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Abstract

Evaluation of the environmental performance is
becoming more and more important for compa-
nies. In this work we present a multi-criteria de-
cision model for evaluating company’s environ-
mental practices. This proposal involves a num-
ber of collectives of reviewers related to the com-
pany’s activity directly or indirectly. In addition,
it is considered quantitative and qualitative in-
formation with different scales according to the
appraisers’ knowledge. Due to the relationships
among criteria we propose using the Choquet in-
tegral as an aggregation operator. The ultimate
aim is to compute partial and global indicators
that can be used to make decisions regarding the
environmental issues.

Keywords: Multi-criteria decision making, En-
vironmental performance, Non-homogeneous in-
formation, Choquet integral.

1 INTRODUCTION

Environmental issues are rapidly emerging as an impor-
tant factor for business and management to consider. The
ability of organizations to manage their environmental per-
formance is emerging as a strategic issue for firms. Many
studies have been reported about the relation between en-
vironmental performance and environmental management
systems (see [14]) or the relation with business perfor-
mance (see [3]) with a variety of results depending on di-
verse factors.

Environmentally conscious practices refer to programs
to improve processes and products environmental perfor-
mance in diverse forms like design for environment, recy-
cling, waste management, life cycle analysis, green sup-
ply chain management, environmental certification (ISO

14000), environmental management systems (EMS), etc.
They have evolved with influences from reactive and proac-
tive policies taken by organizations (see [11] and [3]).

Even though evaluation of environmental performance
(EP) is becoming more and more important recently, there
is not a total agreement on what environmental perfor-
mance is or how to measure it. As a consequence, every
organization proposes a different way to define it and to do
it (see [14],[3]).

It is recognized the importance to include multiple view-
points of the concerned parties (see [3]) to increase internal
efficiency and external legitimacy. However, many compa-
nies use formal methods based just on the opinion of one
or various reviewers, in some cases from top environmental
managers (see [11] and [3]). Then, the results of the eval-
uation process could not represent correctly the company
environmental situation and they can be biased because the
evaluation relies on reviewers that are not the only relevant
people to evaluate company’s environmental practices.

Several multi-criteria decision making approaches have
been used as a basis to deal with environmental issues in
various studies in the literature. Some examples of such ap-
proaches are Analytical Hierarchy Process (AHP) [10], An-
alytical Network Process (ANP) [15], grey relational analy-
sis [13], Fuzzy TOPSIS (Technique for Order Performance
by Similarity to Ideal Solution) [1], and others specifically
developed models.

Moreover, despite there are different types of criteria, quan-
titative and qualitative, most of the current methods provide
only a quantitative precise modelling for their assessments.
This fact can produce a lack of precision in the assessments
provided 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 dif-
ferent sets of reviewers (internal and external, experts and



non-experts) have to evaluate company’s environmental
practices attending to different criteria (quantitative and
qualitative). Taking into account that the different groups
of reviewers may have a different degree of knowledge
about the company’s environmental practices and the dif-
ferent criteria nature, we then propose a flexible heteroge-
neous framework in which appraisers may express their as-
sessments by means of numerical or linguistic information
according to the criteria nature. In addition, we propose
the use of the Fuzzy Linguistic Approach to model qualita-
tive information by means of linguistic variables (see [8]).
This approach has been successfully used for this purpose
in other evaluation fields and others topics (see [12]).

This paper is organized as follows. Section 2 is devoted to
introduce the proposed MCDM model. Section 3 details
the rating process that includes the aggregation phase. The
paper ends pointing out some concluding remarks.

