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Preface

The real world is characterized by deep complexity. May be a rather unremarkable
observation, yet it has important implications on the manner policy problems are
represented and decision-making is framed.

Is contemporary democracy compatible with science in real-world policy-making?
This book gives answers in the affirmative. It also asserts that this congruence can
have positive implications not only in terms of economic prosperity but also when
dealing with the difficult sustainability policy problems of our millennium.

To address contemporary issues economic science will have to expand its
empirical relevance by introducing more and more realistic assumptions to its models.
One of the most interesting research orientations in recent times in the field of public
economics is the explicit attempt to take account of political constraints, interest
groups and collusion effects.

One of the main novelties of this book is its establishment of a clear relationship
between social and public choice theories on one hand, and multiple criteria decision
analysis on the other. The pioneering research developed by Arrow and Raynaud
(1986) has shown that the relationships between multi-criteria decision theory and
social choice are clear and relevant. The main directions of cross-fertilization
between these research fields are twofold:

1. Multi-criteria decision theory can be an adequate framework for applied social
(and public) choice.

2. Social choice can produce interesting theoretical results for ensuring the axio-
matic consistency needed by multi-criterion aggregation conventions.

The first direction was not pursued at all by Arrow and Raynaud. These authors’
explicit interest is in the so-called “industrial outranking problem”, whose aim is
to help decisions of business-people.

In empirical evaluations of public policies, multi-criteria decision theory is an
adequate policy tool, since it allows us to take a wide range of assessment criteria
into account (e.g. environmental impact, distributional equity, etc.), and not simply
profit maximization, as a private economic agent would do. Thus the essential
meaning of multi-criteria evaluation in a social context is simply folerance and
democracy. This is a very important feature when dealing with sustainability issues,
since conflict among differing but equally legitimate values and interests is a

vii
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normal state of affairs in these kinds of complex policy problems. Given that in
a sustainability context both market and government failures can occur, economic
optimization cannot be the only evaluation criterion, nor can mythical, benevolent
policy-makers offer any unilateral, optimal solution.

For these reasons the new concept of social multi-criteria evaluation (SMCE) is
proposed here as a tool to integrate different scientific languages in a public choice
framework, when “civil society” and ethical concerns about future generations have
to be considered, along with policy imperatives and market conditions.

In sum, we can say that this book attempts to combine both public and social choice
traditions with multi-criteria decision analysis in order to deal with sustainability
paradoxes in a complex world with multiple dimensions, values and scales.

In the light of the previous observations, the book is organized into three main
parts:

Part A

Methodological Foundations and Operational Consequences
of Social Multi-Criteria Evaluation (SMCE)

The main objective of this part is the proposal of the concept of “social multi-criteria
evaluation” (SMCE) as a potentially useful framework for the application of public
choice to the complex policy problems of our millennium, in which, as described
by Funtowicz and Ravetz, “facts are uncertain, values in dispute, stakes high and
decisions urgent”. The following main questions are dealt with:

1. Why “social” multi-criteria evaluation?
2. How should such an approach be developed?

The foundations of SMCE are based on concepts coming mainly from microeco-
nomics, complex systems theory and philosophy, such as behavioural assumptions,
cost—benefit analysis, reflexive complexity, post-normal science and incommensu-
rability. Lessons from real-world case studies are also dealt with.

Part B

Consistency in Social Multi-Criteria Evaluation

Mathematical algorithms have the important objective of guaranteeing consistency
between the problem structuring and the ranking of feasible policy options. In Part B,
desirable properties for formal procedures in SMCE are studied. The basic concepts
of multi-criteria decision analysis and the most commonly used “multi-criteria
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methods” are critically reviewed. Given that the discrete multi-criterion and the
social choice problem have many characteristics in common, some results of social
choice are used to improve the axiomatic consistency of multi-criterion mathematical
procedures. The treatment of technical uncertainty of both stochastic and fuzzy
nature is also dealt with in detail.

Part C

Mathematical Procedures to Search for Technical
and Social Compromise Solutions

A new mathematical aggregation convention explicitly designed for social multi-
criteria evaluation problems is developed. This algorithm is combined with an
eclectic procedure, based on concepts coming from land-use planning, fuzzy cluster
analysis and social choice. The objective of this procedure is to illuminate distribu-
tional issues.

All properties respected by the two proposed procedures are clearly illustrated
by means of their formal, descriptive and normative meanings. Musgrave’s distinction
among negligibility assumptions, domain assumptions and heuristic assumptions is
also used. Annex gives an empirical example of combining multi-criteria evaluation
with sensitivity analysis.

Throughout the whole book various examples of real-world applications in fields
such as publicly provided goods, land-use planning, water and renewable energy policies
and composite indicators are discussed.
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The Symbol of Un-Sustainability: Porosi City and the Cerro Rico Mountain
(Photo by G. Munda)

The city of Potosi (in Bolivia) was founded in 1545 following the discovery of sil-
ver in the Cerro Rico mountain. The veins proved so rich that the mines quickly
became the world’s most prolific. A popular boast was that the Spanish could have
constructed a silver bridge to Spain and still we had some left to carry across it. By
the end of the 18th century Potosi had grown into the largest and wealthiest city in
Latin America. The price was the lives of hundred of thousands of Indian forced
labourers and thousands of African slaves, as a result of accidents, mercury poison-
ing and silicosis pneumonia. Nowadays Potosf is a decaying place and Bolivia one
of the poorest countries in the world...
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Part A
Methodological Foundations

and Operational Consequences of Social
Multi-Criteria Evaluation (SMCE)

“It was the best of times, it was the worst of times,

it was the age of wisdom, it was the age of foolishness,

it was the epoch of belief, it was the epoch of incredulity,
it was the season of Light, it was the season of Darkness,
it was the spring of hope, it was the winter of despair,

we had everything before us, we had nothing before us,
we were all going direct to Heaven, we were all going direct
to the other way — in short, the period was so far like the
present period,

that some of its noisiest authorities insisted

on its being received, for good or for evil, in the
superlative degree of comparison only”.

Charles Dickens — A Tale of Two Cities, Signet Classic, New
American Library, New York, 1960, p. 13.



Chapter 1
Introduction

1.1 What is Multi-Criteria Evaluation?

Let us start the discussion of multi-criteria evaluation by means of a simple every-
day life example. Let us imagine staying in front of a shop and admiring a selec-
tion of jackets. What is the next step? Probably entering the shop and asking for
the price. At this point, we have two possibilities: leaving the shop because we
think the price is too high or accepting the price as reasonable. In the second case,
we still need to choose the jacket we want from the original set (of, for example,
ten jackets). We are therefore, probably going to try on the jackets and see which
one suits us best aesthetically. Let us assume that we are then still undecided
between four of them, although we definitely do not like the other six. How do we
choose between the remaining four? Perhaps at this stage we will use the criterion
of colour. Let us imagine we are then still undecided between two jackets. We will
now look at the quality of the fabric and we may finally choose the one with the
better quality.

This is an example of the final selection of an option by using the lexicographic
model (see Fig. 1.1). This method refers to the procedure used to order the words
in a dictionary, the first letter playing the role of the first criterion, the second letter,
the second criterion, and so on. To use this method, the decision-maker must give
a total strict order to the criteria:

1>2..>i>..>m (1.1)

where g, would be the most important criterion and g, the least important. In the
lexicographic model, all actions are first ranked by means of the first criterion, then
if some equivalent actions exist, these are further explored by means of the second
criterion, and so on. Lexicographic orders usually lead to a straightforward selec-
tion of the preferred option; however, most of the information collected on alterna-
tives will not play a role in the decision process.

Let us discuss this example a little further and draw some conclusions. First
of all, do we have any experience of a decision-making process like this? We
probably do, even if not with these criteria or in this order. Thus it seems that

G. Munda, Social Multi-Criteria Evaluation for a Sustainable Economy. 3
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Fig. 1.1 A Lexicographic Decision Process

human beings use multi-criteria evaluation without any formal knowledge of it.
We could then say that it is a behavioural assumption with a high degree of
descriptive content. Secondly, does the order of criteria have any influence on
the final alternative selected? Yes, of course. If we start with the criterion of
quality instead of price, the jacket selected will probably be the most expensive
one. This shows that when using various criteria human beings do not necessar-
ily accord them the same weight (here I refer to the concept of weight as a
coefficient of importance). In principle in the case of the lexicographic model,
the first criterion alone might sometimes be enough to make the final selection
(e.g. if only one jacket has the price we are willing to pay), this implies that its
weight is much greater than that of any other criterion used in the selection
process. This is the reason the first criterion is sometimes called the “dictator”.
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Clearly then, the order of consideration of criteria determines their relative
weights.

Thirdly, what happens in our example if we do not like the overall properties
of the selected jacket? Probably we will start the process again, e.g. changing the
order of criteria (i.e. their weight) or accepting to pay a higher price. Again this
is something which we have probably experienced and which shows that what
really matters is the learning process and not the final decision. This latter one is
constructed by means of the decision process and not “discovered” as the global
optimum.

Finally, does the lexicographic method allow for any compensability among
the various criteria considered? Intuitively, compensability refers to the possi-
bility that some bad criterion scores can be compensated for by other very good
criterion scores. For example, an overall student evaluation may be based on the
principle that a very bad score in mathematics (let us say a 2 on a 0-10 scale)
can be compensated for by a 10 in literature and thus the student can pass the
final evaluation. This evaluation system is completely compensatory. On the
contrary, a system could be based on the principle that a student has to be
“enough good” in all the subjects so that a 2 in mathematics cannot be offset by
any other score, however high. This second evaluation system would be a non-
compensatory (or partially compensatory) one. Compensability then requires
that the various criteria scores can interact among themselves; if no interaction
is possible, no compensability can exist. Since in a lexicographic method the
evaluation criteria are not considered simultaneously, this procedure is com-
pletely non-compensatory.

Compensability is a very important concept when multi-criteria evaluation is
applied to public policies. In fact in evaluating a project, if we consider that a 2
in mathematics could represent a very bad environmental impact and a 10 in lit-
erature a very good economic impact, it is clear that allowing or not for compen-
sability, and to what degree, is the real issue in sustainability policies. To look for
compromises then implies that a dictator cannot exist. That is, all the dimensions
relevant to a policy problem have to be used simultaneously and not in a lexico-
graphic order, since otherwise some social dimensions will a priori have a much
greater weight. For example, a legislative system which accepts that a financial
analysis of projects should be carried out before the evaluation of their environ-
mental impacts, is indeed prioritizing the economic dimension with respect to the
environmental.

In empirical evaluations of public projects and publicly provided goods, multi-
criteria decision theory seems to be an appropriate policy tool, since it makes it
possible to take into account a wide range of assessment criteria (e.g. environmental
impact, distributional equity, etc.), and not simply profit maximization, as a private
economic agent would do (Arrow and Raynaud, 1986; Martinez-Alier et al.,
1998).

From an operational point of view, the major strength of multi-criteria methods
is their ability to revolve questions characterized by various conflicting evaluations,
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thus allowing for an integrated assessment of the problem at hand. Multi-criteria
decision theory builds on the following basic concepts'.

The dimension is the highest hierarchical level of analysis and indicates the
scope of objectives, criteria and criterion scores. For example, sustainability policy
problems generally include economic, social and environmental dimensions.

The objective indicates the direction of change desired. For example, within the
economic dimension GDP has to be maximized; within the social dimension social
exclusion has to be minimized; within the environmental dimension CO, emissions
have to be minimized.

The evaluation criterion® is the basis for evaluation in relation to a given objec-
tive (any objective may imply a number of different criteria). It is a function that
associates each alternative with a variable indicating its desirability according to
expected consequences related to the same objective, e.g. GDP, saving rate and
inflation rate inside the objective “growth maximization”.

The criterion score® is a constructed measure stemming from a process that rep-
resents, at a given point in space and time, a shared perception of a real-world state
of affairs consistent with a given criterion. To give an example, when comparing
two countries, within the economic dimension, one objective could be “maximiza-
tion of economic growth”; the criterion might be R&D performance, the criterion
score could be “number of patents per million of inhabitants”. Another example: an
objective connected with the social dimension might be “maximization of residen-
tial attractiveness”. A possible criterion could then be “residential density”. The
criterion score might be the ratio of persons per hectare.

The constraint is a limit on the values that criterion scores may assume; it may
or may not be stated mathematically.

A goal (synonymous with target) is something that can be either achieved or
missed (e.g. reducing nitrogen pollution in a lake by at least 10%). If a goal cannot
be or is unlikely to be achieved, it may be converted to an objective.

An attribute is a measure that indicates whether goals have been met or not,
given a particular decision that provides a means of evaluating the levels of various
objectives.

A multi-criteria method is an aggregate of all dimensions, objectives (or goals),
criteria (or attributes) and criterion scores used (in the framework of composite
indicators this can be considered the definition of an index). This implies that what
formally defines a multi-criteria method is the set of properties underlying its
aggregation convention.

'These definitions have been developed by elaborating the standard definitions in multi-criteria
decision literature by means of concepts coming mainly from complex systems theory. Discussions
with M. Giampietro and M. Nardo have been essential.

*In the framework of composite indicators a criterion is synonymous with “individual indicator”
(see Munda and Nardo, 2007).

*In the framework of composite indicators, a criterion score is synonymous with “variable”.
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Table 1.1 Example of an impact matrix

Alternatives

Criteria ~ Units a, a, a, a,

g gla) gla) - g,(a)
gz . . . 3

g3 3 3 3 3

g4 . . . .

gS . . . .

8 gla)  gla) - gyla,)

The discrete multi-criterion problem can be described in the following way: A is
a finite set of NV feasible actions (or alternatives); M is the number of different points
of view or evaluation criteria gm i = 1, 2, ..., M considered relevant in a policy
problem, where the action a is evaluated to be better than action b (both belonging
to the set A) according to the m-th point of view if gm(a) > gm(b). In this way
a decision problem may be represented in a tabular or matrix form. Given the sets
A (of alternatives) and G (of evaluation criteria) and assuming the existence of
N alternatives and M criteria, it is possible to build an N x M matrix P called an
evaluation or impact matrix whose typical element pij (i=1,2, ..., M;j=1,2, ...,
N) represents the evaluation of the j-th alternative by means of the i-th criterion. The
impact matrix may include quantitative, qualitative or both types of information
(see Table 1.1).

In general, in a multi-criterion problem, there is no solution optimizing all the
criteria at the same time (the so-called ideal or utopia solution) and therefore
compromise solutions have to be found. Indeed this sad truth is very consistent
with the basic principle of scarcity in economics (called the sad science for exactly
this reason).

1.2 Social Multi-Criteria Evaluation

Various authors claim that modern economics needs to expand its empirical rele-
vance by introducing more and more realistic (and of course more complex)
assumptions to its models. The issue of “distributional coalitions’ has recently been
considered of key importance in determining growth factors (Olson, 1982). One of
the most interesting research directions in the field of public economics is the
attempt to account for political constraints, interest groups and collusion effects
explicitly (see e.g. Laffont, 2000). In this context, fransparency becomes an
essential feature of public policy processes (Stiglitz, 2002). Social multi-criteria
evaluation (SMCE) has been purposely designed to enhance transparency, the main
idea being that the results of an evaluation exercise depends on the way a given



8 1 Introduction

policy problem is represented and thus the assumptions used, the interests and
values considered have to be declared (Munda, 2004). To illustrate this issue of
problem representation and transparency I will present a couple of examples.

1.2.1 A Land-Use Conflict in the Netherlands

This illustrative application concerns a study of a public choice problem in the
Netherlands (the southern part of Limburg). The problem can be briefly outlined as
follows (for more information see Munda et al., 1994b).

A company enjoying almost absolute dominance in the Dutch cement industry
has a concession to extract marl on one of the hills in south Limburg, but this con-
cession may expire in the near future; therefore alternative areas have to be
explored. Of the possible new locations, the most appropriate is the Plateau van
Margraten; this is a rather flat area used for agriculture and for some recreation. It
has a unique physical structure, although it is characteristic of the landscape of the
region. Zoning of this area for marl mining would fundamentally affect its social
and ecological value; on the other hand, if the authorities refused to grant permission
for marl mining to the company, this would lead to an almost total collapse of the
national cement industry and to serious unemployment effects in an economically
weak region. This situation clearly demonstrates the sharp opposition between
environmental and economic interests. A first meaningful step toward an evaluation
analysis for this land-use problem is to identify a set of feasible and relevant
options. These are:

(1) Implementation of the original plans of the company (i.e. a concession for the
total area). This would guarantee the future position of the national cement
industry and also favours employment and welfare in the region. Agriculture
would suffer some negative impacts, while the negative social impacts (for
recreation, etc.) would be rather strong. Finally, the environmental damage
would be very great.

Clearly, this would be the best option for interest groups supporting the cement
company.

(2) The use of an alternative area (the Rasberg area, in the same region) for marl
mining. But this area is much smaller and the physical condition of the soil
would hamper a profitable cement production at current prices. On the other
hand, the ecological damage would be less serious.

This option could be interpreted as a compromise between the authorities and the
company (in fact a concession is given, but the location is decided by the political
authorities and not by the company).

(3) The provision of a concession for one half of the area (Plateau van Margraten).
This would lead to fewer agricultural losses, while the environmental damage
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would also be less severe. The economic impacts would be less favourable than
those of the first option.

This is a possible basis for compromise. However, it could be very dangerous for
the political authorities, since it might maximize the conflict precisely by making
nobody happy.

(4) A concession from political authorities for marl mining in the present area.
This would be only a short-term solution (since it is not possible from a techni-
cal point of view, to continue the extraction of marl for an indefinite period),
which is a less attractive option from an economic perspective.

Clearly, this option is not consistent with the others with respect to the time
horizon. It reflects a typical attitude of politicians all over the world, i.e. the inclina-
tion to pass the problem on to somebody else (the succeeding government).

(5) Importing marl from the Plateau van Vroenhoven, an area in Belgium.

This solution might be attractive from a national standpoint. But if we take into
account the global environmental consequences (the environmental impact of
extraction in Belgium and transport of marl) it is clearly the worst option from an
environmental point of view. This option also shows the importance of the hierar-
chical level we use to describe a problem (region, country, European Union, etc.).

(6) A restructuring of the company so that it becomes a trade and research organi-
zation for cement instead of a production unit. This would lead to a certain loss
of employment, while the future need for such an organization is unclear.

This option might be attractive for anyone without an economic interest in the
company.

(7) A closedown of all productive activities of the company.

This might be favourable from the viewpoint of environmentalists and people who use
the area for recreation, but would lead to serious economic problems for the region.
These options are to be judged on the basis of various evaluation criteria. Three
main groups of criteria can be distinguished, viz. economic, social and environmen-
tal. These three classes can be subdivided into various components.

(A) Economic criteria

1. Employment in agriculture

2. Employment in the cement industry (including marl mining)
3. Agricultural production

4. National production of marl

5. Value added in the cement industry

(B) Social criteria

6. Residential attractiveness
7. Recreational attractiveness (daily)
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8. Tourism attractiveness
9. Congestion created in transportation infrastructure

(C) Environmental criteria

10. Quality of geo-physical structure

11. Diversity and scarcity of eco- and bio-components

12. Consistency with existing landscape components

13. Consistency with existing cultural-historical components.

Of course, the options and criteria described belong to only one of the possible
approaches to the problem. They are the result of a decision process developed
on that particular occasion. However, one should note that the degree of transpar-
ency is really very high. It is easy to identify the interests represented by each
option.

One could decide to measure the environmental impact of the various policy
options in the Netherlands alone, or in both the Netherlands and Belgium: accord-
ing to the choice made, the “constructed solutions” would be different. In any case,
it is clear that such a choice implies a value judgement, i.e. the implementation of
a weak or strong sustainability philosophy.

1.2.2 Assessing Urban Sustainability

Let us consider an example involving four cities, two belonging to highly industri-
alized countries (Amsterdam and New York) and two belonging to transitional
economies (Budapest and Moscow). The indicators used are typical of the literature
on urban sustainability (see e.g. Barbiroli, 1993 or the Urban Indicator Programme).
The profiles (i.e. the score of each city according to each indicator) of these four
cities are described in Table 1.2.

Table 1.2 Impact matrix for the four chosen cities according to the selected indicators

Alternatives
Criteria Budapest  Moscow  Amsterdam  New York
Houses owned (%) 50.5 40.2 2.2 10.3
Residential density (pers./hectare) 123.3 225.2 152.1 72
Use of private car(%) 31.1 10 60 32.5
Mean travel time to work (minutes) 40 62 22 36.5
Solid waste generated per capita (t/year) 0.2 0.29 0.4 0.61
City product per person (Uss/year) 4750 5100 28251 30952
Income disparity (Q5/Q!) 9.19 7.61 5.25 14.81
Households below poverity line (%) 36.6 15 20.5 16.3

Crime rate per 1000 (theft) 39.4 4.3 144.05 56.7
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A standard approach is to rank these cities by constructing a composite indicator.
A typical composite indicator, I, is built as follows (OECD, 2003, p. 5):

(1.2)

N
where x, is a normalised variable and a weight attached to x, with ZW ;=1and0
<w,<1,i=1,2,..,N. =1
It is clear that from a mathematical point of view a composite indicator entails a
weighted linear aggregation rule applied to a set of variables. The main technical
steps needed for its construction are the following:

1. Standardization of the variables to allow comparison without scale effect.
2. Weighted summation of these variables.

The standardization step is a very delicate one. The main sources of uncertainty and
imprecise assessment are:

e The normalization technique used for the different measurement units
involved.

o The scale adjustment used, for example population or GDP of each country
considered.

o The common measurement unit used (money, energy, space, etc.).

Several techniques can be used to standardize variables (Saisana and Tarantola,
2002; OECD, 2003). However, although each normalisation technique entails dif-
ferent absolute values, the ranking produced remains constant. In our example, the
“distance from the best and worst performers” technique is applied, where position-
ing is in relation to the global maximum and minimum and the index takes values
between 0 (laggard) and 100 (leader):

(1.3)

100 actual value - minimum value
maximum value - minimum value

By applying (1.3) to the values contained in Table 1.2, the results presented in Table 1.3
are obtained. The indicators “houses owned” and “city product per person” have to
be maximized. All others have to be minimized. To apply (1.2) it is thus necessary
to transform the indicator scores of these indicators by using the simple equation
(100 — normalized indicator score).

By applying this transformation to the values contained in Table 1.3, the results
presented in Table 1.4 are obtained.

By applying (1.2) to the values contained in Table 1.4, the following results are
obtained:

Budapest = 512.986
Moscow = 533.373
Amsterdam = 463.169
New York = 492.052
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Table 1.3 Normalized impact matrix

100 78.674 0 16.770
33.485 100 52.28 0

422 0 100 45

45 100 0 36.25
0 21.95 48.78 100

0 1.335 89.691 100
41.213 24.686 0 100
100 0 25.462 6.018
25.116 0 100 37.495

Table 1.4 Normalized impact matrix accounting for
minimization objectives

100 78.674 0 16.770
66.515 0 47.72 100
57.8 100 0 55

55 0 100 63.75
100 78.05 51.22 0

0 1.335 89.691 100
58.787 75314 100 0

0 100 74.538 93.982
74.884 100 0 62.505

Thus the final ranking puts Amsterdam into bottom position (worst than all other

cities considered); Moscow is in top position, Budapest ranks second and New York
third.

At this point two questions need to be answered: Where are these (somewhat

surprising) results coming from and what do they mean?

4.

5.

Let us start with the first question. The results obtained depend on:

. Quality of the information available (In our case, for example, the data values

for Amsterdam on the use of private cars and on criminality are suspiciously
high, while criminality in Moscow and residential density in New York are
suspiciously low).

. Indicators chosen (i.e. which representation of reality we are using, and there-

fore whose interests are taken into account).

. Direction of each indicator (i.e. the bigger the better or vice versa, in our

example, the principle is that house ownership should be maximized, but this
could be quite debatable and culturally dependent).

Relative importance of these indicators (in our case all the indicators are
considered to have the same importance, i.e. no weighting coefficient is used).
Ranking method used (in this case the linear aggregation rule).

All these uncertainties have to be taken into account when we claim that any given
city is “better” than another. At this stage, it also seems clear why it is claimed in
multi-criteria evaluation that what is really important is the “decision process” and
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not the final solution, since this solution has a value only as a product of the deci-
sion process and is not an “ultimate Truth” (in Herbert Simon’s words, we could
say that we should move from “substantive to procedural rationality”).

Historically the first stage of the development of multi-criteria decision theory was
characterized by the so-called methodological principle of multi-criteria decision
making (MCDM), the main aim of which is to elicit clear subjective preferences from
a mythical decision-maker (DM) and then try to solve a well-structured mathematical
decision problem by means of a more or less sophisticated algorithm. In this way a
multi-criterion problem can still be presented in the form of a classical optimization
problem (Keeney and Raiffa, 1976). The limitations of the classical concept of an
optimum solution and the consequential importance of the decision process was
emphasized in the context of decision sciences by authors such as H. Simon and B. Roy.

According to Simon (1976), a distinction must be made between the general
notion of rationality as an adaptation of available means to ends, and the various
theories and models based on a rationality which is either substantive or procedural.
This terminology can be used to distinguish between the rationality of a decision
considered independently of the manner in which it is made (in the case of substan-
tive rationality, the rationality of evaluation refers exclusively to the results of the
choice) and the rationality of a decision in terms of the manner in which it is made
(in the case of procedural rationality, the rationality of evaluation refers to the deci-
sion-making process itself). “A body of theory for procedural rationality is consist-
ent with a world in which human beings continue to think and continue to invent:
a theory of substantive rationality is not.”

Roy (1985) states that in general it is impossible to say that a decision is a good
or bad one by referring only to a mathematical model: all aspects of a decision
process which leads to a given decision also contribute to its quality and success.
Thus, it becomes impossible to establish the validity of a procedure either on a
notion of approximation (i.e. discovering pre-existing truths) or on a mathematical
property of convergence (i.e. does the decision automatically lead, in a finite
number of steps, to the optimum a*?). The final solution is more like a “creation”
than a discovery. In Multiple-Criteria Decision Aid (MCDA) (Roy, 1985), the prin-
cipal aim is not to discover a solution, but to construct or create something which
is viewed as liable to help “an actor taking part in a decision process either to shape,
and/or to argue, and/or to transform his preferences, or to make a decision in con-
formity with his goals” (Roy, 1990) (constructive or creative approach).

The need for public participation has been increasingly recognized in a multi-
criteria decision-aid framework. Two recent proposals have been participatory
multi-criteria evaluation (Banville et al., 1998) and social-multi-criteria evaluation
(Munda, 2004). Social multi-criteria evaluation accords with the need to extend
MCDA by incorporating the notion of the stakeholder; for this reason a social
multi-criteria process must be as participative and as transparent as possible;
although, it is further argued that participation is a necessary but not a sufficient
condition. This is the main reason why the concept of “Social Multi-criteria
Evaluation” (SMCE) is proposed in place of “Participative Multi-criteria Evaluation”
(PMCE) or “Stakeholder Multi-criteria Decision Aid” (SMCDA).
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In my opinion, one should not forget that even a participatory policy process
could always be influenced by strong value judgements. Do all the social actors
have the same importance (i.e. weight)? Should a socially desirable ranking be obtained
on the grounds of the majority principle? Should some veto power be allowed to
minorities? Are income distribution effects important? In the light of these ques-
tions, the objective of the present book is to discuss in depth the methodological
foundations, the mathematical axiomatization and the operational consequences of
SMCE in the context of public choice in sustainability issues.

1.3 Social Multi-Criteria Evaluation and Sustainability Issues

In the eighties, the awareness of actual and potential conflicts between economic
growth and the environment led to the concept of “sustainable development”. Since
then, all governments have declared, and continuously proclaim, their willingness
to pursue economic growth under the flag of sustainable development although
often development and sustainability are contradictory terms. In the last decade,
there have been various attempts to develop theoretical definitions and systems for
the assessment of sustainability, but so far no consensus emerged on pros and cons
of any definition and its implementation (see e.g. Barbier and Markandya, 1990;
Horwarth and Norgaard, 1990, 1992; Chichilnisky, 1996; Musu and Siniscalco,
1996; Pearce et al., 1996 Munda, 1997a; Faucheux and O’Connor, 1998).

The concept of sustainable development has a wide appeal, partly because, in
contrast with the “zero growth” idea by Daly (1977), it does not set economic growth
and environmental preservation in sharp opposition. Rather, sustainable develop-
ment carries the ideal, of a harmonization or simultaneous realization of economic
growth and environmental concerns. For example, Barbier (1987, p. 103) writes that
sustainable development implies: “to maximize simultaneously* the biological sys-
tem goals (genetic diversity, resilience, biological productivity), economic system
goals (satisfaction of basic needs, enhancement of equity, increasing useful goods
and services), and social system goals (cultural diversity, institutional sustainability,
social justice, participation)”. This definition correctly points out that sustainable
development is a multidimensional concept, but as everyday life teaches us, it is
generally impossible to maximize different objectives at the same time, therefore as
formalized by multi-criteria decision theory, compromise solutions must be found.

Let us try to clarify some fundamental points of the concept of “sustainable
development”. In economics by “development” is meant “the set of changes in the
economic, social, institutional and political structure needed to implement the tran-
sition from a pre-capitalistic economy based on agriculture, to an industrial capi-
talistic economy” (Bresso, 1993). Such a definition of development has two main
implications:

*Emphasis added.
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1. The changes needed are not only quantitative (like growth in gross domestic
product), but also qualitative (social, institutional and political).

