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Ward R-mode clustering method for Compositional Data

V. Di Donato!, V. Pawlowsky-Glahn?, J.J. Egozcue®, J.A. Martin-Fernindez?
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Abstract

R-mode Cluster Analysis (CA) is commonly adopted in paleoecological studies to identify
groups of species sharing a similar behaviour. We present an approach to R-mode CA in a con-
sistent manner with compositional data (CoDa) properties and complementing Ward’s method
(WM - Ward, 1963) and clr-biplots (Aitchison and Greenacre, 2001). To comply with the CoDa
approach, it is necessary to recall some simple concepts:

a) the variation matrix (Aitchison, 1986) for a D-parts CoDa set is a square matrix expressed
as: Tp p with t;; = var[In(X;/X;)]. Diagonal elements of T are zeros;

b) in the most common application of the WM the criterion for choosing the pair of clusters
to merge at each step is the minimization of the within groups sum of squares; and

¢) in the clr-biplots, the length of the links between two clr-variable points clr(X;) and clr(X})
approximates the standard deviation of the logratio of the involved variables which is pro-
portional to the Aitchison distance between the parts, d,(X;, X;) (Martin-Fernéndez et al.,
2018).

It is possible to consider an R-mode clustering of the loadings of the clr-biplot based on WM
algorithm to highlight affinities among the parts of the compositions. In fact, by analogy, the
WM applied on the loadings of the biplot minimizes at each step the squares of the length
between variable points and the centroid of the cluster to which they belong. Importantly, the
sum of these lengths represents an approximation of the total variance of the subcomposition,
coherently with the definition of variation matrix given above. In this ongoing work, we explore
the relationship of an R-mode clustering, with a factor analysis model, usually expressed as
Y=FL” +E (where Y is the centred data matrix, F the matrix of factor scores, L the matrix of
factor loadings and E a matrix of residuals or error terms). In a similar manner, the clustering of
the biplot loadings focuses on the shared variability of the parts leaving apart their singularities.
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