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Abstract

Discriminant coordinates analysis is an adequate technique for analyzing the linear relationships between a
number of new variates (i.e. environmental or functional attributes) and a set of vegetational attributes already
summarized in the form of a classification. It displays the principal differences among classes in relation to
the new variates considered. The procedure and its rationale are equivalent to a special case of principal
components analysis.

A case study on radiometer satellite data is presented. Two discriminant coordinates displayed the main
differences in the seasonal dynamics of the NDVI (an index of standing green biomass) among broad phytogeo-
graphic units in the Patagonia region. The first coordinate can be interpreted as an index of height and convexity
of the NDVI seasonal curve. It suggests that the principal difference among regions was the total seasonal
growth. The second coordinate represents a contrast that discriminated between two already detected patterns
of seasonal NDVI curve.

Abbreviations: DC - Discriminant Coordinate, NDVI - Normalized Difference Vegetation Index

Introduction: The problem

Current knowledge on the vegetation of a study area
is usually based on a number of variates (i.e. species
abundances) already analyzed and summarized.
Summaries of vegetational survey data take the form
or ordinations or classifications. A classification
whose classes can be extended over large areas takes
the form of a regionalization. New non-
experimental studies may focus the attention on new
variates (i.e. environmental or functional attributes)
and on their relations with those previously studied.

The identification of interpretable relationships

between species composition and additional (en-
vironmental) attributes was attempted by straight
canonical correlation analysis (Austin 1968; Bark-
ham & Norris 1970; Gauch & Wentworth 1976),
where both vegetation and environment descriptions
are treated as non-reduced sets of continuous vari-
ates. Later continuous approaches (Dargie 1984;
Carleton 1984) replaced raw species data by sample
scores over a few ordination axes in order to avoid
difficulties derived from discreteness and non-linear
relationships among those original variates and
from a low samples: variates ratio.

The available data on potentially interesting new
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variates (i.e. climatic records, satellite scanning, soil
surveys) often can only be matched with reduced
vegetational data. In those cases a classification
(regionalization) is frequently the available sum-
mary. A categorical correlation approach is then
needed for the analysis of relationships. Besides, the
above referred applications of canonical correlation
made no formal use of previous knowledge for the
analysis of the data set. Such a use would be required
if results were expected to answer specific questions
about the relationships between the new variates and
already understood vegetation variation.

A categorical correlation approach for analyzing
the linear relationships between m new variates and
a set of vegetational attributes previously summa-
rized in the form of a classification is provided by
Discriminant Coordinates Analysis (Seber 1984).
Within its framework the previous classification acts
as a grouping criterion for m-variate observations.
The data set is then regarded as a swarm of points
in an m-dimensional space, each one labeled with the
name of the class it belongs to. Unless the classes
were derived from the same data set this technique
provides answers to specific questions about features
associated with already known vegetation differ-
ences.

A first question concerns whether the classes
show differences for the new variates under study. If
so, the leading differences among them would be
those of interest. This approach stands for asking:
1°, How separate are the points belonging to the
different classes in the m-dimensional space?, and
2°, Which are the main directions of their separa-
tion?. A third question would lead to inquire wheth-
er the classes occupy regions in the m-dimensional
space at least roughly ordered along the principal
axes of the swarm. If so, the differences among class-
es could be interpreted as the main source of varia-
tion for the newly studied attributes.

The Discriminant Coordinates, DC, (Gnanadesi-
kan 1977; Seber 1984), or ‘canonical’ (sensu Jennrich
1977) functions used in Multiple Discriminant Anal-
ysis, answer the first two questions by displaying the
principal differences among classes in relation to a
given group of variates. They have already been used
to analyze floristic differences among otherwise de-
fined vegetation units (Norris & Barkham 1970;

Grigal & Goldstein 1971; Goldstein & Grigal 1972;
Matthews 1979; etc.), and to display vegetation-
environment relationships (Mc Cune & Allen 1984;
Tisdale & Bramble-Brodahl 1985; Gerdol et al.
1985). Their comparison with principal components
or other suitable standard ordination axes should
help to enlighten the third question.

Here we shall briefly discuss the rationale and so-
lution of the problem of discriminant coordinates
and present a case study on satellite measures of
functional attributes of vegetation suitable to exem-
plify its use and interpretation.

The technique

The dimension reducing technique of DC, also
called Multiple Discriminant Analysis (Pielou 1977;
Lebart ef al. 1984), includes three types of functions
(Jennrich 1977; Seber 1984) used for classification
problems. Another name, used in numerical taxono-
my, is Canonical Variates (Blackith & Rayment
1971).

