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Abstract

The need of organizations to evaluate their environ-
mental practices is increasing, but there are many
possibilities to do it. In this paper a decision model
is proposed to evaluate company’s environmental
practice taking into account different collectives of
reviewers related to the company’s activity. More-
over, this model integrates quantitative and qualita-
tive information with different scales using a multi-
granular linguistic model that allows to adapt di-
verse evaluation scales according to the appraisers’
knowledge. The final aim is to compute partial and
global indicators that can be used by the manage-
ment team to make their decisions regarding the
environmental issues.

Keywords: Multi-criteria decision making, envi-
ronmental performance, non-homogeneous informa-
tion

1. Introduction

With environmental pressures increasing, many
companies have begun to give more attention to en-
vironmental issues. The ability of organizations to
manage their environmental performance is emerg-
ing as a strategic issue for firms. They need to
implement strategies to reduce their environmental
impact. Many studies have been reported about the
relation between environmental performance and
environmental management systems (see [1]) but
the variety of results depend on diverse factors such
as goals of a specific company, the operating envi-
ronment, the management style, etc.

Environmentally conscious practices refer to pro-
grams to improve processes and products environ-
mental performance in diverse forms like design for
environment, recycling, waste management, life cy-
cle analysis, green supply chain management, en-
vironmental certification (ISO 14000), environmen-
tal management systems (EMS), etc. They have
evolved with influences from reactive and proactive
policies taken by organizations (see [2]).

Even though evaluation of environmental perfor-
mance (EP) is becoming more and more important
recently, there is not a total agreement on what en-
vironmental performance is or how to measure it.

As a consequence, every organization proposes a dif-
ferent way to define it and to do it (see [1]).

Notwithstanding the evaluation of environmental
practices plays a key role in the competitiveness of
the companies, many of them either carry out infor-
mal ones or do not use it yet. Other companies, keen
on this evaluation, use formal methods but based
just on the opinion of one or various reviewers, in
some cases from top environmental managers, but
they hardly ever consider reviewers from company
outside. However, it is recognized the importance to
include the opinions of other concerned parties (see
[3]) to increase internal efficiency and external legit-
imacy. Then, the results of the evaluation process
could not represents correctly the company environ-
mental situation and can be biased and subjective
because the evaluation relies on several reviewers
that are not the only relevant people to evaluate
company’s environmental practices (see [4]).

Several multi-criteria decision making approaches
have been used as a basis to deal with environmen-
tal issues in various studies in the literature. Some
examples of such approaches are Analytical Hierar-
chy Process (AHP) [5], Analytical Network Process
(ANP) [6], grey relational analysis [7], Fuzzy TOP-
SIS (Technique for Order Performance by Similarity
to Ideal Solution [8], and others specifically devel-
oped models.

Moreover, although there are different types of
criteria: quantitative and qualitative, most of the
current methods provide only a quantitative pre-
cise modelling for their assessments. This fact can
produce a lack of precision in the assessments pro-
vided by the reviewers for qualitative criteria due
to the difficulty of expressing uncertain knowledge
in a precise way.

In order to overcome the drawbacks associated
with the previous established models to evaluate
environmental practices, in this paper we propose
a method where different sets of reviewers (inter-
nal and external, experts and non-experts) have to
evaluate company’s environmental practices attend-
ing to different criteria and attributes (quantitative
and qualitative). Taking into account that the dif-
ferent groups of reviewers may have a different de-
gree of knowledge about the company’s environmen-
tal practices and the different criteria nature, we
then propose a flexible heterogeneous framework in
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which appraisers may express their assessments by
means of numerical, interval-valued or linguistic in-
formation according to the criteria nature [9]. In
addition, we propose the use of the Fuzzy Linguistic
Approach [10] to model qualitative indicators, be-
cause it provides a direct way to model qualitative
information by means of linguistic variables. This
approach has been successfully used for this purpose
in other evaluation fields and others topics..

Subsequently, the evaluation method should man-
age this heterogeneous information in order to ob-
tain a global environmental performance indicator.
Thus, the problem falls, in a natural way, into the
group decision making context. We shall define a
multi-criteria model for evaluating company’s en-
vironmental practices based on classic processes of
decision-making.

