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FUZZY LINGUISTICS CONCEPT IN REDESCRIPTION
OF VEGETATION DATA
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Abstract. The concept of fuzzy linguistic variables in redescription of vegetation data is proposed. Species
frequency based original data table is redefined on the basis of species life/growth-form category. The exam-
ple presents analysis of 22 types of Pinus forests described by 300 species. The method may be used in
transformation of sample space into other spaces defined on various species attributes.

Introduction rasso (1981) for medical purpose. It consists in transfor-
ming groups of several features with fuzzy character
but coded as discrete numbers into linguistic variables.
In our case the features correspond to a single species
and variables to a group of species representing the sa-
me biological or ecological category. The characteriza-
tion of vegetation may be now viewed as the problem
of how much each category contributes to description
of a vegetation type, with each single species as a spe-
cific question.

Assume that each linguistic variable L; (i=1, 2, ... 1)
is described by a set of features Q(‘). From the mathe-
matical point of view the features q}l) € Qm have a di-
screte character (are coded as discrete) and may be
observed at A; states. A weight y jk(‘) is associated with
each state sk(g of the feature qj(’) eQV(G=1,2, .. M,)
where M; is the number of features in QW
k=1, 2, ..., A}j)’ where Aj; is the number of states of
the feature q}l . The weights range from —1 to 1, indi-
cating the degree of agrement between Sk(l) and L;.
When ‘yj((l) equals 0 there is no information, positive or
negative about the agreement. The weights ‘yj((l) are de-
termined a priori.

Next we define the vector of weights o= (oz(li), a(zi),

. O‘M?)) for the features in Q.

These weights can be set to 1 (no differential weigh-
ting), associated according to investigator’s experien-
ce or calculated by a suitable numerical method. If the

The idea of linguistic variables in a fuzzy sense was  aim of study is identification the values of Student t
introduced by Zadeh as an extension of fuzzy set theo-  statistic computed for differentiated groups may be
ry (Zadeh 1965, 1975). Linguistic variables take as their  used Saita and Torasso 1981). On can also use various
value several fuzzy variables. Let us consider as exam-  weighting methods based on scalar products or infor-
ple variable ‘‘development phase’:’ mation quantities (Orloci 1978, Feoli, Lagonegro and Or-
loci 1984).

We applied the following procedure to determine
weights on(‘): First within each group we calculated co-
Each of variables F; (i=1, 2, 3, 4) has a fuzzy charac- lumn totals
ter and a membership function may be defined for each. M;

The method of obtaining linguistic variablesusedin . _ Y7 (@
our paper was originally developed by Saitta and To- it j=1 i

Species and their performance are the most common
attributes in studying vegetation processes both in small
and large scale. But in many cases the responses to eco-
logical factors described in terms of species scores are
insufficient in detection of underlying factors or vege-
tation changes. Indeed, the real vegetation response
may be hidden when entries in a table are merely spe-
cies presence or abundance.

Many criteria may be adopted to accomplish analy-
sis using other attributes rather than species to descri-
be stands (see Feoli 1984). For instance Dale and
Clifford (1976) recoded species presence data using hi-
gher taxonomic units to accomplish reduction of origi-
nal data set. Feoli and Scimone (1984) used a set of
species features in redefining vegetation table for tex-
tural analysis. There are also other approaches (e.g. Rej-
manek 1977, Dale, Clifford, Ross 1984).

In this paper we present a method of redefinition of
species based vegetation data using the concept of fuzzy
linguistic variables. The fuzzy set theory has been al-
ready introduced in vegetation ecology (Dale 1977, Ro-
berts 1986, Feoli and Zuccarello 1986, Dale 1988). The
meaning of linguistics for ecosystem studies was discus-
sed by Dale (1979).

The method of fuzzy linguistic variables

development phase = {Fy, Fy, Fg, F4} =
= {juvenile, prematured, matured, senile}.
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i=1,2,...,1;1=1,2, ..., n, where n is the number of
columns, the state sﬁ') is observed for the lth object.

Then we computed Spearman rank correlation coef-
ficient between feature q}‘) and the totals. Since for ve-
getation data some ranks are repeated the formula may
be given as follows (Siegel 1956)

n

A+B—I§ &

re = —
s 2 VAB

where d;=x—y; (x}, ¥1, 1=1, 2, ..., n) are two sequen-
ces of ranks - for the feature q(‘) and for the totals),
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h, is the observed number tied at the same rank in the
sequence X, ¥ Ty means summing over all different va-
lues x which repeat in the sequence x.

hy and X Ty have the analogous meaning in referen-
cetoy.