2. There is only one possible model of development, i.e. that of western industrial-
ized countries. This implies that the concept of development is viewed as a proc-
ess of cultural fusion towards the best knowledge, the best set of values, the best
organization and the best set of technologies (and that these are all western ...).

Adding the term “‘sustainable” to the “set of changes” (the first point) means adding
an ethical dimension to development. The issue of distributional equity, both within
the same generation (intra-generational equity, e.g. the North-South conflict) and
between different generations (inter-generational equity) becomes crucial (Munda,
1997a). Going further, a legitimate question could be raised: sustainable develop-
ment of what and for whom? (Allen et al., 2002). Norgaard (1994, p. 11) writes:
consumers want consumption sustained, workers want jobs sustained. Capitalists
and socialists have their “isms”, while aristocrats and technocrats have their
“cracies”.

Martinez-Alier and O’Connor (1996) have proposed the concept of ecological
distribution to synthesize sustainability conflicts. The concept of ecological
distribution refers to the social, spatial, and temporal asymmetries or inequalities in
the use by humans of environmental resources and services. Thus, the territorial
asymmetries between SO, emissions and the burdens of acid rain are an example of
spatial ecological distribution. The inter-generational inequalities between the
benefits of nuclear energy and the burdens of radioactive waste are an example of
temporal ecological distribution. In the USA, “environmental racism”, meaning
locating polluting industries or toxic waste disposal sites in areas where poor peo-
ple live, is an example of social ecological distribution. We can then conclude that
sustainability management and planning is essentially a question of conflict analy-
sis. As a tool for conflict management, multi-criteria evaluation has demonstrated
its usefulness in many environmental policy and management problems (see e.g.
Romero and Rehman, 1989; Nijkamp et al., 1990; Janssen, 1992; Munda, 1995;
Beinat and Nijkamp, 1998; Munda et al., 1998; Ringius et al., 1998; Janssen and
Munda, 1999; Hayashi, 2000; Bell et al., 2001). As a consequence the use of multi-
criteria decision theory seems very relevant for tackling sustainability conflicts.

The second characteristic of the term ‘“development” refers to the western
industrialized production system as a symbol of a successful development process.
However, serious environmental problems may proceed from this vision. For example,
according to actual social values in western countries, to have a car per two/three
persons could be considered a reasonable objective in less developed countries.
This would imply a number of cars ten times greater than the existent one, with
possible consequences for global warming, reserves of petroleum, loss of agricul-
tural land and noise. The contradiction between the terms “development” and
“sustainable” may not be reconcilable unless alternative models of development
are considered.

One such model is offered by the so-called co-evolutionary paradigm. According
to this view of social evolution, borrowed from biology (Ehrlich and Raven, 1964),
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there is a constant and active interaction between organisms and their environment.
Organisms are not simply the results but they are also the causes of their own envi-
ronments (Gowdy, 1994; Norgaard, 1994). Economic development can be viewed
as a process of adaptation to a changing environment while being itself a source of
environmental change. In real societies, “people survive to a large extent as
members of groups. Group success depends on culture: the system of values,
beliefs, artefacts, and art forms which sustain social organization and rationalize
action. Values and beliefs which fit the ecosystem survive and multiply; less fit ones
eventually disappear. And thus cultural traits are selected much like genetic traits.
At the same time, cultural values and beliefs influence how people interact with
their ecosystem and apply selective pressure on species. Not only have people and
their environment coevolved, but social systems and environmental systems have
coevolved” (Norgaard, 1994, p. 41). From the co-evolutionary paradigm the
following lessons can be learned:

(1) A priori, different models of co-evolution are possible, and then no unique
optimal development path exists. The spatial dimension is a key feature of
sustainable development.

(2) Respect for cultural diversity is of fundamental importance. In environmental
management local knowledge and expertise (being the result of a long
co-evolutionary process) are sometimes more useful than experts opinions.
Social participation is then essential for successful sustainability policies.

From this brief discussion the following conclusions can be drawn (see Fig. 1.2):

1. A proper evaluation of sustainability options needs to deal with a plurality of
legitimate values and interests found in a society. From a societal point of view,
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economic optimization cannot be the only evaluation criterion. As is well
known, not all goods have a market price, or this price is often too low (market
Jailures). Environmental and distributional consequences (intra/inter-generational
and for non-humans) must also be taken into account. In this framework
multi-criteria evaluation is a very consistent approach.

2. If from a sustainability point of view, it is accepted that society as a whole has
an indefinite lifespan, a much longer time horizon than is normally used on the
market is required. A contradiction then arises: politicians usually have a very
short time horizon (often four—five years depending on the electoral system) and
this has the effect that sustainability is rarely among their priorities (thereby
causing a government failure (for an overview of different perspectives on the
role of governments in the economic sphere see e.g. Buchanan and Musgrave,
1999). For this reason I think that evaluation of public projects should take into
account the entire ‘“civil society” (including ethical concerns about future
generations) and not only mythical benevolent policy-makers. This is why I am
developing the concept of “social” multi-criteria evaluation, the main objective
of which is to integrate scientific knowledge with social participation in the
framework of sustainability public choice.



Chapter 2
Dealing with a Complex World:
Multiple Dimensions, Values and Scales

2.1 Complexity and Post-Normal Science

The world is characterized by deep complexity. This apparently unremarkable
observation has important implications for the manner in which policy problems
are represented and decision-making is framed. One may decide to adopt a reduc-
tionistic approach by tackling only one of the many possible dimensions or one
may try to deal with the complexity of the real-world. This book adopts the latter
approach. My firm conviction is that any representation of a complex system
reflects only a sub-set of its possible representations. A system is complex when the
relevant aspects of a particular problem cannot be captured using a single perspec-
tive (Rosen, 1977; O’Connor et al., 1996; Funtowicz et al., 1999).

To make things more difficult, systems involving humans are reflexively
complex. Reflexive systems display two peculiar characteristics: “awareness” and
“purpose”, both requiring an additional “jump” in describing complexity. The pres-
ence of self-consciousness and purpose (reflexivity) means that these systems can
continuously add new relevant qualities/attributes to be considered when explaining,
describing or forecasting their behaviour (i.e. human systems are learning
systems).

Moreover, the existence of different levels and scales on which a hierarchical
system can be analysed implies the unavoidable existence of non-equivalent descrip-
tions of it (Giampietro, 1994, 2003). Even a simple “objective” description of a
geographical orientation is impossible without taking an arbitrary subjective deci-
sion on the relevant system scale. In fact, as shown in Fig. 2.1, the same geographical
place, for example, in the USA, may be considered to be in the north, south, east or
west according to the scale chosen as a reference point (the whole USA, a single
state, etc.)!(Giampietro and Mayumi, 2000a,b). Therefore, the problem of multiple
identities in complex systems cannot be interpreted solely in terms of epistemologi-

'These multiple-identity/multiple-scale systems can be defined as “Learning Holarchies”.
A “holon” is a whole made of smaller parts (e.g. a human being made of organs, tissues, cells,
atoms) which at the same time forms a part of a larger whole (an individual human being is a part
of a household, a community, a country, the global economy) (Koestler, 1969).

G. Munda, Social Multi-Criteria Evaluation for a Sustainable Economy. 19
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Fig. 2.1 An example of multiple identities according to the system scale (Source: PowerPoint
Presentation by M. Giampietro)

cal plurality (non-equivalent observers), but also necessarily in terms of ontological
characteristics of the observed system (non-equivalent observations).

The implications of scale for multi-criteria evaluation are very important. For
example, in generating evaluation criteria (e.g., when evaluating the impacts build-
ing a skiing infrastructure in a mountain region, who are the relevant social actors?
The inhabitants of the mountain region, the potential users in urban areas or even
the ecological preservationists all around the world?), in computing impact scores
(e.g., should a contamination indicator be computed locally, or at a larger scale?
The use of hydrogen cars in cities is clearly good at local level, but not necessarily
at global level, where the emissions depend on the technology by which hydrogen
is produced —since hydrogen is an energy carrier and not an energy source.).

A consequence of the extreme subjectivities involved is that in any normative
exercise connected with a social decision problem, one has to choose an operational
definition of “value”, in spite of the fact that social actors with different interests,
cultural identities and goals all have different definitions of “value” (O’Neill,
1993). That is, to reach a ranking of policy options, there is a prior need to decide
what is important for different social actors as well as what is relevant for the rep-
resentation of the real-world entity described in the model.

Sustainability policies deal with reflexive phenomena. Because an effective
assessment, in order to be realistic, should consider not merely the measurable and
contrastable dimensions of the simple parts of the system, which even if compli-
cated, may be technically simulated, it should also deal with the higher dimensions
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of the system: those dimensions in which power relations, hidden interests, social
participation, cultural constraints, and other “soft” values become relevant, and
unavoidable variables that strongly, but not deterministically, affect the possible
outcomes of the strategies to be adopted.

No mathematical model, even if legitimate in its own terms, can be sufficient for a
complete analysis of the reflexive properties of a real-world problem. These reflexive
properties include the human dimensions of e.g. the ecological change and the transfor-
mations of human perceptions along the way. The learning process that takes place
while analyzing the issue and defining policies will itself influence perceptions and alter
significantly the decisional space in which alternative strategies are chosen. At the other
end, institutional and cultural representations of the same system, while also legitimate,
are on their own insufficient to define what should be done in any particular case.

The various dimensions are not totally disjointed; thus the institutional
perspective can be a basis for the study of the social relations of the scientific proc-
esses. To take any particular dimension as the true, real or total picture amounts to
reductionism, whether physical or sociological. As a consequence, any attempt to
fit the real world into a closed model leads to a simplification, which does violence
to the description of reality. In most cases the dimensions sacrificed are precisely
the reflexive properties of the systems. These characterize the problem in a
fundamental way but are difficult to identify or measure.

In general, these concerns were not considered very relevant by scientific research
as long as time was considered an infinite resource. On the other hand, the new nature
of the problems faced in this third millennium (e.g. mad-cow disease, genetically
modified organisms, etc.) implies that, when dealing with problems that may have
long term consequences, we are confronting issues “where facts are uncertain, values
in dispute, stakes high and decisions urgent” (Funtowicz and Ravetz, 1991, 1994).

Scientists cannot therefore provide any useful input without interacting with the
rest of society while the rest of the society cannot make any sound decision without
interacting with scientists. That is, the question of “how to improve the quality of a
policy process” must be put, rather quickly, on the agenda of “scientists”, “deci-
sion-makers” and indeed of society as a whole. This extension of the “peer com-
munity” is essential for maintaining the quality of the process of decision-making
when dealing with reflexive complex systems. In relation to this objective
Funtowicz and Ravetz have developed a new epistemological framework called
“Post-Normal Science”, with which it is possible to deal better with two crucial
aspects of science in the policy domain: uncertainty and value conflict. The term
“post-normal” signals a divergence from the puzzle-solving exercises of normal
science, in the Kuhnian sense (Kuhn, 1962).

Post-Normal Science can be characterized in relation to other, complementary,
scientific strategies according to the diagram in Fig. 2.2, which is based on two
axes: “systems uncertainties” and “decision stakes”. When both uncertainty and

stakes are low, we are in the realm of “normal academic science”,? where it is safe

*Funtowicz and Ravetz use the term “applied science”. I prefer the more general category of
“academic science”.
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to rely on “codified expertise”. When either uncertainty or stakes are in the medium
range, then the application of routine techniques and standardized and generalized
knowledge is no longer enough. In these cases, skill, judgement, and sometimes
even courage, are required to adjust the “general knowledge” available to the “spe-
cial situation”. Funtowicz and Ravetz call this “professional consultancy”, with the
examples of the surgeon or the senior engineer facing a critical situation. Finally
we arrive at cases, in which conclusions are not completely determined by scientific
facts; inferences will (naturally and legitimately) be conditioned by the values held
by the agents. When the stakes are very high (as when an institution is seriously
threatened by a policy) then a defensive tactic will involve challenging every step
of a scientific argument (this applies even to those cases in which system uncertain-
ties are actually small). Such a tactic should be considered wrong only when is
conducted covertly, as by scientists who present themselves as impartial judges
when, in reality, they are actually committed advocates of a particular view. When
legitimate contrasting views are openly used to challenge scientific arguments, we
are in the realm of “Post-Normal Science”.

There are now many initiatives constantly increasing in number and significance,
for involving wider circles of people in decision-making and implementation on
environmental issues. Examples of “Post-Normal Science” are to be found wherever
local communities engage in scientific research and dialogue on the state of their
personal and environmental health; one important case is the “popular epidemiol-
ogy” movement connected to the Environmental Justice movement in the United
States (Novotny, 1994). A number of grass-roots movements struggled for years
against all official agencies, including academics, to try to establish the fact that their
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communities were being harmed. The most famous was a case where the authorities
were eventually forced to admit that a collection of symptoms was the manifestation
of a real condition, thereafter known by the town’s name as Lyme Disease.

2.2 The Incommensurability Principle

The previous discussion can be summarized by using the philosophical concept of
weak comparability (O’Neill, 1993; Martinez-Alier et al., 1998). From a philo-
sophical perspective, it is possible to distinguish between the concepts of strong
comparability (there exists a single comparative term by which all different actions
can be ranked) implying strong commensurability (a common measure of the vari-
ous consequences of an action based on a cardinal scale of measurement) or weak
commensurability (a common measure based on an ordinal scale of measurement),
and weak comparability (irreducible value conflict is unavoidable but compatible
with rational choice employing, for example, multi-criteria evaluation).

In terms of formal logic, the difference between strong and weak comparability,
and one defence of weak comparability, can be expressed in terms of Geach’s dis-
tinction between attributive and predicative adjectives (Geach, 1967). An adjective
A is predicative if it passes the two following logical tests:

(1) If xis AY, then x is A and x is ¥;
(2) If xis AY and all Y’s are Z’s, then x is AZ.

Adjectives that fail such tests are attributive. Geach claims that “good” is an
attributive adjective. In many of its uses it clearly fails (2): “X is a good economist,
all economists are persons, and therefore X is a good person” is an invalid argu-
ment. The fact that a comparative holds in one range of objects does not entail that
it holds in the wider range. Given a claim that “X is better than Y’ a proper response
is “X is better what than Y?” Similar points can be made about the adjective “valu-
able” and “is more valuable than”. If evaluative adjectives like “good” and ““valua-
ble” are attributive in standard uses, it follows that their comparative forms have a
limited range. That does not however preclude the possibility of rational choices
between objects that do not fall into the range of a single comparative. Weak com-
parability is compatible with the existence of such limited ranges.

It is in terms of such descriptions that evaluation takes place. A location is not
evaluated as good or bad as such, but rather, as good, bad, beautiful or ugly in rela-
tion to different descriptions. It can be at one and the same time a “good W” and a
“bad X, a “beautiful Y and an “ugly Z”. The use of these value terms in such
contexts is attributive, not predicative. Evaluation of objects relative to different
descriptions invokes not just different practices and perspectives, but also the dif-
ferent criteria and standards for evaluation associated with these. It presupposes
value-pluralism. An appeal to different standards often results in conflicting
appraisal of an object: as noted above, an object can have considerable worth as a
U, V, and W, but little as an X, Y and Z.



24 2 Dealing with a Complex World: Multiple Dimensions, Values and Scales

In conclusion, weak comparability implies incommensurability i.e. there is an
irreducible value conflict when deciding what common comparative term should be
used to rank alternative actions. Remembering that the presence of multiple-identities
in complex systems can be explained in terms of the epistemological plurality and
ontological characteristics of the observed system, I think that it is possible to
further distinguish the concepts of social incommensurability and technical incom-
mensurability (Munda, 2004). Social incommensurability can be derived from the
concepts of reflexive complexity and Post Normal Science and refers to the exist-
ence of a multiplicity of legitimate values in society, that is, in one word, to democ-
racy. Technical incommensurability comes from the multidimensional nature of
complexity and refers to the issue of representation of multiple identities in
descriptive models.

At this point, if we accept that real-world systems are multi-dimensional in
nature, we also have to accept that the evaluation of public plans or projects has to
be based on procedures that explicitly require the integration of a broad set of vari-
ous and conflicting points of view. Consequently, multi-criteria evaluation is in
principle an appropriate policy framework. It is interesting to note that analytic
philosophy, theories of complexity, post-normal science, recent theories of rational-
ity and modern public economics lead with different trajectories to the same con-
clusion, i.e. policy problems can be operationalized through a consistent multi-criteria
framework.

The arguments developed in this section imply that there could be at least two
different compromise solutions: a social compromise solution originating in value
conflicts and a technical compromise solution for conflicting non-equivalent repre-
sentations of the same policy options.

At this stage, the basic questions to be addressed are:

How is it possible to deal with technical incommensurability?

. How can we deal with the issue of social incommensurability?

3. Which are the main consequences of technical and social incommensurability in
a SMCE framework?

DN —

Answering these questions will be the subject of the rest of this book.

2.3 Reductionism “Must” Be Avoided

2.3.1 An Example of Ecological Reductionism:
Carrying Capacity and the Ecological Footprint

Sustainable development clearly has a global dimension. However, the existence of
interactions between local and global processes is also increasingly recognized. In
particular, cities are open systems which impact on other physical areas and on the
earth as a whole.
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In the European context, for example, the reinforced focus on the city seems
warranted as European countries face into a period of dramatic restructuring and
transition (Nijkamp and Perrels, 1994; Cocossis and Nijkamp, 1995). The aim to
make Europe economically more competitive has to be reconciled with the issue of
environmental and cultural sustainability. At the institutional level for instance,
EUROSTAT proposes a set of urban pressure indicators to deal with the urban sus-
tainability issue (European Commission, 1996).3

It might be asked, for what reason so many different indicators should be intro-
duced, when a unique physical index of human impact on the environment could be
constructed simply from the concept of “carrying capacity”. Carrying capacity, as
defined in ecology, is the maximum population of a given species (frogs in a lake,
for instance) that can be supported indefinitely in that given territory, without spoil-
ing its resource base. Begon et al. (1996) clearly state that, even for animals, carry-
ing capacity is “an idealized concept not to be taken literally in practice”.

Authors with a background in biology and with an interest in population growth,
such as Paul Ehrlich and his collaborators, have over the years become aware of the
shortcomings of the idea of carrying capacity as applied to humans. This is why
they proposed the formulation I = PAT, I standing for human impact on the environ-
ment, P for human population, A for affluence, and T for technology.

The definition of carrying capacity is irrelevant for humans for several reasons.
First, the human ability to establish large differences in the exosomatic use of
energy and materials points to a crucial question: at which level of consumption
should the maximum population be established? Second, human technologies play
a paramount role. To give an example transport is essential for determining urban
carrying capacity because it influences the number of people which can enjoy a
reasonable quality of urban life. Third, the territories occupied by humans are not
given. We compete for them with other species as well as with other humans,
whereby the concept of territory is socially and politically constructed. There is yet
another reason why the notion of carrying capacity is not directly applicable to
humans in any particular territory: trade may in fact be interpreted as the appropria-
tion of the carrying capacity of other territories.

Urban growth rests on a trade-off between agglomeration economies (notably
economies of scale and scope including higher wages) and diseconomies (e.g. pop-
ulation density and environmental decay). It is likely that environmental quality

3These indicators are: population density per area, land consumption, roads and parking areas,
mono-functional areas, derelict areas, inhabitants per green area, accessibility of green areas,
emissions of CO2, emissions of SO2 and Nox, emissions of VOC, emissions of PM 10, emissions
of lead, water consumption per capita, COD/BOD through (non-treated) waste water, non-treated
waste water, non-treated waste water discharges to urban surface waters, soil contamination,
municipal waste per capita, non-recycled municipal waste, household hazardous waste, energy
consumption, share of private car transport, registered motor vehicles, traffic accidents with vic-
tims (injured and/or dead), mileage of commuters, people endangered by noise emissions, noise
emissions of industry, noise levels of vehicle fleet.
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problems may become more severe with urban size; however, factors such as land
use, transportation system and spatial layout of a city are also critical factors in
determining the “urban environmental carrying capacity”.

Another indicator related to the idea of urban carrying capacity is the ecological
footprint index. Ecological footprint overcomes some of the difficulties of tradi-
tional carrying capacity simply by inverting the usual carrying capacity ratio. In
short, the ecological footprint measures land area required per person (or popula-
tion), rather than population per unit area (Wackernagel and Rees, 1995; Folke
et al., 1996).

The ecological footprint starts from the assumption that every category of energy
and material consumption and waste discharge requires the productive or absorp-
tive capacity of a finite area of land or water. If one sums up the land requirements
for all categories of consumption and waste discharge of a defined population, the
total area represents the ecological footprint of that population whether or not this
area coincides with the population’s home region.

More precisely, the ecological footprint of a specified population or economy
can be defined as the area of ecologically productive land (and water) that would
be required on a continuous basis:

(a) To provide all the energy/material resources consumed
(b) To absorb all the waste discharged, by a given population in a given area

From an operational point of view, the main categories of land use for the calcu-
lation of the ecological footprint would be the following:

1. Crop and grazing land required to produce the current diet (the sea area could
also be included)

2. Land for wood plantations for timber and paper

3. Land occupied or built-over, as urban land

4. Land needed to absorb CO, emissions through photosynthesis, or alternatively
land required to produce the ethanol equivalent to current fossil energy
consumption

In Rees” hometown of Vancouver, the respective figures for these four items, per
person, would be 1, 0.6, 0.2, and 2.3 ha (of middle-aged Northern temperate forest),
i.e. over 4 hectares per person. One should note that only CO, is translated into a
land requirement, and not other wastes, such as domestic waste, or other greenhouse
gases, or radioactive waste; this is so because of difficulties of computation. The
water catchment area and the waste water disposal area are not included either.

Of course, when considering the urban population, it is particularly important to
acknowledge the existence of physical constraints on matter and energy flows,
which are determined by the particular type of social structure. The structure of a
society has huge relevance in determining the consequential ecological footprint for
the same unit of human mass sustained, energy consumed or waste generated. Let
us consider the case of food supply. A kilogram of grain consumed per person can
have a cost of 2,000kcal (in a poor society) or 35,000kcal (in a rich society)
according to the characteristics of the society. A rich society can be defined by the
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average need to produce food using only 5% of the available work force in
agriculture (to produce grain at a throughput of 700kg of grain per hour of labour).
On the contrary, the situation of a subsistence society is far more “energy efficient”.
This is caused by a very low productivity of labour e.g. 10kg of grain per hour of
labour (the population is mainly composed of poor farmers). The same applies to
the amount of land available (Giampietro, 1997).

What I want to emphasize here is the problem of aggregation (i.e. the somewhat
mysterious convention that one needs to transform all the dimensions of ecological
sustainability in a common measurement unit in terms of space connected to eco-
logical footprint) and the necessary reductionism implied by the use of this index.

From a land-use policy perspective, the urban management suggestions arising
from the computations of the ecological footprint can be misleading. Given that
ecological footprint considers the land used to produce the current diet, this could
imply an incentive towards intensive agricultural production systems. These sys-
tems will reduce the virtual space occupied by a city but at the same time will imply
the use of much more energy and loss of biodiversity, due to the use of fertilizers
and pesticides and the introduction of exotic species. It is true that to a certain
extent these consequences will produce an increase in the land needed to absorb
CO,*. But what is the rate of compensability implied by these transformations? Are
we sure that the decrease in the ecological footprint implied by a more energy
intensive agriculture will correspond to an equal increase for the land needed to
absorb CO,?

Technically speaking, this will depend on the assumptions about the elasticity of
substitution assumed between the different environmental pressures®. Unfortunately,
in the computations of the ecological footprint index no specification of this elastic-
ity is made and thus the compensation implied is completely unpredictable and
non-transparent. Furthermore, even if the elasticity could be specified, what kind of
biological productivity are we considering? What kind of soil? What kind of trees
and of which age?

To give another simple land-use policy example, let us consider the issue of
urban form. There is consensus that a compact city has less environmental impact
than a decentralized city (see e.g. Frey, 1999). If there is high population pressure,
taking only the environmental point of view into account, it would be better to have
the people live in compact cities than spread out over the regional territory. But the
ecological footprint index, will surely be very high for a compact city and on the
contrary quite unpredictable in the case of a decentralized city. In this latter case
the computations will depend crucially on what is defined as a homogeneous met-
ropolitan area.

As we have previously seen, when dealing with complex systems operating on
several hierarchical levels, the simultaneous existence of contrasting but “correct”

4This point was put to me by Joan Martinez-Alier.

>This is the same issue connected to the use of economic production function measured in mone-
tary terms. In this case, the elasticities of substitution between different production factors are
always clearly specified, e.g. a Cobb-Douglas type.
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scientific assessments has to be accepted. Complex urban systems are entities
which change their identity according to the particular hierarchical space scale
at which they are described. A study of a block inside a city, of the administrative
unit constituting a “Commune”, or of the “metropolitan area” is likely to give com-
pletely different and contrasting views and policy suggestions. And so, if we take
the example of the hierarchical level of the “Commune of Barcelona”, the claim
that the quality of life is steadily increasing seems to be correct (or at least this
perception is shared by most of its inhabitants). If we look at the whole metro-
politan area, the same statement appears less convincing in the light of one
problem: the transfer of most of the polluting activities from the city centre to the
periphery.

This is the reason why the ecological footprint is often computed for regions or
countries. This leads us to another question: are political territories also relevant in
ecological terms? And what about trade? The latter issue has been addressed inten-
sively by van den Bergh and Verbruggen (1999). A discussion of the pros and cons
of this index is also available at the “Forum on the ecological footprint” in
Ecological Economics (2000).

In conclusion it should be emphasized that computing the inverse of the concept
of carrying capacity will not help to eliminate its shortcomings. Indeed, by defini-
tion an inverse retains all the properties and limitations of the original concept, as
this has become evident in the discussion above.

It is impossible to find scientifically sound conversion factors that can transform
all ecological, economic and social dimensions in land as well as in energy, money
and similar. The concepts of urban environmental carrying capacity and ecological
footprint are examples of ecological reductionism, i.e. socio-economic and cultural
aspects are completely neglected (e.g., transforming the Colosseum into a wooded
area would theoretically improve the ecological footprint of Rome).

There have been various attempts to develop multi-dimensional systems of
urban sustainability indicators (e.g., CEROI, ICLEI, and many others), without
producing any consensus on the pros and cons of any specific system. However, 1
would like to address another issue here, relevant for the policy-making process and
connected to the simultaneous use of various indicators: often some indicators
improve while others deteriorate when computed for a specific city. How might
such indicators be aggregated? As we know, multi-criteria evaluation is clearly
relevant®.

2.3.2 An Example of Economic Reductionism:
The “Fetishism of Fictitious Commodities”

The starting point here is that it is impossible to deal with the concept of “economic
value” (and connected economic policy instruments) as an objective, value-free

¢See Munda and Nardo (2007) for a more formal analysis.



2.3 Reductionism “Must” Be Avoided 29

category. Economic development implies the creation of new assets in terms of
physical, social and economic structures. In a process of “creative destruction” tra-
ditional environmental, social, and cultural assets owed to our common heritage
may disappear.

Indeed, as discussed in Chap. 1, the key question is value for what and for
whom? For example, if the objective is to reduce the tourist pressure on Venice,
one might conceive of limiting the number of visitors by imposing an entry fee
and using the money collected to maintain the city’s cultural heritage. However,
one could argue that due to the “relative scarcity” of an economic good such as
Venice, people will be quite willing to pay the price of an entry ticket. Thus, the
economic instrument “entry ticket” will be useful for collecting money, but not
for reducing the tourist pressure. As a consequence, the maximum number of
visitors allowed per day should be clarified, and this can only be done on heu-
ristic grounds since tourist carrying capacity can hardly be computed
precisely.

Let us now move to a more fundamental question: people who do not visit
Venice have an interest in its preservation? If the answer is yes, the concept of “total
economic value” (see Box 2.1) immediately becomes relevant. To attribute mone-
tary values to the historical heritage implies capturing user (actual, option and
bequest) and non-user (existential, symbolic, etc.) values. Of course, to compute
total economic values has nothing to do with the “true” or “correct” value. All
monetary valuation attempts will suffer deep uncertainties such as: which monetary

Box 2.1 Total economic value

A fundamental concept in defining a value for non-market goods and services
is the concept of fotal economic value (TEV). The TEV is the sum of four
elements: the actual use value, the option value, the bequest value and the
existence value. The actual use value is the value derived from the actual use
of the good, e.g. an environmental space for recreation. The option value,
instead, is the value derived from a possible use of it in the future by the cur-
rent generation. Both of them have to do with individual preferences and the
willingness to pay to conserve for example an ecosystem or a monument or
the willingness to make use of it. Given the uncertainty about future uses, the
option value is likely to be positive, indicating an interest in preserving the
resource for the future. The bequest value, instead, implies an intergenera-
tional dimension: it is a willingness to pay to preserve the good for the use of
future generations (and not only for the future use of the current generation).
Finally the existence value has to do with “the concern for, the sympathy
with, and the respect for the rights or welfare of no- human beings” (Turner
etal., 1994, p. 113).
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valuation technique should be used’? Which time horizon should be considered?
Which social discount rate?

Moreover, can we use money values as a social decision tool for sustainability
policies? If the answer is affirmative a measurement of social costs and benefits
should be made on the basis of the so-called “compensation principle” (usually asso-
ciated with the names of Hicks and Kaldor). According to this principle, the social
cost of a given event is defined as the sum of money paid as compensation to those
who have suffered injury. The level of utility® that the damaged people had before the
event took place should determine the amount of compensation to be paid.