This paper is organized as follows. In Section 2
we review in short the necessary concepts for our
proposal. Section 3 is devoted to introduce the pro-
posed MCDM model for evaluating environmental
practices. The paper concludes pointing out some
concluding remarks.

2. Managing non-homogeneous information

Due to the fact that we consider non-homogenous
framework for our evaluation model, in which
the appraisers could use numerical, linguistic or
interval-valued information. The evaluation model
needs to accomplish computations with this type of
information and we cannot operate directly with it.
We review in short a process presented in [9] to deal
with such a type of information that consists in the
following steps (see Figure 1):

1. To choose a domain to unify the linguistic in-
formation, so-called Basic Linguistic Term Set
(BLTS).

2. To conduct the heterogeneous information into
the BLTS. First into fuzzy sets and then into
linguistic 2-tuples in the BLTS.

Non-homogeneous 

information

Numerical values

Interval- values

Linguistic term

Choosing

BLTS

Managing non-homogeneous information

Conducting information into 

fuzzy set

Unification into linguistic 2-

tuples

Figure 1: Managing non-homogeneous information

2.1. Chosing the BLTS

To deal with non-homogenous information, first it
will be conducted in an unique expression domain.
This domain will be a linguistic term set called
BLTS, noted as S, that is selected with the aim
of keeping as much knowledge as possible (see [9]).

2.2. Conducting information into fuzzy sets

Once the BLTS has been chosen in order to accom-
plish computing processes with non-homogenous in-
formation. We will then conduct it in the BLTS
by means of fuzzy sets. To do so, we will use the
transformation functions presented in [9] from each
domain in the heterogeneous framework:

Definition 1 Let v ∈ [0, 1] be a numerical value
and S = {s0, s1, . . . , sg} a linguistic term set.
The numerical-linguistic transformation function
TNS : [0, 1] −→ F(S) is defined by:

TNS(v) = {(s0, γ0), (s1, γ1), . . . , (sg, γg)}

with

γi = µsi
(v) =


0, if v < a o v > d,
v−a
b−a , if a < v < b,

1, if b ≤ v ≤ c,
d−v
d−c , if c < v < d

where γi ∈ [0, 1] and F(S) is the set of fuzzy
sets on S, and µsi

is the membership function of
the linguistic label si ∈ S.

Definition 2 Let I = [d, e], d ≤ e
be an interval-value in [0, 1] and
S = {s0, s1, . . . , sg} a linguistic term set.
The interval-linguistic transformation function
TIS : I −→ F(S) is defined by:

TIS(I) = {(s0, γ0), (s1, γ1), . . . , (sg, γg)}

with

γi = max
y

min {µI(y), µsi
(y)}, i = 0, 1, . . . , g

where F(S) is the set of fuzzy sets on S, and
µI and µsi

are the membership functions of the
interval-value I and the linguistic label si ∈ S, re-
spectively.

Definition 3 Let S = {s0, s1, . . . , sh} and
S = {s0, s1, . . . , sg} be two linguistic term sets,
with h ≤ g. The linguistic transformation function
TSS : S −→ F(S) is defined by:

TSS(sj) = {(s0, γ0), (s1, γ1), . . . , (sg, γg)}

with

γi = max
y

min {µsj (y), µsi
(y)}, i = 0, 1, . . . , g

where F(S) is the set of fuzzy sets on S, and µsj

and µsi
are the membership functions of the lin-

guistic labels sj ∈ S and si ∈ S, respectively.
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2.3. Unification into linguistic 2-tuples

In order to simplify the computations and improve
the understanding of the results, we now transform
the fuzzy sets in the BLTS into linguistic 2-tuples
in the BLTS [9].

The 2-tuple fuzzy linguistic representation model
is based on the concept of symbolic translation [11].
This model represents the linguistic information
through a 2-tuple (s, α), where s is a linguistic
term and α is a numerical value representation of
the symbolic translation [11]. So, being β ∈ [0, g]
the value which represents the result of a symbolic
aggregation operation, then we can assign a 2-tuple
(s, α) that expresses the equivalent information of
that given by β.

