2001). The database was
prepared for locating the relations between the satellite images and the forest stand
parameters.

Theanaysisof multipleregression triesto establish an equation to definethe
existing relation between the dependent variable, 'y’ (Over Bark Volume, OBV), and a
set of independent variables, *x1', ‘x2', ..., *xp’, (fraction images). After defining the
equations of regression, the R2 coefficient obtained wasrevised and an analysis of the
residualswascarried out. In order to define the equation of regression only half of the
available plotswere used, reserving the other half for eval uating the equati on obtained.
Oncethe estimation model had been validated, it was applied to produce an estimated
volumemap.
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RESULTSAND DISCUSSION

Beforegpplying SMA, it wasnecessary toidentify theendmember signatures,
which had been extracted directly from theimage (called image endmembers). Starting
from the scatter plot it waspossibleto sel ect theradianceinterval sof the vegetation, shade
and soil endmembers, identifying thepurest pixels. (QUINTANO et d., 2005; QUINTANO
etal.,inpress).

Oncethe unmixing was correctly performed and the fraction imageswere
obtained (see Figure 2) amean filter was applied (to minimizethe possibleregistration
error between the plots considered and the satelliteimage) and itsdigital valueinthe
considered plotswas extracted. A total of 107 plotsin the July image were considered
vaid (53 for obtaining the estimateand 54 for verifyingit).

Figure 2. Fraction images (13th July 1996)

On analyzing the rel ationshi p between the fraction images and the OBV
variablewasobserved alow correlationindex (R2 = 0.34) between the shadeimageand
OBV, but of great significance. The problem of thelow correl ation between satellite data
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and forest parameters had already been recorded by other researchers. (AHERN et dl.,
1991; HY PPA et al., 2000). Trying to solvethis problem, the datawere first grouped
depending onthe OBV variable, assuggested by Ardd (1992), but on considering therest
of theplotsnot previoudy used, the estimationwas seento benot vaid. Findly, an attempt
wasmadeto definetherel ation between thesevariablesconsidering thedifferent level sof
volumeexigting, analyzing the behavior of each volume group defined independently. For a
faster and clearer visualization these groupswere defined by percentiles of 25%, 50%,
75% and 99% (low volume, medium volume, high volume, and very high volume,
respectively) instead of by cluster analysis(Table 1 showsthe considered volumegroups).

Table 1. Volume groups

Volume Group Average volume (m3/ha) Plots considered
Low volume 55.3 13
Médium volume 93.7 13
High volume 130.6 13
Very high volume 221.9 14

After this stage the regression between the stand volume and the fraction
imageswas done group by group, obtaining aR2 equal t0 0.913 and an adjusted R2 equal
t090.51 (p-value< 0.001).

Inorder to vaidatetheanalysiscarried out, the 54 plotsnot used sofar were
employed. On thisoccas on, the Pearson coefficient of correlation between the observed
and estimated volumeswas 0.89 with ahigh level of significance (p-value< 0.0001).
Figure 3 showsthe results on applying the expression obtained in the verification plots.
Theequation of regressonfinaly obtained was:

OBV =-4.12 + 0.44 » shade

+ 33.14+ (GROUP_OBV = *mediumvolumegroup’)
+ 70.06« (GROUP_OBYV = *highvolumegroup’)

+154.96 + (GROUP_OBYV = ‘very highvolumegroup’)

where,

GROUP_OBYV = xisalogical variablewhichtakesthevalue‘l whenthe
valueof considered OBV belongsto group ‘x’, and value‘ 0’ when it doesnot belong to
that group.

Considering theseresults, it was possibleto remark that: (1) thereweregood
estimationswhen the volume not exceeded 200 m3/ha (very high volume); and (2) the
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worst estimationswere observed when the volume bel onged to the“ very high” volume
group. Theseaffirmationsagreewith the results obtained by researchersasArdo (1992).

Figure 3. Observed vs. estimated volume
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Figure 4. Estimated volume map
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However, in spite of the good results obtained, thisexpression has practica
limitsasit doesnot allow the volume of aspecific forest stand to be estimated unless
certainknowledgeof itisavailable. To minimizethisproblem, three stepswerecarried out:
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1) the mass was stratified (considering the four volume groups before defined) by
identification of different development levelson digital orthophotographs; 2) themodel
was applied to the shadefractionimage to obtain the estimated volume, considering the
volume groups defined in step 1; and 3) the estimated volumeimage wasreclassified
considering six volume classeswith 25m3/haintervals (Figure4) (these classesarethe
common classesused by the Spanish Forestry System.

CONCLUSIONS

Bearing in mind theresults obtained, the main conclusion of thisstudy wasto
vaidatethe utility of usng SMA and regress on techniquesfor quantifying thevolumeof a
stand of Pinus sylvestris L. from Landsat TM images working in Mediterranean
environments. To improve the way of obtaining the volume map, we areworking in
automeating thedigital orthophotographs stratification process by meansof object oriented
classfication. Thedigital map produced can beintegrated asanew source of datainthe
Information System of theregional forestry administrative authority.
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