The general economic foundation of monetary compensation to the victims of an
environmental or whatever else destruction is the concept of negative externalities.
According to Baumol (1969) the relevant aspect of externalities is that the activity of
a subject negatively interferes in the utility function of another subject without an eco-
nomic transaction between them. We experience negative externalities in our everyday
life: a barking dog at night, the smoke of a neighbour in a restaurant, the volume of
teenagers’ music, are a few examples. In many cases related with the environment this
interference is in the utility function of a whole community, like for example the case
of waste residuals or the pollution of a water source or costal zones.

Sustainability policies based on principles of compensation and substitution
might sometimes be operable, but one should be very cautious in applying such
principles as a general rule. The difficulties in substituting for the loss of environ-
mental goods such as biodiversity (which is not even inventoried), or in compensat-
ing future generations for the uncertain, irreversible negative externalities we are
causing today should be explicitly considered. These are allocations without any
possibility of transactions in actual or fictitious markets. Who would be willing to
accept compensation for the destruction of the “Sagrada Familia”, the “Statue of
Liberty” or the “Colosseum”? We could argue that, the presence of irreversibility
and uncertainty urges us to transform the compensation principle into the
precautionary principle® (it is more prudent a social conservationist attitude).

7Valuation techniques try to derive willingness to pay for a good or service by using the concept of
consumer’s surplus. Consumer’s surplus is the difference between what an individual has to pay for
a good (the market price) and what an individual would be willing to pay for each unit of the good
rather than to go without it. Hence consumer’s surplus is defined as the area below the demand
function and above the price line. For environmental and artistic goods and services, which have no
market price, the consumer’s surplus is defined as the area below the demand function (and above
the zero price line). A necessary condition for an effective calculation of the aggregate consumer
surplus is knowledge of the demand curves for the elements of the targeted project.

$Historically, the word “utility” was used in economics to denote the subjective sensations which
are derived from consumption. The economists of the late nineteenth century, who were concerned
with constructing a theory of consumer choice, regarded utility as something which could be meas-
ured as an absolute quantity. They thought it possible to speak of the total quantity of utility derived
from consuming a given bundle of goods, of subtracting such quantities from each other, and dis-
cussing how these differences changed as consumption varied (Gravelle and Rees, 1992, p. 74).
°The definition of the precautionary principle given at the Bergen Conference on Sustainable
Development (1990) is the following: “It is better to be roughly right in due time, bearing in mind
the consequences of being wrong, than to be precisely right too late”.
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Of course, this principle implies that the majority of society, mainly non-experts
outside the economic system (i.e. outside market mechanisms), would decide the
“amount” of cultural or natural capital desired. This becomes evident when talking
about the “Sagrada Familia” (a church designed by Gaudi in the nineteenth century,
still under construction in the city centre of Barcelona). Although some “experts”
agree in that it should not be completed, society at large feels a strong commitment
to and involvement in its construction. One reason might be found in its symbolic
value for Catalan identification (Catalunya is a region in the north-east part of Spain
characterized by a strong nationalistic feeling).

In this context, from an economic point of view the only instrument left is “cos?-
effectiveness”; that is given a certain “physical” target (e.g. the amount of cultural
heritage to be preserved or the amount of contamination to be accepted), it is
rational to try to achieve it by means of the lowest possible use of resources (i.e. at the
minimum social cost). Obviously there are several possible targets. This is explicitly
acknowledged in many instances of environmental management, such as water
quality standards (Funtowicz et al., 1999).

In general two rankings are possible:

1. According to cost
2. According to physical target (e.g. the more monuments preserved, the better)

An inclusive debate might lead to the conclusion that the improvement of a
physical target score would worth the extra economic cost, but equally the opposite
judgement could be reached. In both cases we would have an ordinal ranking of
alternatives and “cost-effectiveness” would “fall down” into “weak comparability”
operationalized by multi-criteria evaluation, i.e. two criteria and two different rank-
ings must be dealt with explicitly.

From the discussion above the following conclusion can be drawn: to attach prices
to non-market assets (such as most of environmental and cultural ones), gives a posi-
tive signal to society and may contribute to a more rational use increasing the chances
for a better conservation. When one wishes to preserve a monument or a natural area,
a fundamental question is: is there any resource, which society is willing to assign to
this objective? To answer this question the use of monetary techniques such as
hedonic prices, travel costs or contingent valuation is desirable and useful'°.

1%Tn the framework of the famous debate of the 1920s and 1930s on economic calculus in a social-
ist economy Hayek, replying to Neurath wrote (1925, p. 31): “Neurath was quite oblivious of the
insuperable difficulties which the absence of value calculations would put in the way of any
rational economic use of the resources...”. Or, as Von Mises had put it (Von Mises, 1920, in
Hayek, ed. 1935, p. 111), “Where there is no free market, there is no pricing mechanism; without
a pricing mechanism, there is no economic calculation”. Certainly, the market would sometimes
fail to give economic value to environmental amenities, thus, the calculation of the profitability of
a hydroelectric scheme would not include “the beauty of the waterfall which the scheme might
impair”, except that attention could be paid “to the diminution of tourist traffic or similar changes,
which may be valued in terms of money” (Von Mises, in Hayek, ed. 1935, p. 99). Through what
is now called the “‘travel-cost method”, or similar methods, the market mechanism could be
extended in a capitalist economy to positive or negative externalities.
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However, one should remember that the market alone may be successful in
efficient allocation of resources, but it does not give any guarantee at all for preser-
vation of the cultural or natural heritage. Once something is on the market, it can
be bought or sold, and so the willingness to accept and the compensation principle
may easily cause the destruction of any asset. Monetary compensation is without a
doubt the only possible tool when irreparable and irreversible damage occurs. This
way, if an accident causing serious contamination occurs — as in the case of Seveso
in Italy (1976), Bhopal in India (1984), the Exxon Valdez in Alaska (1989), or more
recently the oil-tanker Prestige off the coasts of Galicia (2002) — it seems correct
and appropriate to indemnify the victims.

It remains to be verified whether in the long run, compensation is an effective tool
to prevent contamination, given that it does not guarantee the preservation of natural
or artistic goods. Take the case of Catalan aquifers. In Catalonia (“Catalunya” in the
Catalan language) there have recently been serious problems of contamination of the
underground aquifers. The damage has been attributed to pigs which are imported
from Holland, raised in Catalonia and subsequently sent back to Holland for slaugh-
ter. The Dutch like this solution because in their country there are serious problems
of ground contamination and pig-breeding has become practically impossible. Who
profits from this? Obviously, the Dutch and some Catalan families who owe their
economic prosperity to this activity. Who pays the costs? Catalan society as a whole
to which the Dutch have succeeded in transferring the environmental costs, and
which is losing a resource of such vital importance as drinkable water. Private costs
born by breeders are thus very different from those born by the whole Catalan com-
munity. Whenever monetary compensation to victims was paid, this did not neces-
sarily bear any positive consequences for either the environment or, in the long run,
the inhabitants of the region left without drinking water.

Economic value is different from environmental or artistic-cultural value. If we
had to decide whether to save the Galapagos Islands or the inside sea in Holland,
which value should one use? The economic would favour the inside sea, which,
since totally eutrophized, represents an important economic service receiving all
the nutrients coming from human activity. The ecological would obviously favours
the Galapagos Islands. The choice of the values to be considered as socially pre-
dominant is a scientific or socio-political issue? Again, the issue of incommensura-
bility of values becomes relevant.

The application of the precautionary principle introduces some elevated costs, but
how much would its non-application cost? The burden could be enormous, as admitted
by the European Environment Agency. Even the Economist (certainly a magazine well
distant from being environmentalist) has recently suggested as a possible positive con-
sequence of the accident of the Prestige (a ship which heavily contaminated the coasts
of Galicia in northwest Spain) a stiffening of the European legislation on the subject of
maritime transport (The Economist, November 23-29, 2002, p. 79). When we abstract
from myopic logics, there is no doubt that for society it is ecologically and economi-
cally more convenient to apply the precautionary principle than to suffer a series of dis-
astrous accidents. For this reason, when uncertainty and irreversibility are present, it
may be prudent to exchange the compensation principle for the precautionary one.
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Summarizing this discussion, we can say that to “internalize” externalities into
the price system might in general have positive consequences from a sustainability
perspective. But one should not forget the uncertainties and complexities which
make it difficult to give physical and economic measures for externalities.
Moreover, it is worth remembering how economic values depend on inter- and
intra-generational inequalities in the distribution of the burdens of pollution and in
access to natural resources. Thus externalities can be seen as “cost-shifting” or as
“ecological distribution conflicts” (Martinez-Alier and O’Connor, 1996). In gen-
eral, if the injured parties are poor (or even not yet born), the cost of the
internalization of the externality will be low. This is why a lot of multinationals
locate particularly dangerous production plants in developing countries where, in
the case of accidents, they are generally forced to pay much lower monetary com-
pensations than in western countries. The accident of the chemical plant of the
Union Carbide in Bhopal, India, in 1984, is a sad example (Jasanoff, 1994; Rajan,
2002). Obviously, the institutional and juridical context is fundamental. In the case
of the oil contamination caused by Texaco in Ecuador (with serious consequences
for human health) the point in the trial was deciding whether the competent court
should have been in the USA or in Ecuador. Texaco naturally insisted on having the
trial held in Ecuador... (Martinez-Alier, 2002, pp. 102—-107).

Accepting low values for a negative externality that has negative impacts on a
poor community is a “political decision”, that is far from being ethically neutral.
Some years ago, an internal document of the World Bank, subsequently made pub-
lic, suggested that toxic waste should be stored in Africa, since the cost of compen-
sation would be extremely low and would therefore have to be considered as the
most efficient solution (it is interesting to remember that the World Bank is sup-
posed to be working on behalf of poorer countries).

Allen et al. (2003) summarize the basic sustainability issues in the following
questions.

Sustainability of:

What?

For whom?
How long?
At what cost?

i o

It is clear that economic instruments are designed to answer only the fourth
question, they thus need to be complemented with other approaches if one wishes
to deal with sustainability in a comprehensive manner. Monetary valuation methods
are based on phenomena such as consumer’s surpluses, market failures and demand
curves which are only a partial point of view, since connected with one institution
only: markets. From a sustainability point of view, issues connected with actions
outside the markets and as well as behaviour of people different from the class of
consumers should also be taken into account (Duchin and Lange, 1994). As noted
by Funtowicz and Ravetz, (1994, p. 198), “the issue is not whether it is only the
marketplace that can determine value, for economists have long debated other
means of valuation; our concern is with the assumption that in any dialogue, all
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valuations or “numeraires” should be reducible to a single one-dimension stand-
ard”. T would like to stress that incommensurability of values does not imply a
hierarchy of values. “Intrinsic” value (or “end value” (Lockwood, 1997)) is some-
times considered “superior” to economic value, this is not the position I am defend-
ing. Beckerman and Pasek (1997, p. 65) rightly note that: “the frequent claim that
the environment has some unique moral intrinsic value is unsustainable, its preser-
vation often raises ethical and other motivations that are not commensurate with the
values that people place on ordinary marketable goods”.

I reiterate that I am not opposed to putting economic values on natural resources,
to environmental sinks, to natural spaces or to cultural heritage. A location may be
valuable for its biodiversity (measured in richness of species or genetic variety),
and also as a landscape, yet also have economic value (measured by differential rent
or by the travel cost method, or contingent valuation). These are different types of
value. The point is that it is misleading to take sustainability decisions based on
only one type of value. The “fetishism of fictitious commodities”” and “energy
myths” must be avoided. Thus, instead of focusing on “missing markets” as causes
of allocative disgraces, or trying to explain economic values by means of energy
measures (clearly a non sense from an economic point of view) we should focus on
the creative power of missing markets, because they push us away from economic
commensurability, towards multi-criteria evaluation of evolving realities."

The next chapter gives some guidelines for the real-world treatment of both
technical and social incommensurability.

'“There is great pressure for research into techniques to make larger ranges of social value
commensurable. Some of the effort should rather be devoted to learning — or learning again, per-
haps — how to think intelligently about conflicts of value which are incommensurable” (Williams,
1972, p. 103). A call for dealing explicitly with incommensurability can also be found in Arrow
(1997).



Chapter 3

Operationalizing Technical and Social
Incommensurability in an SMCE
Framework

3.1 The Orchestration of Sciences:
Technical Incommensurability

One should note that the construction of a descriptive model of a real-world system
depends on very strong assumptions about (1) the purpose of this construction, e.g.
to evaluate the sustainability of a given city, (2) the scale of analysis, e.g. a block
inside a city, the administrative unit constituting a commune or the whole metro-
politan area and (3) the set of dimensions, objectives and criteria used for the evalu-
ation process. A reductionistic approach to building a descriptive model could be
defined as the use of just one measurable indicator (e.g. the monetary city product
per person), one dimension (e.g. economic), one scale of analysis (e.g. the
Commune), one objective (e.g. the maximization of economic efficiency) and one
time horizon. If one wants to avoid reductionism, it will be necessary to take incom-
mensurable dimensions into account and to use different scientific languages
describing disparate but legitimate representations of the same system. This is what
Neurath (1973) called the need for an “orchestration of sciences”.

It is clear that a multi-criteria approach, being multi-dimensional in nature,
seems an interesting framework in which operationalize Neurath’s ideal. This vir-
tue of multi-criteria approaches has been corroborated in a great number of real-
world case studies employing a variety of methods (see e.g. Janssen, 1992; Maystre
et al., 1994; Beinat, 1997; Stewart and Joubert, 1998; Moreno-Jiménez et al., 1999;
Espelta et al., 2003). A real world case study involving the water supply system of
the city of Palermo in western Sicily (Southern Italy) can help to clarify the point.

The case was part of a project commissioned by the region of Sicily and executed
in the frame of the European Commission’s DGXVI structural funds. This case study
was developed during two years of interaction mainly between a multi-disciplinary
team and the management body of the water supply system of the city of Palermo
(plus some social actors involved in the final step of the study) (for more information
on this case study see POP Sicily, full final report European Commission contract
No0.10122-94-03 TIPC ISP I or for a shorter version Munda et al., 1998).

Water resource management is characterized by the presence of strong competition
among different categories of consumptive water uses and, as a consequence, among
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various interest groups. Such competition also exists between consumptive uses as a
whole and “ecological uses” which aim to limit water diversion for off-stream uses
in order to preserve the ecological equilibrium of ecosystems. This permanent state
of competition may intensify into real conflict under drought conditions, i.e. when
there is a temporary reduction of available water resources due to a long and severe
decrease in rainfall (compared to mean or median natural values). The problem of
water shortages due to drought is particularly relevant in southern Europe. In Sicily,
the water distribution issue has deep historical roots. Indeed mafia started from the
fighting over water control.

Water shortages not only depend on hydrological drought, which in turn follows from
meteorological drought, but also on water supply system characteristics and demand lev-
els, which are both affected by different drought mitigation measures. As a consequence,
the purely technical hydrological solutions cannot be separated from their consequences
for the socio-economic system. Although this was not evident in the beginning of the
project, after a few meetings, hydrologists accepted that an economist could be of some
help with this kind of problem. However, it was still very difficult to find a common
language and to understand which contribution each could make towards a possible
solution (or at least a better understanding) of such a complex problem.

The water system of Palermo provides water to municipal, agricultural and
industrial users by using surface water and groundwater; a reservoir is also used for
energy production.

It was agreed that alternative management options under drought conditions
could be divided into two main groups:

e alternatives that try to satisfy 100% of water demands,
e alternatives that do not completely satisfy water demands.

To establish the alternatives, it was necessary to understand the structure of the
Palermo water supply system and, given the technicalities involved (as one can see
from its description in Fig. 3.1), it was immediately clear that this was the job of
hydrologists. However, these alternatives had to be evaluated for the longest historic
drought experienced in the water supply system (four years) according a set of
criteria which included the economic dimension (e.g. associated financial costs and
benefits for the company managing the water supply system, the energy production
company, and so on), the social dimension (e.g. hygienic risk and social discom-
fort) and the environmental dimension (e.g. the in-stream flow requirement defined
as the discharge which maintains a stream ecosystem or aquatic habitat). At this
point the advantage of the multi-criteria structuring of the problem became evident.
Each expert suddenly knew her/his comparative advantage.

From the experience of this case study, a first lesson could be learned: a
multi-criteria framework is a very efficient means of implementing a multi-inter-
disciplinary approach. The experts involved had diverse backgrounds (mainly in
engineering, economics and mathematics). While the communication process was
initially very difficult, once it had been decided to structure the problem in a multi-
criterion fashion, it was astonishing to recognize that a common language had
immediately been created.
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In terms of inter-disciplinarity, the issue is to find agreement on the set of criteria
to be used; in terms of multi-disciplinarity, it is to propose and compute an appropriate
criterion score. The efficiency of the interaction process may also increase greatly'.

In the Palermo case study, it was also experienced that explicitly taking distribu-
tion issues into account increases the transparency of the study and facilitates an
effective process of interaction between various social actors. This second lesson
leads on to the issue of social incommensurability and public participation.

3.2 SMCE is about Democracy: Social Incommensurability

At this point in the discussion the question arises as to who makes the decisions?
Some critics of multi-criteria evaluation say that in principle, in cost—benefit
analysis, votes expressed on the market by the whole population can be taken into

"Here I refer to the idea of orchestration of sciences as a combination of multi/inter-disciplinarity.
Multi-disciplinarity: each expert takes her/his part. Inter-disciplinarity: methodological choices
are discussed across the disciplines (this definition has been discussed with R. Strand).
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account (naturally with the condition that the distribution of income is accepted as
a means of allocating votes)>. On the contrary, multi-criteria evaluation may be
based on the priorities and preferences of only a few decision-makers. (We could
say that the way these decision-makers reach their position is accepted as a way of
allocating the right to express these priorities.) The criticism may be correct if a
“technocratic approach” is taken, in which the analyst constructs the problem rely-
ing solely on expert input (“expert” meaning those who know the “technicalities”
of a given problem).

For the formation of contemporary public policies, it is hard to imagine any via-
ble alternative to extended peer communities (Funtowicz and Ravetz, 1991, 1994;
Gowdy and O’Hara, 1996; Funtowicz et al., 1999; Corral-Quintana et al., 2001; De
Marchi and Ravetz, 2001; Guimaraes-Pereira et al., 2003, 2005; Kasemir et al.,
2003). They are already being created, in increasing numbers, either when the
authorities cannot see a way forward, or know that without a broad base of consen-
sus, a policy will not succeed. They are called “citizens’ juries’”, “focus groups”, or
“consensus conferences”, or any one of a great variety of names; and their forms and
powers are correspondingly varied. But they all have one important element in com-
mon: they assess the quality of policy proposals, including the scientific and techni-
cal component. And their verdicts all have some degree of moral force and hence
political influence. Here the quality is not merely in the verification, but also in the
creation; as local people can imagine solutions and reformulate problems in ways
that the accredited experts, with the best will in the world, do not find natural.

However, even a participatory policy process can be conditioned by strong value
judgements such as, the relative importance of all the social actors (i.e. their
weight); whether a socially desirable ranking should be obtained on the grounds of
the majority principle; whether some veto power should be conceded to the minori-
ties; whether income distribution effects are important, etc.

The management of a policy process involves many layers and kinds of decisions,
and requires the construction of a dialogue process among many stakeholders, indi-
vidual and collective, formal and informal, local and otherwise. This necessity has
been winning ever more recognition in a multi-criteria decision-aid (MCDA) frame-
work. Banville et al. (1998) offers a very well structured and convincing argumenta-
tion on the need to extend MCDA by incorporating the notion of the stakeholder.
A social multi-criteria process must therefore be as participative and as transparent
as possible; although in my opinion, participation is a necessary but not sufficient
condition. This is the main reason I propose the concept of “Social Multi-criteria
Evaluation” (SMCE) in place of “Participative Multi-criteria Evaluation” (PMCE)
or “Stakeholder Multi-Criteria Decision Aid” (SMCDA) (Banville et al., 1998). To
clarify this very important point, the experience of the so-called VALSE project (see
VALSE full final report, Chap. 9, European Commission ENV4-CT96-0226, or for
a synthesis De Marchi et al., 2000) is instructive.

2One should note that cost-benefit analysis can indeed be easily criticized both from the distribu-
tional and environmental points of view (see e.g. Munda, 1996; Spash and Hanley, 1995).
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Troina is a small town (10,000 inhabitants) in north-east Sicily, Italy. On one
hand, it seems there is a common assumption that there is a real water shortage
which could be remedied by more effective use of existing resources. (Paradoxically,
although water shortages are common in Sicily, Troina is an exception). On the
other hand, there is a complex and heterogeneous collection of interests in the
Troina water issue, which have had no effective dialogue. Hence, an effective struc-
turing of the water problem at this early stage is an important task, so that eventual
negotiations between social actors may have a better chance of a positive outcome.
The steps of the overall evaluation process are schematized in Fig. 3.2.

One should note that policy evaluation is not a one-shot activity; on the contrary,
it evolves as a learning process. It has to be realized that the evaluation process is
usually highly dynamic, so that judgements regarding the political relevance of
items, alternatives or impacts may display sudden changes, hence requiring a policy
analysis to be flexible and adaptive in nature. This is the reason that evaluation
processes have a cyclical nature. By this is meant the possible adaptation of ele-
ments of the evaluation process due to continuous feedback loops between the vari-
ous steps and consultations among the actors involved (Nijkamp et al., 1990).

The first question to be answered is the following: is “business as usual” a fea-
sible option in the long run? Business as usual, in this case, is a situation where
power and water management are fragmented among the main actors and where
infrastructure decisions are the only ones not requiring agreements. This can be
considered the classic case of non-cooperative resource exploitation.

For example, the Municipality of Troina is trying to become self-sufficient in its
drinking water needs by using its own spring water sources, even if this could be
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perceived by some as inefficient. To evaluate the business-as-usual option properly,
it has to be compared to a set of different possible options on the basis of some
evaluation criteria. At this point, an issue arises: alternatives and criteria for whom?
This obliges us to acknowledge the preferences of the actors playing an important
role in the dispute at hand.

Initially, only the actors playing an important role in the community of Troina
(as a result of the institutional analysis) were taken into account. Later on, as a
surprising result of the process of generating alternative options, it became clear to
everybody that additional interest groups outside Troina also had to be taken into
account. This learning process was very interesting particularly for the local admin-
istrators of Troina, who fully realized the importance of Troina water resources
outside their own territory. As the Mayor acknowledged, such a process of structur-
ing the problem was extremely useful for understanding the hierarchy of interests
underlying the exploitation of local natural resources.

During the study, the top ranked position of the alternative proposing an informa-
tion campaign was an unexpected surprise. The reaction to this result was the idea
to stage within a very short time horizon, an exhibition on water management issues
in the town of Troina. The Mayor and the municipal administration thought that the
implementation cost of such a policy measure could be quite low and the potential
positive impact on the community quite high. Of course, the political risks for the
administration could also have been very high, since it was clear that a lot of power-
ful actors were working hard to maintain the status quo®. This point leads us back to
the initial and principal question, is business as usual a defensible option?

One should note that business as usual was positioned almost at the bottom of
the multi-criteria ranking. (In the NAIADE conflict analysis, it was in a low posi-
tion for some actors and in a high to medium position for all the others.) Almost all
the powerful social actors of the Troina community belong to this second group.
We could say that the status quo is a compromise solution among the opposing
internal interests. This may explain why few are willing to change the present
situation (since it is very risky for the community at large). However, this situation
seems much more of an impasse than a real equilibrium.

The study attempted to avoid the pitfalls of the technocratic approach, by apply-
ing different methods of sociological research. The “institutional analysis”,
performed mainly on historical, legislative and administrative documents, provided
a map of the relevant social actors. Much insight was offered by “participant
observation” as some contributors to the study were also members of the commu-
nity and knowledgeable of its internal dynamics. The possible biases of this “insider
perspective” were checked against the information obtained from some “in-depth
interviews” with key local actors. Finally a “survey” using a questionnaire was
performed on a random sample of the resident population, so as to explore their
perception of the water issue in Troina (see also Box 3.1).

To elucidate the arguments to be developed in this section, I will refer to another
case study, the DIAFANIS project (financed by the Spanish Ministry of Environment,

3In fact, I must say that the Mayor and his administration lost the next elections.
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Box 3.1 Institutional Analysis

The social dimension of a problem can be explored using institutional
analysis, a tool that can illuminate values, interests, roles, possible alliances
and available resources of the social actors involved in a policy problem. The
objective of institutional analysis is to gain insights into three aspects (Corral-
Quintana, 2000).

1. The problem at hand. The actors’ perceptions of the problem might
diverge significantly, depending on their objectives and interests, their
knowledge, resources and role. In order to understand the problem, as
much information as possible must first be gathered on the general con-
text, that is, the physical, economic, social and political characteristics of
the territory where the conflict takes place. Secondly, the legal framework
must be studied. Finally, a chronology of the events that led to the present
situation must be pieced together.

2. The social actors. The social actors are those who can influence or whose
interests are affected by the analysed policy options. For each group of
social actors, roles, objectives, interests and resources are defined. Resources
are the means that can be used in order to reach an objective, they can be
economic (amount of money), political (capacity of influencing the decision
making process), legal (advantages given by a law), cognitive (knowledge
on the topic or on the decision process, or ability to understand other agents’
behaviour).

3. The interaction patterns. The structure of the institutional network, the
kind of interactions and the arena where interactions take place constitute
indispensable information, as do influences and changes in the social
actors’ positions.

Different written and oral sources are to be used for carrying out an
institutional analysis. In the first category we could mention local and
national press, specialized magazines, official and informal documents pro-
duced by the social actors in order to explain their position, books, articles,
and so on. In the second group we find individual interviews with key agents
or with a random sample or focus groups. Normally, many complementary
sources are used simultaneously.

see final report (in Spanish and Catalan) and Marti, 2001 (in Catalan) ). This project
was named “diafanis” to indicate that the emphasis of the approach was on the
aspect of transparency.

The problem dealt with was the possible expansion of a skiing infrastructure in
the Catalan Pyrenees (north-east Spain). It was very clear from the beginning that
the choice of the geographical scale would determine the policy option considered
desirable. In fact, local people living close to the area think that the expansion
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would bring more tourists and as a consequence more economic prosperity. This
perception changes as soon as one leaves the immediate neighbourhood affected by
the expansion project. Thus, for example, in Barcelona preservationists object to
the project, since the area in question is close to a natural park and has even been
declared by the autonomous government of Catalonia to be a possible natural area
of European interest. What then is the appropriate scale? The local area, the entire
Pyrenees, Catalonia or even Europe as a whole?

To understand if other possible courses of actions existed, an institutional analy-
sis was carried out and consequently some participatory techniques were employed
(see Fig. 3.3). By means of focus groups it was possible to gain an idea of people’s
preferences and then to develop a set of policy options. A limitation of the focus
group technique, immediately evident, was that at the local level, some people were
not willing to say publicly what they really thought, since they were afraid of the
consequences for their everyday lives (social exclusion in small communities can
be a calamity, or some people considered their jobs in danger, if for example, they
were working for a hotel owner in favour of the skiing infrastructure). When far
from the immediate vicinity of the affected area, this component of social control
was almost absent. For this reason anonymous questionnaires and personal inter-
views are an essential part of the participatory process.

The selection of evaluation criteria was also based on what was learned through the
participation process. However, at this stage a problem arose: should the evaluation
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criteria come directly from the public participation process or should they be “trans-
lated” by the research team? It was soon understood that the raw material collected
during interviews and focus groups could be used as a source of inspiration, but the
technical formulation of criteria with properties such as “non-redundancy”, “legibility”
and so on (see Bouyssou, 1990) is a clear task for researchers. Of course, in this step,
subjectivity is unavoidable (for example, there were many discussions within the team
on how to contain the biases of certain members with strong ecologist convictions).

The same criticism of the subjective component of the research team can easily
be made when summarizing the impacts of the various courses of action on the dif-
ferent social actors (e.g. to build the NAIADE conflict analysis procedure (see
Chaps. 5 and 8)). This is obviously true, although the social scientists involved in
the study greatly appreciated the possibility to work with an operational framework
which allowed them to synthesize the large amount of non-formalized information
collected during their field investigations.

Being conscious of the subjective and sometimes even arbitrary factors inherent
in the study, a widespread information campaign was planned on the assumptions
and conclusions of the study including local people, regional and national authori-
ties, international scientists and even children at school.

Some interesting lessons emerged from these case studies:

1) One should not forget that the classical schematized relationship between deci-
sion-maker and analyst is indeed embedded in a social framework, which is of
crucial importance in the case of public policy.

2) The combination of various participatory methods, which has proved powerful
in sociological research, becomes even more so when integrated within a multi-
criterion framework.

3) The use of a cyclical evaluation process allows for the incorporation of things
learnt during the study. It is extraordinarily important that different participatory
and interaction tools be used at different points in time. This allows for continu-
ous testing of assumptions and unavoidable biases of the study team.

4) According to the geographical scale chosen, the relevant social actors with
interests at stake can be found through institutional analysis. Institutional analy-
sis is an essential step to identify possible “stakeholders” for a participative
process. However, besides the unavoidable mistakes that may occur when car-
rying out an appropriate institutional analysis, there are even stronger reasons
why a purely participatory study is undesirable.

5) The scientific team cannot accept uncritically all input of a participatory process, since:

a) In a focus group, powerful stakeholders may influence all the others quite
strongly.

b) Some stakeholders might not desire or be able to participate, but for
ethical reasons the scientific team should not ignore them.