Definition 4 Let S = {s0, . . . , sg} be a set of lin-
guistic terms. The 2-tuple set associated with S is
defined as ⟨S⟩ = S × [−0.5, 0.5). We define the
function ∆S : [0, g] −→ ⟨S⟩ given by,

∆S(β) = (si, α), with
{

i = round (β),
α = β − i,

where round assigns to β the integer number i ∈
{0, 1, . . . , g} closest to β.

We note that ∆S is bijective [11] and
∆−1

S : ⟨S⟩ −→ [0, g] is defined by ∆−1
S (si, α) = i+α.

In this way, the 2-tuples of ⟨S⟩ will be identified with
the numerical values in the interval [0, g].

Remark 1 We can consider the injective mapping
S −→ ⟨S⟩ that allows us to transform a linguistic
term si into a 2-tuple: (si, 0). On the other hand,
∆S(i) = (si, 0) and ∆−1

S (si, 0) = i, for every i ∈
{0, 1, . . . , g}.

The 2-tuple fuzzy linguistic representation model
has associated a linguistic computational model
[11], that accomplishes processes of CW with sym-
metrical and triangular-shaped labels in a precise
way. Keeping in mind that our objective here is to
transform fuzzy sets in the BLTS into linguistic 2-
tuples, we present the function χ that carries out
this transformation.

Definition 5 Given the linguistic term
set S = {s0, s1, . . . , sg}, the function
χ : F(S) −→ S × [−0.5, 0.5), is defined by

χ ({(s0, γ0), (s1, γ1), . . . , (sg, γg)}) = ∆S


g∑

j=0
j γj

g∑
j=0

γj

 .

3. An evaluation model for company
environmental practices with
non-homogeneous information

In this section, we present our proposal for evalu-
ating company environmental practices based on a

classic decision analysis scheme whose accommoda-
tion to our problem is showed in Figure 2.

Framework 

identification

Criteria 

selection

Reviewers 

selection

Rating process

Unification

phase

Aggregation

phase

Rating

phase

Evaluation

of

results

Feed-back of results and improving company environmental practices

Figure 2: Decision scheme for evaluating company
environmental practices
a) Framework identification. In this step of the
evaluation process, the criteria and the reviewers of
the company’s environmental practices are identi-
fied.
• Selection of criteria. Environmental performance
indicators are used to depict the vast quantity of en-
vironmental information of a firm in a comprehen-
sive and concise manner. In the literature, several
studies have reported a great variety of indicators
or measurement items (see [12] and [13]). Follow-
ing the standard ISO 14031, in this paper we con-
sider two general categories of EP indicators: man-
agement performance indicators (MPI) and opera-
tional performance indicators (OPI). The first pro-
vides information about management efforts in rela-
tion with the policy, people, practices, procedures,
decisions and actions at all levels of the organiza-
tion. The second one provides information about
environmental performance of the operations of the
organization relative to organization’s physical fa-
cilities and equipment (material and energy flows).
Following these important categories of indicators
we can distinguish two types of criteria associated
to them: management criteria and operational cri-
teria.
• Selection of reviewers. According to the standard
itself [14], in this paper we propose a evaluation
method where the company’s environmental prac-
tices is carried out from diverse collectives related
to the activity and not only the technical informa-
tion recovered from top environmental managers.
Moreover, the proposal method distinguish between
experts and non-experts reviewers.
b) Rating process. To obtain a global environ-
mental performance indicator of each facility site,
all information provided by the appraisers must be
aggregated. Due to the fact that the framework is
heterogeneous this process is carried out in three
phases:

(1) Unification information phase. The heteroge-
nous information provided the different collectives
is conducted into a unique expression domain, Basic
Linguistic Term Set (BLTS) (see [9]).

(2) Aggregation phase. In this phase the infor-
mation is aggregated taking into account different
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groups of reviewers and different criteria. We use a
multi-step aggregation methodology (see Figure 3).

(3) Rating phase. The aim of this phase is rank-
ing evaluated facility sites following the goals estab-
lished by the Department of Environment.
c) Evaluation of the results. The results of fa-
cility sites about environmental practices are taken
into account in this stage of the evaluation process
due to the fact that one of the most important as-
pect of an environmental practices evaluation pro-
cess is providing performance feedback to facility
sites.