2 AN ENVIRONMENTAL EVALUATION
MODEL

In this section, we present our proposal for evaluating com-
pany environmental practices based on a classic decision
analysis scheme whose accommodation to our problem is
showed in Figure 1.
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Figure 1: Decision scheme for evaluating company envi-
ronmental practices

a) Framework identification. In this step of the evaluation
process, the criteria and the reviewers of the company’s en-
vironmental practices are identified.

e Selection of criteria. Environmental performance indi-
cators (EPIs) are used to depict the vast quantity of envi-
ronmental information of a firm in a comprehensive and
concise manner. Following the standard ISO 14031, in this
paper we consider two general categories of EPIs: manage-
ment performance indicators (MPI) and operational per-
formance indicators (OPI). The former provide informa-
tion about management efforts in relation with the pol-
icy, people, practices, procedures, decisions and actions at
all levels of the organization. The latter provide informa-
tion about environmental performance relative to organiza-
tion’s physical facilities and equipment (material and en-
ergy flows). Following these categories of indicators we

can distinguish two types of criteria associated to them:
management criteria and operational criteria.

e Selection of reviewers. According to the standard itself
[9], in this paper we propose an evaluation method where
the assessments are carried out from diverse collectives re-
lated to the activity and not only from top environmental
managers. Moreover, the proposal method distinguishes
between experts and non-experts reviewers.

b) Rating process. To obtain a global environmental per-
formance indicator of each facility site, all information pro-
vided by the appraisers must be aggregated. Due to the fact
that the framework deals with heterogeneous information,
this process is carried out in three phases:

(1) Normalization and unification information phase. As
the different collectives provide information in different
domains we cannot operate directly with it in order to ac-
complish computations required for the evaluation model.
We conduct the original information into a common do-
main in the way we detail below.

(2) Aggregation phase. In this phase the information is
aggregated considering different groups of reviewers and
different criteria. We use a multi-step aggregation method-
ology (see Figure 2).

(3) Rating phase. The aim of this phase is ranking eval-
uated facility sites following the goals established by the
Department of Environment.

c¢) Evaluation of the results. One of the most important
aspect of an environmental practices evaluation process is
to provide feedback about the environmental performance
to facility sites. Based on the outcomes, the company can
identify and prioritize opportunities for improving the en-
vironmental practices.

2.1 EVALUATION FRAMEWORK

In order to show how a company could carry out an en-
vironmental practices evaluation process, let us suppose a
company which wants to evaluate the environmental prac-
tices of its facility sites. It is supposed the company has a
set of facility sites X = {xj,...,x,} to be evaluated by the
following collectives:

e Internal reviewers. This reviewers’ collective, A, is
composed by:

- A set of company’s internal experts: A = {a¥,...,al}.

- A set of company’s internal non-experts such as man-
agers, staff, employees, etc.: AN = {a}E, ... alE}.

o External reviewers. This reviewers’ collective, B, con-
sists of:

- A set of company’s external experts such as auditors:
BE = (b, bE}.



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

1. A set of other “stakeholders” (shareholders, suppli-
ers, government regulators, local communities, inter-

mediate customers, large retailers, final consumers):
BYE=G = (pNE-G | pNE-CY

2. A set of social constituents (community groups, trade

associations, labor unions, environmental groups):
NE—S __ [, NE—S NE —S
B —{b1 s D) .

Moreover, reviewers evaluate company environmental
practices attending to two different types of criteria. Both
of them may contain criteria of qualitative or quantitative
nature. Due to this fact, we consider a general set of crite-
ria C which includes two subsets of criteria, the quantitative
C; and the qualitative C. The criteria structure is then the
following:

e Management performance criteria CM = C} +C)!

AM={MMecclorcd e k=1,....p}
e Operational performance criteria C% =C9 +CY

C?={l % cclorclecC? k=1,...,q}.

Notice that the same criterion can not be evaluated using
different expression domains, in consequence CIIW ncY =0
and CYNCY = 0.

The assessments
the different
a?f? € AME,

NE—S NE—S
b; j € B

provided by the members of
collectives of reviewers af, € AE,

i
bf; € BE, b9 € BTG and
on the

facility site x; accord-

ing to the criterion ¢, are denoted by af ke
NE  pE NE—G NE S : '
a; ;o bj; ke bi’j,k and bi,j,k , respectively. Therefore,

there are at most (m+r+s—+1t+u)(p+g) assessments for
each locality site since each collective of reviewers could
only assess the facility site attending to a number of them
following the guidelines established by the Department of
Environment.