¢) The notion of stakeholder* only recognizes relevant organized groups; this
is why the term “social actor” is preferable.

‘Banville ef al., 1998 discuss the notion of a stakeholder and its ambiguities deeply.
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d) Focus groups are never meant to be a representative sample of the popula-
tion. As a consequence, they can be a useful means of improving the
researchers’ knowledge of the institutional and social dimensions of the
problem at hand, but they are never a way to derive consistent conclusions
on social preferences.

These conclusions lead to the following personal (and thus arguable)

convictions:

(1)

2

3)

“)

&)

Transparency is an essential feature to guarantee the quality of any study based
on science for policy. In fact, all such studies should be accountable to the
public at large for peer-review (accountability is a concept recently proposed
by the European Commission in the White Paper on European Governance?).
Multi-criteria methods are a powerful framework for policy analysis since this
type of evaluation process can be very effective since it accomplishes the goals
of being inter-multi-disciplinary (with respect to the research team), participa-
tory (with respect to the local community) and transparent (since all criteria
are presented in their original form without any transformations into money,
energy or any other common measurement rod).

Since decision-makers require legitimacy® for the decisions taken, it is
extremely important that public participation and scientific studies do not
become the justification for a lack of political responsibility. I strongly believe
that the de-ontological principles of the scientific team and policy-makers are
essential for assuring the quality of the evaluation process. Social participation
does not imply that scientists and decision-makers have no responsibility for
policy actions defended and eventually taken.

As a consequence, ethics matter’. Let us imagine an extreme case in which a
development project in the Amazon forest could affect an indigenous com-
munity with little contact with other civilizations. Would it be ethically more
correct to invite them to a focus group... or to take into account the conse-
quences of the project for their survival? And what about future generations
and non-humans?

A positive externality of participatory approaches is that the results obtained
by the research team, i.e. data, findings, interpretations and insights, can
sometimes also be returned to the community, which may then use them not
just as a given, but rather as an input for deliberative democracy. In sum a
participatory approach can also be an educational tool for the understanding
of democracy.

SThe White Paper on European Governance is inspired by the following five main principles:
openness, participation, accountability, effectiveness and coherence.

%On the issue of legitimacy see also Roy and Damart (2002).

"The importance of the inclusion of ethical considerations in mathematical modelling and

dec

ision-making has also been discussed by Kleijnen (2001) and Rauschmayer (2000).
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3.3 Implementing the Ideal SMCE Process

As already discussed, policy exercises are normally dynamic learning processes
which must necessarily be adaptive in nature. This implies continuous feedback
loops between the various steps and consultations among all the actors involved.
Figure 3.4 can be considered an example of an ideal SMCE process, where scien-
tific and social knowledge are perfectly combined. Of course, these steps are not
rigid.

On the contrary, flexibility in real-world situations is one of the main advantages
of social multi-criteria evaluation (see e.g. Vargas-Isaza, 2004 for an application of
SMCE in Colombia, where there was an extreme situation involving social actors
belonging to various informal armies (the so-called actor armado); Marti, 2005,
who conducted a study with indigenous communities in Peru (see Box 3.2); or
Sittaro, 2006, who applies SMCE in the context of indigenous communities in the
Amazonian region of Ecuador).
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Box 3.2 SMCE with Indigenous Communities in Peru

In the framework of a research project on barter markets and biodiversity con-
servation in the Peruvian Andes, social multi-criteria evaluation was applied to
the context of indigenous community development, in the region of “Parque
de la Papa®. The issue tackled was an evaluation of the incommensurability of
values associated to the biodiversity of medicinal plants (see Marti, 2005°). A
multi-criterion evaluation matrix was developed by Quechua women without
the use of written language. The matrix- building process started by taking into
account the socio-cultural, political and ecological specificities of the region.
The process included the following steps: (a) identification and inclusion in
the process of the women in charge of preserving the knowledge of medicinal
plants, (b) generation of evaluation criteria by means of collective deliberation,
(c) experimentation and further improvements of the evaluation matrix, and (d)
development of the evaluation by quantifying the criterion scores.

The women identified and then involved constituted the Group of Evaluation
of Medicinal Plants (GEPM). For the generation of evaluation criteria and selec-
tion of medicinal plants, interviews with women in charge of the use of medicinal
plants (“curanderas”) were carried out, and advice was asked of experts in
phitotherapy. Finally, the GEPM selected a total of 37 criteria and 43 medicinal
plants to be included in the multi-criterion evaluation matrix. Later on, symbols
were chosen to represent each one of the criteria. Materials and local objects such
as kitchen utensils, dirt and wools were used among other things. The objects
were chosen according to their association with the semantic meaning of the
criteria. Objects and materials of vivid colours were chosen to keep the attention
of the group as focused as possible, during the evaluation process. For each crite-
rion, an ordinal scale of measurement was assigned between zero and five. The
criterion score was represented by the number of beans. Once the evaluation
system had been designed, the multi-criterion matrix was first experimented with
by the GEPM in two community meetings. In these meetings the construction of
the matrix was done on the floor with the help of wools.

Once the experimentation had been tested successfully, other meetings
were organized. They lasted around five hours and the medicinal plants were
evaluated in lots of twenty. When the sample of the plants had been definitely
chosen, the women assumed different roles and also different positions in the
ground space. The mediator located herself inside the matrix, one recorded
the results in a lateral position and the group of consultants positioned
themselves around the matrix. The mediator showed the plants to the consult-

ants one by one and asked for its evaluation in relation to each criterion.
(continued)

8 Papa in this context means potato.

“Research supported by the programme Sustaining Local Food Systems, Agricultural Biodiversity
and Livelihoods of the International Institute of Environment and Development, and the
“Asociacion Kechua-Aymara para Comunidades Sostenible, ANDES”.
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Box 3.2 (continued)

An open discussion continued until the women arrived at a consensus on the
number of beans to be assigned as a criterion score. In the case of persistent
disagreements, the discussion included a comparison with the beans granted
to the rest of species. Once the evaluation had been concluded, the final
matrix was copied onto a paper document and the participants all signed the
document to emphasize their role as knowledge keepers in relation to the
incommensurability of values associated to the medicinal plants. The proce-
dure described guaranteed that the evaluation had been adaptive, locally con-
trolled and able to integrate different types of knowledge at different scales.
The final result was the selection of 21 of the species evaluated to produce
medicines for the indigenous community.

(Photo by Neus Marti)

In real-world applications, a very sensitive point is the synthesis of technical and
social information to generate alternatives and evaluation criteria. Let us briefly review
an application in the field of renewable energy (for more information see Munda et al.,
2005'° and Gamboa and Munda, 2007). In the last decade renewable energies and

0This research was carried out in the framework of the European Union project “Development
and Application of a Multi-Criteria Decision Analysis SoftwareTool for Renewable Energy
Sources (MCDA-RES)”, Contract NNE5-2001-273.
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Fig. 3.5 L'Urgell and Conca de Barbera Comarcas in Catalonia

especially wind energy have experienced a strong boost from national and international
authorities; typically presented as part of the strategy to deal with global warming and
to accomplish the Kyoto Protocol. Although wind energy has a green image, it is diffi-
cult to find favourable positions for the installation of wind-farms. This opposition can
depend on the extensive land use of wind-parks, their possible impacts on birds or their
visual impact, as well as NIMBY (Never In My Back Yard) behaviour. The policy proc-
ess for deciding the location of the wind turbines can itself be a source of conflict. For
these reasons when designing, locating and evaluating alternative wind-park sites in
Catalonia, a real-world social process was implemented including several social actors’
visions. The impact zone is located in the western part of the Catalonian central depres-
sion (see Fig. 3.5) between the “comarcas™ of Urgell and Conca de Barbera.

Two projects were proposed: one of 16 windmills of 850kW, and a second of 66
windmills of 660kW. In addition, there were two other projects planned to construct
wind-farms of 75 and 15 windmills respectively, reaching 172 windmills in the area.

Early in this process, several positions emerged regarding the construction of
those wind-parks. On one hand, some people started to raise objections to the wind-
farms. First, they expressed the desire to participate in the design of the future of
their comarcas and second, they saw territorial inequalities in the way Catalonia has
been planning the energy production scheme.

On the other hand, some municipalities and citizens have agreed to the construction
of the infrastructures. They see the wind-parks as an opportunity to generate income,
to improve social services and to reverse the decline that characterizes these towns. By
developing an institutional analysis study and applying various participatory techniques
the social “atmosphere” could be captured (synthesized in Table 3.1).
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Table 3.1 Socio-economic actors, scale of action and their position with respect to wind-parks

Social actor Scale of action

Position regarding the wind-parks

Catalonian government National

Town council of Vallbona Local — Province
de les Monges

Town council of Els Omells Local — Province
de Na Gaia

Town council of Rocallaura Local — Province

Town council of Senan Local — Province

Consell comarcal de I’Urgell Province - National

Politic representatives Province

The Catalonian government has

launched the Renewable Energy
Plan for the year 2010. It projects
that the construction of RES will
grow, from 72.2 to 1.073MW
installed capacity. But recently
they have made some declara-
tions that they want to scale

the installed capacity target to
3.000MW

The municipality wants the wind-

parks to be installed. They see
the economic benefits as a good
opportunity to improve some
social services, and/or to create
others (like nursing for the aged)

The three municipalities are negotiat-

ing together with the companies,
trying to obtain equal and better
retribution conditions from the
promoters. However some of them
say that if the economic profit is
not enough to offset the actual
social trends, then the wind-parks
should not be constructed

The town council is fighting together

with the inhabitants of Senan to
oppose the wind-parks. They do
not want to be surrounded by
windmills, and they see the forest
as a resource to develop tourism in
the future

The president of the council has

offered her mediation to help
reach a compromise solution.
But she shares the opinion of the
mayors, in the sense that more
financial income is needed to
revitalize the towns and to offer
more and better services

Representatives from different politi-

cal parties have signed a motion
asking for a moratorium on the
wind-parks Coma de Bertran and
Serra del Tallat, and defending the
development of economic activi-
ties without interfering with local
initiatives

(continued)
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Table 3.1 (continued)
Social actor Scale of action Position regarding the wind-parks

Coordinadora por la defensa Province They think that it is not necessary to

de a terra (Urgell, Conca
de Barbera, Segarra,
Garrigues)

jeopardize the future of the towns
to revitalize them. They are not
against wind energy, but they do

not approve the way the process
has been carried out. They think
that the solution has to be dis-

cussed by all the towns involved

Plataforma per Senan Province They see the projects as an undesir-
able gift from their neighbours.
They do not share the way the
process has bean carried out, and
they say that to reach more equi-
table decisions. All the involved
towns must take part in the discus-
sion (See Town council of Senan
above)

GEPEC National This is an environmental non-
governmental organization, acting
at the Catalonian level to redefine
the Catalonian Energy Plan, with the
participation of some social actors.

They ask for a decentralized electric-
ity production system next to the
places of consumption. Regarding
the location of wind-farms, they
ask for special attention to the
habitats of rare and endangered
species, and to the biologic cor-
ridors. They ask also to apply the
European Landscape Convention
and for territorial equity

Enegia Hidroeléctrica de National The company is the promoter of one

Navarra of the wind-parks. They are one of
the main energy producers from
RES in the Spanish territory, and
one of their aims is to construct
wind-parks as large as possible to
provoke a change “in the energy
production culture”

Gerrsa National The promoter of the Coma Bertran
project. It was impossible to fix
a meeting with them due to their
reluctance to talk with people
outside the government

One of the main features of the SMCE framework is that the alternatives can be
constructed combining technical information and social actors’ desires and
preferences. In this case, sites additional to the ones originally proposed can be
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generated by using: (1) technical (and economic) feasibility, depending on wind
availability, and (2) reduction of the visual impact for inhabitants.

Of course, there are several modes of generating alternatives; this is why contin-
uous feed-back from the social and technical actors is needed. The evaluation
criteria in general are a technical translation of social actors’ preferences and
desires. Their construction is a very delicate step. A summary of the whole process
is presented in Table 3.2.

One should note that criteria and criterion scores are not determined directly by
social actors. The impact matrix is a result of a technical translation operationalized
by the scientific team. Even if the criteria are exactly those agreed with the social
actors, the determination of the criterion scores is independent of their preferences.
For example, an interest group can accept the use of a criterion measuring the effects
of the various alternatives on employment, but the determination of the figure cannot

Table 3.2 Evaluation Criteria as a Translation of Social Actors’ Desires and Preferences

Criteria Social Desires and Preferences

Possible impact on other economic activities Some people are worried about the
consequences for the tourism sector
in the long run and for residential value.
Land-owners’ income To generate additional income for farmers.
To stabilize income.
To improve the quality of life.
There is a concern about who will profit-local
or external owners.
To avoid wealth concentration.
Distribution of income To avoid concentration of revenue.
To boost local development.
Municipalities’ income To increase the municipalities’ budget
Visual impact To offer more social services from the city
council
To avoid the industrialization of mountain
areas
To maintain rural population
To protect tourism in the long term
Number of jobs To attract and keep people in the region
To preserve rural identity
To revitalize the economic dynamics
To avoid a decrease in land/property values of

the region
Deforestation To minimize the disturbance of ecosystems
To avoid soil erosion
Noise annoyance To protect human health
To minimize the impact on wildlife
Avoided CO, emissions To meet commitments to reduce emissions
Installed capacity To promote a larger share of renewable

energies into electricity production
To guarantee economic viability
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be (at least completely) controlled by them. This is the main reason why it is advisa-
ble to combine a social impact matrix with the technical impact matrix. While the
latter is a good indication of the technical compromise solution, the former is a
practical tool to search for social compromise; Chap. 8 is devoted to this issue.
Recent real-world examples can be found in Gamboa (2003), who deals with the
possible construction of one of the world’s biggest smelter aluminium plants in
Chilean Patagonia and the conflict surrounding it; and in Russi (2004), who com-
bines social and technical solutions by constructing different impact matrixes for
social actors in the framework of rural electrification by means of solar energy.

3.4 Social Multi-Criteria Evaluation as a Framework
for Applying Public and Social Choice to Real-World
Problems

The classical relationship between decision-maker and analyst often assumed by
multi-criteria decision theory, and the related concept of “decision aid” as a learn-
ing process for the actors involved, seems most adequate in situations such as those
defined as academic science and professional consultancy by Funtowicz and Ravetz
(see Fig. 3.6). Since this process is best suited to the search for a technical compro-
mise solution, I call it a “technocratic approach”.

All the arguments and convictions discussed in Part A have led me to develop
the concept of Social Multi-Criteria Evaluation (SMCE), the very essence of which
is the recognition that (see Fig. 3.7):

® A multi-criteria framework is a very efficient means of applying multi/inter-
disciplinary approach.

e Science for policy implies responsibility on the part of scientists towards society
as a whole and not just towards a mythical decision-maker.

® Public participation is a necessary but not a sufficient component. Participation
techniques are a tool for improving knowledge of the problem at hand, and not
for eliciting input for uncritical use in the evaluation process. Social participa-
tion does not imply lack of responsibility.

® FEthical judgements are unavoidable elements of the evaluation exercise. These
judgements always influence the results heavily. As a consequence, transpar-
ency in the assumptions used is essential.

® In this framework, mathematical aggregation conventions naturally play an
important role, i.e. in assuring that the rankings obtained are consistent with the
information and the assumptions used.'

"T insist on the importance of the algorithmic component in SMCE. Indeed, I have used the term
“non-algorithmic” multi-criteria evaluation as an implementation tool for the incommensurabil-
ity principle (Martinez-Alier et al., 1998). This term was intended to emphasize the importance of
the decision-making process however I think it was an unfortunate choice, since it gives the
impression that the algorithmic component is not useful at all.
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Fig. 3.6 Multi-Criteria Approaches in Relation to the Funtowicz—Ravetz Classification of
Science for Policy
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Fig. 3.7 Synthesis of a social multi-criteria evaluation process

This discussion leads on to the need to define the concept of evaluation as the
combination of representation, assessment and quality control connected with a
given policy problem in relation to a given objective.'” This is why I use the term
“multi-criteria evaluation” and not “multi-criteria decision” when a social context
is implied.

"2This definition has been developed following discussions with M. Giampietro.
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As a conclusion, social multi-criteria evaluation can be considered an approach
which is:

. Multi-inter-disciplinary, to respect the plurality of scientific points of view.

. Participative, to obtain as much input as possible from the general public.

. Transparent, to make the assumptions adopted in the study clear.

. Consistent, to assure that the results really proceed from the assumptions
adopted.

AW N =

Properties 1-3 are clearly dependent on the decision process; property 4 is more
connected to the mathematical models used. In the next chapters in Part B I will try
to isolate some properties that might be considered desirable for a discrete multi-
criteria method to guarantee consistency in the framework of SMCE. Of course, in
another framework, e.g. stock exchange investments, these properties might easily
be irrelevant or even undesirable.



Part B
Consistency in Social
Multi-Criteria Evaluation

“We should not expect ever to utilize in practice all the motive
power of combustibles. The attempts made to attain this result
would be far more harmful than useful if they caused other
important considerations to be neglected. The economy of the
combustible is only one of the conditions to be fulfilled in
heat-engines. In many cases it is only secondary. It should
often give precedence to safety, to strength, to the durability
of the engine, to the small space which it must occupy, to
small cost of installation, etc. To know how to appreciate in
each case, at their true value, the considerations of conven-
ience and economy which may present themselves; to know
how to discern the more important of those which are only
secondary; to balance them properly against each other; in
order to attain the best results by the simplest means; such
should be the leading characteristics of the man called to
direct, to co-ordinate the labours of his fellow men, to make
them co-operate towards a useful end, whatsoever it may be”.

Sadi Carnot — Thoughts on the motive power of fire, and on
machines suitable for developing that power (original version:
Réflexions sur la puissance motrice du feu sur les machines
propres a développer cette puissance, Bachelier libraire,
Paris, 1824), closing paragraph.



Chapter 4
The Issue of Consistency:
Basic Methodological Concepts

4.1 Dominance and Efficiency in Social
Multi-Criteria Evaluation

In a discrete multi-criteria problem, there is a range of multi-criteria problem
formulations which may take any of the following forms (Roy, 1985, 1996):

(o) The aim is to identify one and only one final alternative.

(B) The aim is the assignment of each alternative to an appropriate predefined
category according to what one wants it to become afterwards (for instance,
acceptance, rejection or delay for additional information).

(y) The aim is to rank all feasible alternatives according to a total or partial
preorder.

() The aim is to describe relevant alternatives and their consequences.

Clearly the steps required in such a process demand a number of arbitrary,
unavoidable subjective decisions. The degree of the subjective component may vary
but it is always present. The consequence is that a complete axiomatization of a
multi-criteria aggregation convention, i.e. a multi-criteria method, is quite difficult
(Arrow and Raynaud, 1986). To deal with the problem, correctly identified by
Arrow and Raynaud, two main approaches can be distinguished:

1. The attempt to find out under which specific circumstances each method might
be more useful than others, i.e. for finding the right method for the right problem
(see e.g. Guitouni and Martel, 1998).

2. The attempt to look for a complete set of formal axioms that could be attributed
to a specific method (e.g. Arrow and Raynaud, 1986; Vincke, 1994).

I will try to isolate some properties that might be considered desirable for a dis-
crete multi-criteria method in the framework of SMCE. Let us start with a principle
that carries considerable epistemological implications: the principle that dominated
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Fig. 4.1 Efficiency in a two-dimensional case

alternatives' can be ignored in an evaluation exercise and thus that only efficient
alternatives have to be taken into account.

The concept of efficiency can easily be illustrated graphically (see Fig. 4.1
which refers to a two-criteria state space). Alternative C performs better than B in
all respects and hence is preferred to B. The same can be said for B compared
with A. Thus only C and D are efficient alternatives.

It has to be noted that efficiency does not imply that every efficient solution is
necessarily to be preferred above every non-efficient solution; e.g. the non-efficient
alternatives A and B are preferable to the efficient alternative D if the second
criterion would receive a high priority compared to the first criterion (Nijkamp
et al., 1990).

The principle that inefficient solutions may be ignored (often presented as a
simple technical step) presupposes acceptance of the following assumptions:

(1) The assumption that all the relevant criteria have been identified. If relevant
criteria are omitted, there are potential opportunity costs associated with
assuming that it is safe to ignore dominated alternatives.

(2) The assumption that only the best alternative has to be identified (o problem
formulation). Since the “second best” may have been eliminated during the
technical screening, if more than one action has to be found, the elimination of
the “inefficient” action may result in an opportunity loss (it should be noted
that if the best action is removed from the set of feasible alternatives, then the
second best becomes a member of the non-dominated set) (Bogetoft and

'Dominance: an action @ dominates an action b if a is at least as good as b for all the criteria taken
into consideration, and much better than b for at least one criterion.

Efficient solution: an action a is efficient if there is no action b belonging to the set of alternatives
taken into account and dominating a.
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Pruzan, 1991). If one is interested in the y problem formulation, then dominated
alternatives cannot be eliminated. It has to be remembered that in sustainability
policies, it is often much more useful to have a ranking of policy options
than to select just one. In fact sometimes the first alternative in the ranking can
also be the most controversial from a social point of view. Thus in the context
of sustainability dialectics, it may be more useful to implement the policy
option that ranks second (and so technically is not “bad”) but might reduce
social conflicts.

(3) A third problem is connected with the question: how relevant are “irrele-
vant” alternatives? The axiom of “the independence of irrelevant alterna-
tives” states that the choice made from a given set of alternatives A depends
only on the ordering made with respect to the alternatives in that set.
Alternatives outside A (irrelevant since the choice must be made within A)
should not effect the choice inside A. The issue of the independence of
irrelevant alternatives is particularly important and tricky when pair-wise
comparisons are used?.

To explain this point, let us imagine a football championship. To determine the
winner all the teams have to compete pair-wise. Then we need to assess the per-
formance of each team with respect to all the others, e.g. how many times a given
team won or lost the match. By using this information, we can finally determine
who won the championship. Let us now imagine that when the championship is
about to end and team X is going to win (e.g. Barcelona), a new team Y is created
(e.g. in Madrid). Would it be acceptable to allow this new team Y to play directly
with X? Would the supporters of team X accept that if ¥ wins, then Y will also win
the championship? Of course not.

This example seems to give a clear answer to our problem, but let us now imag-
ine that instead of ranking football teams, our problem is to buy a new car. If we
are on the point of buying car A and a new car Z enters the market, can we simply
compare A with Z or do we have to make all the pair-wise comparisons again? Now
the answer is less clear cut. Moreover, let us imagine that the ranking at time T
(without Z) ranks car A better than B and that at time 7 + / (when Z is considered
in the pair-wise comparisons) B is ranked better than A just because Z is taken into
consideration. Can this result be accepted? To answer this question in a definitive
manner is very delicate matter. What is definite is that if pair-wise comparisons are
used, then it has to be accepted that the alternative Z, irrelevant for the evaluation
between A and B, can indeed change the relative evaluation of A and B. This
phenomenon is called “rank reversal”.

From these simple examples we can draw some conclusions:

e When pair-wise comparisons are used, this information is not sufficient to
derive a consistent ranking. It is necessary to exploit the relationships among all
alternatives too. As a consequence no alternative is irrelevant.

2For a discussion of the definition of the axiom of independence of irrelevant alternatives see
Chap. 6.
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o [f the set of alternatives is dynamic, i.e. new alternatives enter the evaluation
process, all the pair-wise comparisons have to be made again. It is not possi-
ble to compare the new alternative only with the one that came first in the
ranking.

e The principle that the final ranking depends on the relationship between the
whole set of alternatives may cause the effect of rank reversal.

(4) Finally, a dominated action may be slightly worst than an efficient action, if
indifference and/or preference thresholds are used, the two actions could then
present an indifference relation (e.g. C and E). This point will be further devel-
oped later on in the chapter.

As a conclusion we can state that in SMCE applications it is better to use aggre-
gation procedures that do not a priori, exclude dominated alternatives.

4.2 Preference Modelling in SMCE

When considering two alternatives a and b according to each evaluation criterion,
three situations are possible: (1) the score of @ could be exactly the same as the
score of b, as a consequence a and b are indifferent. (2) The score of @ could be
better than the score of b, thus a is preferred to b, or (3) the reverse i.e. b might
be better than a. When the score of one alternative is better than that of another, a
question arises: is the difference between a and b really significant? For example,
in comparing the potential cost of two different routes for a new road, does a
difference of a few hundred Euro really imply than the cheapest option has to be
preferred? To avoid this kind of paradox, indifference and preference thresholds
have been introduced, i.e. thresholds that indicate the degree of difference up to
which two options have to be considered equivalent and from which degree of
difference a preference relation exists.

More formally, given a set of evaluation criteria G = {g _}, m=1,2,..., M,
and a finite set A = {a }, n =1, 2,..., N of potential alternatives (actions), let us
start with the simple assumption that the performance (i.e. the criterion score)
of an alternative a,  with respect to a judgement criterion g is based on an inter-
val or ratio scale of measurement. For simplicity of exposition, the assumption
is made here that a higher value of a criterion is preferred to a lower one (the
higher, the better).

The famous baldness paradox in Greek philosophy (i.e. how many hairs does
one have to cut off to make a person with hair bald?), then Poincaré (1935, p. 69)
and finally Luce (1956) all made the point that the transitivity of indifference
relation is incompatible with the existence of a sensibility threshold below which
an agent either does not perceive a difference between two elements or refuses to
declare a preference for one or the other. Luce was the first to discuss this issue
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formally in the framework of preference modelling®. Mathematical characteriza-
tions of preference modelling with thresholds can be found in Roubens and
Vincke (1985).

By introducing a positive indifference threshold g the resulting preference model
is the threshold model:

{ajpak = gm(aj) > gm(ak)ﬂl }
“4.1)

alay, < |gm((1j) - gm(ak)| <gq

where a; and a, belong to the set A of alternatives and g, to the set G of evaluation
criteria.

Real life experiments show that there is often an intermediary zone within which
an agent hesitates between indifference and preference. This observation led to the
so-called double variable threshold model, where indifference and preference
thresholds vary according to the chosen scale, that is:

a;Pac © g,(a) > g,(a) + p(g,(a))

a;Qax & g,(a) + p(g,(a)) = 8,(a) >8,(a) +4(g,(an) 42)
, g.a) + q(g,(a)) 2 g,(a))
ajtarg
gay) + a(g,(ap) = g,(a)

Relation Q has been called “weak preference” by Roy (1985, 1996). It translates
the decision-maker’s hesitation between indifference and preference and not “less
strong” preference as its name might lead to believe. A criterion with both prefer-
ence and indifference thresholds is called a pseudo-criterion (see Fig. 4.2).

A pseudo-order structure is a double threshold model upon which the following
consistency condition is imposed:

g.a) + q(g.a)) > g.a) + q(g,(a0)

43
g.(a) + plg.a) > g.a) + plg,(an) 3

galay) > g,la) < {

3The so-called “Luce Paradox” concerns cups of tea or coffee (according to the tastes of Anglo-
Saxon or Latin people). Everybody would probably agree that in comparing various cups with
different sugar content, there is always a maximum amount of sugar we would like in our cup. If
a sufficiently large number of cups is considered and if no indifference threshold is used, due to
the transitivity of the indifference relation property, the paradoxical result applies that a cup with
no sugar and a cup with only sugar are indifferent for the decision-maker.
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aPb aQb alb bla , bQa bPa

strict weak indifference | weak strict
preference | preference | area preference | preference
area area area area

Fig. 4.2 Structure of a criterion with indifference and preference thresholds

In this framework, the PROMETHEE methods (Brans et al., 1984; 1986) are a
very interesting attempt to introduce various parameters for indifference and prefer-
ence thresholds with physical or economic interpretation for a single decision-
maker. The preference modelling of the PROMETHEE methods is based on a
function Fj(a, b) which is a number between 0 and / which increases if gj(a ) — gj( b)
is greater than zero. It equals zero if g(a) < g(b). In order to estimate the various
possible forms of Fj( a, b), the decision-maker can choose among six different forms
(see Chap. 5).

A problem inherent to all modelling procedures based on the notion of a pseudo-
criterion is that they display a serious lack of stability. Such undesirable disconti-
nuities make a sensitivity analysis (or robustness analysis) necessary; however, this
important analytical step is very complex because of the combinatory nature of the
various sets of data (Saltelli et al., 2004). One should combine variations of two
thresholds (indifference and preference) and k possible scores of the M criteria
(Perny and Roy, 1992).

A solution to this problem may be found in the concept of valued preference
relations and fuzzy sets, i.e. a preference relation in which it is necessary to assign
to each ordered pair of alternatives (a],, a,) avalue v( a.a,) representing the “strength”
or the “degree of preference” (Fishburn, 1970, 1973a; Roubens and Vincke, 1985)
(see Sect. 4.3.2 and Chaps. 5 and 7).

4.3 Quantitative, Qualitative and Mixed Criterion Scores

4.3.1 Measurement Scales

The preference modelling we looked at in the previous section is based on the
notion of “intensity of preference”. This implies that the criterion scores considered
are necessarily measured on an interval or ratio scale. However, in many real-world
problems it is often necessary to use less ambitious measurements. The extension
of multi-criteria modelling to qualitative information is the subject of this section.
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Let us start by clarifying what a measurement scale is. The process of grouping
individual observations into qualitative classes is measurement at its most primitive
level. Sometimes this is called categorical or nominal scaling. The set of equivalence
classes itself is called a nominal scale. The word measurement is usually reserved
for the situation in which a number is assigned to each observation; this number reflects
a magnitude of some quantitative property (how to assign this number constitutes
the so-called representation problem).