In the coming subsections we shall present in de-
tail each phase of our model and in order to show
how a company or organization could carry out an
environmental evaluation process with the proposed
model, we provide an example.

3.1. Evaluation framework

In order to show how a company could carry out
an environmental practices evaluation process, let
us suppose a company which wants to evaluate the
environmental practices of its facility sites. It is
supposed the company has a set of facility sites
X = {x1, ..., xn} to be evaluated by the following
collectives:
• Internal reviewers. This reviewers’ collective is
made up of:
- A set of company’s internal experts, AE :

AE = {aE
1 , ..., aE

m}.

- A set of company’s internal non-experts such as
managers, staff, employees, etc., ANE :

ANE = {aNE
1 , ..., aNE

r }.

• External reviewers. This reviewers’ collective
is made up of:
- A set of company’s external experts such as audi-
tors, BE :

BE = {bE
1 , ..., bE

s }.

- A set of company’s external non-experts evalua-
tors which is made up of two different reviewers’
collectives:

1. A set of other “stakeholder” (shareholders, sup-
pliers, government regulators, local communi-
ties, intermediate customers, large retailers, fi-
nal consumers), BNE−G:

BNE−G = {bNE−G
1 , ..., bNE−G

t }.

2. A set of social constituents (community groups,
trade associations, labor unions, environmental
groups), BNE−S :

BNE−S = {bNE−S
1 , ..., bNE−S

u }.

Moreover, reviewers evaluate company environ-
mental practices attending to two different types of
criteria:

• Management performance criteria

Y M = {Y M
1 , . . . , Y M

p }.

• Operational performance criteria

Y O = {Y O
1 , . . . , Y O

q }.

Consequently, there are p + q criteria. As we have
mentioned in Section 1, both sets of criteria can
have a qualitative or/and quantitative nature.

We notice there are two general sets of criteria to
evaluate company environmental practices but each
collective of reviewers could only assess the facility
site attending to a number of them following the
guidelines established by the Department of Envi-
ronment.

The assessments provided by the members of
the different collectives of reviewers aE

i,j ∈ AE ,
aNE

i,j ∈ ANE , bE
i,j ∈ BE , bNE−G

i,j ∈ BNE−G and
bNE−S

i,j ∈ BNE−S on the facility site xj accord-
ing to the criterion Y −

k are denoted by aE
i,j,k,

aNE
i,j,k, bE

i,j,k, bNE−G
i,j,k and bNE−S

i,j,k , respectively. There-
fore, there are at most (m + r + s + t + u)(p + q)
assessments for each locality site by the different
reviewers’ collectives.

In this paper we consider a evaluation model
which mixes quantitative and qualitative criteria.
As a consequence, reviewers can express their opin-
ions to each criterion in different domains, depend-
ing on the criteria nature and attending to their
knowledge about the criterion evaluated. In this
way:

• aE
i,j,k ∈ [0, 1] or aE

i,j,k ∈ I = [d, e], I ∈ [0, 1] or
aE

i,j,k ∈ Sk
AE for each i ∈ {1, . . . , m} and each

j ∈ {1, . . . , n}.
• aNE

i,j,k ∈ [0, 1] or aNE
i,j,k ∈ I = [d, e], I ∈ [0, 1] or

aNE
i,j,k ∈ Sk

ANE for each i ∈ {1, . . . , r} and each
j ∈ {1, . . . , n}.

• bE
i,j,k ∈ [0, 1] or bE

i,j,k ∈ I = [d, e], I ∈ [0, 1] or
bE

i,j,k ∈ Sk
BE for each i ∈ {1, . . . , s} and each

j ∈ {1, . . . , n}.
• bNE−G

i,j,k ∈ [0, 1] or bNE−G
i,j,k ∈ I = [d, e], I ∈ [0, 1]

or bNE−G
i,j,k ∈ Sk

BNE−G for each i ∈ {1, . . . , t}
and each j ∈ {1, . . . , n}.

• bNE−S
i,j,k ∈ [0, 1] or bNE−S

i,j,k ∈ I = [d, e], I ∈ [0, 1]
or bNE−S

i,j,k ∈ Sk
BNE−S for each i ∈ {1, . . . , u}

and each j ∈ {1, . . . , n}.

