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ABSTRACT

There are many criteria that must be considered in environmental decision making problems,
such as the environmental, economical, social factors, among others. However, since these criteria
are often conflicting, it is extremely difficult and complex to make decisions regarding
environmental problems. This study proposes an approach for quantifying the degree of consensus of
stakeholders and attempts to find a compromise solution between the stakeholders. This study
integrates fuzzy theory and linguistic variables to develop a consensus analysis model. The opinions
of each stakeholder are understood through the questionnaires and then the degree of consensus of
the stakeholder is quantified for all alternatives. An example is presented to illustrate this consensus
analysis model. This model can quantify the degree of consensus of the stakeholders for aternatives
and attempts to seek a balance between the scientific decision making model and stakeholder value.
The source of possible conflicts can aso be determined in this model. The model presented here
provides a useful tool for aiding decision making for rea world environmental management

problems.

INTRODUCTION

Environmental problems inevitably require si-
multaneously considering many criteria, such as the
environmental, economical, social factors, among oth-
ers. However, since these criteria are often conflicting,
it is extremely difficult and complex to make deci-
sions regarding environmental problems.

Many MCDM (multicriteria decision making)
methods are available for solving the above environ-
ment problem, including the AHP (analytic hierarchy
process) method [1-3], outranking methods [4-6], and
the Technique for Order Preference by Similarity to
Ideal Solution method [7]. However, for real world
environmental management problems that involve
many stakeholders and conflicting viewpoints, the tra-
ditional MCDM method is insufficient. Many re-
searchers apply the Fuzzy theory to the MCDM
method to avoid neglecting extreme values [8-10].

In recent years, the concept of the MCDM model
lays stress on stakeholder participation in the decision
making process [11-13]. Morrissey and Browne [14]
proposed that the sustainable decision making model
should not only be environmentally effective and eco-
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nomicaly affordable but also socialy acceptable.
Wilson et al. [15] evaluated 11 different leading-edge
European municipal solid waste (MSW) programs in
nine countries and proposed that “including the differ-
ent stakeholder groups in the process from the very
beginning can help to avoid the high levels of contro-
versy and stakeholder opposition that have surrounded
many MSW projects’. Although there are many tech-
niques to dea with environment problem involving
many criteria and try to find a “balance point” be-
tween the stakeholders, these methods all have weak-
nesses. (1) differing results may occur among
different approaches in the same decision making
problems [16]; and (2) the concepts of all the methods
are to seek a compromise solution between the criteria,
not the stakeholders. However, the source of the
conflict comes from the stakeholders’ value.

Public participation can occur at one of three
stages: scoping stage, a decision-making stage, and a
policy active stage. Most researches have incorporated
public participation into the scoping and policy active
stages by utilizing policy education and public meet-
ings. In previous MCDM methods that involve public
participation in the decision-making stage, two proc-
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esses must be completed before obtaining a final solu-
tion: the consensus process and the selection process.
The consensus process addresses how to obtain
maximum consensus or agreement among experts or
stakeholders for a set of alternatives;, whereas the se-
lection process determines how to acquire a solution
set of alternatives from expert opinions regarding al-
ternatives. The public’s involvement in the consensus
processes is typically in weight setting. The concept of
al the methods is to seek a compromise solution be-

tween concerned criteria, not between the stakeholders.

However, the source of the conflict comes from the
stakeholders' complex web of value. The conflict
would affect the feasibility of implementing the deci-
sion.

This study proposes an approach for quantifying
the degree of consensus of stakeholders and attempts
to find a compromise solution between the stake-
holders. This study integrates fuzzy theory and lin-
guistic variables to develop a consensus anaysis
model (CAM). The opinions of each stakeholder are
sought through the questionnaires and then the degree
of consensus of the stakeholder is quantified for all a-
ternatives. Stakeholders in environmental problems
generally can be divided into government section, ex-
perts, non-government structure and business. Each
category of stakeholders also normally contains sev-
eral members. For example, the government section
consists of the Environmental Protection Administra-
tion of the national level and the environmental pro-
tection bureau of the local level; the non-government
structure may have several environmental protection
groups, related associations, etc. Figure 1 displays the
situation of the stakeholdersin real world.