There are at least three kinds of numerical measurement that can be distinguished:
these are the ordinal scale, the interval scale and the ratio scale (Winkler and Hays,
1975; Roberts, 1979; Vansnick, 1990). Imagine a set of objects O, and suppose that
there is some property that all objects in the set possess, such as value, weight,
length, intelligence or motivation. Furthermore, let us suppose that each object o has
a certain amount or degree of that property. In principle it is possible to assign a
number #(0), to any object o € O, standing for the amount that o actually “has” of
that characteristic. Ideally, to measure an object o, we would like to determine this
number f(0) directly. However because this is not always possible, it is necessary to
find a procedure for pairing each object with another number, m(o), that can be
called its numerical measurement. The measurement procedure used constitutes a
function rule m: O — R, telling how to give an object o its m(o) value in a systematic
way. Measurement operations or procedures differ in the information that the
numerical measurements themselves provide about the true magnitudes.

Let us suppose that there is a measurement procedure or rule for assigning a
number m(0) to each object 0 € O, and suppose that the following statements are
true for any pair of objects 0, and o0, € O:

{m(o1 )# m(o,) onlyif t(o,)# t(o,) 44)

m(o,)>m(o,) onlyif t(o,)>1(0,)

In other words, from this rule it is possible to say that if two measurements
are unequal, and if one measurement is larger than another, then one magnitude
exceeds another. Any measurement procedure for which (4.4) applies is an example
of ordinal scaling, or measurement at the ordinal level.

A fundamental point in measurement theory is uniqueness of scale, by which is
meant the admissible transformations of scale that allow the truth or falsity of the
statement involving numerical scales to remain unchanged (problem of meaningful-
ness). In the case of an ordinal scale, it is unique up to a strictly monotonically
increasing transformation (with infinite degrees of liberty). Other measurement
procedures associate objects 0 € O with a real number m(0) allowing much stronger
statements to be made about the true magnitudes from the numerical measure-
ments. Suppose that the statement of (4.5) is true:

m(o,)# m(o,) onlyif t(o,)# t(o,)
m(o,)>m(o0,) onlyif t(o,)>t(0,) 4.5)

t(o)=x iff m(o)=ax+b,where a eR"
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That is, the numerical measurement m(o) is some affine function of the true
magnitude x. When (4.5) applies, the measurement operation is called interval scaling,
or measurement at the interval-scale level. An interval scale is unique up to a positive
affine transformation (with two degrees of freedom).

When measurement is at the interval-scale level, any of the ordinary operations
of arithmetic can be applied to the differences between numerical measurements,
and the results can be interpreted as statements about magnitudes of the underlying
property. The important part is the interpretation of a numerical result as a quantita-
tive statement about the property shown by the objects. This is not possible for
ordinal-scale numbers, but can be done for differences between interval-scale num-
bers. Interval scaling is about the best we can do in most scientific work, and even
this level of measurement is all too rare in the social sciences. However, especially
in the physical sciences, it is sometimes possible to find measurement operations
making the statement of (4.6) true:

m(o,)# m(o,) onlyif t(o,)# t(0,)
m(0,)>m(o,) onlyif 1(0,)>1(0,) (4.6)
t(o)=x iff m(o)=ax,where a €R"

When the measurement operation defines a function such as the statement
contained in (4.6), then measurement is said to be at the ratio-scale level. For such
scales, ratios of numerical measurements are unique and can be interpreted
directly as ratios of magnitudes of objects. A ratio scale is unique up to a linear
transformation; in this case, the ratio between differences is unique (with only one
degree of liberty).

Of course, the fewer the admissible transformations of a scale, the more mean-
ingful are the statements involving that scale. From this point of view, it is better
to have a ratio scale than an interval scale, and it is better to have an interval scale
than an ordinal scale.

4.3.2 Uncertainty in the Criterion Scores

Ideally the information available for a policy problem should be precise, certain,
exhaustive and unequivocal. But in a real-world situation, it is often necessary to use
information which does not have these characteristics and thus to deal with uncer-
tainty of a stochastic and/or fuzzy nature in the data. Let us then introduce a more
realistic assumption, i.e. that the set of evaluation criteria G={ g, Sm=1,2,...,M,on
the set A={. an], n=1,2,..., N of potential alternatives may include crisp (i.e. impacts
measured on ordinal, interval or ratio scales), stochastic or fuzzy criterion scores.

If it is impossible to establish exactly the future state of the system under study,
a stochastic uncertainty exists; this type of uncertainty is well known in decision
theory and economics, where it is called “decisions under risk” (Knight, 1921;



4.3 Quantitative, Qualitative and Mixed Criterion Scores 65

Savage, 1954; Rothschild and Stiglitz, 1970, 1971; Arrow, 1971; Diamond and
Stiglitz, 1974; Allais, 1979; Kahneman and Tversky, 1979; Kahneman et al., 1981;
Machina, 1987; French, 1986; Markowitz, 1989; Moser, 1990). Applications of this
concept in a multi-criteria framework can be found in D’Avignon and Vincke
(1988), Martel and Zaras (1995) and Rietveld (1989), among others.

Another framing of uncertainty, called fuzzy uncertainty, focuses on the
ambiguity of information in the sense that the uncertainty does not concern the
occurrence of an event but the event itself, which cannot be described unambigu-
ously. This situation is very common in human systems. These systems are
complex systems characterized by subjectivity, incompleteness and imprecision.
Zadeh (1965) writes: “as the complexity of a system increases, our ability to make
a precise and yet significant statement about its behaviour diminishes until a
threshold is reached beyond which precision and significance (or relevance)
become almost mutually exclusive characteristics” (incompatibility principle).
Fuzzy set theory is a mathematical theory for modelling situations in which
traditional modelling languages that are dichotomous in character and unambigu-
ous in their description cannot be used.

Fuzzy sets, as formulated by Zadeh (1965), are based on the simple idea of
introducing a degree of membership of an element with respect to some sets. Fuzzy
uncertainty considers all cases between 0 (non-membership) and 1 (complete
membership), and it is represented by means of the membership functions.

Let us assume that the symbol U means the entire set (Universe of discourse). In
classical set theory, given a subset Q of U, each element x € U satisfies the condi-
tion: either x belongs to Q, or x does not belong to Q. The subset Q is represented
by a function f, : U — [0,1]. The function f,, is called a characteristic function of
the set Q. Fuzzy sets are then introduced by generalizing the characteristic function
Jfo- Let U again be a universe of discourse with x € U. Then a fuzzy set QinUisa
set of ordered pairs {X,1;(x)}, Vxe U where p;: U — © is membership function
which maps xe U into Li5(x) in a totally ordered set © (called the membership set)
and 5(x) indicates the grade of membership of x in Q. Generally, thez membership
set is restricted to the closed interval [0, 1]. A fuzzy set is completely determined
by its membership function.

A very useful concept for quantifying vagueness in criterion scores is that of a
fuzzy number. A fuzzy number is simply a fuzzy set in the real line and is completely
defined by its membership function such as g : R — [0,1]. For computational
purposes, this definition generally is restricted to those fuzzy numbers which are
both normal and convex (Munda, 1995):

Normality: sup{u(x)}=1 with x € R.

p{d, + (1-2) x,} > min {px,), 1)

Convexity: = .0l ¢ R and A e [0,1]

The requirement of convexity implies that the points of the real line with the
highest membership values are clustered around a given interval (or point). This
fact allows one easily to understand the semantics of a fuzzy number by looking at
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its distribution and to associate it with a properly descriptive syntactic label, e.g.
“approximately 135 (see Fig. 4.3). The requirement of normality implies that,
among the points of the real line with the highest membership value, there exists at
least one which is completely compatible with the predicate associated with the
fuzzy number. If a closed interval exists in which the membership function is equal
to 1, it is called a flat fuzzy number.

A general type of fuzzy number is the so-called L-R fuzzy numbers; it is defined
as follows:

FG=m) if —co<x<m,t€R"
o
ux)y=4 1 if x=m
_ 4.7
%m) ifm<x<+o,5€R" D

where m, ¢, 9, are the “middle” value, the left-hand and the right-hand variation,
respectively. F,(x) is a monotonically increasing membership function and F(x),
not necessarily symmetrical to F,(x), is a monotonically decreasing function.

Fuzzy set theory also supplies a framework for representing “qualitative infor-
mation” (measurements on an ordinal scale) by means of the concept of “linguistic
variable”. Human judgements, especially in linguistic form, appear to be plausible
and natural representations of cognitive observations. We can explain this phenom-
enon by cognitive distance. A linguistic representation of an observation may
require a less complicated transformation than a numerical representation, and
therefore less distortion may be introduced in the former than in the latter.

Formally, a linguistic variable is represented by a quintuple (X, 7(x), U, G, M)
(Leung, 1988; Munda, 1995) where:

X is the name of the variable, e.g. “Evaluation Score”;

T(x) is the term set of X, finite or infinite, such as good, very good and so on, in a
universe of discourse U. A primary term in T(x) is a term whose meaning must
be defined a priori, and which serves as a basis for the computation of the
meaning of the non-primary terms in 7(x);

G is a syntactic rule by which the non-primary terms in the term set are generated. It
is possible to use a context free grammar or a regular grammar. In G it is possible

Plot of Fuzzy set
1

0
270

o

Fig. 4.3 A symmetric fuzzy number “approximately 135"
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Fig. 4.4 Evaluation scores represented by means of linguistic variables

to find primary terms, hedges (not, very, more or less, etc.), relations (better than,
worse than, etc.), conjunctions (and, etc.), and disjunctions (or, etc.);

M is a semantic rule which associates each term with its meaning (a fuzzy subset
in U). Through M, a compatibility (membership) function u:U—[0, 1] is
constructed (e.g. i, shows the degree to which a numerical score is compatible
with the concept of good and equivalently g1, may be viewed as the membership
function of the fuzzy set good, see Fig. 4.4 for an example). The basic assump-
tion behind the idea of linguistic variables is that a kind of “intensity of
preference” exists for the representation of qualitative impact scores, i.e. the
measurement scale is not purely ordinal.

Type 1

If linguistic variables whose meaning can be translated into a measure on an inter-
val or ratio scale are present in a decision model, generally it is because of a lack
of information or of the right instrument of measurement. Therefore, we have a
qualitative evaluation of a variable that in theory could be measured on an interval
or ratio scale. So it is reasonable to suppose that it is possible to transform the
qualitative information into quantitative with a certain degree of precision. The
parameters, necessary in this case, may easily be established, because this is a case
of the so-called “”informational fuzziness” depending mostly on the subjective cul-
ture of the person in charge of the evaluation. For example, the proposition “that
man is tall” may have different meanings for different people, but everybody can
easily indicate the “tolerance interval” of his own evaluation. Such a representation
takes into account some “labels” of the term set, e.g. young, young and/or very
young, etc., and the problem is to find which values of the base variable are compatible
with these terms.

Type 2

In the case of linguistic variables with no meaning on an interval or ratio scale, the
qualitative information does not depend on lack of information, but on the nature
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of information that is essentially fuzzy (intrinsic fuzziness). Therefore, whereas in
the other cases the stochastic and the fuzzy representation may be competitive, in
this case the fuzzy representation is the only one possible. For example, if linguistic
propositions (like “beautiful flower” or “quality of life”’) clearly have no quantita-
tive base variable, how can we represent them? It seems that there is a set of hidden
and fuzzy standards in one’s mind with a justification for this type of concepts, but
they are more than ahuman being canrationally handle simultaneously (Zimmermann
and Zysno, 1983).

A first approach to this problem may be to try to decompose the concept that one
wants to represent into a series of quantitative measurable variables. This approach
presents two main problems, viz. the explication of the quantitative variables, and
the aggregation procedure to be used.

A second approach is to define an artificial quantitative base variable, assuming
that the real space is one-dimensional. The interval of the real space is chosen from
[-1, 1], [0, 1], or [0, 10], etc., as desired and can be subdivided into a series of fuzzy
sets representing linguistic values (e.g. very negative, moderately positive, very
positive, etc.). Then, a link or mapping between quantitative (numerical) and quali-
tative (linguistic) values is established. This “direct estimation” approach has been
criticized because of its lack of theoretical foundation. Recently, some psycholo-
gists (Norwich and Turksen, 1982, 1984; Wallsten et al., 1986) have developed a
graded pair comparison procedure, which allows for simultaneous testing of the
necessary axioms, scaling of the responses in order to obtain memberships and tests
of goodness of fit. Subsequently, empirical experiments have demonstrated a high
level of similarity between membership values determined through graded pair
comparison and direct magnitude estimation. Thus it seems that a theoretical justi-
fication can be established for the quantification of the vague meanings of inexact
linguistic terms by means of direct estimation.

A third interesting approach follows from the notion of the type 2 fuzzy set. A
type 2 fuzzy set is a fuzzy set whose membership values are fuzzy sets on [0, 1].
This corresponds to the case in which the decision-maker is not able (or not willing)
to characterize the grade of membership by an exact number, but gives an evalua-
tion such as “the grade of membership is high, medium”, etc. It is always possible
to define a fuzzy set of type n = 2, 3,..., if its membership function is a mapping
from U to a set of fuzzy subsets of type n — I; therefore, it is possible that in order
to reduce the fuzziness, many transformations will be required, thus diminishing
drastically the computational efficiency of the algorithm.

Another possible approach has been developed primarily in the field of psycho-
logical research (Hersh et al., 1979), called the “yes-no paradigm”. In this approach,
an element x of the universe of discourse U, is presented to the subject and he has
to decide whether the element is a member of A, A being a fuzzy subset of U. The
fraction of positive responses across replications (within or across subjects) is con-
sidered a measure of [ (x). It has been noted that the main problem of this approach
is that it confounds fuzziness with response variability and that it can be interpreted
as an indication that words have various, but nevertheless precise meanings for dif-
ferent people and/or at different times.
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4.3.3 Dealing with Mixed Information on the Criterion Scores

Let us now try to find other desirable properties for SMCE. It has been argued that
the presence of qualitative information in evaluation problems concerning socio-
economic and physical planning is a rule, rather than an exception (Nijkamp et al.,
1990). The idea of technical incommensurability implies that there is a clear need
for methods that are able to take into account information of a “mixed” type (both
qualitative and quantitative criterion scores plus various possible sources of
uncertainty).

In multi-criteria decision theory, a clear distinction is made between quantitative
and qualitative methods. Essentially, there are two approaches for dealing with
qualitative information: a direct and indirect (Nijkamp et al., 1990; Munda et al.,
1994a). In the direct approach, qualitative information is used directly in a qualita-
tive evaluation method; in the indirect approach, qualitative information is first
transformed into cardinal (i.e. interval or ratio scale of measurement), then, one of
the existing quantitative methods is employed.

Cardinalization is especially attractive in the case of available information of a
“mixed type”. In this case, the application of a direct method would usually imply
that only the qualitative content of all available (quantitative and qualitative) infor-
mation be used, which would give rise to an inefficient use of this information. In
the indirect approach, this loss of information is avoided; the question is, however,
whether there is a sufficient basis for the application of a certain cardinalization
scheme. Two examples of cardinalization of a qualitative evaluation matrix are the
expected value method (Rietveld, 1989) and multi-dimensional scaling techniques
(Kruskal, 1964; Nijkamp, 1979; Keller and Wansbeek, 1983).

(1) In the expected value method ordinal criterion scores are replaced by quantita-
tive scores by using a transformation procedure aiming at deriving the centroid
of a convex polyhedral set S consistent with the underlying ordinal information.
It is proved that the expected value is identical to the centroid of the polyhedron
S. One has to note that the statistical distribution, normally used as a transfor-
mation procedure, gives rise to a linear cardinalization curve. If one wants to
derive a concave structure, it can be proved that the probability density function
has to be rewritten in a more complex way. However, by means of integration,
Rietveld (1989) proves that a series of precise expected values can be obtained.
These results can again be interpreted in terms of the centroid of a certain
polyhedron. Weighted summation can be used to rank the alternatives.

(2) A completely different approach to cardinalization is the use of multidimensional
scaling techniques. Such techniques aim to transform qualitative data input into
a cardinal output of lower dimensionality. In a sense, a scaling technique may be
regarded as a kind of qualitative principal component analysis. It is clear that
several concepts from multidimensional scaling analysis may also be applicable
to ordinal multiple criteria problems. For instance, one may use a scaling tech-
nique in order to transform a qualitative evaluation matrix into a cardinal matrix
with lower dimensionality. Then the cardinal configuration of the initial
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qualitative matrix provides a metric picture of the Euclidean distances both
between the alternatives and between the effects. This is a normal standard
operation. A limitation of this elegant but complex evaluation approach is that it
requires a sufficient number of degrees of freedom to allow a multi-dimensional
scaling. This implies that unless a sufficiently large number of evaluation criteria
is used, no consistent scaling results can be obtained (Nijkamp et al., 1990).

An approach to tackling mixed information is the EVAMIX method (Voogd,
1983). EVAMIX involves the construction of two measures: one dealing only with
the ordinal criterion scores and the other with the quantitative criterion scores. By
making various assumptions about standardization and aggregation, several meth-
ods can be defined by which an appraisal score for each alternative can be calcu-
lated. The most important assumptions behind the EVAMIX approach concern the
definition of the various standardization functions (at least three different tech-
niques can be distinguished). Other assumptions concern the weights for the ordinal
and cardinal criteria, and finally the additive relationship of the overall dominance
measure. The global structure of the EVAMIX method is summarized in Fig. 4.5.

A problem connected to all multi-criteria methods that try to take mixed infor-
mation into account, but which is particularly evident in the EVAMIX approach, is

Mixed Evaluation Matrix

Ordinal Criteria Cardinal Criteria
‘ Y
Standardization Standardization

Overall Dominance Scores

'

Evaluation

Fig. 4.5 Scheme of EVAMIX
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the problem of equivalence of the procedures used in order to standardize the various
criterion scores.

4.4 Compensability and the Meaning of Weights

Another sensitive point concerns compensability and the corresponding meaning of
weights in multi-criteria methods. In short, the information contained in the impact
matrix which is useful for solving the so-called discrete multi-criterion problem is
as follows:

Intensity of preference (when quantitative criterion scores are present)
Number of criteria in favour of a given alternative

Weight attached to each criterion.

Relationship of each alternative to all the other alternatives

Combinations of this information generate different aggregation conventions, i.e.
manipulation rules for the available information so as to arrive at a preference struc-
ture (see Chap. 5). In this framework, it is crucial to highlight that the aggregation of
several criteria implies taking a position on the fundamental issue of compensabil-
ity. Compensability refers to the existence of trade-offs (in the economic literature
this concept is more often called “marginal rate of substitution”), i.e. the possibility
of offsetting a disadvantage on some criteria by a sufficiently large advantage on
another criterion, whereas smaller advantages would not do the same. Thus a pref-
erence relation is non-compensatory if no trade-off occurs and compensatory oth-
erwise. The use of weights with intensity of preference is the basis of compensatory
multi-criteria methods and gives the weights the meaning of trade-offs. Conversely,
the use of weights with ordinal criterion scores is the basis of non-compensatory
aggregation procedures and gives the weights the meaning of importance coeffi-
cients_(Keeney and Raiffa, 1976; Roberts, 1979; Bouyssou, 1986; Bouyssou and
Vansnick, 1986; Vansnick, 1986; Podinovskii, 1994).

To apply the compensatory approach, one has to determine, for each criterion, a
mapping ¢ : g — R which provides an interval scale of measurement. One must
also assess the scaling constants in order to specify how the compensability should
be achieved, given the scales ¢ between the different criteria (Roberts, 1979). Note
that the scaling constants which appear in the compensatory approach depend on
the scales ¢ , thus they do not characterize the intrinsic relative importance of criteria.
In Box 4.1, this result is proved by using as an example, the case of the so-called
“composite indicators” (Munda and Nardo, 2003, 2005). In Box 4.2, it is shown the
empirical relevance of this methodological discussion on weights in the framework
of cost—benefit analysis (Munda, 1998).

The concept of importance used here can be classified as symmetrical impor-
tance, that is “if we have two non-equal numbers to construct a vector in R?, then it
is preferable to place the greatest number in the position corresponding to the most
important criterion” (Podinovskii, 1994, p. 241).
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Box 4.1 Weights as trade-offs in composite indicators
A typical composite indicator, /, is built as follows (OECD, 2003, p. 5):

where X, is a normalized variable and w, a weight attached to X, with
N

z w, =1 wl:l and Oﬁwi <1,i=1,2,...,N. It is clear that from a mathematical
i=1

point of view a composite indicator entails a weighted linear aggregation rule
applied to a set of variables. A variable x, expresses different levels of some
underlying dimensions, e.g. GDP per capita or number of publications in inter-
national journals. We assume a total strict order P, on x, (e.g. GDP of European
countries ordered from highest to lowest). The conclusion that weights are not
importance coefficients can easily be shown as follows, when differentiability
is allowed (adapted from Vincke, 1992, pp. 36-37). Suppose that country a is
evaluated according to some variables (x,(a),...,x (@)), then the substitution rate
at a, of the variable j with respect to the variable r (taken as a reference varia-
ble) is the amount Sjr(a) such that, country b whose evaluations are: x(a) =x,(b),
VI # jr; xj(b)=x].(a)—l; and x (b)=x(a) + Sjr(a) is indifferent to country a.
Therefore, Sjr(a) is the amount which must be added to the reference variable
in order to compensate for the loss of one unit from variable j. Consider now a
composite indicator /(x, x,,...,x ) aggregating all variables and suppose that
the indicator is the same for the two countries. Let z(a) =(x (a), x,(@), ..., X (@)
and z(b)=(x,(b), x,(b), ....x (b)). Then as a first approximation one has:
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When the function / is a weighted sum of all the normalized variables, i.e.

(5, )
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I(x,, X, ..., X,) =2 WX, (4.9)
i=1

(continued)
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Box 4.1 (continued)
from expression (4.8) one obtains:

W)
S jr(a) = — = constant. (4.10)
Wr

This means that in the weighted summation case, the substitution rates are
always equal to the weights of the variables up to a multiplicative coefficient. As
a consequence, the estimation of weights is equivalent to that of substitution
rates. But precisely this implies a compensatory logic. Thus, the relevant ques-
tion to ask is in terms of a “gain with respect to one variable allowing to com-
pensate loss with respect to another” and NOT in terms of “symmetrical
importance” of variables (placing the highest number beside the most important
criterion). This means that the linear aggregation rule entails weights whose
meaning is necessarily compensatory and never of “symmetrical importance”.

However common practice in constructing composite indicators, as sum-
marized in a recent OECD report, follows the rule that: “Greater weight
should be given to components which are considered to be more significant
in the context of the particular composite indicator” (OECD, 2003, p. 10). It
thus seems that current practice is fundamentally flawed.

To illustrate the issue, consider the hypothetical example presented in
Table 4.1.

Table 4.1 Illustrative example with three countries and three variables

GDP (Millions Populations (Number Percentage of

of Euro) of Inhabitants) Protected Species
A 32,000 1,000,000 60
B 80,000 3,000,000 70
C 100,000 5,000,000 40

Consider first the measurement scale. Suppose that in the construction of
a sustainability composite indicator, the trade-off between protected species
and GDP is set such that a decrease of one point in the percentage of pro-
tected species can be compensated for by an increase of 100,000,000 Euro of

w,_ .
GDP. This trade-off can be expressed as —Z= — 100,000,000 . If the
WGDP
measurement scale of GDP is changed and is now measured per capita, the
trade-off indicated above would now be modified e.g. in “1% less of pro-
tected species can be compensated for by 100 Euro more of GDP per capita”.

Wspecies

Thus in this case one has =100 . Since the measurement scale of the
WGDP
variable protected species has not changed, the only weight that must change

value is the one attached to GDP, which in the second formulation has to

(continued)
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Box 4.1 (continued)

increase considerably (since the numerator remains constant and the value of
the ratio decreases).

One obvious observation might be that in a composite indicator variables
are normalized and thus effects due to measurement scales should disappear.
This however is not true. Consider for example, the normalization technique
distance from the group leader, which assigns 100 to the leading alternative
and other alternatives are ranked in percentage points away from the leader

(see Box 5.2), that is 100( actual value

J . By applying this normalization
maximum value

technique while keeping the original trade-off “1% decrease in species versus
100 million Euro GDP” one has to standardize the value 100 mill. Euros
according to the new scale. This is equivalent to dividing this value by the

score of the country with the highest GDP: U =107. If income was

100,000
expressed as GDP per capita, then the trade-off would be a “1% decrease in

species versus =3.125107 increase in GDP per capita”.* Again

]

trade-offs and corresponding weights must change according to the range of
variation of the measurement scale considered. One may easily check that this
kind of consequence applies independently of the normalization technique
chosen. The conclusion is that in the case of a linear aggregation rule, trade-
offs depend on the scales of measurement, and since weights are connected to
the values of trade-offs they also depend on the scales of measurement.

Clearly trade-offs can be evaluated only if one knows the quantitative
scores of the variables involved without any uncertainty. On the other hand,
the concept of importance is connected to the variable itself and NOT with
its quantification. Whether protected species are considered more or less
important than GDP is a quality of the variables which is independent from
any measurement scale employed.

As we will see in Chap. 5, an aggregation framework allowing complete com-
pensability and as a consequence using weights as trade-offs, is the Multi-Attribute
Value Functions approach. ELECTRE II (Roy and Bertier, 1973) is an example of
a method trying to minimize compensability and using weights as importance coef-
ficients (although the existence of a veto considered as intensity of preference may
give rise to some perplexity over the meaning of weights). A method that requires
weights to be importance coefficients is the REGIME method when only ordinal

*A is the country with the highest GDP per capita with €32,000, followed by B with €26,667 and
C with €20,000.
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Box 4.2 Distributional weights in cost-benefit analysis

The concept of individual preference relevant to cost-benefit analysis
(CBA) is the preference recorded on the market place (or which would be
recorded if there were a market), and not the preference recorded by a simple
political vote. This kind of “economic voting” is preferred to classical
political voting procedures for various reasons. One is that “the use of money
values permits some expression of the intensity of preference in the vote: it
enables the individual to say how deeply he wants or does not want the
project or good in question” (Pearce and Nash, 1981, p. 7).

The assumption underlying the net present value rule used in CBA is that of
an additive social welfare function, such as SW = Zh U,, where the subscript

h denotes the individual to whom the utility function applies. Under the
assumption that the marginal utility of money income () is identical for all
individuals, the variation of this social welfare function indicating the social
worth of a project is:

asw =5 3,9 ayy,
oY ih @.11)
=A%p YiPiAYih=AY;PiAYi

Where the £ subscript denotes the individual to whom the utility function
and quantity of the good Y, apply. The translation into monetary terms is

accomplished by the equation l& = P; where P, is the (relative) price of
good i. oYy

The fact that intensity of preference is taken into account inside a linear
aggregation rule, has the consequences, proved in Box 4.1 that weights must
be considered as trade-offs. At this point a question arises: in their standard
use, are the so-called distributional weights used as importance coefficients
or as trade-offs? Let us try then to answer this question.

The function used in cost—benefit analysis can be considered an additive
social welfare function, where the assumption of the constancy of the mar-
ginal utility of income across individuals needs to be accepted. Given that
society is unlikely to be indifferent about various distributions of income,
some ways of integrating the distributional aspects into the analysis have to
be found. The most popular methodology is to introduce distributional
weights explicitly; by using different weights for different social groups.

It has to be noted that the failure to use any weighting system implies
making the value judgement either that the existing distribution of income is
optimal and/or the change in income distribution is negligible. If, and only if,
one is happy with such a value judgement, it is reasonable to use un-weighted

(continued)
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Box 4.2 (continued)

market valuations to measure costs and benefits. Therefore, there is no escape
from value judgements.

The methods used to obtain weights are based on a variety of philosophical
and methodological principles. A review of the already classical scientific
debate on these issues can be found in Dasgupta and Pearce (1972), Dasgupta
et al. (1972), Pearce and Nash (1981) and Ray (1984). To give some examples,
a possible approach for obtaining distributional weights is to observe the
weights implicit in past government decisions (Weisbrod, 1968). Another
possibility is an analysis of the progressivity of the income tax schedule
(Krutila and Eckstein, 1958); by means of this approach the marginal rate of a
tax can be converted into a surrogate for the marginal utility of income, the rel-
evant weights are the inverses of the marginal tax rates. As a consequence the
gains (or losses) of lower-income groups are weighted more heavily than the
gains of high-income groups. Another approach is to scale down higher
incomes and scale up lower incomes to equalize their influence on the cost—
benefit outcome. Foster (1960) suggests that gains and losses should be
weighted by the ratio of the average national personal income to the individual,s
income. Lastly, different sets of weights can be obtained by trying to assess the
likely shape and elasticity of a marginal utility of income function.

From this brief overview we can deduce that all the proposed methods for
obtaining weights in CBA are based on the concept of weights as coefficient
of importance. This result can be summarized by quoting the following sen-
tence: “if the decision-maker considers individual 2 more “deserving” than
individual 1 he will weight 2’s losses more heavily than 1’s gainsi.e. ,>A”
(Dasgupta and Pearce, 1972, p. 65). Unfortunately, since CBA is based on a
completely compensatory mathematical model, as discussed in this section,
weights can only have the meaning of a trade-off ratio, as a consequence a
theoretical inconsistency exists.

criterion scores are used (Hinloopen et al., 1983). However, when mixed informa-
tion is considered (Hinloopen and Nijkamp, 1990), weights are more likely to be
considered as trade-offs and not as importance coefficients. In Chap. 7, I will
develop an aggregation convention with the property that the manipulation rules are
consistent with the notion of weights as importance coefficients.