We can note that any appropriate linguistic term
set Sk is characterized by its cardinality or granu-
larity, |Sk |.

Example 1 Let us suppose a company which is
carrying out an evaluation on their environmental
practices, which involves evaluations from internal
and external reviewers. Without loss of general-
ity we consider two facility sites to be evaluated:
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x1, x2 according to two qualitative criteria, Y1, Y2
and a quantitative criterion Y3. For instance, Y1 is
the extension in pollution control initiatives (man-
agement criteria), Y2 is “green purchasing” to asses
if they incorporate environmental considerations in
the purchasing process (management criteria) and
Y3 is the proportion of recyclable content over the
total (operational criteria). The reviewers are:

• Three internal experts AE = {aE
1 , aE

2 , aE
3 }.

• Two internal non-experts ANE = {aNE
1 , aNE

2 }.
• Two external experts BE = {bE

1 , bE
2 }.

• Three external non-experts from stakeholder
BNE−G = {bNE−G

1 , bNE−G
2 , bNE−G

3 }.
• Two external non-experts from social con-

stituents BNE−S = {bNE−S
1 , bNE−S

2 }.

Each group of reviewers uses their own balanced
linguistic term sets Sk to provide their knowledge
of every qualitative criteria and the interval [0, 1] for
the quantitative one. The term sets referred to the
first criterion (S1

AE S1
ANE , S1

BE S1
BNE−G S1

BNE−S )
have 5 linguistic terms and the term sets referred
to the second criterion (S2

AE S2
ANE , S2

BE S2
BNE−G

S2
BNE−S ) have 7 linguistic terms. The associated

semantics are included in the following Table 1.

Table 1: Label sets for the criteria

Label set for criterion Y1
s1

0 Very poor (0, 0, 0.25)
s1

1 Poor (0, 0.25, 0.5)
s1

2 Fair (0.25, 0.5, 0.75)
s1

3 Good (0.5, 0.75, 1)
s1

4 Very good (0.75, 1, 1)

Label set for criterion Y2
s2

0 Never (0, 0, 0.16)
s2

1 Very Rarely (0, 0.16, 0.34)
s2

2 Rarely (0.16, 0.34, 0.5)
s2

3 Sometimes (0.34, 0.5, 0.66)
s2

4 Frequently (0.5, 0.66, 0.84)
s2

5 Very Frequently (0.66, 0.84, 1)
s2

6 Always (0.84, 1, 1)

First of all and once the evaluation framework
has been fixed the reviewers express their opinions
about each facility site. In Table 2 is indicated the
assessments provided by the appraisers about facil-
ity sites x1 and x2, for each criterion.

3.2. Rating process

To operate with heterogeneous information, it is fol-
lowed the process reviewed in Section 2. Its adap-
tion to the current problem is detailed below.

3.2.1. Unification phase

Dealing with with heterogeneous information pro-
vided by the different collectives assessed in differ-

Table 2: Reviewers’ assessments for each facility site
and each criterion

x1 x2
Y1 Y2 Y3 Y1 Y2 Y3

aE
1 s1

1 s2
5 0.30 s1

1 s2
4 0.60

aE
2 s1

1 s2
5 0.27 s1

1 s2
5 0.65

aE
3 s1

2 s2
4 0.30 s1

0 s2
5 0.65

aNE
1 s1

1 s2
4 - s1

0 s2
5 -

aNE
2 s1

2 s2
4 - s1

1 s2
4 -

bE
1 s1

3 s2
5 0.25 s1

1 s2
4 0.52

bE
2 s1

1 s2
4 0.20 s1

0 s2
3 0.55

bNE−G
1 s1

1 s2
5 - s1

1 s2
5 -

bNE−G
2 s1

2 s2
3 - s1

1 s2
4 -

bNE−G
3 s1

2 s2
4 - s1

0 s2
5 -

bNE−S
1 s1

2 s2
5 - s1

2 s2
5 -

bNE−S
2 s1

2 s2
5 - s1

1 s2
5 -

ent domains (numerical, interval-valued and linguis-
tic), first it is conducted the non-homogeneous in-
formation into an unique expression domain, BLTS
[9], S = {s0, s1, . . . , sg} (see Figure 1). Once the
BLTS has been chosen, the non-homogeneous infor-
mation for each criterion Y −

k is unified by means
of fuzzy sets in S using the functions TNS , TIS
and TSS (Definitions 1, 2 and 3).The information
is then expressed into an unique linguistic term set,
through fuzzy sets in S.