For large n (n> 10) the transformed coefficient has
the Student t distribution:

with n—2 degrees of freedom.

This was a basis for weights a() We put a(‘) t(‘)
where t; is the computed value of the t statistic for the
feature% q( e QY. We set a(‘) 0 if t(l) was less than
th_20.1°10" ! where th—20.1 is the crmcal value of the
Student t statistic with n—2 degrees of freedom at the
significance level equal to 0.1). In the case of a single
feature in hn%ulstic variable we assume the weight to
equal maxa i=1,2,..rj=1, 2, ..., M) the maxi-
mum over all values of oz(l)).

Now, the total weight for each state sj(l) is given as:
Finally for each vegetation type we define variable m;
(i=1, 2, ..., r) associated with the linguistic variable L,
as follows:

M;
m; = > Wj%l)
j=1

Table 1. List of vegetation types and data source used in
the example.

No Type

1 Pinus forest on serpentine soils, SE Alps; Orno-Pinetum
nigrae (Poldini 1984);

2 Pinus forest on alluvial deposits,
Pinetum, (Poldini 1984);

3 Pinus forest on dry calcareous soils, N Alps; Dorycnio-
Pinetum, (Poldini 1984);

4 Pinus forest on dry substrates, N Alps; Salici-Pinetum,
Poldini (1984);

5 Pinus forest on alluvial deposits, SW Alps, W Italy; Ca-
lamagrostio pseudophragmitae-Pinetum, (Poldini 1984);

SE Alps; Alno-

6 Cladonia rich coastal Pinus forest, Baltic region, Poland;
Empetro-Pinetum (Matuszkiewicz and Matuszkiewicz
1973);

7 coastal Pinus forest, Baltic region, Poland; Empetro-
Pinetum, (Matuszkiewicz and Matuszkiewicz 1973);

8 suboceanic form of lichen rich Pinus forest, Poland;
Cladonio-Pinetum, (Matuszkiewicz and MatuszKkiewicz
1973);

9 Subcontinental form of lichen rich Pinus forest, Poland;
Cladonio-Pinetum, (Matuszkiewicz and Matuszkiewicz
1973;

10 Sarmatic form of subcontinental Pinus forest, Poland;
Peucedano-Pinetum, (Matuszkiewicz and Matuszkiewicz
1973;

11 subboreal form of subcontinental Pinus forest, NE Po-
land, Peucedano-Pinetum, (Matuszkiewicz and Matu-
szkiewicz 1973;

12 continental form of fresh Pinus forest, SW Poland;
Leucobrio-Pinetum, (Matuszkiewicz and Matuszkiewicz
1973; “

13 suboceanic form of fresh Pinus forest, SW Poland;
Leucobrio-Pinetum, (Matuszkiewicz and Matuszkiewicz
1973;

14 inland Pinus forest on wet podsol soils, Poland; Molinio-
Pinetum, (Matuszkiewicz and Matuszkiewicz 1973;

15 boreal form of continental marsh Pinus forest, Poland;
Vaccinio uliginosi-Pinetum, (Matuszkiewicz and Matu-
szkiewicz 1973;

16 typical form of inland marsh Pinus forest, Poland; Vac-
cinio uliginosi-Pinetum, (Matuszkiewicz and Matuszkie-
wicz 1973;

17 relict type of fresh Pinus forest, Germany; Peucedano-
Pinetum, (Zeidler and Straub 1967);

18 Cladonia rich, suboceanic Pinus forest, Germany;

19 typical form of suboceanic Pinus forest, Germany;
Leucobrio-Pinetum, (Zeidler and Straub 1967);

20 Scandinavian, boreal Pinus forest, SE Norway;
Vaccinio-Pinetum boreale, (Kielland-Lund 1981);

21 Lichen rich, Scandinavian Pinus forest, SE Norway;
Cladonio-Pinetum boreale (Kielland-Lund 1981);

22 subalpine type, Scandinavian Pinus forest, SE Norway;

Barbilophozio-Pinetum lapponicae, (Kielland-Lund
1981).




where wﬁi) is the total weight associated with the sta-

te sjgl) observed for the lth object (1=1, 2, ..., n).
Using variables m; the membership function gk can

also be calculated. The following function was used in

the study:

( ) 1 1 " mﬂ—mi 1
w (my) = — + —arctan ————— . —
T e T o s, b;

m; is the mean value for variable m; over all types of
vegetation and §; is its standard deviation. Calculating
b; we followed Saita and Torasso (1981) by computing
this value in such a way that

w () < 1071

w(my) > 1—-1071

where
My
m; = ) gmin wjk(l)),
J=1 1<k<Aj
M;
m’ = (lmax ij(')).
j=1 1<k Aij

This gives the value for membership function within
interval [0, 1].