The CAM developed in this study is designed to:
(1) assist in policy making; (2) understand the degree
of consensus among stakeholders regarding particular
aternatives; and (3) help decision makers to resolve
possible conflicts during the decision making stage.

The rest of this paper is structured as follows.
Section 2 describes methodology. Section 3 then pre-
sents an example illustration for waste management in
Taiwan. Conclusions are finally drawn in Section 4,
along with several advantages of the proposed model.

METHODOLOGY
1. Linguistic Variables

Owing to a high imprecision involved in real
world situations, a precise description of numerous
rea life situations is virtually impossible. Zadeh [17]
proposed fuzzy set theory for quantifying the inherent
fuzziness present in ill-structure problems. Bellman
and Zadeh [18] discussed the characteristics of fuzzi-
ness and randomness in decision making.

Linguigtic variables are designed to represent
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Fig. 1. The hierarchy of the stakeholdersin real world.

words or sentences in a natural or artificial language.
The linguistic variables comprise five variables (v, T,
X, g, m), where v denotes the name of the variable, T
represents the set of linguistic terms of v that refer to a
base variable whose values range over universal set X,
g is a syntactic rule for generating linguistic terms,
and m denotes a semantic rule assigned to each lin-
guistic term [19]. The linguistic variables are utilized
to determine the performance of the qualitative criteria.

2. Consensus Analysis Model

The CAM analyses consensus among different
stakeholders and possible coalition formation based
on the proposed options. The “degree of consensus’
denotes the degree of similarity of preference between
stakeholders and the " consensus results’ signifies the
average preference of all stakeholders. Fuzzy set the-
ory is introduced to deal with linguistic variables in
the CAM. The opinions of each stakeholder are inves-
tigated using a questionnaire and stakeholders degree
of consensusisthen quantified for all aternatives. The
CAM analyzes consensus among stakeholders and
possible coalition formation based on proposed op-
tions. “Linguistic variables’ are employed to identify
stakeholder attitudes via a questionnaire and to estab-
lish a subjective decision matrix. Finally, stakeholder
degree of consensus and consensus results are gener-
ated. The conflict analysis has three objectives: first,
to support the MCDM methods; second, to understand
the degree of consensus among stakeholders regarding
aternatives; and, third, to allow decision makersto re-
solve the conflict among stakeholders during the deci-
sion making. The characteristics of this method com-
prise two parts: if al the stakeholders have the same
choice, then the degree of consensusis equal to 1, and
the greater the distance between the stakeholder
choices the higher the possibility of conflict arising.

The procedures involved in the conflict analysis
method are as follows:

1. Determining linguistic variables for alternative
preferences. Five levels (including very good, good,
moderate, bad, very bad) [20] are used to integrate
the preferences by the experts, as shown in Fig. 2.

2. Building the fuzzy subjective decison matrix for
each stakeholder. Since each stakeholder may com-
prise severa individua members in real world
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Fig. 2. The membership of five level linguistic variables.

situations, the model developed in this investigation
first expresses their opinions of particular alterna-
tives usng a mathematica formula. Assume m
stakeholders and n alternatives are considered, and
each stakeholder comprises p individual members.
The fuzzy subjective decision matrix for each
stakeholder can be established as follows: fuzzy
subjective decision matrix for each stakeholder

X =X X X (1)
X = min{ Xiljk}
xj! = geomean x|

X = max{ Xirjk}

where X, denotes the |eft value of the fuzzy number
of preference for the alternative k judged by the
stakeholder i, X represents the medium value of
the fuzzy number of preference for the alternative k
judged by the stakeholder i, x is the right value of
the fuzzy number of preference for the aternative k
judged by the stakeholder i, xi'jk denotes the left
value of the fuzzy number of preference for the al-
ternative k judged by the member j of the stake-
holder i, x represents the medium value of the
fuzzy number of preference for the aternative k
judged by the member j of the stakeholder i, and
X denotes the right value of the fuzzy number of
preference for the alternative k judged by the mem-
ber j of the stakeholder i.