In order to facilitate the aggregation process and
the understandability of the results, we transform
the fuzzy sets in S into linguistic 2-tuples using the
functions χ and ∆ presented in Definitions 4 and 5,
respectively. The transformed assessments for each
collective are then aE

i,j,k ∈ ⟨S⟩ for internal experts
reviewers, aNE

i,j,k ∈ ⟨S⟩ for internal non-experts re-
viewers, b

E

i,j,k ∈ ⟨S⟩ for external experts reviewers
and b

NE−G

i,j,k ∈ ⟨S⟩ and b
NE−S

i,j,k ∈ ⟨S⟩ for external
non-experts reviewers.

We can note that all the information provided by
the different collectives has already unified into 2-
tuples in the BLTS. Therefore, we can operate in a
symbolic way to obtain the appraisal results.

Example 2 Following Example 1, the assessments
provided by the reviewers will be conducted into a
unique linguistic term set, BLTS. In this case, we
will consider that the BLTS is S = {s0, . . . , s6}.
To transform the input information into F (S) , we
apply the transformation function from Definitions
2, 1 and 3. When all information is expressed by
means of fuzzy sets defined in the BLTS, we trans-
form every fuzzy set in S into a linguistic 2-tuple
(see Definition 5). The results of these transforma-
tions are shown in Table 3.

3.2.2. Aggregation phase

To obtain a global environmental performance indi-
cator of each facility site, we are carried out an ag-
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Table 3: Reviewers’ transformed-assessments for
each facility site and each criterion

x1
Y1 Y2 Y3

aE
1 (s2, −0.5) (s5, 0) (s2, −0.22)

aE
2 (s2, −0.5) (s5, 0) (s2, −0.39)

aE
3 (s3, −0.17) (s4, 0) (s2, −0.22)

aNE
1 (s2, −0.5) (s4, 0) -

aNE
2 (s3, −0.17) (s4, 0) -
bE

1 (s5, −0.49) (s5, 0) (s3, 0.31)
bE

2 (s2, −0.5) (s4, 0) (s1, 0.22)
bNE−G

1 (s2, −0.5) (s5, 0) -
bNE−G

2 (s3, −0.17) (s3, 0) -
bNE−G

3 (s3, −0.17) (s4, 0) -
bNE−S

1 (s3, −0.17) (s5, 0) -
bNE−S

2 (s3, −0.17) (s5, 0) -

x2
Y1 Y2 Y3

aE
1 (s2, −0.5) (s4, 0) (s4, −0.38)

aE
2 (s2, −0.5) (s5, 0) (s4, −0.06)

aE
3 (s1, −0.40) (s5, 0) (s4, −0.06)

aNE
1 (s1, −0.40) (s5, 0) -

aNE
2 (s2, −0.5) (s4, 0) -
bE

1 (s2, −0.5) (s4, 0) (s3, 0.13)
bE

2 (s1, −0.40) (s3, 0) (s3, 0.32)
bNE−G

1 (s2, −0.5) (s5, 0) -
bNE−G

2 (s2, −0.5) (s4, 0) -
bNE−G

3 (s1, −0.40) (s5, 0) -
bNE−S

1 (s3, −0.17) (s5, 0) -
bNE−S

2 (s2, −0.5) (s5, 0) -

Aggregation process

Experts

Non-experts

External 

reviewers

Collective EPI 

for each criterion

Experts EPI

for each 

criteria
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criteria

Management

performance

indicator
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performance

indicator

Global
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indicator
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Figure 3: Steps of the aggregation phase

gregation method which has several steps (see Fig-
ure 3). To do so, individual assessments will be
aggregated by using aggregation operators that al-
low to operate in a symbolic way and have good
properties. So, the use of 2-tuples OWA operator
seems suitable (see [11]).