Given n m-variate observations x;;, each belong-
ing to one of g groups, the aim of the discriminant
coordinates technique is to replace them by lower
(say g, where g <m and g < g-1) dimensional vectors
z; of independent coordinates z;; of the form

Zjk = Cp'Xy; , k=1...,¢q @

in such a way that the separation among groups be
maximum in the reduced space.

The rationale of the solution presented by Seber
(1984) is to successively maximize the F'statistics for
testing the equality of means among groups of each

Zijk-

)

ck'B'Ck
— ,k=1...,q. (2
- Weey

F, = constant-
Where W and B are respectively the within-groups
and the between-groups sums of squares and cross
products matrices. The required maxima are at-
tained when ¢, are the first g eigenvectors of W-1B,
being the corresponding eigenvalues proportional to
the F} statistic.



This procedure is equivalent to finding the prin-
cipal components in the m-dimensional space with
distance matrix W-! for the g group means centered
in the overall mean and loaded by the corresponding
group sizes. This implicit choice of W-! as the dis-
tance matrix for the observations in the variates
space is only justified under a reasonable
homogeneity of the group variances covariances ma-
trices. When g = 2 the vector c gives the slope of the
discriminant group classification function obtained
by the likelihood ratio method.

The plots of the pairs (z;, z;) permit visualiz-
ing the relative positions of the groups in the reduced
space. Since the configuration obtained is deemed to
be optimum in terms of discrimination among
groups, wide overlaps are to be considered as a sign
of no or small differences between the groups in-
volved. The examination of the loadings for the
original variates in each DC (elements of the vectors
¢;) gives the clue for the interpretation of the prin-
cipal axes of among groups variation.

Case study
Data set

Aguiar ef al. (in press) reported the first analysis of
a set of NOAA meteorological satellite data from the
Patagonia region. Advanced very high resolution
radiometer (AVHRR) measures were used to calcu-
late an index of standing green biomass NDVI (Nor-
malized Difference Vegetation Index, Curran 1981;
Tucker et al. 1981; Tucker et al. 1985). The resulting
input data matrix contains the NDVI values for 127
one sq. km sample points from a 230000 sq. km area
on 6 dates spread over the growing season. The
columns of this data matrix were regarded as 6-
variate observations descriptive of the seasonal
green biomass dynamics in each sample point. (For
details on the sampling procedure, see Aguiar et al.
in press).

Five phytogeographic (floristic) districts were
represented in the study area (Fig. 1, Soriano 1956;
Soriano 1983), from west to east: Subantarctic For-
est, Subandean, Occidental, Central and San Jorge
Gulf. Between the Subandean and the Occidental
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Fig. 1. Phytogeographic districts represented in the study area
(rectangle). 1 Deciduous forest, 2 Subandean, 3 Occidental, 4
Central, 5 Gulf. Adapted from Soriano (1956).

districts extends a conspicuous ecotone (Leén &
Facelli 1981). Two units with different vegetation
types can be distinguished within the San Jorge Gulf
district: the Colliguaya integerrima-Trevoa patagon-
ica scrub and the Festuca pallescens-Poa ligularis
steppe (Soriano 1956; Bertiller er al. 1981). The
predominantly wintertime rainfall of the Patagonia
region is maximum in the Subantarctic Forest dis-
trict, steeply decreases towards the Central district
and has a slight increase again in the Gulf district.

The DC technique was applied to the data from
the desert and semi-desert Subandean-Occidental
ecotone, Occidental and Central districts, Colligua-
ya integerrima scrub and Festuca pallescens steppe.
The phytogeographic units involved acted as group-
ing classes for the observations which were assigned
to them according to the location of the correspond-
ing sample points. After deleting the cases with miss-
ing values 84 cases remained in the data set. The
results were expected to show if the phytogeographic
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units differ ‘significantly’ in their average seasonal
NDVI dynamics, and eventually to display their
leading differences.

Results

When the number of groups g is not greater than the
dimension of the observations there can be at most
g-1 DCs. The actual number is that of non zero
eigenvalues of W-1B which equals the dimension of
the subspace spanned by the centered group means.
The sum of the eigenvalues equals the total of
squared W-! distances between the group means
and the overall mean each loaded by the correspond-
ing group size, a homologue of the total between-
groups variance for an oblique space. The eigenanal-
ysis of W-1B for the present data set (Table 1) rev-
ealed the existence of a four-dimensional dis-
criminant structure where the first two DCs account-
ed for 88.2% of that total variation. Consequently
it was assumed that the between-class differences
could be reasonably well approximated by the plane
spanned by this two leading directions.