3. Determining stakeholder preferences regarding a-
ternatives. The fuzzy subjective decision matrix can
be established by defuzzying the data using the cen-
tric method [21].

fuzzy subjective decision matrix

f.n f!n

F=| : 3 : @
fo -
2 m r

fix =§[(Xik +Xik)/2_xilk]+xilk 3

where fii is the defuzzied value of the stakeholdersi

for aternative k.

4. Calculating the consensus results for the aterna-
tives (CR). The consensus results of each aterna-
tive can be expressed as the mean value of the de-
fuzzied value of the triangle fuzzy numbers for the
stakeholders, as follows:

CR=[f), Fyuvoves Ty o @)

i

fo=+— (5)
m

where f, is the average of the defuzzied value of
all the stakeholders for aternative k.

5. Obtaining the consensus degree for the aternatives.
After determining the consensus results for the al-
ternatives, the consensus degree for the aternatives
can aso be defined in this model. The degree of
consensus is determined based on the concept of
semantic distance. If the consensus results of the
stakeholders for particular aternatives are similar,
then the opinions of the stakeholders are compro-
mised. The calculation is asfollows:

(1) Cdculation of the semantic standard deviation
distance for each alternative (sdy)
The semantic standard deviation distance sdi
can be determined as the standard deviation of
defuzzication of the linguistic variables of al
the stakeholders for each aternative, and can be
expressed as follows:

(6)

orm)

(2) Normalization of the semantic distance (d,'
The norma semantic distance can be normal-
ized by the following equation:

sdk
o (7)

where sd” is the maximum of al the possible
stk When considering m kinds of stakeholders,
the number of the possible st isH3 =C&*™,
Table 1 liststheresultsof m=3to 7.

(3) Building the consensus degree for each alterna-
tives (CDy).
The consensus degree for each alternative can
be calculated using the following equation:

CD, =1-d™™ 8)

6. Plotting the consensus diagram and interpretation.
A consensus diagram can be plotted based on the
degree of consensus, as illustrated in the example
provided in the next section.

The question arises: what does “degree of con-
sensus’ actually mean, and what degree of agreement
is required before we can claim that consensus exists
regarding a particular decision? The above question

norm _
d-" =
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Tablel. The number of the possible sd, when different numbers of stakeholdersis considered

Number of stakeholders, m 3 5 6 7
possible sdy 35 126 210 330
sa* 0.393 0.417 0.409 0.417 0.413

Table2. The*compromise” degree of consensus when different numbers of stakeholdersis considered

Numbers of stakeholders 3

4 5 6 7

The “compromise” degree of consensus 0.500

0.426

0.401 0.400 0.381

may be answered after this model has been
applied to numerous case studies in the real world.
However, this investigation tries to propose another
viewpoint to answer this question. Because the
number of possible situations is known, if the degree
of consensus exceeds a certain probability, then we
can say that the results reach a compromise (or are ac-
ceptable), and the median is a not-bad choice. Table 2
lists the “compromise”’ degree of consensus when dif-
ferent numbers of the stakeholders are considered.
The “compromise” degree of consensus decreases
with larger numbers stakeholders, and this is rational
in real world situation. Figure 3 shows those stake-
holder opinions in real situations for which the con-
sensus degree is greater than or equal to the compro-
mise degree of consensus under the situation of 3, 4, 5,
6, and 7 stakeholders, respectively. For example,
when there are three stakeholders, and one stakeholder
chooses “very bad” and two stakeholders choose
“moderate”, then the degree of consensus is 0.50,
which is equal to the compromise degree of consensus,
and hence a compromise could be deemed reached.

The CAM model is developed to assess the con-
sensus degree between the stakeholders for specific
aternatives. An illustrative example will be provided
to demonstrate the practicality of this approach.

EXAMPLE ILLUSTRATION

The CAM proposed is used to aid decision mak-
ing for food waste management problem in Taipe,
Taiwan. The density of the population of Taipei is the
highest in Taiwan. Food waste as defined here in-
cludes household kitchen waste, and residual food
from restaurants, markets and schools. The quantity of
food waste is about 40% of the MSW in Taipei. If the
food waste is recycled, then the amount of MSW will
decrease significantly.