Definition 6 Let ((l1, α1), . . . , (lm, αm)) ∈ ⟨S⟩m

be a vector of linguistic 2-tuples, and w =
(w1, . . . , wm) ∈ [0, 1]m be a weighting vector such
that

∑m
i=1 wi = 1. The 2-tuple OWA operator as-

sociated with w is the function Gw : ⟨S⟩m −→ ⟨S⟩
defined by

Gw((l1, α1), . . . , (lm, αm)
)

= ∆S

(
m∑

i=1
wi β∗

i

)
,

where β∗
i is the i-th largest element of{

∆−1
S

(l1, α1), . . . , ∆−1
S

(lm, αm)
}

.

Remark 2 2-tuple OWA operator satisfies some
interesting properties as compensativeness, idempo-
tency, symmetry and monotonicity.

There are different methods to compute the
weighting vectors. Yager suggested an interesting
way to compute the weighting vector for OWA oper-
ators using non-decreasing linguistic quantifiers (see
[15]), that we shall use in our model. Some exam-
ples of non-decreasing relative linguistic quantifiers
are “most", “at least half" and “as many as possi-
ble".

Following, we present in further detail each stage
in the aggregation process. It is important to note
that each aggregation procedure can use a different
linguistic quantifier.

1. Computing environmental performance indica-
tors for each reviewers’ collective and each cri-
terion.
The reviewers’ assessments are aggregated for
each criterion and each collective by means of
a 2-tuple OWA operator, G−

−. Then, for each
collective and for every criterion Y −

k , the pro-
cess is conducted in the following manner.

- For internal reviewers (experts and non-
experts, respectively):

IAE

k (xj) = GAE

k (aE
1,j,k , . . . , aE

m,j,k ),

IANE

k (xj) = GANE

k (aNE
1,j,k , . . . , aNE

r,j,k ).

- For external reviewers (experts and non-
experts, respectively):

IBE

k (xj) = GBE

k (bE

1,j,k , . . . , b
E

s,j,k ),

IBNE

k (xj) = GBNE

k

(
IBNE−G

k (xj), IBNE−S

k (xj)
)

,

where IBNE−G

k (xj) is the environmental perfor-
mance indicator for stakeholder reviewers:

IBNE−G

k (xj) = GBNE−G

k (bNE−G

1,j,k , . . . , b
NE−G

t,j,k ),

and IBNE−S

k (xj) is the environmental perfor-
mance indicator for social reviewers:

IBNE−S

k (xj) = GBNE−S

k (bNE−S

1,j,k , . . . , b
NE−S

u,j,k ).
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2. Computing environmental performance indica-
tors for experts/non-experts reviewers and each
criterion.
The previous environmental performance in-
dicators for the xj facility site: IAE

k (xj),
IANE

k (xj), IBE

k (xj) and IBNE

k (xj) are aggre-
gated for each criterion taking into account if
the reviewers are experts or not. Then, the
previous indicators belonging to the experts re-
viewers are aggregated by means of a 2-tuple
OWA operator:

GE
k : ⟨S⟩2 −→ ⟨S⟩

obtaining a 2-tuple over the BLTS for each cri-
terion Y −

k :

IE
k (xj) = GE

k

(
IAE

k (xj), IBE

k (xj)
)

∈ ⟨S⟩.

Analogously to the experts reviewers, an envi-
ronmental performance indicator is computed
for each criterion Y −

k by aggregating the opin-
ions of all non-experts reviewers:

GNE
k : ⟨S⟩2 −→ ⟨S⟩

obtaining a 2-tuple over the BLTS for each cri-
terion Y −

k :

INE
k (xj) = GNE

k

(
IANE

k (xj), IBNE

k (xj)
)

∈ ⟨S⟩.

3. Computing management and operational per-
formance indicators.
They are obtained by means of aggregating
the previous experts and non-experts indica-
tors taking into account the two types of crite-
ria: management and operational.
• Management performance indicator.
In order to calculate this indicator we
aggregate the experts and non-experts
indicators for management criteria,
Y M = {Y M

1 , . . . , Y M
p } by means of a 2-

tuple OWA operator:

GM : ⟨S⟩p −→ ⟨S⟩

obtaining a 2-tuple over the BLTS:

IM (xj) = GM (IE
1 (xj), . . . , IE

p (xj),

INE
1 (xj) . . . , INE

p (xj)) ∈ ⟨S⟩.