In this paper we consider an evaluation model which mixes
quantitative and qualitative criteria. As a consequence, re-
viewers can express their opinions for each criterion in dif-
ferent domains, depending on the criteria nature and attend-
ing to their knowledge about the evaluated criterion. In this
way:

af €RTV Sh forie {1,...,m}, je{l,....n}.

al € RV Shy forie{1,...,r}, je{l,...,n}.

bfj,k ERTV S’E;E forie {l,...,s}, je{l,...,n}.

b O ERTV Sy g forie{l,... .1}, je{l,....n}.

o DS ERTV Ky sforie{l,...,u}, je{l,...,n}.

We can note that any appropriate linguistic term set S¥ is
characterized by its cardinality or granularity, |S¥|.

3 RATING PROCESS

Our proposal considers that reviewers can express their
opinions about facility sites in different domains, numer-
ical and linguistic according to the criterion to be evaluated
and to the reviewer’s knowledge and experience. There-
fore and before carrying out the aggregation process, it is
necessary to standardize or normalize all gathered informa-
tion into a unique domain, the interval [0, g], where g is the
granularity of the linguistic common domain.

3.1 NORMALIZATION AND UNIFICATION
PHASE

Since criteria used to evaluate environmental practices can
be quantitative or qualitative, it is necessary to achieve the
normalization process by means of two different ways de-
pending on the criterion nature.

On the one side, if gathered information is about a quan-
titative criterion, we have to distinguish between benefit
or cost criterion to accomplish accurately the normaliza-
tion process. This classification of the quantitative crite-
ria is made based on whether their value is positively or
negatively related with the environmental impact incurred.
Namely, the same criterion cannot be benefit and cost si-
multaneously

Let y; ; « be the assessment of the reviewer j, referred to the
facility site x; over the quantitative criterion k. The normal-
ized previous assessment is defined as y; j x and is carried
out as:

g ( Jijk ) , if kis a benefit criterion,
Ykmax

Vijk =

g (1 - y}k’—’k) , if kis a cost criterion,
max

where yimqx 18 the maximum assessment expressed for all
reviewers over all facility sites attending to the k-th crite-
rion, or

Yijk =H(ijr)

On the another side, if the compiled information is
with regards to a qualitative criterion, we assume that
S={s0,...,5,} is alinguistic label set and each label s; € §
and it should be transformed into a value in the interval
[0, g]. Moreover, and due to the fact that each collective of
reviewers can use different linguistic term sets to evaluate
qualitative criteria for each facility sites first of all, we need
to unified such sets into a unique linguistic term set com-
monly called Basic Linguistic Term Set (see [6]), denoted
by S = {50,...,5¢} and which granularity |S| is g. In order



to achieve that, following [6], we use the next transforma-
tion functions -1
Ts o X a0 55
Hg:S — F(S) —(S) — [0,g]

where T, ¥ and A Iare defined below.

The idea is to assign a degree of membership to every
linguistic label in S for each linguistic label being trans-
formed. The degree of membership is computed by finding
the interaction of two linguistic labels belonging to S and S.
After that, the new fuzzy set is transformed into a linguistic
2-tuple.

Definition 1 Let S = {so,81,---,5n} and
S = {50,51,...,5¢} be two linguistic term sets, with & < g.
The linguistic transformation function Tgg : S — F (S) is
defined by:

Ts(sj) = {(50,%0), (51,71)- - (S, %) }
Yi= l’n;lX min{,us].(y), "lfi(y)}’ i=0,1,....¢8

where .7 (S) is the set of fuzzy sets on S, and g, and us,
are the membership functions of the linguistic labels s; € §
and 5; € S, respectively.

Definition 2 Let S = {so,...,s,} be a set of linguistic
terms. The 2-tuple set associated with S is defined as (S) =

x [—0.5,0.5). We define the function Ag : [0,g] — (S)
given by,

As(B) = (si, ), with { i = round (),

oa=p—i,

where round assigns to [ the integer number i €
{0,1,...,g} closest to B.

We note  that Ag is bijective [7] and
Ag' i (S) — [0,g] is defined by Ag'(s;,a) =i+ a.
In this way, the 2-tuples of (S) will be 1dent1ﬁed with the
numerical values in the interval [0, g].