In the framework of SMCE, one should note that compensability also has con-
sequences for the so-called weak/strong sustainability debate (Faucheux and
O’Connor, 1998). The so called “weak sustainability” concept states that an econ-
omy can be considered sustainable if it saves more than the combined depreciation
of natural and man-made capital. “We can pass on less environment so long as we
offset this loss by increasing the stock of roads and machinery, or other man-made
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(physical) capital. Alternatively, we can have fewer roads and factories so long as
we compensate by having more wetlands or mixed woodlands or more education”
(Turner et al., 1994, p. 56). The concept of “strong sustainability” is based on the
assumption that certain sorts of natural capital are deemed critical and not readily
substitutable by man-made capital.

The purpose of “green accounting” is to provide information on the sustainabil-
ity of the economy but there is no settled doctrine on how to combine different and
sometimes contradictory indicators and indexes in a way immediately useful for
policy (in the sense that GDP or other macroeconomic statistics have been useful
for policy) (Funtowicz et al., 1999, 2002). The expression “Taking nature into
account” (much used both in the UN system and in the European Union) hides the
tension between money valuation, and appraisal through physical indicators and
indexes (which themselves might show contradictory trends). So far, the elemen-
tary question of whether the European economy is moving towards or away from
sustainability cannot be answered with consensus on the indicators and the integra-
tive framework to be used.

A point of scientific controversy in the contemporary debate concerns the
use of monetary or physical indexes. Examples of monetary indexes are Daly
and Cobb (1989) ISEW (Index of Sustainable Economic Welfare), Pearce and
Atkinson (1993) Weak Sustainability Index, the so-called El Serafy approach
(Yusuf et al.,, 1989). Examples of physical indexes are HANPP (Human
Appropriation of Net Primary Production (Vitousek et al., 1986), the Ecological
Footprint (Wackernagel and Rees, 1995), MIPS (Material Input Per unit of
Service) (Schmidt-Bleek, 1994).

Although these approaches may look different, they all have at least two com-
mon characteristics:

1. The subcomponents needed for the building the aggregate index are ad hoc. No
clear justification is given why e.g. diet enters in the computation of the ecologi-
cal footprint and the generation of waste does not.

2. All the indexes are based on the assumption that a common measurement rod
needs to be established for aggregation purposes (money, energy, space, and so
on). This creates the need of making very strong assumptions on conversion
coefficients to be used and on compensability allowed (i.e. until which point
improved economic performance results in environmental destruction or social
exclusion).

It is clear, at this stage, that since indicators reveal contradictory trends (see the
urban sustainability example of Chap. 1), multi-criteria aggregation conventions
can be an adequate mathematical framework avoiding the arbitrariness of conver-
sion coefficients (for an example of application of a multi-criteria framework to the
sustainability of the Ecuadorian economy see Falconi, 2002). In particular, non-
compensatory and partial compensatory multi-criteria aggregation conventions are
the only ones that may allow an implementation of the strong sustainability concept
at both micro and macro levels of analysis.
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4.5 The Use of Weights in an SMCE Framework

4.5.1 Weights and Technical Incommensurability

In the Multi-Criteria Decision Aid (MCDA) literature there are several procedures
designed to elicit decision-maker’s priorities in the form of weights. In short, it is
possible to distinguish two main approaches (Nijkamp et al., 1990):

o Direct estimation of weights (trade-off method, rating method, ranking method,
verbal statements, pair-wise comparisons)

o Indirect estimation of weights (weights based on previous choices, weights
based on a ranking of alternatives, interactive estimation of weights)

All these methods present different features in terms of time needed, complexity,
transparency, etc., and therefore their performance depends on the specific problem
faced, but in general, the weighting of criteria is open to criticism for the following
reasons:

(1) in the case of single-person decisions, an abstract hypothesis it is accepted that
the decision-maker has a clear idea in her/his mind of her/his own scale of
preferences, and that she/he is capable of expressing these clearly without con-
tradiction, while concretely, the logic of the “choice” assumes a reduction of
the confusion inevitably present in the mind of the decision-maker when he is
about to face a problem (Munda, 1993). This initial state of confusion has been
proved empirically; in fact, in experimental research, it has been noted that,
regarding the psychological climate surrounding the decision, there are
substantially three phases in the decision process:

(1) Initial disorientation
(2) Re-orientation process
(3) Solution

As a consequence, it may happen that the decision-maker, even after weighting
the different criteria with precision, is supplied by a method with results which do
not satisfy her/him because the solution obtained is no longer in accordance with
her/his scale of real preferences. Many scientists maintain that the decision-maker
is not satisfied because she/he is inconsistent in her/his preferences, thereby for-
getting that an inconsistent decision-maker represents the reality to which the
mathematical model must be adapted; therefore, unless we admit explicitly that
the model is a purely formal one, the irrationality is in the model, not in the
decision-maker!

(2) Another important point concerns the interpretation of the meaning of the
weights supplied by the decision-maker. As we have seen in the previous sec-
tion, weights are used with the meaning of “trade-off” or “coefficients of
importance”. In the case of non-compensatory methods, the inter-criteria infor-
mation required is a relation of relative importance between coalitions of
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criteria. Such a concept of relative importance is often translated into numbers
called weights®. In the case of compensatory methods (e.g. weighted sum) the
weights have to be considered as scaling factors and then their meaning is that
of a trade-off ratio.

The above considerations imply that there should be consistency between a
given aggregation procedure and the questions asked to the decision-maker in order
to elicit a set of weights. Otherwise one runs the risk of combining weighting tech-
niques with aggregation models which are not theoretically compatible (examples
of these inconsistencies have been shown in Boxes 4.1 and 4.2).

Even if weights are elicited in a well-defined and consistent procedure, it may
happen that such weights are not precisely determined (this situation is very com-
mon when various actors are involved in the decision process). In such cases two
solutions are normally attempted:

» Sensitivity analysis aiming at verifying (by means of different vectors of
weights) the robustness and stability of the results obtained with the initial vec-
tor of weights. But as it has been noted “one has to recognize that this procedure
does not directly and specifically deal with imprecise weights, being only, a way
of bypassing the problem” (Bana e Costa, 1990).

o Procedures aiming to deal directly with situations of poor weighting information
(e.g., Outweigh Analysis, Bana e Costa, 1990; Regime Analysis, Nijkamp et al.,
1990). A common problem of this kind of procedure is that many assumptions
need to be made for their correct axiomatization.

(3) In cases of social decisions, it is often an impossible task to establish a weight-
ing of the different criteria which satisfies all the decision-makers. For this rea-
son, after the experiment regarding the building of the Paris underground
network, in ELECTRE IV, Roy decided to eliminate the weighting of criteria.
This practical solution was also adopted by me in the NAIADE method, but
probably it is not the right solution. Let us look at this issue in more depth.

To begin we have to think about the relationship between criteria and social
actors. In general in the formulation of a set of evaluation criteria, two main tenden-
cies can be distinguished in MCDA literature. On one hand, one may wish to build
a decision model as close as possible to the real-world problem; this may increase
the number of evaluation criteria to a level such that its application becomes almost
impossible. On the other hand, one may wish to use a small number of criteria so
that the model is simpler and faster to use; this may lead to an oversimplification.

According to Bouyssou (1990), a family of criteria should have two important
qualities:

3In ELECTRE methods, the concept of importance of a criterion is taken into account by means of
— Its weight (importance coefficient)
— Its veto threshold
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(1) “Legibility”, i.e. the family should contain a sufficiently small number of
criteria so as to be a discussion basis allowing the analyst to assess inter-criteria
information necessary for the implementation of an aggregation procedure.

(2) “Operationality”, i.e. the family should be considered by all actors as a sound
basis for the continuation of the decision-aid study.

In addition, a family of criteria must also satisfy a number of technical proper-
ties, leading to the concept of a consistent family of criteria (Roy, 1985). However,
all these advices one can find are quite “fechnocratic” in nature, i.e. they assume
that finally the choice of criteria is ultimately a business of the analyst. On the con-
trary, I think that the analyst in an SMCE framework, must be a social facilitator
and a “translator” of social concerns into technical criteria, but clearly the source
of these criteria is society.

In Spain, for example, during the Franco dictatorship, there was an important
policy criterion: safety of the northern frontier bordering France. Nowadays
nobody even remembers the existence of this (Franco’s) attitude towards frontiers.
This highlights the fact that policy criteria are contingent on the social and political
framework of a given historical period. To give another example, today the environ-
mental dimension is becoming increasingly important in evaluation projects,
although it was almost irrelevant until the seventies.

These reflections can be synthesized graphically in Fig. 4.6. As we know there are
different legitimate values and points of view in society. This creates social pressure
to take various policy dimensions, e.g. economic, social and environmental, into

GOCIAL INCOMMENSURABILITD

SOCIETY

Social
dimension

Social
objectives

Social I
criteria

TECHNICAL
INCOMMENS

Fig. 4.6 A schematized vision of the hierarchical structure of a policy problem
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account. These dimensions are then translated by analysts into objectives and crite-
ria®. This gives rise to a question: who should attach criterion weights and how?

Let us start with the pragmatic solution of no criterion weighting (solution adopted
in the ELECTRE IV and NAIADE methods). This approach normally reduces
conflicts in the problem structuring step, but the question here is: is it normatively
correct? Indeed the fact that all the criteria have the same weight does not guarantee
at all that objectives, dimensions at above all social groups have the same weight.

This would be guaranteed only under the condition that all the dimensions have
the same number of criteria. This of course is quite unnatural and artificial and even
dangerous. Analysts could be tempted to choose the same number of criteria for
each dimension even if these criteria were completely redundant. A better solution
would be to give the same weight to each dimension and to split each weight among
the objectives and criteria of any dimension proportionally.

We arrive then at the conclusion that by giving the same weight to all the criteria
the different social dimensions have different weights (since any dimension will be
weighted according to its number of criteria). On the contrary different criterion
weights can guarantee that all the dimensions are considered equal!

To demonstrate this point, let us look at the sustainability assessment exercise
presented in Chap. 1. The indicators presented in Table 1.2 indeed belong to three
dimensions, i.e. economic, social and environmental, considered essential in any
sustainability assessment. Let us then try to understand to which dimension each
single indicator belongs. The following rough classification may be made:

Economic dimension
1. City product per person
Environmental dimension

2. Use of private car
3. Solid waste generated per capita

Social dimension

Houses owned

Residential density

Mean travel time to work
Income disparity

Households below poverty line
Crime rate

A

Clearly the social dimension is implicitly receiving a much greater weight than
any other dimension (considering that six indicators over nine belong to this dimen-
sion). A reasonable decision might be to consider the three dimensions equally
important. This would imply giving the same weight to each dimension and then

©This hierarchical structure of a multi-criterion problem is similar to some extent to the one proposed
by Saaty (1980). However, I use the basic idea of hierarchy but no technical proposals of AHP.
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splitting this weight among the indicators. That is, each dimension would have a
weight of 0.333; then the economic indicator would have a weight of 0.333, the two
environmental indicators a weight of 0.1666 each, and each of the six social indica-
tors a weight equal to 0.0555.

As one can see, if dimensions are considered, weighting indicators by means of
importance coefficients is crucial. From a technical point of view, the assumption of
equal weighting of dimensions can be justified from both theoretical and empirical
perspectives. Theoretically since a priori there is no reason why one of the typical
sustainability dimensions (economic, social and environmental) should receive a
higher priority than the others. Pragmatically, because in a multi-inter-disciplinary
framework, the equal weighting assumption is equivalent to an equal weighting of
different disciplines and thus internal team conflicts can sometimes be reduced.

But at this point one should consider another question: why, from a social point
of view, dimensions should be weighted equally. We have to remember in fact that
one basic assumption of SMCE is that different dimensions are associated with
different groups in society (see Fig. 4.6). Can we find any normative justification
for weighting social groups?

4.5.2 Weights and Social Incommensurability

There are at least four ethical principles which are susceptible of being transformed
into social weights:

o Political democracy

o Economic democracy

o Sustainability

o Precautionary principle

Let us discuss them briefly.

(1) Political democracy. The basic idea is that the majority of the population has
the right to make decisions. In this case, the derivation of social weights is rela-
tively easy: each dimension should have a weight equal to the proportion of
population supporting the values represented by this dimension. This approach
presents two main problems (Moulin, 1988). One is pragmatic in nature, i.e.
finding the exact percentage of population can be a difficult and expensive
process (for instance holding a kind of referendum for every complex decision
that affects a community). The other more theoretical, i.e. the minority always
loses without any compensation. For these reasons, economists have proposed
the concept of economic democracy.

(2) Economic democracy. The main idea of economic democracy (based on cost—
benefit analysis) is that it is possible to avoid any type of referendum simply
because it is possible to derive people’s preferences by looking at their behav-
iour on the market. Moreover, in this way it is also possible to find the intensity
of preference of the economic agents (while this is not possible in the political
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democracy since the principle is one person, one vote) by looking at their con-
sumer surplus and to compensate minorities by means of the Kaldor-Hicks
principle. Problems connected with this approach are at least twofold (see also
Sect. 2.3.2 and Box 4.2):

Distributional issues. Willingness to pay very often depends on ability to pay,
and not on preferences. Income distribution is then the basic principle one
should accept to arrive at social decisions.

There are goods and services for which markets do not exist, e.g. environmental
goods. For this kind of goods and services one should then invent artificial
markets or derive implicit markets to obtain a so-called shadow price. The most
general valuation method is contingent valuation.

Sustainability. probably implies that the economic, social and environmental
dimensions should be taken into consideration equally. From a societal point of
view, this implies that an environmental pressure group should receive the same
weight as an economic pressure group even if, for example, only 5% of society
has some environmental concerns. One way to explain this apparent paradox is
that one should accept that this 5% of the population is also speaking for ani-
mals and future generations who are not taken into account by either political
or economic democracy principles. Another way to defend this position is that
humans should behave according to a Kantian principle of universality such
that any negative impact of their actions on the planet should be avoided. Thus
even if no social group is willing to support environmental friendly policies,
there is an ethical imperative to take them into account.

The precautionary principle. This principle maintains that in all situations where
there is a simultaneous presence of uncertainty and irreversibility, prudence is the
correct driving principle of social actions. For example, in the case of global
warming, due to the fact that there is no clear scientific evidence of what may
happen with the present trend of greenhouse gas emissions, it is better to be
prudent and to reduce those emissions now, even if the economic cost might be
very high. A consequence of the adoption of this principle is that environmental
pressure groups might even receive a higher weight than other social actors.

This discussion of weights is a clear example of the difference between a

participatory multi-criteria study and a social multi-criteria one. The following
conclusions on the use of weights can be drawn:

1. A plurality of ethical principles seems the only consistent basis for deriving

2.

weights in an SMCE framework.

In social decision processes, weights cannot be derived as inputs from participa-
tory techniques. This is technically very difficult (e.g. which elicitation method
should be used? Which statistical index is a good synthesis of the results
obtained? Do average values of weights have any meaning at all?), pragmati-
cally undesirable (since deep conflict among the various social actors is likely)
and even ethically unacceptable (if one accepts that future generations and non-
humans must also be taken into account).
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3. Weights in the framework of SMCE are clearly meaningful only as importance
coefficients and not as trade-offs (since different ethical positions can only be
translated into weights as importance coefficients). Veto power for minorities is
a very important characteristic.

4. Sensitivity and robustness analysis have a completely different meaning with
respect to the case of single-person and technical decisions.” In fact in the case
of social decisions weights derive only from a few clear cut ethical positions.
This means that sensitivity or robustness analyses have to check the conse-
quences for the final ranking of only these positions and not of all the possible
combinations of weights. Sensitivity and robustness analysis are thus a way to
improve transparency® (for more technical details on sensitivity analysis see
Saltelli et al., 2004).

4.6 Conclusion

Summarizing the discussion developed in this chapter, we could conclude that the
following properties are desirable in SMCE for sustainability public choice.

e To have a ranking of all the alternatives is more useful than to select one alterna-
tive only; this implies that dominated alternatives cannot be excluded a priori.

o Indifference and preference thresholds should be explicitly taken into account.

e Mixed information of the widest range should be addressed in a consistent
way.

o Complete compensability should be avoided to allow for a strong sustainability
approach.

o Weights in this framework are clearly meaningful only as importance coeffi-
cients and not as trade-offs.

o Sensitivity and robustness analyses have to check the consequences for the final
ranking of only some clear ethical positions and not of all possible combinations
of weights.

T have discussed this point with Serafin Corral-Quintana. I think that he correctly maintains that
in a policy framework, sensitivity analysis should consider the willingness of social actors to
implement a given course of action more than combinations of weights (Corral-Quintana, 2001).
I disagree on the fact that actors should be considered a function of the power they have to support
or fight a policy action. I think this has a descriptive content but not a normative one. This is why
I insist on the ethical dimension of a normative exercise such as SMCE.

$On this point I disagree with Kleijnen (2001), who claims that “modellers should try to develop
robust models”, in the sense that models should not be very sensitive to modellers’ assumptions.
Some ethical positions might be very disparate and thus lead to different rankings of the policy
options. What is essential in a social framework is then the transparency in the assumptions.



Chapter 5
The Issue of Consistency:
Basic Discrete Multi-Criteria “Methods”

5.1 The Total Comparability Axiom: Multi-Attribute
Value Functions

The clearest presentation of the theoretical framework of Multi-Attribute Value and
Utility Theory! can be found in Keeney and Raiffa (1976). Keeney (1992) focuses
mainly on operational aspects while Beinat (1997) develops a series of real-world
case studies in which value functions are used for environmental management
problems. The main characteristic of this approach is that all its formal properties
are completely known.

From a theoretical point of view, it is a very elegant and attractive solution to
the discrete multi-criterion problem. From the operational point of view, it is the
most important theory behind MCDM, which assumes a concrete decision-maker
who always “believes that in a specified decision context there is a particular pref-
erence structure that is appropriate for him” (Keeney and Raiffa, 1976, p. 80).

Multi-attribute value theory is based on the following hypothesis: in any deci-
sion problem there exists a real valued function V (called value function) defined
on the set A of feasible actions, which a well identified decision-maker wishes,
consciously or not, to examine (see Box 5.1). This function aggregates the different
criteria (in this context generally referred as attributes) taken into consideration, so
that the problem can be formulated as

max V(gi(a)):ae A (5.1

where V(gi(a)) is a value function aggregating the m criteria; the role of the analyst
is to determine this function.

The main underlying assumption of the multi-attribute value functions approach is
the identification of human rationality with consistency. More analytically, it is assumed
that the preference relations of the decision-maker are a complete pre-order, i.e.:

'In this context, the terminology “value function” is used when preferences are assumed to be
under certainty and “utility functions” when probability distributions are present. Here I discuss
value functions only.

G. Munda, Social Multi-Criteria Evaluation for a Sustainable Economy. 85
© Springer-Verlag Berlin Heidelberg 2008
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Box 5.1 Ordinal Utility Theory in Economics

Simon (1983) notes that humans have at their disposal neither the facts nor
the consistent structure of values nor the reasoning power needed to apply
the principles of utility theory. For instance, the assumption that human
behaviour is transitive, can give rise to the famous Luce’s paradox (see
Chapter 4). In microeconomics, where the assumption that an economic
agent is always a utility maximizer is a fundamental one, it is generally
admitted that this behavioural assumption has a predictive and not a descrip-
tive meaning. Modern theory of consumer behaviour starts from the notion
of “consumer preference”. A common set of assumptions (or axioms)

LRI LEINNT3

underlies preference relations (“‘completeness”, “transitivity”, “continuity”,
“monotonicity”, “convexity”, and “non-satiation”; see any standard micro-
economics textbook for explanation). This implies ordinal utility theory, in
which utility does not require measurable units. The descriptive realism of
the consumer’s behaviour as a utility maximizer has been under attack since
its inception. In one of the most forceful defences of the maximization
hypothesis, Friedman (1953) states that “truly important and significant
hypotheses will be found to have ‘assumptions’ that are widely inaccurate,
descriptive representations of reality, and in general, the more significant
the theory, the more unrealistic the assumptions (in this sense)”. In essence,
Friedman believes that the validity of a theory (i.e. its non-falsity) depends
purely on its consequences, in other words, that only predictability matters
and that the empirical non-realism of assumptions is irrelevant to develop-
ing good economic theory models. One should note that the principle under-
lying multi-attribute value functions is exactly the opposite: it is possible to
describe and aid real-world decisions by using ordinal utility theory.

o All the states are comparable (between two alternatives a and b only a preference
or an indifference relation can exist)

e Transitivity of the preference relation

o Transitivity of the indifference relation

Therefore, in the “complete transitive comparability axiom”, preferences can be
modelled by means of two binary relations I and P having the following
properties:

o [ (indifference): reflexive, symmetrical and transitive,
e P (strict preference): irreflexive, asymmetrical and transitive.

One of the most important consequences of using multi-attribute value functions
is that complete compensability is always assumed. As stated clearly by Keeney and
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Raiffa (1976, p. 66) “our problem is one of value tradeoffs”. Since there exists a
function V by which criteria (attributes) g ,g,,...,g,, can be aggregated, there must
also exist functions W, (called trade-offs between the i-th and the j-th criteria) meas-
uring the amount that a decision-maker is willing to accept on the j-th criterion to
compensate the loss of a unit on the i-th criterion (an amount which may vary
according to the point considered in the criteria space).

It is often practically difficult to determine such tradeoffs in precise terms, espe-
cially when the criterion scores are expressed in units which appear to lack a com-
mon measure. Generally, the trade-offs are the basis of discussions between the
analyst and the decision-maker towards constructing the function V.

More analytically, a trade-off can be described as following (see also Box 4.1):
W, such that

(8)rer &=Ly &+ Wy, 8)1(8)s s 8iees 85 &) (5.2)

When differentiability is possible, it is:
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The most simple (and most commonly used) analytical form is the linear
aggregation rule. Let us examine carefully the axioms behind this aggregation
rule. Given a set of evaluation criteria G={g }, m=1, 2,..., M, and a finite set
A={a }, n=1,2,..., N of potential alternatives (actions), the problem is to find max
V(g (a)) : aeA, where V(g (a)) is an additive value function. If we also assume
the existence of inter-criteria information in the form of weights W={w },

w

M
m=1_2,..., M, with Zwm= 1 derived as trade-offs?, the maximization problem

m=1

can be write as shown in (5.4).

max V(g, (a)=maxy w,v,(g,(a) :acA, (5.4)

m=1

2The weights in the additive model are scaling constants which allow marginal value functions to
take values on the same interval between zero and one. As a consequence, in this framework
weights depend on the measurement scale of value functions. As clearly shown by Anderson and
Zalinski (1988), when weights depend on the range of attribute scores, such as in the context of a
linear aggregation rule, the interpretation of weights as a measurement of the psychological con-
cept of importance is completely inappropriate.
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where any single value function v is scaled from zero (worst v (g (a))) to one
(bestv (g (a))). One must note that this scaling process has nothing to do with a nor-
malization exercise. The main difference is the fact that a normalization technique is
an objective change in the measurement unit or origin consistent with measurement
scale rules (see Box 5.2 for a review of the main normalization techniques), while

Box 5.2 Main Normalization Techniques

Several techniques can be used to normalize criterion scores (or variables
in the context of composite indicators) (OECD, 2003; Saisana and
Tarantola, 2002):

Standard deviation from the mean, which imposes a standard normal dis-
tribution (i.e. a mean of 0 and a standard deviation of 1). Thus, positive (neg-
ative) values for a given alternative or country indicate above (below)-average
performance:

actual value - mean value
standard deviation

Distance from the group leader, which assigns 100 to the leading alterna-
tive while other alternatives are ranked as percentage points from the
leader:

100 ( acFual value J
maximum value

Distance from the mean, where the (weighted or un-weighted) mean value
is given 100, and alternatives receive scores depending on their distance from
the mean. Values higher than 100 indicate above-average performance:

100 ( actual value J
mean value

Distance from the best and worst performers, where positioning is in rela-
tion to the global maximum and minimum and the index takes values
between 0 (laggard) and 100 (leader):

100 actual value - minimum value
maximum value - minimum value

Categorical scale, where each criterion is assigned a score (either numerical,
such as between [1...k], k>1, or qualitative-high, medium, low) depending
on whether its value is above or below a given threshold.
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“value functions are mathematical representations of human judgements. They
offer an analytical description of the value system of the individuals involved in the
decision and aim at capturing the parts of human judgements involved in the evalu-
ation of alternatives.” (Beinat, 1997, p. 8).

Each criterion is linked to a specific value function which states the attractive-
ness of each alternative in comparison with all others (by means of attractiveness
scores measured on an interval scale, independently of the fact that the original
criteria may have been either qualitative or quantitative in nature).

The construction of value functions, as well as trade-offs may require a rather
lengthy process of interaction between decision scientists and concrete decision-
makers (or experts). For example, value functions may increase with the value of
the criterion score (e.g. salary levels in evaluating job offers or employment crea-
tion in publicly provided goods), decrease (e.g. environmental impact in an infra-
structure location problem or a price factor), or peak (e.g. in the evaluation of the
number of parking places in a city centre, since a low number of parking places has
adverse effects on commercial activities, while a high number increases the risk of
congestion and decreases the quality of the urban area (Beinat, 1997, p. 9)). See
Fig. 5.1 for graphical examples.

An important point to consider is that each criterion can have its own value func-
tion because of the existence of preference independence. This property is a necessary
condition for the existence of a linear aggregation rule.

The following theorem holds:

Theorem 5.1 (Debreu, 1960; Krantz et al., 1971; Keeney and Raiffa, 1976)

Given the family of criteria g, g,, ..., g, , an additive aggregation function exists
if and only if these criteria are mutually preferentially independent.

Given the set of evaluation criteria G, a subset of criteria Y is preferentially
independent of Y°=Q (the complement of Y) only if any conditional preference
among elements of Y, holding all elements of Q fixed, remain the same, regardless
of the levels at which Q are held. The criteria g,, g, ..., g, are mutually preferen-
tially independent if every subset Y of these criteria is preferentially independent of
its complementary set of criteria.

0 €% 0 Number of parking places

Fig. 5.1 Examples of possible shapes of value functions



90 5 The Issue of Consistency: Basic Discrete Multi-Criteria “Methods”

Preferential independence is a very strong condition from both the epistemologi-
cal and operational points of view. It implies that the trade-off ratio between two
criteria w_ is independent of the values of the M-2 other criteria, i.e.:

ow.,

5 =0 Vx,yeY,VqeQ(Ting, 1971) (5.5)
q

From an operational point of view this means that an additive aggregation func-
tion permits the assessment of the marginal contribution of each criterion separately
(as a consequence of the preferential independence condition). The marginal con-
tribution of each criterion can then be added together to yield a total value. If, for
example, environmental dimensions are involved, the use of a linear aggregation
procedure implies that among the different aspects of an ecosystem there are no
phenomena of synergy or conflict. This appears to be quite an unrealistic assump-
tion (Funtowicz et al., 1990). For example, “laboratory experiments made clear that
the combined impact of the acidifying substances SO,, NO,, NH, and O, on plant
growth is substantially more severe than the (linear) addition of the impacts of each
of these substances alone would be.” (Dietz and van der Straaten, 1992).°
Let us consider the following example:

A and B are two different social scenarios, where

M represents an amount of monetary income

S represents a measure of social degradation

E represents an indicator of environmental degradation

Formally, the preference independence condition in this case is:

V[M(A)0, M(B)0],

[M(A)1, S(A)0, E (A)0] P [M(B)1, SB)0, E(B)0] =

[M(A)1, S(A)1, E(A)1] P [M(B)1,S(B)1, E(B)1] (5.6)
S(A), =S(B), and E(A),=E(B), Vi

One should note in this context the need to accept a strong implicit assumption,
i.e. that society is indifferent to complete different cases of risk (described by S and

*From an epistemological point of view, preferential independence implies the separability of val-
ues. This is quite an important issue in philosophy; for example, in ethics the thesis of the unity
of the virtues is defended to different degrees by Plato, Aristotle and Aquinas. “...it is true that a
virtue often cannot be treated apart from the company it keeps. Courage is not an excellence when
it appears amid vices-for example as a disposition of the dedicated Nazi.... For example, one’s
appreciation of the value of freedom, “positive” or “negative”, in a particular society, cannot be
simply treated as separable from what individuals realise with that freedom. Different political and
ethical values when applied in a particular context cannot be applied in isolation from one
another” (O’Neill, 1993, p. 114).
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E in (5.6)). The possibility that some levels of environmental and social degradation
are unacceptable cannot be admitted.

To summarize, we can conclude that the assumption of preference independence
is essential for the existence of a linear aggregation rule (and single value func-
tions). Unfortunately, it is usually never tested whether preference independence
applies in a given policy problem,* although this assumption has very significant
and often undesirable consequences.

It has to be noted that any single value function v is measured on an interval
scale while the overall value function V has an ordinal meaning only. This implies
that indifference and preference thresholds cannot be used in the framework of
multi-attribute value functions.