Examples

The phytosociological material used for the example
forms a subset of data bank prepared for large study
on dynamics of forest vegetation. The detailed descrip-
tion of the data and its structure will be given later in
another paper (Feoli, Boryslawski, in prep.) In our pre-
sent study the initial data table contained 22 columns
and 300 rows. The columns of the table represented

Table 2. Number of species assigned to each type of growth
life category used in example.

A Deciduous phanerophytes* 22
B Evergreen phanerophytes 6
C Deciduous nanophanerophytes 25
D Evergreen nanophanerophytes 2
E Woody chamaephytes 22
F Herbaceous chamaephytes 11
G Hemicryptophytes 95
I Geophytes 28
J Therophytes 2
K Therophytes/hemicryptophytes 1
L Liverworts 10
M Lichens 39
N Mosses 37

* Nomenclature and definitions according to Landolt (1977).
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vegetation types of Pinus forests, the rows correspon-
ded to species. Brief description of the types is given
in Table 1. Entries in the data table corresponded to
the species frequencies derived from the table consi-
dered and coded with values 0, 1, 2, 3, 5, 7, 9. Each
species was assigned to one of the life/growth-form ca-
tegory listed in Table 2.

Now each life/growth-form category of species cor-
responds to a linguistic variable 1; with species as fea-
tures. The following initial weights 'ng) were assigned
to species scores:

—1, —0.9, —0.6, —0.4, 0.7, 0.9, 1.

Weights aJ(i) were calculated as indicated earlier,
that is we computed totals from scores for each vege-
tation type within each species category, the totals and
the species scores were then ranked and Spearman rank
correlation coefficient was calculated between them.
Recoding was completed by calculating values for each
category according to the function previously given.
The final transformed table consisted of 22 columns and
13 rows.

Having transformed the data we can now examine
the redefined vegetation types. This could be done in
many ways but for the sake of example simplicity we
limited ourselves to unsophisticated methods. We ha-
ve used a minimum spanning tree calculated for Eucli-
dean distance and also principal components analysis
based on the covariance matrix. The results are sum-
marised in Fig. 1.

The general pattern on the graph may be explained
as follows:

As it is seen from Table 1 the first axis reflects S-N
and the second W-E geographical variation. The first
axis separates the types into two groups that differ in
life/growth-form category diversity. The types to the
right comprise low number of different categories.
Group on the left is composed of Central Europe forests
where almost all categories are presented with relati-
vely high abundance. The second axis represents phy-
siognomic trend from types abundant in trees and
shrubs towards decrease of higher vegetation strata and
increase in lower plants.

Individual MST links provide additional information.
Connection 20-6 represents syngenetic affinity of type
6 to boreal forests. Indeed, this type is regarded as a
relict on the south coast of Baltic (Matuszkiewicz and
Matuszkiewicz 1973). Suboceanic Pinus forest 18 is lin-
ked with azonal forest from SE Europe through its cha-
racteristic combination of species and with boreal
forests through its physiognomy. The types 19 and 8 al-
though assigned to different syntaxa show affinity cau-
sed by their suboceanic character.

We do not intend to give a detailed discussion here
as it will be the object of separate study. But we can
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Fig. 1. Ordination of 22 vegetation types. Dashed lines represent connections from MST. Note that length of the links

is irrelevant.

conclude that results presented seem to be promising.
The type of analysis used by us provides a parsimonious
description of both geographical distribution of the fo-
rests and their common features in terms of structural
and physiognomic characteristics.

Conclusions

Our example suggests that this type of data transfor-
mation is at least as efficient and sensitive as recoding
by means of logical matrix multiplication. But the pro-
cedure we proposed for redefinition seems to be a lo-
gical concept rather than a new method itself. It might
be profitable to regard a vegetation table as a set of spe-
cific questions while species occurrence and their at-
tributes form answers. Such a view, which could also
be taken for other vegetation data, implies the use of
fuzzy linguistic approach in vegetation analysis.

The method while being free of restrictive assump-
tion and allowing for elements of subjectivity is howe-

ver based on formal mathematical theory. This flexibi-
lity might be desirable especially at the level of hypo-
thesis generation. Thus by introducing this procedure
we hope to propose a complement to a group of me-
thods that are useful at the initial phase of data elabo-
ration.
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