Definition 3 Given the linguistic term
set S = {50,51,---,5) the function
X F(S) — Sx[-0.5,0.5), is defined by

8
Y iy
j=0

8
Y
Jj=0

In the end, the transformed assessments for each collective
are 5{5 ik for internal experts reviewers, Z?l\f . for internal

X {50,%),51,1),---5 (56, %) }) = Ag

non-experts reviewers, bl.E ik for external experts reviewers

and bﬁwf ;G and bﬁwf ;S for external non-experts reviewers.

We can note that all the information provided by the dif-
ferent collectives has already unified into the interval [0, g].
Therefore, we can operate to obtain aggregations of the ap-
praisal results.

Aggregation process

Collective EPI
for each criterion
Internal
reviewers

Experts EPI
for each
criteria

Management
performance

indicator Global
performance
Operational indicator

performance
indicator

External
reviewers
Non-experts

Non-experts EPI
for each
criteria

Figure 2: Steps of the aggregation phase

3.2 AGGREGATION PHASE

To obtain a global environmental performance indicator
for each facility site, we carry out an aggregation method
which has several steps (see Figure 2). To do so, individual
assessments will be aggregated by using aggregation op-
erators. They are chosen according to the needs of each
aggregation step and considering their properties.

In the specialized environmental evaluation literature, the
relationship among EPIs is brought to the attention (see for
instance [15]) although it is not explicitly defined. In this
paper we are going to manage such a relationship in the
aggregation process by means of Choquet integral (see [4]
and [5]). This aggregation operator allows us, in compari-
son to other multi-criteria analysis techniques, to take into
account interactions among EPIs or criteria by mean of ex-
pressing the significance degree of a combination of them.
Also, the global importance of each criterion is considered.

Definition 4 Let C = {cy,...,c,} be a finite uni-
verse. A fuzzy measure or capacity is a set function
u: Z(C) — [0, 1] which satisfies:

Lou(0)=

2. ACB= u(A) <u(B),

0 and u(C) =

where & (C) is the set of all subsets of C.

Definition 5 Let f: C — R™ be a function with y;, =
flex) for k € {1,...,n} and yo = 0. The discrete Choquet
integral of f with respect to a fuzzy measure U is given by

G yla 7)’n Z ,u(A(k))a

where (y< e+ Y(n >) is a non-decreasing permutation of
(V15 -5yn) and Ay = {y(e)-- Y }-



Remark 1 Asithas been proved in several references such
as [4], and [2], among others, the Choquet integral fulfills
very significant mathematical properties like idempotence,
continuity, non-decreasing monotonicity, stability under
the same positive linear transformation, decomposability
and compensativeness.

There are many different methods to determine an appro-
priate fuzzy measure (see [5] and [2]) for each application.
It is remarkbly to point out that the fuzzy measure plays a
key role in the Choquet integral comparable with the choice
of weights in the weighted mean. Moreover, the weighted
mean and the OWA aggregation operator are special cases
of the Choquet integral for specific fuzzy measures which
are connected with the weighting vector (see [2]). We
propose to use the OWA operator in some of the steps in
our aggregation process. In those cases the weighting vec-
tors can be computed using the well-known non-decreasing
quantifiers proposed by Yager [16].

A further detailed description of each stage of the aggre-
gation process is presented. It is important to note that
each aggregation procedure can use a different fuzzy mea-
sure that implies a different Choquet integral. The detailed
choice of fuzzy measures are going to be a matter for future
works.

1. Computing environmental performance indicators for
each reviewers’ collective and each criterion.

The reviewers’ assessments are aggregated for each
criterion and each collective by means of a OWA op-
erator, G_ (because OWA operators are anonymous).
Then, for each collective and for every criterion ¢,
the process is conducted in the following manner.