The additive model is completely compensatory. As a consequence weights are
never importance coefficients, they are always trade-offs. This step is quite difficult
on practical grounds® (since trade-offs are very difficult to obtain and some consist-
ency requirements are always necessary); while on theoretical grounds a weak sus-
tainability philosophy is always implied (given that a good economic value function
assessment can always compensate for a bad environmental assessment). In any
case, if one wishes to implement an MCDM framework to elicit decision-makers’

“In practice the test of mutual preferential independence is often neglected because it is considered
extremely time-consuming. For M criteria, there are M(M-1)/2 pairs that must be independent,
thus the number of conditions to verify becomes astronomically large as M increases even mod-
estly. However, some findings of Leontieff (1947a, b) can save much of the potential work (see
Keeney and Raiffa, 1976, p. 112—114 for more detail).

SThere is unanimity in the literature that the only method in which weights are computed as scal-
ing constants and in which there is no ambiguous interpretation is the so-called trade-off method,
starting with revealed preferences. No weight importance judgement is required in this method.
The trade-off method can be briefly described as follows. Let us continue with the example of
composite indicators seen in Box 4.1, and consider two countries A and B, differing only in the
scores of variables x, and x,. The problem is then to adjust the score of e.g. x, for B, in such a way
that A and B become indifferent. Formally, it is:

1(A)= I(B)@I(xl,...,x,;,...,x;,...,xn) = I(xl,...,x,:,...,x;,...,xn)

N N
= z WX, t WX, twx, = z WX, + W, X, + WX,
i=1 i=1
ikt ikt

= W X, + WX, =W.X, + WX,

This last equation is an equation in the unknown w,and w . To compute the N weights as trade-offs,
it is necessary to assess N—/ equivalence relations, which together with the usual normalization
constraint w+ ... + w =1 determine a linear system of N equations in the N unknown weights. Of
course if some uncertainty in the variable scores exists, this method cannot be applied. As one can
easily understand to assess weights as trade-offs, as should always be done when using a linear
aggregation rule, is a much harder job than to use weights as importance coefficients.
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preferences, this approach is no doubt the most appropriate one. Efforts to imple-
ment a more user friendly additive value model have been made in the so-called
MACBETH (Measuring Attractiveness by a Categorical Based Evaluation
TecHnique) method (Bana e Costa et al., 2005), where only qualitative judgements
about differences of value are required.

From a mathematical point of view, an advantage of the value function approach
is that the axiomatic system is known and complete and that the independence of
irrelevant alternative axiom is always respected (since alternatives are evaluated
one-by-one, no preference reversal phenomenon can occur).

5.2 The Partial Comparability Axiom: Outranking Methods

According to the “fundamental partial comparability axiom” (Roy, 1985, 1996),
preferences can be modelled by means of four binary relations I (indifference),
P (strict preference), Q (large preference), and R (incomparability).

By means of the large preference relation, all the other relations can be
obtained:

e aPb & aQb and not bQa
o alb < aQb and bQa
e aRb < not aQb and not bQa

In order to avoid giving a discriminating role to differences that are barely
significant, indifference and preference threshold are introduced (see Chap. 4).

The concept of partial comparability is the basis of the so-called “outranking
methods”. An action a outranks an action b only if @ is at least as “good” as b
according to all the criteria considered. Outranking methods can make some incom-
parable actions comparable because realistic information exists; other actions
remain, nevertheless, incomparable.

Briefly, these models entail aggregating the criteria into a partial binary relation
aSb (an outranking relation) based on the concordance and discordance indexes,
and then “exploiting” this relation; each of these two steps may be treated in a
number of ways according to the problem formulation and the particular case
considered.

To illustrate let us think of a Parliament: the concordant coalition can be consid-
ered as the sum of the votes of the members in favour of a given option; according
to the majority rule of democracies, this option will be approved if it obtains at least
more than 50% of the votes. According to the normative tradition in political phi-
losophy, all coalitions, however small, should be given some fraction of the deci-
sion power. One measure of this power is the ability to veto certain subsets of
outcomes. This explains the use of the condition of non-discordance.

One should also note that in the concordant coalition the “number” of criteria
are counted, i.e. only ordinal information is used. In the computation of the discord-
ance index, the “intensity” of such discordance is considered. One has to note that
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in this way all the information contained in the impact matrix is used (both the
number of criteria in favour of a given alternative and the intensity of preference of
any single criterion), but no compensability is implied and weights can be used as
importance coefficients.

This is probably the most ingenious idea in the ELECTRE (ELimination Et
Choix Traduisant la RE‘alite’) methods. In fact in the concordance index, since no
intensity is considered weights should not be trade-offs. On the other hand in the
discordance index, the intensity is used, but for limiting compensability than to
allow it. Of course, to use all the criteria in terms of number and intensity, it is nec-
essary to compare alternative @ with b and also b with a (the criteria in the concord-
ance coalition of a with b are in the discordance coalition of b with a, thus any
single criterion is used both in number and intensity) thus greatly increasing the
number of pair-wise comparisons.

As an example, we shall apply ELECTRE 1 to a family of criteria without dis-
crimination thresholds. In ELECTRE 1, the proposition aSb is accepted if the con-
cordant coalition C(aSh) = {g.€G : g,(a) 2g,(b)} is sufficiently important (condition
of concordance) and if for the other criteria the difference g,(b) — g,(a) is not too
large (condition of non-discordance). The importance of a coalition is represented
by the sum of the weights (w) of the criteria belonging to that coalition. Thus the
index c(a, b) defined by:

w.

i

c(a,b) =4 (5.7)

M
Z Wi
i=1

represents the relative importance of C(aSh) among the set of all criteria. Whether
or not C(aSh) is sufficiently important is then judged by comparing c(a,b) to a
threshold s>1/2 called the concordance threshold.

In order to determine which differences in the discordant criteria are judged
too large, a veto threshold v, (which may vary with g) is defined on each crite-
rion in such a way that the existence of a discordant criterion such as g,(b) —
g,(a) 20, prohibits acceptance of aSh whatever the value c(a, b). Thus in
ELECTRE 1:

aSh < [c(a,b)2 s and g,(b)—g,(a)<v, Vie C(aSh)| (5.8)

The calculations of concordance and discordance indexes as well as ranking
procedures vary according to the ELECTRE method considered. The greatest level
of sophistication perhaps, being reached in ELECTRE III (Roy, 1978).

The ELECTRE III method starts by comparing each action @ with each other
action b, with the objective of assessing the credibility of the assertion: action a
outranks action b.

The calculation of this credibility is constructed in a way that it:
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e characterizes a group of criteria considered to be in concordance with the
affirmation being studied and assess as the relative importance of this group
of criteria compared with the remaining ones;

e characterizes among the criteria not in concordance with the affirmation studied,
those whose opposition is strong enough to reduce the credibility which would
result from taking into account just the concordance, and calculates the possible
reduction in credibility that would thereby result.

Given any pair of actions, a “fuzzy outranking relation” is defined. This
relation summarizes the results of the comparisons of all possible pairs of
actions. Values of the credibility of the outranking close to 0 or 1 represent a
solidly established relation, whereas values close to 0.5 indicate a weak
affirmation.

The exploitation of the fuzzy outranking relation is achieved by constructing
two pre-orders Z, and Z, using a descending and ascending distillation process
(respectively) and by then trying to combine these to produce a partial pre-order
Z=7,N7Z,

A common property of all outranking methods is that they are partially non-
compensatory; thus a weak sustainability philosophy is generally avoided and
weights can be used as “coefficients of importance”. However, this property,
very important in our context, is disputed by some. It is argued that weights
also depend on intensity, since the complete formalization of importance
depends on both the weight and the veto threshold corresponding to a given
criterion. This has two main implications: (1) when changing the weight of a
criterion, its veto threshold must also change, (2) the fact that weight and veto
threshold are connected means that criterion weight also depends on intensity,
how can we then be sure that it is not a trade-off? (Suggestions for deriving
weights in the context of ELECTRE methods can be found in Figueira and
Roy, 2002).

Issues connected with the outranking methods, as well as with other approaches
based on pair-wise comparisons are:

e The axiom of independence of irrelevant alternatives is not respected. Thus the
phenomenon of rank reversal may appear.

e The so-called Condorcet Paradox may appear (see Chap. 6), i.e. alternative a
may be ranked better than b, b better than ¢ and ¢ better than a.

A problem, specifically connected with the outranking approach, is that, it is
necessary to establish a large number of ad hoc parameters, i.e. indifference and
preference thresholds, concordance threshold, discordance thresholds and weights.
This may cause a loss of transparency and consistency in the model.

Roy’s defence is that these parameters allow the decision-maker to express
her/his preferences and to learn more about them, thereby operationalizing the
concept of decision aid (MCDA). This argument is valid in the case of single-
person decisions when the aim is to create a learning process.
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5.3 The PROMETHEE Methods

As in ELECTRE III, PROMETHEE (Preference Ranking Organization METHod
for Enrichment Evaluations) (Brans et al., 1986) involves in building a valued out-
ranking relation, by using concepts and parameters that have some physical (or
economic) interpretation for the decision-maker, an MCDA philosophy is then
adopted.

Criterion weights W, according to the authors increasing with the importance of
the criterion, are used. Given M criteria and N alternatives, the multi-criteria prefer-
ence index [[(a, b) of each ordered pair of actions (a, b) is computed by considering
the weighted average of the preference functions Fj(a, b). It is:

> w,F (a.b)
Mab)=21— (5.9)

M
2 Wi
=

Fj(a, b) is a number between 0 and 1 which increases if gj(a) - gj(b) is large,
and equals zero if g(a) < g b). According to the way the decision-maker’s prefer-
ences increase with the difference gj(a) - gj( b) for each criterion, the form FJ is
chosen from among the following options:

First form
Immediate strict preference; no parameter to be determined.

1 Fi(a, b)

»

0 gi(a)- gi(b)

Second form
An indifference threshold exists which must be fixed.

1 Fi(a, b)

»
»

0 qj gj(a) - g(b)
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Third form
Preference increases up to a preference threshold, to be determined.

1 F(a,b)

»

0 gj(a) = gj(a)

Fourth form
An indifference and a preference threshold exist which must be fixed; between
the two, preference is average.

1 Fj(a,b)
1/2 —
0 g pj gj(a) — g;(b)

Fifth form
An indifference and a preference threshold exist which must be fixed; between
the two, preference increases.

Fj (ab)

»

0 g pj  gj(a) - g(b)

Sixth form
Preference increases following a normal distribution, the standard deviation of
which must be fixed.

1 Fj((l,b)

0 oj gj(a) — gj(b)

»
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From a mathematical point of view, forms 1, 2 and 3 are obviously particular
cases of form 5; it is nevertheless easier to present them separately to the decision-
maker since each one corresponds to a very specific attitude. According to the
authors, in general, these six forms are sufficient to cover a large number of possi-
ble attitudes, and F(a, b) along with the corresponding multi-criteria preference
index represent a type of preference intensity (Brans et al., 1986, p. 232).

The multi-criteria preference index of the PROMETHEE method is quite
similar to the concordance index of ELECTRE III, with the difference that no
discordance concept is introduced in PROMETHEE. The multi-criteria prefer-
ence index [[(a, b) determines a valued outranking relation on the set of N
alternatives. This relation can be represented as a valued outranking graph, the
nodes of which are the N alternatives. Between two nodes (alternatives) a and
b, there are two arcs having values [[(a, b) and [I(b, a) (Brans et al., 1986,
p. 232).

As in ELECTRE III, two complete pre-orders are built; one according to a leav-
ing flow index and another one according to an entering flow index. Both are com-
puted for each individual alternative. The leaving flow is the sum of the values of
the arcs leaving node @ and therefore provides a measurement of the strength of a.
symmetrically, the entering flow measures the weakness of a. Thus the higher the
leaving flow and the lower the entering flow, the better the action. In PROMETHEE
1 the intersection between the two pre-orders is considered; as a consequence the
final pre-order may present some incomparability relations between alternatives. In
PROMETHEE 2, a complete pre-order is computed (with no incomparability rela-
tion) by characterizing each alternative by its net flow, i.e. the difference between
the leaving and the entering flow.

The PROMETHEE approach is based on a simple mathematical structure; this
makes it easy to use. Given that models of preference intensity are used, the degree
of compensability allowed is high. Moreover, weights cannot be considered as
importance coefficients, they should be derived as trade-offs. The possibility of
rank reversals is high.

5.4 The REGIME Methods

Originally this method was designed for dealing with ordinal criterion scores and
ordinal weights (Hinloopen et al., 1983). Later it was adapted for dealing with
mixed criterion scores (Hinloopen and Nijkamp, 1990).

As we have seen in Sect. 5.2, in ELECTRE methods the concordance index
takes into account the number of criteria in favour of a given alternative and NOT
its intensity. The concordance index can thus be computed when only ordinal crite-
rion scores are present. This is the main starting point of the ordinal REGIME
method. The added sophistication in comparison with the ELECTRE family is that
weights are also considered ordinal, thus probability concepts need to be introduced
into the algorithm.
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Ordinal weights are interpreted as originating from unknown quantitative
weights. A set S is defined, containing the whole set of quantitative weights that
conform to the qualitative priority information. In some cases the sign will be the
same for the whole set S, and the alternatives can be ranked accordingly. In other
cases the sign of the pair-wise comparison cannot be determined unambiguously.
In other words, let us define C , as the sum of weights that are related to the criteria
for which a is better than b. Then the concordance index for the same alternatives
is calculated, but this time by considering the criteria for which b is better than a,
i.e. C, . After having calculated these two sums, the net concordance index u , =
C ,— C, is calculated. If the sign is positive, this indicates that alternative a is more
attractive than alternative b; otherwise the opposite holds. Due to the ordinal nature
of the information on weights, in the index u , no information exists regarding the
size of the difference between the alternatives; it is only the sign of the indicator
that matters. However there can sometimes be ambiguity in the sign of the index
u,. These cases are defined as critical regimes. Let us examine the numerical
example shown in Table 5.1 with three alternatives and four criteria (Hinloopen
et al., 1983, pp. 85-93).

In this impact matrix, rank number 3 indicates the best outcome while rank 1 is
assigned to the worst outcome per criterion. If one compares alternative a with
alternative b, the following regime is obtained:

[-1 +1 +1 —1], where —1 means that b is better than @ and +1 that a is better than
b. Let us assume the following ordinal ranking of criterion importance:

4
w, 2w, 2w, 2w, 20, where ZW,, =1 (5.10)

i=1

According to (5.10) it is i, = —w +w,+w —w, which is non-negative in all cases
(since w, is greater than both w, and w, and w, is greater than w)), thus a is defi-
nitely to be preferred to b. Now instead of (5.10), let us assume the ordinal ranking
of criterion importance shown in (5.11).

4
w, 2w, 2w, 2w, 20, where Zwi=1 (5.11)

i=1

Table 5.1 Example of an ordinal impact matrix

Alternatives a b c
Criteria

g 1 2 3
g, 3 2 1
g, 3 1 2
g, 2 3 1
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By using (5.11), the sign of u, can be both positive and negative. Let us in fact
assume two vectors of weights both consistent with (5.11):

W,=[040 035 020 0.05]

W,[0.45 030 0.15 0.10]

It is easy to verify that by using W, i, is positive whereas by using W, u , is
negative.

This difficulty in REGIME is circumvented by partitioning the set of feasible
weights so that for each subset of weights a definite conclusion can be drawn about
the sign of the pair-wise comparison. The distribution of the weights within § is
assumed to be uniform and therefore the relative sizes of the subsets of S can be
interpreted as the probability that alternative a is preferred to alternative b.
Probabilities are then aggregated to produce an overall rating of the alternatives,
based on a success index or success score. A frequency matrix approach is used to
isolate the final alternative (see Chap. 6).

The REGIME method presents the advantage of taking into account ordinal
information. It should be remembered that weights can also be simply ordinal in
nature thus being clearly only importance coefficients. From this point of view
REGIME can be considered entirely consistent in its use of weights as importance
coefficients. The only assumption required is that of a uniform distribution that is
not that restrictive (this assumption is based upon the Laplace criterion in the case
of decision-making under uncertainty).

However, when mixed information on criterion scores is present, the aggrega-
tion procedure becomes cumbersome. To deal with both qualitative and quantita-
tive information, it is assumed that qualitative information is the representation of
unknown quantitative information. Building on this assumption, a cardinalization
scheme is applied and then all information is dealt with as quantitative.

Besides considerations on the way the ordinal information is transformed into
quantitative, there is here a basic problem with weights. In fact, if weights are con-
nected to quantitative information and the intensity of preference concept is used,
weights can only be trade-offs and not importance coefficients. Given that when
mixed information is present, all the information is considered quantitative,
REGIME loses its desirable characteristic of dealing with weights as importance
coefficients.

5.5 The Analytic Hierarchy Process

The Analytic hierarchy process (AHP) has been developed by Saaty (1980), it struc-
tures the decision problem into levels which correspond to the decision-maker’s
understanding of the situation: objectives, criteria, sub-criteria, and alternatives.
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By breaking the problem up into levels, the decision-maker can focus on smaller
sets of decisions. The AHP is based on four main axioms:

1. Given any two alternatives (or sub-criteria), the decision-maker is able to pro-
vide a pair-wise comparison of these alternatives for any criterion on a ratio
scale which is reciprocal.

2. When comparing any two alternatives, the decision-maker never judges one to

be infinitely better than another for any criterion.

. One can formulate the decision problem as a hierarchy.

4. All criteria and alternatives which impact on a decision problem are represented
in the hierarchy.

I

The axioms above describe the two basic tasks in the AHP (Harker, 1989):
structuring and solving the problem as a hierarchy and eliciting judgements in the
form of pair-wise comparisons. In order to help a decision-maker to assess these
pair-wise comparisons, Saaty (1980) created a nine-point intensity scale between
two elements. The numbers suggested to express degrees of preference between
two elements A and B are shown in the Table 5.2:

Numbers in between (2, 4, 6, 8) can be used to represent compromises between
categories.

The elicitation of priorities for a given set of options for a given criterion
involves the completion of an N x N matrix, where N is the number of options under
consideration. However, since the comparisons are assumed to be reciprocal, one
needs to answer only N(N-1)/2 of the comparisons.

Saaty proposed an eigenvector approach for the estimation of the weights from
a matrix of pair-wise comparisons. The eigenvector approach is a theoretically and
practically proven method for estimating the weights. The eigenvector also has an
intuitive interpretation since it is an averaging of all possible ways of thinking
about a given set of alternatives.

After estimating the weights, the decision-maker is also provided with a meas-
ure of the inconsistency of the given pair-wise comparisons. It is important to note
that the AHP does not require decision-makers to be consistent, but rather provides
a measure of inconsistency as well as a method to reduce this measure if it is
deemed to be too high. After generating a set of weights for each alternative for any
criterion, the overall priority of the alternatives is computed by means of a linear,
additive function.

Table 5.2 Saaty’s nine-point scale

Then the Preference
If A is..... as (than) B Number to Assign is
Equally as important as
Moderately more important than
Much more important than
Very much more important than
Exceedingly more important than

O N N W=
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The AHP is a very widespread approach in many real-world applications; more-
over it is the only method that explicitly deals with the issue of hierarchy in decision
problems. However, it is thought a good decision tool when the decision-maker is
clearly identifiable and expresses her/his preferences and takes responsibility for
the decision taken. This may be the case in entrepreneurial decisions but is hardly
ever so in social decisions.

The basic assumptions (1) and (4) are indeed very strong. Assumption (1) seems
disputable because although it is possible that there is mixed information in the
impact matrix, it is supposed that it is always possible to transform even ordinal
information into a ratio scale, which is the most precise scale of measurement!
Assumption (4) is subject to all the arguments developed in this book on the limits
of descriptive models in general (see Chap. 2) and of the concept of efficiency in
particular (see Chap. 4).

One should note that AHP can be considered a particular case of the multi-
attribute value functions approach, thus being completely compensatory in
nature. This implies that the weights derived in an AHP framework are always
in the form of trade-offs and never of importance coefficients. Finally, contrary
to multi-attribute value functions, AHP may display rank reversals quite
often.

5.6 The NAIADE Method

NAIADE (Novel Approach to Imprecise Assessment and Decision Environments)
(Munda, 1995) is a discrete multi-criteria method whose impact (or evaluation)
matrix may include crisp, stochastic or fuzzy measurements of the performance of
an alternative with respect to an evaluation criterion, thus it is very flexible for real-
world applications.

A peculiarity of NAIADE is the use of conflict analysis procedures to be inte-
grated with the multi-criteria results. NAIADE can give the following
information:

e Ranking of the alternatives according to the set of evaluation criteria (i.e. techni-
cal compromise solution/s)

e Indications of the distance of the positions of the various interest groups (i.e.
possibilities of convergence of interests or coalition formations)

e Ranking of the alternatives according to actors’ impacts or preferences (i.e.
social compromise solution/s)

From a mathematical point of view, two main issues are faced:

1. The problem of equivalence of the procedures used in order to standardize the
mixed criterion scores

2. The problem of comparison of fuzzy numbers typical of all fuzzy multi-criteria
methods
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These two issues are dealt with a new semantic distance that is useful in the case
of continuous, convex membership functions also allowing a definite integration
(see Chap. 7).

The whole NAIADE procedure can be divided into four main steps:

. Pair wise comparison of alternatives according to each criterion
. Aggregation of all criteria

. Ranking of alternatives

. Social conflict analysis

AW N =

The comparison between the criterion scores of each pair of actions is carried
out by means of the semantic distance. Another important advantage of the prefer-
ence modelling introduced in NAIADE is for sensitivity analysis. The modelling
procedure based on the notion of a pseudo-criterion, may present a serious lack of
stability. Such undesirable discontinuities make a sensitivity analysis (or robustness
analysis) necessary. However, one should combine variations of two thresholds and
k scores of the M criteria; fuzzy sets can help in overcoming this combinatorial
problem. In fact by using membership functions, small variations of input data
(scores, thresholds) will modify in a continuous way.

A first possible approach is to associate a fuzzy outranking relation with a
pseudo-criterion as in ELECTRE III or to use a generalized criterion as in
PROMETHEE. It has to be noted that both methods require that some parameters
have to be fixed. A second approach could be the use of fuzzy criterion scores;
however, in this case the problem of comparison of fuzzy numbers arises. This is
why in NAIADE an approach based on both the underlying philosophy of a “fuzzy
pseudo-criterion” and the use of fuzzy criterion scores is used.

The value 2, in the example shown in Fig. 5.2 indicates that below this value the
difference between the two alternatives is not sufficient to state that one is better
than the other. In Fig. 5.3, the value 3.5 indicates that starting from this value, the
difference between the options is indeed sufficient to declare that one is better than
the other. A problem inherent in the use of precise indifference and preference
thresholds is that they can create the strange situation that e.g. in our case up to the
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Fig. 5.2 Example of credibility degrees of a fuzzy indifference relation
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Fig. 5.3 Example of credibility degrees of a fuzzy preference relation

value 1.9999 one would conclude that the two options are indifferent and starting
from 2.0001 one would definitely state that the preference relation seems
plausible.

For this reason, credibility degrees of the preference and indifference relations
are introduced in NAIADE. Credibility degrees are measured on the y-axis (while
in the x-axis the difference intensities for two options and one single criterion are
represented), in the case of indifference they indicate that zero difference intensity
makes the credibility equal to 1, and then the greater the difference intensity the
smaller the credibility of an indifference relation. This credibility is greater than 0.5
up to the value of the indifference thresholds and smaller than 0.5 starting from the
indifference thresholds. The credibility of an indifference relation then necessarily
must be a monotonically decreasing function like the one shown in Fig. 5.2. In the
case of preference the reverse holds. At zero difference the credibility of preference
is zero, then the greater the intensity the more credible the preference relation. This
credibility is greater than 0.5 when the preference threshold is overtaken. As a con-
sequence, the credibility degree of a preference relation can only be a monotoni-
cally increasing function like the one shown in Fig. 5.3.

As one can see thanks to the preference modelling based on the use of credibility
degrees, the issue of significance of difference intensities is dealt with properly, and
no abrupt transition from indifference to preference is allowed.

Given the information on the pair-wise performance of the alternatives accord-
ing to each single criterion, it is necessary to aggregate these evaluations in order
to take all criteria into account simultaneously. This is done by using a kind of
concordance index aggregating the various credibility degrees obtained according
to the criteria used. This is done by introducing parameters that allow us to estab-
lish the degree of compensability desired in the problem at hand. The final ranking
of the alternatives in a complete or partial preorder (y problem formulation), is
obtained by means of the basic idea of positive (leaving) and negative (entering)
flows of the PROMETHEE methods.
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Finally, in the light of an equity analysis, it is possible to evaluate the impact of
various actions on different income/interest groups (see Chap. 8). One should note
that there might sometimes be a serious divergence between the multi-criteria rank-
ing and the equity ranking. This is mainly because the information provided by
these rankings is different in nature (they would otherwise be redundant).

The NAIADE method presents three main advantages:

e The possibility to take into account various forms of mixed information in an
equivalent way.

e The possibility to determine the degree of compensability allowed in the aggre-
gation procedure.

e The explicit use of a conflict analysis procedure, so distinguishing clearly the
technical and social compromise solutions.

However this method suffers also from some serious limitations:

e The impossibility of using weights explicitly. Moreover if they are used, they
could be only trade-offs and never importance coefficients.

e The large number of ad hoc parameters needed for the elaboration of the multi-
criteria impact matrix.

e The fact that qualitative information can be used only in the form of linguistic
variables and can never be measured on a purely ordinal scale.

e Rank reversals may easily appear.

5.7 Ideal and Reference Point Approaches

Ackoff (1978) writes: “An ultimately desired outcome is called an “ideal”. If one
formulates a problem in terms of approaching an ideal solution, one minimizes the
changes of overlooking relevant consequences in decision making. Seeking the
ideal is the best way to open and stimulate the mind to creative activity”.

Briefly, the philosophy underlying the multi-criteria methods based on ideal
point concepts can be summarized as follows (Yu, 1973, 1985; Zeleny, 1974,
1982). Multi-criteria problems are characterized by conflict because of perceived
absence of an obvious “best” option; therefore, the only way to resolve the conflict
is to find or invent an ideal point. The only way to decrease the intensity of the
conflict is to find or generate alternatives which are as close as possible to the
ideal point.

Coombs (1958) assumes that there is an ideal level of attributes for objects of
choice and that the decision-maker’s utility function decrease monotonically on both
sides of this ideal point. He shows that probabilities of choice depend on whether
compared alternatives lie on the same or opposite sides of the ideal. The ideal point
procedures are characterized by the following axiom of choice: alternatives that are
closer to the ideal are preferred to those that are farther away. To be as close as
possible to the perceived ideal is the rationale of human choice.
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A concept similar to the ideal alternative, its mirror image, the anti-ideal
which can be defined on any properly bounded set of feasible alternatives. The
question is, do humans strive to be as close as possible to this ideal or as far
away as possible from the anti-ideal? Zeleny (1982) writes: “our answer-both.
As a matter of fact we propose that humans are capable of switching between
the two regimes according to the given circumstances of the decision proc-
ess...Naturally, the compromise set based on the ideal is not identical with the
compromise set based on the anti-ideal. This fact can be used in further reduc-
ing the set of available solutions by considering the intersection of the two
compromises”. The issue of how losses and gains are normally evaluated by
human beings has been studied in depth by Kahneman and Tversky (1979).
Applications of their prospect theory inside multi-criteria decision theory have
been done by Gomes and Lima (1992).

One of the traditional ideal point approaches is to compute the “distance” of
each action from the ideal point and then rank them in terms of their proximity to
the ideal. One issue related to this approach is that each action is considered com-
pletely independent of the set of all the other actions; the assumption is that humans
compare each action with the ideal rather than with each other. Clearly this philoso-
phy is close to that of multi-attribute value functions. Indeed, the distance functions
used in this approach can be considered a type of value function. As we already
know, an advantage is that no preference reversal is possible.

Aspiration levels (or goals) express the decision-maker’s ideas about the
desired outcomes of the decision in terms of a certain level to be aimed at for each
objective. There is a close link between the concept of aspiration level and the
theory of satisficing behavior (Simon, 1983). The usual way in which aspiration
levels are treated is by means of goal programming (Spronk, 1981). An advantage
of goal programming is that it always provides a solution, even if none of the
goals are realizable, provided that the feasible region is non-empty. This is pos-
sible by using deviational variables, which show whether the goals have been
attained or not. In the latter case, they measure the distance between the realized
and aspired levels. An approach that can be viewed as a generalization of goal
programming and ideal point techniques is the “achievement scalarizing func-
tions” method (Wierzbicki, 1982). The basic idea is constructing a mathematical
basis for satisficing decision-making by introducing the wishes of the decision-
maker as basic a priori information in the form of aspiration levels (reference
points). Achievement scalarizing functions can be considered as a modification
of traditional value functions, thus issues such as compensability and weights as
trade-offs here apply again. Interesting properties of this approach are its meth-
odological foundation (since satisficing behaviour seems to be quite descriptive
for human beings) and the fact that the number of parameters needed is very low,
just the specification of goals.

In general these approaches are more suitable for describing human behaviour
than for social decisions. However an interesting application in a sustainability
framework is the possibility of using reference point approaches for benchmarking
sustainability indicators (Munda, 2005b).
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To give an example, let us consider the urban sustainability example presented
in Chap. 1. A reasonable question to ask is: even if we have a very reliable ranking,
what is the use of knowing that Moscow is better overall than Amsterdam or vice
versa? Let us try to shed some light on this issue. First of all, one should note that
for the majority of indicators used in assessment exercises, no clear reference point
is available. For instance, when GDP is used nobody knows the ideal value of a
country GDP, thus it is quite common to compare with other countries GDP, e.g.
the USA one.