According to the loadings for the variates (eigen-
vectors ¢): the first DC can be described as a sum of
the NDVI values in the four central dates, with spe-
cial weight for the third and fifth, and slightly cor-
rected by the first and last values (Table 1). Hence it
can be roughly understood as an index of the height
and convexity of the NDVI seasonal curve. The sec-
ond DC can be regarded as a contrast between the
sum of the second and the sixth NDVI values and
the third one. Interpretation of such a contrast is less
simple and leads to imagine various possible shapes
of the NDVI seasonal curve. Let us consider just one
case. Sample points which showed little change be-
tween the second and third dates and high NDVI at
the end of the sampling period would get high values
of this coordinate.

The plot of the first two DCs (Fig. 2) shows the
Subandean-Occidental ecotone and the Colliguaya
integerrima scrub well separated from the rest of the
data. The Subandean-Occidental ecotone lay at the
top of the first coordinate axis, this suggesting a
higher average NDVI and/or a more convex seasonal
curve. Average smoothed NDVI curves (Fig. 3)

Table 1. Results of the Discriminant coordinates analysis of the
data set from Aguiar et al. (in press).

Discriminant  z; 2 23 2 s Zg
coordinate
Eigenvalue 1.108 0.337 0.143 0.046 0.0 0.0
% total
sq. distance 67.65 2056 899 2.80 0.0 0.0
explained
Eigenvector ¢ = —0.042 0.012
(loadings) 0.021 0.089

0.113  -0.120

0.035 0.014

0.104 0.029

-0.031 0.101
Associated F
statistic 21.88 6.66 2.8 091 0.0 0.0
4 &79d.f)

adapted from Aguiar et al. (in press) confirm this
description. The Colliguaya integerrima scrub
showed the top scores for the second coordinate, ex-
cept for one outlier. Its average smoothed curve was
the only one that fitted the above posed description
showing a small change between the second and
third dates and high NDVI in the sixth (Fig. 3).

SECOND DISCRIMINANT COORDINATE
~3
1
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Fig. 2. Ordination plot of the sample points in the plane of the
first two discriminant coordinates. 1 Central district, ¢
Subandean-occidental ecotone, ¢ Occidental district, & Col-
liguaya integerrima scrub A Festuca pallescens steppe.
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Fig. 3. Smoothed average NDVI change along the sampling peri-
od, October-December. 1 Central district, ¢ Subandean-
occidental ecotone. 0 Occidental district, A Colliguaya in-
tegerrima scrub. A Festuca pallescens steppe. Adapted from
Aguiar ef al. (in press).

The Festuca pallescens steppe apparently shows
two different NDVI curve models because it ap-
peared split in two clusters in the plot (Fig. 2). Ac-
cording to this result the corresponding average
smoothed curve (Fig. 3) would turn meaningless.
The Central district shows lower scores on the first
axis and similar scores on the second than the
Subandean-Occidental ecotone (Fig.2). Cor-
respondingly, its average NDVI curve is lower but
similarly shaped (Fig. 3). Two central district outli-
ers with a high first DC were found to be near a dam.
The Occidental district points lay in the plot merged
with those of the Central district but clearly towards
higher first DC scores (Fig. 2) while their average
profile was intermediate between the Central and the
Subandean-Occidental profiles (Fig. 3).

Discussion

The ‘significant’ differences among regions found
in the sampling period average NDVI curve would
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be interpreted as an indication of differences in the
seasonal standing green biomass dynamics (Curran
1981; Tucker et al. 1981; Tucker et al. 1985).

The first DC suggests that the principal difference
among phytogeographic units is the amount of total
seasonal growth. The special loadings for the third
and the fifth dates values are related with the two
peaks shown by the bulk of the data. Since the avail-
able field data on productivity in Patagonia concern
only the Central (Bertiller 1984) and Occidental
(Fernandez Alduncin 1986) districts, they can not be
used to check this result although they do not dis-
agree with it. The springtime occurrence of vegeta-
tion growth (Soriano et al. 1976; Soriano & Sala
1983) following the winter rainfall suggests that
among regions differences in average total seasonal
growth would be associated with vegetation adapta-
tion to various starting levels of total water availabil-
ity.

The second DC discriminated between two detect-
ed patterns of seasonal NDVI change (Aguiar et al.
in press) suggesting that the difference between two
shapes of seasonal green biomass curve is the second
main variation among regions. The first pattern
showed an explosive growth at the beginning of the
sampling period, marked peaks and a rapid decay at
the end. It corresponded to the Subandean-
Occidental ecotone, and the Occidental and Central
districts. The second pattern, fitted by the Colligua-
ya integerrima scrub, showed a slower but steadier
increase of the NDVI with a delayed peak suggesting
a longer growing season. It would indicate an effect
of the Gulf district’s marine climate over the vegeta-
tion.
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