• Operational performance indicator. Anal-
ogously to management performance indi-
cator, an operational performance indica-
tor is computed for operational criteria,
Y O = {Y O

1 , . . . , Y O
q } by aggregating the ex-

perts and no-experts indicators for such crite-
ria:

GO : ⟨S⟩q −→ ⟨S⟩

obtaining a 2-tuple over the BLTS:

IO(xj) = GO(IE
1 (xj , . . . , IE

q (xj),

INE
1 (xj), . . . , INE

q (xj)) ∈ ⟨S⟩.

4. Computing a global environmental performance
indicator.
It is obtained by aggregating the management
and the operational performance indicators, by
means of a 2-tuple OWA operator

G : ⟨S⟩2 −→ ⟨S⟩,

obtaining a 2-tuple in the BLTS:

I(xj) = G
(
IM (xj), IO(xj)

)
∈ ⟨S⟩.

All the indicators obtained in each step of the
aggregation process, IAE

k (xj), IANE

k (xj), IBE

k (xj),
IBNE−G

k (xj), IBNE−S

k (xj), IE
k (xj), INE

k (xj), IM (xj),
IO(xj) and I are used for evaluating company en-
vironmental practices.

3.2.3. Rating phase

In the exploitation phase, the management team of
the Department of Environment shall classify and
order facility sites according to the environmen-
tal performance indicators obtained in the previous
phase. For sorting facility sites within the set of lin-
guistic categories of the BLTS, we only need to take
into account the first component of the 2-tuples ob-
tained in each stage of the aggregation phase. How-
ever, for ranking facility sites it should be necessary
to take into account the two components of the cor-
responding 2-tuples. The process of pairwise com-
parison among these values expressed by linguistic
2-tuples is carried out according to the ordinary lex-
icographic order presented in [11].

3.3. Evaluation of results and feed-back

Few models of evaluation environmental practices
take into account in the decision making process
the evaluation of the results from the rating phase.
Our proposal includes the evaluation of the results
into the decision making process with the purpose
of improving the environmental practices, knowing
facility sites’ weak points and synchronizing envi-
ronmental facility sites’ goals with company’s envi-
ronmental goals (see Figure 2). This part of evalu-
ation environmental procedure is so-called feedback
process.

Example 3 Following Examples 1 and 2, the
weighting vectors used in each stage of the aggrega-
tion procedure are determined by a fuzzy linguistic
quantifier. Particularly, in this example we use the
quantifier “most” whose parameters are (0.3, 0.8) to
aggregate information in all stages of the aggrega-
tion procedure. The aggregation process computes
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Table 4: Global performance values for each facility
site

I(x1) = (s2, 0.01)
I(x2) = (s3, −0.23)

different values to obtain the global environmental
performance indicator for each facility site (see Ta-
ble 4).

Taking into account the result of the last stage
of the ranking phase and the ordinary lexicographic
order on ⟨S⟩, the facility site x2 is the best carry-
ing out environmental practices. The Department
of Environment now knows the weak points of the
facility site x1 and it will try to synchronize envi-
ronmental facility site’ goals with company’s envi-
ronmental goals.

4. Conclusions

The evaluation of environmental practices is a pro-
cess that allows companies and organizations to de-
termine their efficiency and effectiveness of their en-
vironmental practices. In this contribution we have
presented a MCDM model, taking into account that
appraisers are expressing objective and subjective
perceptions and might present different degrees of
knowledge about evaluated facility sites. Thus, in
our proposal appraisers could express their assess-
ments in different scales according to their knowl-
edge and criteria nature. The presented model not
only obtain a global environmental performance in-
dicator for each facility site, but also it obtains inter-
mediate environmental performance indicators ac-
cording to the opinions of each set of reviewers and
criterion, and a management and operational per-
formance indicators. All these results are expressed
in a linguistic way in order to improve the under-
standing of such results to all the people involved in
the evaluation process. It is worth emphasizing that
the proposed model is quite flexible and it allows to
the management team customizes how to aggregate
the individual opinions.
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