Hung et a. [22] apply Fuzzy AHP method to de-
termine the feasible alternative for food waste man-
agement. Five dternatives related to food waste
treatment, including incineration (INC), landfill
(LAN), composting (COM), hog feeding (HOG), and
anaerabic digestion (ANA), are considered. Figure 4
shows the Fuzzy AHP hierarchy of food waste man-
agement problems. Applying the fuzzy AHP method
involves five steps: (1) construction the hierarchical

(1)a=1,c=2,b=d=e=0
(2)a=2,c=1,b=d=e=0
B)c=1l,e=2,a=b=d=0
4)c=2,e=1,a=b=d=0

0 0.25 0.5 0.75 1.0

CD = 0.500 (when the number of stakeholders is equal to  3)

(1)a=d=1,c=2,b=e =0
(2)b=e=2,c=2,a=d=0

0 0.25 0.5 0.75 1.0
CD = 0.426 (when the number of stakeholders is equal to  4)

(1)a=b=2,d=1,c=e=0
(2)d=e=2,b=1,a=c=0
(B)b=3,d=2,a=c=e=0
4 b=2,d=3,a=c=e=0

0 0.25 0.5 0.75 1.0
CD = 0.401 (when the number of stakeholders is equal to  5)

(1)b=d=3,a=c=e=0

0 0.25 0.5 0.75 1.0
CD = 0.400 (when the number of stakeholders is equal to  6)

(1)a=d=2,c=3,b=e=0
(2)b=e=2,c=3,a=d=0

0 0.25 0.5 0.75 1.0
CD = 0.381 (when the number of stakeholders is equal to  7)

Fig. 3. The opinion of the stakeholders in real situation
when the compromise degree of consensus is
achievable. Where a is the number of the
stakeholder whose opinion is “very bad”, b isthe
number of the stakeholder which his or her
opinion is “bad’, c is the number of the
stakeholder opinion is “moderate’, d is the
number of the stakeholder opinion is “good”, eis
the number of the stakeholder opinion is “very
good”.

structure of the waste management problems; (2) cal-
culation the criteria weights; (3) determination the
fuzzy performance of the alternatives for each criteria;
(4) aggregation the fuzzy weights and fuzzy perform
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Table 3. Fuzzy subjective matrix showing the alternatives vs. the stakeholders for food waste management problem in

Taipel
Stakeholders INC LAN COM HOG ANA
Government
member 1 moderate good good good bad
member 2 bad bad good good good
member 3 very bad moderate good very good bad
Experts
member 1 bad moderate moderate very good bad
member 2 bad bad good moderate good
member 3 moderate very bad good good good
member 4 very good moderate bad very bad good
member 5 bad moderate good good good
NGOs
member 1 bad bad good bad moderate
member 2 very bad bad good good good
Business
member 1 bad bad very good very good moderate
member 2 bad bad moderate good very good

The Food Waste Management
Decision Model

I l l l

Environmental Economical Technological
factor factor factor

l l

Social factor
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Alternatives

e INC (Incineration)

« LAN (Landfill)

e« COM (Composting)

e HOG (Hog Feeding)

* ANA (Anaerobic Digestion)

Fig. 4. Fuzzy AHP hierarchy of food waste management
problems. Q.t: quantitative; Q.I: qualitative.

ance; and (5) rank the final score of the aternatives.
This study considers four objectives, namely en-
vironmental, economic, social, and technological fac-
tors. Environmental factors involve human hedth, re-
source consumption and ecological impacts. Eco-
nomic factors include the cost and benefit of the waste
management process and the marketing potential of
the byproducts. The social factors comprise socia jus-
tice, social welfare and socia acceptability, and tech-
nological factors include land demand and technology
maturity. The criteria weights are determined by the
questionnaires to reflect the opinion of the stake-
holders (including: government, experts, non-

governmental organizations (NGOs) and business).
The priorities assigned to each criterion by these
stakeholders are integrated to develop the fuzzy crite-
ria weights. The performance on environmental objec-
tive was determined by life cycle assessment with the
eco-indicator 99 calculated using SimaPro 5.1. The
performance on economic and technological objec-
tives was calculated using the data from the Bureau of
Environmental Protection of Taipei. The system cost
contains the construction and operating cost, and the
system benefit is defined as the profit from the treat-
ment units. The linguistic variables are used to calcu-
late the performance of the qualitative criteria. The
fuzzy weighting and fuzzy performance can be aggre-
gated to obtain the final score and the food waste
management alternatives are ranked as:

ANA >INC>HOG > COM > LAN

Four groups of stakeholders (government, ex-
perts, NGOs, and business, denoted D1, D2, D3, D4,
respectively), where each stakeholder group has indi-
vidual members, were asked by questionnaire. Table 3
lists the preferences of the alternatives for each stake-
holder.