- For internal reviewers (experts and non-experts, re-

spectively):
AE AE ~E ~E
Ik (xj) = Gk (al,j,k?"'7am,j7k)7
ANE AN ~NE ~NE
L (xj) = Gy (al,j,k""var,j,k)’
- For external reviewers (experts and non-experts, re-
spectively):
BE BE TE T7E
I (xj) = Gy (bl,j,k="'7bs,_j,k)>
NE NE NE—G NE—S,
) = G (1 o) )

NE—G . .
where I,f (xj) is the environmental performance
indicator for stakeholder reviewers:

BME-G, BNE-G

B ) = GE B, B,

Ljk 2007 jk

NE—S . . . .
and I,f (x;) is the environmental performance indi-
cator for social constituents reviewers:

NE—S NE—S NE—S TNE-S
B = GRS ).

2. Computing environmental performance indicators for
experts/non-experts reviewers and each criterion.

The previous environmental performance indicators
for the x; facility site: I (x;), I' (x;), I8 (x;) and
. (xj) are aggregated for each criterion taking into
account if the reviewers are experts or not. The previ-
ous indicators belonging to the experts reviewers are
then aggregated by means of an OWA operator for
each criterion ¢, . Let GF :[0,g]> — [0,g]

1E(xj) = GE (1 () 1 (7))

Analogously to the experts reviewers, an environmen-
tal performance indicator is computed for each crite-
rion ¢, by aggregating the opinions of all non-experts
reviewers. Let GYE : [0,g]* — [0, g]

NE NE (7ANE B\E
I (xj) = Gy (Ik () I (x,-)).
3. Computing management and operational perfor-
mance indicators.

They are obtained by means of aggregating the pre-
vious experts and non-experts indicators taking into
account the two types of criteria: management and
operational. In this step of the aggregation process,
we use Choquet integral as an aggregation operator
because it allows us, in comparison to other multi-
criteria analysis techniques, to take into account in-
teractions among EPIs or criteria through expressing
the significance degree of a combination of EPIs or
criteria.

e Management performance indicator. In order
to calculate this indicator we aggregate the experts
and non-experts indicators for management criteria,
M ={cl,...,c)} by means of a Choquet integral.
Let GM : [0,g]? — [0,g]

1)) = GM(IF (7)o E G BN () o 1Y ).
e Operational performance indicator. Analogously
to management performance indicator, an operational
performance indicator is computed for operational cri-
teria, ¢® = {c{,...,c0} by aggregating the experts
and no-experts indicators for such criteria by means
of a Choquet integral. Let G : [0,]7 — [0, g]

19(xj) = GO(IF (%)), I (), 1Y (%)), ) (7))

4. Computing a global environmental performance indi-
cator.

It is obtained by aggregating the management and
the operational performance indicators, by means of
a Choquet integral. Let G : [0,g]> — [0,g]

I(x}) = G (1" (x)),1°(x;)) .



All the indicators obtained in each step of the aggregation

E NE, E NE—G, NE —S,
process, I (x;), I2(x;), IP (x;), 18" (x;), IB™ (x)),
IE (x), I (x;), I™(x;), I°(x;) and I are used for evalu-

ating company environmental practices.

3.3 RATING PHASE

In the exploitation phase, the management team shall clas-
sify and order facility sites according to the environmental
performance indicators obtained in the previous phase.

Theses values in the interval [0, g] are transformed into
lingistic terms in the BLTS using the function Ag (definition
2). The sorting and ranking of facility sites are carried out
according to the ordinary lexicographic order presented in

[7].

4 CONCLUDING REMARKS

In this contribution we have presented a MCDM model for
evaluating the company’s environmental practices. This
model takes into account that appraisers express objective
and subjective perceptions and might present different de-
grees of knowledge about evaluated facility sites. The pre-
sented model not only obtain a global environmental per-
formance indicator for each facility site, but also it ob-
tains intermediate environmental performance indicators
according to the opinions of each set of reviewers and cri-
terion, and a management and operational performance in-
dicators. Besides, a deeper study about making adjustment
of the Choquet integral as an aggregation operator for envi-
ronmental evaluations seems to be necessary, the particular
good properties of these fuzzy integrals look promising. It
is worth emphasizing that the proposed model is quite flex-
ible and it allows to the management team customizes how
to aggregate the individual opinions.
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