1. Determining the Preferences of Each Stakeholder
Regarding Alternatives

The preference of each stakeholder regarding the
aternatives can be determined using Eq. 2 as follows:

0.333 0500 0.750 0.778 0.472
F_|048 0375 0.556 0.514 0.556
0.208 0.250 0.750 0.500 0.625
0.250 0.250 0.667 0.792 0.667
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Concensus
degree

0.922

0.878

INC

LAN

Concensus
degree

0.975

E

0.896

0.823

Result

2. Calculating
Alternatives

The consensus results for the alternatives can be

determined using Eq. 4 as:
CR=[0.319, 0.344,

the Consensus

Results for the

0.681, 0.646, 0.580]

3. Obtaining the Degree of Consensus for the

Alternatives

0.745 0.751

0319
Result Result

(@] COM (d) HOG

Concensus Concensus

degree degree
Result Result

© ANA Fig. 5. Consensus diagram. (@) INC, (b)

LAN, (c)COM, (d) HOG, (e) ANA.
D1: government, D2: experts,
D3: NGOs, D4: business.

The degree of consensus for the aternatives can
be determined using Egs. 6-8, and are presented below:

0986 0.968 0.986 0.863 0.975
0.922 0.866 0.908 0.776 0.940
0.878 0.866 0.908 0.667/ 0.898
0.745 0.751 0.809 0.667 0.823

The above results can be integrated and listed in
Table 4.

CD=
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Table4. Theresults of conflict analysis

Stakeholders vs. Alternatives INC LAN COM HOG ANA
Government 0.333 0.500 0.750 0.778 0.472
Experts 0.486 0.375 0.556 0.514 0.556
NGOs 0.208 0.250 0.750 0.500 0.625
Business 0.250 0.250 0.667 0.792 0.667
Consensus results 0.319 0.344 0.681 0.646 0.580
4. Plotting the Consensus Diagram and ACKNOWLEDGMENTS

Interpretation

Table 4 shows the results of conflict analysis,
and Figs. 5a to 5e illustrate the consensus diagram.
The left number indicates the degree of consensus.
Take alternative INC for example, experts has the fur-
thest semantic distance, indicating the lowest degree
of consensus, and thus experts can be expected to
have the highest possibility of causing conflict. The
final consensus result and the degree of consensus of
the four stakeholders for alternative INC are 0.319 and
0.745, respectively. Restated, the stakeholder tends
not to accept aternative INC. The degrees of consen-
sus of these five aternatives all are larger than 0.43.
The degree of consensus for alternative COM is
higher than that of other aternatives, and hence the
result of COM is acceptable. In other words, aterna
tive COM is better than aternative INC from the per-
spective of consensus analysis.

The score of the aternatives (excluding LAN)
calculated by fuzzy AHP method is nearly the same,
but INC is better than HOG, COM and LAN in the
traditional thinking. According to the CAM devel oped
in this study, the stakeholder tends not to accept INC
and LAN. After the communication between the
stakeholders, ANA, HOG and COM are preferred in
the food waste management.

CONCLUSIONS

The CAM presented here provides a useful tool
for aiding decision making for rea world environ-
mental management problems. This model can quan-
tify the degree of consensus and consensus results of
the stakeholders for different alternatives. The source
of possible conflicts can also be determined in this
model. The MCDM methods are usually used to find
the best alternative regarding the “criterid’. This
model can seek the compromised alternative regarding
the “stakeholders’ and attempt to look for a balance
between the scientific decision making model and
stakeholder value. The decision maker can use this
model and MCDM methods to resolve conflict be-
tween the stakeholders in decision making process.

The authors would like to thank the Bureau of
Environmenta Protection of Taipei, Taiwan for finan-
cially supporting this research.
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