In order to obtain a set of reference values, an “ideal point” can be defined by
choosing the best values reached for any single indicator. In our example, the vec-
tor defining the ideal value (called “ideal city”) is presented in Table 5.3.

A first, very simple procedure could be the application of a normalization rule
known as “distance from the group leader”, which assigns 100 to the leading coun-
try and ranks other countries as percentage points away from this leader country
(see Box 5.2). By applying this normalization rule, which can be considered a sim-
ple ideal point method, to the indicator scores of Amsterdam and New York (taking
care that when the objective is minimization the leader is the city with the lowest
indicator score — the leader is of course the ideal city) the results presented in Table
5.4 are obtained. As shown in Figs. 5.4-5.6, these results can also be presented
graphically for making their interpretability easier. The numerical results are syn-
thesized by using the so-called radar diagrams, in which the ideal city reaches the
score 100 on any indicator.

According to these computations, Amsterdam reaches the ideal values on mean
travel time to work and income disparity therefore these issues can be considered
resolved. Households below the poverty line and city product per person are not a
great concern. All the issues connected to the other indicators signal on the con-
trary, a problem in this city. Their policy relevance is high and their resolution
should be urgent (above all, the crime rate).

Table 5.3 Multidimensional representation of the “ideal city”

Alternatives
Criteria Ideal City
Houses owned (%) 50.5
Residential density (pers./hectare) 72
Use of private car (%) 10
Mean travel time to work (minutes) 22
Solid waste generated per capita (t./year) 0.2
City product per person (US$/year) 30952
Income disparity (Q5/Q!) 5.25
Households below poverty line (%) 15

Crime rate per 1000 (theft) 4.3
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Table 5.4 Benchmarking exercise using the distance-from-the-

leader method

Amsterdam New York
Economic dimension
City product per person 91.27 100
Environmental dimension
Use of private car 16.6 30.7
Solid waste generated per capita 50 32.78
Social dimension
Houses owned 4.35 20.39
Residential density 47.33 100
Mean travel time to work 100 60.27
Income disparity 100 37.47
Households below poverty line 73.17 92.02
Crime rate 2.98 7.58

Amsterdam

City product
per person
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Households below

poverty line N \}/"
%
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time to work
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Fig. 5.4 Radar diagram for Amsterdam’s sustainability benchmarking

O Amsterdam

New York is doing well on city product per person and residential density
(where it meets perfectly the ideal values), rather well on households below the
poverty line and mean travel time to work (where it is not so far from the ideal val-
ues) and rather badly on the other values where it is definitely worse than the ideal
values used, and as a consequence, in our hypothetical situation, the policy issues
connected with these indicators should be considered important priorities. In reality,
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New York
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Fig. 5.5 Radar diagram for New York’s sustainability benchmarking
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Fig. 5.6 Radar diagram comparing Amsterdam and New York

one should note that these ideal values depend on the cities we are comparing. In
this case, the four cities are so heterogeneous that probably their comparison is
meaningless. Moreover the issue of information quality applies: who really believes
that residential density is not a problem in New York?
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5.8 Conclusion

To conclude this chapter, it is possible to state quite safely that a problem of multi-
criteria decision theory is that many different mathematical aggregation conven-
tions (or methods) exist. For the case of SMCE, the following considerations may
be useful when attempting to select appropriate methods.

The idea of social incommensurability makes the following properties desirable
in a social multi-criteria method:

e Weights in this framework are clearly meaningful only as importance coeffi-
cients and not as trade-offs. As a consequence, complete compensability cannot
be implemented.

e Conflict analysis procedures explicitly looking for social compromises should
integrate an SMCE exercise.

e In a policy framework, to have a ranking of all the alternatives is more useful
than to select one alternative only.

The idea of technical incommensurability makes the following properties desir-
able in a social multi-criteria method:

e Partial or complete non-compensability is an essential consistency requirement.

e Indifference and preference thresholds should be explicitly taken into account.

e Mixed information of the widest range should be addressed in a consistent way.

e Simplicity, i.e. the use of as few parameters as possible, is a very desirable
property.

e The hierarchical dimension of a policy problem should be explicitly considered.

In Table 5.5, the methods presented in this chapter are confronted with the desira-
ble properties proposed for SMCE. An evaluation has been made of whether certain
properties are present or not and sometimes also of the degree (low, medium, high)
(the latter by means of a subjective evaluation). For mixed information, it is held
that a method can deal with different criterion scores if no transformation is
required (such as value functions or cardinalization schemes).

Table 5.5 Evaluation of some multi-criteria methods according to desirable properties for
SMCE

Imp. Conf.

Comp.  Coeff. Mix. Inf.  Simpl. Hier. vy Thresh  Anal.
Value Funct. High No No High No No No No
ELEC. Low Not Clear  Partly Low No Yes  Yes No
REG. (1983) Low Yes No High No No No No
REG. (1990) High No Yes Low No No No No
NAIA. Medium No Yes Low No Yes  Yes Yes
AHP High No No Low Yes No No No
PROM. High No No Medium  No Yes  Yes No

Ideal. Point High No No Medium  No No No No
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However, even if quite rough, the information contained in Table 5.5 leads to an
important conclusion: no one of these methods displays all the properties consid-
ered desirable in an SMCE framework. For this reason in Chap. 6 the theoretical
foundations of ranking procedures are further studied by using concepts from social
choice theory. Chap. 7 presents a new multi-criteria method which aims to offer all
the desirable properties for social multi-criteria evaluation in the search for techni-
cal compromise solutions. Chap. 8 then deals with the search for social compromise
solutions.



Chapter 6
The Issue of Consistency: Lessons Learned
from Social Choice Literature

6.1 Social Choice and Multicriterion Decision-Making

Vansnick (1990) showed that the two main approaches in multi-criteria decision
theory i.e. compensatory and non-compensatory can be directly derived from the
seminal work of Borda (1784) and Condorcet (1785). Indeed from the social choice
literature, it can be seen that various ranking procedures used in multi-criteria methods
have their origins in social choice. To give a few examples: the weakness-strength
approach, typical of outranking and PROMETHEE methods (Brans et al., 1986; Roy,
1996), has a clear derivation from two Condorcet consistent rules, i.e. the Copeland
(1951) and Simpson rules (1969); Arrow—Raynaud proposed a sequential procedure
(building on Kohler, 1978) which is also based on some principles of the Condorcet
rule; the so-called frequency matrix approach (Hinloopen et al., 1983; Matarazzo,
1988) comes directly from Borda algorithm, or the permutation method (Paelinck,
1978), has a strong connection with the so-called Kemeny’s method, and so on.

Surprisingly this quite obvious relation between multi-criteria decision theory
and social choice was completely ignored in the development of the multi-criteria
decision literature we have referred to in the previous chapter. In this chapter I criti-
cally review some basic concepts of social choice that are also of fundamental
importance in the multi-criteria evaluation framework.'

In 1986 Kenneth Arrow and Hervé Raynaud published a very influential book
entitled “Social choice and multicriterion decision-making”, in which the formal
analogies between the discrete multi-criterion problem and the social choice prob-
lem are analysed in depth. This book was based on the assumption that, in the case
that all criteria have ordinal impact scores, if one considers the evaluation criteria
as voters, a multi-criteria impact matrix and a voting matrix are identical. As a
consequence all results of social choice also fully apply to multi-criteria decision
theory (at least when no intensity of preference and no indifference/preference
thresholds are involved).

"For reasons of clarity I always use the term criterion/criteria instead of voter/voters. All proofs
are omitted; these can easily be found in the references given.

G. Munda, Social Multi-Criteria Evaluation for a Sustainable Economy. 111
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Formally, the discrete multi-criterion problem with ordinal criterion scores can
be defined by the following three axioms (adapted from Arrow and Raynaud, 1986,
pp- 81-82).

Axiom I:  Diversity. Each criterion defines a total order on the finite set A of alternatives
to be ranked.

Axiom 2:  Symmetry. The only preference information, provided by criteria, is the
ordinal pair-wise preferences.

Axiom 3:  Positive Responsiveness. The degree of preference between two alterna-
tives @ and b is a strictly increasing function of the number of criteria (or
weights) that rank a before b.

A good place to start is Arrow’s impossibility theorem (Arrow, 1963). This
theorem shows that if one formally determines the properties which should define
the concept of democracy, a very sad conclusion can be proved: the only political
system respecting all the properties is a dictatorship! A legitimate question thus
arises: does this paradoxical result also apply to the discrete multi-criterion
problem? Arrow and Raynaud (1986, pp.17-23) answer this question. Let us
assume that to arrive at a total ranking of all alternatives a multi-criterion
aggregation convention needs at least to satisfy three axioms.?

Axiom I: Unrestricted Domain. The values that can be taken by the criteria are
unrestricted and the mathematical aggregation convention must respect
unanimity.

Axiom 2: Independence of irrelevant alternatives. The ranking of the alternatives
in A depends only on the alternatives belonging to A. “This means that
it is of no importance for the decision if you have forgotten in the appli-
cation of the method some (poorly ranked) alternatives:.... The com-
plete set of alternatives is always very large and only a relatively small
subset can be identified. It is thus essential that the result of the method
on a small set of alternatives does not vary if forgotten alternatives are
taken into consideration” (Arrow and Raynaud, 1986, p. 19).

Axiom 3:  Positive Responsiveness. That, as explained in the previous page, requires
that preference is a monotonically increasing function of the number of
criteria.

>The Arrow’s original impossibility theorem (Arrow, 1963) is slightly different, above all with
respect to the independence of the irrelevant alternatives axiom. In the social choice literature for-
mulation, it is called the axiom of binary independence, i.e. the social ranking of each pair of
alternatives depends only on the preferences of each voter on that specific pair of alternatives. The
ranking of any other alternative is irrelevant for this social ranking. Indeed, in the version proposed
by Arrow and Raynaud (1986) the axiom of independence of irrelevant alternatives is closer to the
definition given by Chernoftf (1954), which is derived from Nash’s bargaining theory. For a deeper
discussion of the independence of irrelevant alternatives axiom and its various definitions see e.g.
Ray (1973) and Bordes and Tideman (1991).
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The following theorem then applies: the only ranking respecting all these axioms
must coincide with the ranking supplied by one of the criteria taken into consideration.
In other words, the correct solution of a multi-criterion problem comes from a
mono-criterion optimization. A consequence of this theorem is that no perfect multi-
criterion aggregation convention can exist. “Reasonable” ranking procedures must
then be found. In the framework of social multi-criteria evaluation, this gives rise to
two questions: is it possible to find a ranking algorithm consistent with the desirable
properties® of social multi-criteria evaluation? And the reverse, is it possible to
ensure that no essential property will be lost?

In social choice, the reaction to Arrow’s theorem has been the search for less
ambitious voting structures, making it necessary to retain a few basic requirements
only. These basic requirements are generally threefold:

1. Anonymity: all criteria must be treated equally.
2. Neutrality: all alternatives must be treated equally.
3. Monotonicity: more support for an alternative cannot jeopardize its success.

One should note that, while anonymity is clearly essential in the case of voters,
it is not the case in the multi-criterion problem since criterion weights can normally
be introduced. Life may therefore be easier in the multi-criterion case. We will real-
ize the consequences of abandoning anonymity later in this chapter. Let us now
examine some ranking procedures directly coming from the social choice tradition.
Emphasis will be put on Arrow’s result, in the sense that the limitations of these
procedures will be made clear.

Let us start with the numerical example shown in Table 6.1, where 21 criteria
rank four alternatives (a, b, ¢, d):

We can assume that the objective is to isolate one alternative (o-decision prob-
lem formulation). A first possibility is to apply the so-called plurality rule, meaning
that the alternative which is most often ranked in first place is the winner. Thus, in
our case, alternative @ would be chosen since eight criteria put it in first position.
However, if one looks carefully at Table 6.1, it can be seen that alternative a also
has the strongest opposition, since 13 criteria put it in last position.

It is interesting to note that this paradox was the starting point for Borda’s and
Condorcet’s research at the end of the 18th century, but the plurality rule is still the
most common electoral system in the 21st Century. This is a clear example of what
Arrow’s impossibility theorem signifies in the real-world exercise of democracy.

3Often this search for clear properties characterizing an algorithm is indicated as the axiomatic
approach. However, one should note that properties or assumptions are NOT axioms. As summa-
rized perfectly by Saari (2006, p. 110) “Many, if not most, results in this area are merely properties
that happen to uniquely identify a particular procedure. But unless these properties can be used to
construct, or be identified with all properties of the procedure (such as in the development of util-
ity functions in the individual choice literature), they are not building blocks and they most surely
are not axioms: they are properties that just happen to identify but not characterize a procedure.
As an example, the two properties (1) Finnish-American heritage (2) a particular DNA structure,
uniquely identify me, but they most surely do not characterize me”.
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Table 6.1 Numerical example with 21 criteria and 4 alternatives

Number of Criteria 3 5 7 6
a a b c
b c d b
c b c d
d d a a

Source: Moulin, 1988, p. 228

From the plurality rule paradox two main lessons can be learned:

1. Good ranking procedures should respect the entire ranking of alternatives and
not the first position only.

2. It is important to consider not only what a majority of criteria prefer, but also
what they reject.

The second lesson leads to the use of veto indexes such as for example pro-
posed by Moulin (1981). In the framework of multi-criteria decision theory the
first attempts to use veto indexes were with the ELECTRE methods (Roy, 1985,
1996). However, one should note that in the ELECTRE methods veto indexes refer
to pair-wise comparisons of alternatives (by looking at the intensity of preference
of quantitative criterion scores belonging to the discordance coalition) and not to
the whole overall ranking. Other applications of veto concepts will be discussed in
Chaps. 7 and 8. Here we will focus more on the first lesson above.

The Borda solution to the plurality rule paradox is the following scoring rule:
given N alternatives, if an alternative is ranked last, it receives no points; it receives
1 point if it is ranked next to the last. The scoring process continues like this up to
N — I points awarded to the alternative ranked first*. The Borda winner is the option
with the highest total score. Note that a crucial implicit assumption underlies a
Borda rule: the arbitrary transition from an ordinal scale of measurement (individ-
ual ranking of feasible alternatives) to an interval or ratio scale one (according to
the scoring rule adopted).

Let us then apply the Borda rule to the example shown in Table 6.1. As a first
step we can present the information contained in Table 6.1 in a frequency matrix
fashion. This is done in Table 6.2. This Table shows how many criteria put each of
the alternatives into each of the four positions in the ranking. The sum of each row
or column is always a constant equal to the number of evaluation criteria (21 in our
example). By applying the Borda scoring rule, the following results are obtained:

a=8x3=24
b=5+9%x2+7x3=44
c=10+5%x2+6x3=38
d=6+7%x2=20

4The plurality rule can indeed be seen as a particular case of a Borda count where a single point
is assigned to a voter’s top ranked alternative and zero to all others.
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Table 6.2 A frequency matrix for the application of the Borda rule

Alternatives a b c d
Ranking Points
Ist 8 7 6 0 3
2nd 0 9 5 7 2
3rd 0 5 10 6 1
4th 13 0 0 8 0

Table 6.3 Outranking matrix derived from
the condorcet approach

a b c
a 0 8 8 8
b 13 0 10 21
c 13 11 0 14

13 0 7 0

It can be seen that the preferred option is no longer a, but rather . The plurality
rule paradox has thus been solved.

Let us now look at the Condorcet approach. The Condorcet rule is based on a
pair-wise comparison between all alternatives considered. For each pair, a concordance
index is computed by counting how many criteria are in favour of each alternative.
In this way an outranking matrix whose elements hold the “constant sum property”,
is built. The pairs whose concordance index is higher than 50% of criteria are
selected. Given the transitivity property, a final ranking is determined.

To make the procedure clearer, let us apply it to the example in Table 6.1.
The outranking matrix is shown in Table 6.3: in this case, the constant sum of
e,;,-+e,-,-=21 Yi#].

The majority threshold is composed of 11 criteria. The pairs with a concordance
index higher than 11 are the following:

bPa=13, bPd=21, cPa=13, cPb=11, cPd=14, dPa=13. Clearly, alternative ¢
is the Condorcet winner since it is always preferred to any other alternative.
Alternative b is preferred to both a and d. Between a and d, d is preferred to a. Thus
the final ranking is the following: ¢ > b —> d — a.

As one can see, the derivation of a Condorcet ranking may sometimes be a long
and complex computation process. To solve this problem, so-called Condorcet
consistent voting rules have been developed. These rules are practical, quick-
searching algorithms for the Condorcet winner or for reasonable substitutes for it,
when a Condorcet winner does not exist. The most common ones are the Copeland
and the Simpson rules (Moulin, 1988, p. 233).

o The Copeland rule. Compare alternative @ with every other alternative x. Score
+1 if a majority of criteria prefers a to x, —1 if a majority prefers x to a, and O if
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it is a tie. Summing up those scores over all x, x #a, yields the Copeland score
of a. The alternative with the highest such score, called a Copeland winner, is
selected.

o The Simpson rule. Consider alternative a, and for every other alternative x, com-
pare the number N(a, x) of criteria preferring a to x. The Simpson score of alter-
native a is the minimum N(a, x) over all x, x # a. The alternative with the highest
such score, called a Simpson winner, is selected. The Simpson rule is based on
the same philosophy as the weakness/strength concept, with particular emphasis
put on weakness. In fact, an alternative a, in the framework of the Simpson rule,
can win only if no other alternative has a huge majority of criteria against a.

Let us apply these two rules to the problem shown in Table 6.1. By using the
outranking matrix of Table 6.3, the Copeland and Simpson rules can easily be com-
puted for each alternative. Using the Copeland rule gives a=-3, b=1, c¢=3, d=0,
thus the Copeland winner is alternative ¢, which is also the Condorcet winner.
Using the Simpson rule gives a=8, b=10, c=11, d=7, again alternative ¢ is
selected.

Concluding, we can say that both Borda and Condorcet approaches solve the
plurality rule paradox. However, the solutions offered are different. Arrow’s theorem
explains why this happens. At this point, the question arises: in the framework of SMCE,
can we choose between Borda and Condorcet on some theoretical and/or practical
grounds? A first, partial answer to this question will be offered in the next section.

6.2 Borda Versus Condorcet

The first question to be addressed is: do Borda and Condorcet rules normally lead
to different solutions? (One might think in fact that the divergence of solutions we
found in the previous section was a very special case.) The question has been
answered by Fishburn (1973b) and Moulin (1988). Before we look at those results,
however it is necessary to generalize the Borda approach such that we can compare
any Borda consistent rule with any Condorcet consistent rule.

The Borda approach can be generalized by means of the concept of scoring voting
rules, meaning that the Borda winner can always be found for any non-decreasing
sequence of real numbers. s, <5, <...<s , with 5, < S, 1 S, points are given to the
alternative ranked last and so on; the leader in the ranking receives S, points.

Fishburn (1973b) proves the following theorem: there are profiles where the
Condorcet winner exists and it is never selected by any scoring method. Moulin
(1988, p. 249) proves that “a Condorcet winner (loser) cannot be a Borda loser
(winner)”. In other words, Condorcet consistent rules and scoring voting rules are
fundamentally different in nature. Their disagreement in practice is normal. We
must therefore examine both approaches carefully and choose the one we consider
more appropriate in a social multi-criteria evaluation framework.

Let us consider a numerical example with 60 criteria and three alternatives; the
example shown in Table 6.4 is owed to Condorcet himself.
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The corresponding frequency matrix is shown in Table 6.5.

By applying Borda’s scoring rule, the following results are obtained: a=58,
b=69, ¢=53, thus alternative b is univocally selected.

Let us now apply the Condorcet rule. The corresponding outranking matrix is
shown in Table 6.6.

In this case, the concordance threshold is 31. It is: aPb, bPc and cPa, thus
because of the transitive property a cycle exists and no alternative can be selected.
Let us then try the application of Condorcet consistent rules. By applying the
Copeland rule, it is a=0, b=0, c¢=0, thus no selection is possible here either. By
means of the Simpson rule it is: a=25, b=27, ¢=18, alternative b is then selected
which is also the Borda winner.

From this example we might conclude that the Borda rule (or any scoring rule)
is more effective, since an alternative is always selected, while Condorcet some-
times leads to an irreducible indecision. It seems appropriate then to know more
about the properties of the Borda rule.

Let us examine again the outranking matrix presented in Table 6.6. From this
matrix we can see that 33 criteria favour alternative a, while only 27 favour alterna-
tive b. So a legitimate question is: why does the Borda rule rank b before a? This
is mainly due to the fact that the Borda rule is based on the concept of intensity of
preference, while the Condorcet rule only uses the number of criteria.

Table 6.4 An original condorcet numerical

example

Number of Criteria 23 17 2 10 8
a b b ¢ c
b c a a b
c a c b a

(Source: Condorcet, 1785)

Table 6.5 A frequency matrix derived from Table 6.4

Alternatives a b c
Ranking Points
Ist 23 19 18 2
2nd 12 31 17 1
3rd 25 10 25 0

Table 6.6 Outranking matrix derived from Table 6.4

a b c
a 0 33 25
b 27 0 42

c 35 18 0
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In the context of the Borda rule, and all scoring methods in general, the intensity
of preference is measured by the scores given according to the rank positions. This
implies that compensability is allowed. Moreover, the rank position of a given alter-
native depends on the number of alternatives considered. This implies that the
mutual preference relation of a given pair of alternatives may change according to
the alternatives considered. As a consequence, preference reversal phenomena may
easily occur and of course, the axiom of independence of irrelevant alternatives is
not respected. This problem has been extensively studied by Fishburn (1984).

Let us examine the numerical example presented in Table 6.7. The correspond-
ing frequency matrix is shown in Table 6.8.

By applying Borda’s scoring rule, the following results are obtained: a=13,
b=12, c=11, d=6; thus alternative @ is chosen. Suppose now that alternative d is
removed from the analysis. Since d was at the bottom of the ranking, nobody should
have any reasonable doubt that alternative a is still the best alternative. Let us check
if this assumption is correct. The new frequency matrix is presented in Table 6.9.

By applying Borda’s scoring rule, the following results are obtained: a=6, b=7,
c=38; thus alternative ¢ is now preferred! Unfortunately, it seems that the Borda rule
is wholly dependent on irrelevant alternatives and preference reversals can occur
with an alarming frequency.

It is also interesting to remember that the Borda rule can sometimes lose a funda-
mental property in a ranking procedure, i.e. monotonicity. This happens with scoring
rules based on successive elimination; that is, ascending procedures which first find

Table 6.7 Fishburn numerical example of the Borda rule

Number of Criteria 3 2 2
[ b a
b a d
a d c
d c b

Table 6.8 Frequency matrix derived from Table 6.7

Alternatives a b ¢ d

Ranking Points
1st 2 2 3 0 3
2nd 2 3 0 2 2
3rd 30 2 2 1
4th o 2 2 3 0

Table 6.9 Frequency matrix without d

Alternatives a b c
Ranking Points
Ist 2 2 3 2
2nd 3 2 1

3rd 3 2 2 0
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the worst alternative, then eliminate it and start again in search for the second worst
and so on. Fishburn (1982) proves that any rule based on successive elimination by
scoring methods must violate monotonicity with some profiles. A well-known exam-
ple is the ranking algorithm of the ELECTRE III method (Roy, 1978).

At this point, we need to tackle the issue of when, in a multi-criteria decision
framework, it is better to use a Condorcet consistent rule or a scoring method. There
is consensus in the literature that the Condorcet theory of voting is non-compensatory
while Borda’s is fully compensatory. A first conclusion is that when one wishes to
use weights as importance coefficients, a Condorcet approach is required while
Borda’s is desirable when weights are meaningful in the form of trade-offs.
Moreover, a Condorcet approach is useful for generating a ranking of the available
alternatives (y-problem formulation) while Borda’s is more useful for isolating one
alternative, considered the best (o-problem formulation) (Moulin, 1988; Truchon,
1995; Young, 1988, 1995). An immediate implication is that all ranking algorithms
based on the concept of intensity of preference are inconsistent since they should
deal with the o-problem formulation only (e.g. PROMETHEE (Brans et al., 1986);
PRAGMA (Matarazzo, 1988); NAIADE (Munda, 1995). Moreover, in all these
methods weights should only be introduced in the form of trade-offs). Finally, in
concordance-based outranking methods, if one introduces ranking algorithms
based on scoring methods, a basic inconsistency exists: one is using Borda search-
ing rules in order to find Condorcet solutions.

In the framework of SMCE, I clearly choose to follow the Condorcet tradition’
(since non-compensability and a complete ranking of alternatives are considered
desirable properties in SMCE (Munda, 2004)).

However, as we have seen, a basic problem inherent in the Condorcet approach
is the presence of cycles, i.e. cases where aPb, bPc and cPa arise. This problem has
been studied by various scientists (e.g. Kemeny, 1959; Fishburn, 1973a, b; Young
and Levenglick, 1978; Moulin, 1985; Truchon, 1995; Vidu, 2002; Weber, 2002).
The probability 7 (N,M) of obtaining a cycle with N alternatives and M criteria
increases with N as well as with the number of criteria. Estimations of probabilities
of finding cycles according to N alternatives and M voters can be found in Fishburn
(1973b, p. 95). One should note that these probabilities are estimated under the so-

3 Arrow and Raynaud (1986, pp. 77-78) also arrive at the conclusion that a Condorcet aggregation
algorithm must in general be preferred in a multi-criterion framework. They give more general
justifications than those I give here; this is because I prefer to stay within the scope of public policy.

On the completely opposite side one finds Saari (1989, 2000, 2006). His main criticism against
Condorcet-based approaches is based on two arguments: (1) if one wants to preserve relationships
among pairs (e.g. to impose a side constraint to protect gender balance for candidates in a public
competition) then it is impossible to use pair-wise voting rules; a Borda count must be used. It is
important to note that, although desirable in some cases, preserving a relationship among pairs
implies the loss of neutrality; this is not desirable on general grounds in SMCE. (2) The individual
rationality property (i.e. transitivity) must necessarily be weakened if one wishes to adopt a
Condorcet based voting rule. This criticism can be serious. It will be discussed in detail in Sect.
6.3 when dealing with the cycle issue in Condorcet approaches.
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called “impartial culture assumption”, i.e. voters’ opinions do not influence each
other. While this assumption is unrealistic in a mass election, it is fully respected in
a multi-criterion problem since criteria are supposed to be non-redundant. In
Fishburn et al. (1979), the issue of cycles was tackled specifically for the multi-cri-
terion problem, it has indeed been proved that the cycle issue is a serious problem
for the use of Condorcet’s voting theory in a multi-criterion framework, since with
many alternatives and criteria, cycles occur with an extremely high frequency. For
this reason, the multi-criteria methods based on Condorcet ideas need rules of
thumb to solve cycles. Unfortunately these rules of thumb normally imply the loss
of neutrality (among tied alternatives the choice is by alphabetic order) or anonym-
ity (among tied alternatives the choice is by the order of criterion).

One of the original suggestions of Condorcet was to delete successively all
weakest pair-wise majorities until the point that all cycles have been eliminated. In
the example of Table 5.4, by applying this rule the cycle is broken at the weakest
majority of 33 (a over b) and the final ranking is b — ¢ — a. However, Young
(1986) has proved that this rule is not valid when the number of alternatives is
greater or equal to four.

The question is now: is it possible to tackle the cycle issue in a broader, more
general fashion?

6.3 The Cycle Issue in Condorcet Consistent Rules

Condorcet himself was aware of the problem of cycles in his approach; he built
examples to explain it (as the one shown in Table 6.4) and he was even close to
finding a consistent rule capable of ranking any number of alternatives when cycles
are present. However, attempts to understand fully this part of Condorcet’s voting
theory have arrived at conclusions like “... the general rules for the case of any
number of candidates as given by Condorcet are stated so briefly as to be hardly
intelligible ... and as no examples are given it is quite hopeless to find out what
Condorcet meant” (Nanson, quoted in Black, 1958, p. 175). Or “The obscurity and
self-contradiction are without any parallel, so far as our experience of mathematical
works extends ... no amount of examples can convey an adequate impression of the
evils” (Todhunter, 1949, p. 352 as cited by Young, 1988, p. 1234).

Attempts to clarify, fully understand and axiomatize Condorcet’s approach for
solving cycles have mainly been done by Kemeny (1959), who made the first intel-
ligible description of the Condorcet approach, and by Young and Levenglick
(1978), who gave its clearest explication and most complete axiomatization. For
this reason I call this approach the Condorcet—-Kemeny—Young—Levenglick ranking
procedure, in short the C-K—Y-L ranking procedure®.

“However, one should note that this voting rule is normally referred to in the literature as
Kemeny’s method or Kemeny’s rule.
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Its main methodological foundation is the maximum likelihood concept. In
fact, the C—K-Y-L ranking procedure may be considered one of its earliest appli-
cations. “Condorcet’s argument proceeds along the following lines. People differ
in their opinions because they are imperfect judges of which decision really is
best. If on balance each voter is more often right than wrong, however, then the
majority view is very likely to identify the decision that is objectively best.”
(Young, 1988, p. 1232).

The maximum likelihood principle selects as a final ranking the one with the
maximum pair-wise support. The selected ranking involves the minimum number
of pair-wise inversions. Since Kemeny (1959) proposes the number of pair-wise
inversions as a distance to be minimized between the selected ranking and the other
individual profiles, the two approaches are perfectly equivalent. Formal proofs of
this equivalence can be found in Truchon (1998b, pp. 6— 10) and Saari and Merlin
(2000). The selected ranking is also a median ranking for those composing the pro-
file (in multi-criteria terminology it is the “compromise ranking” among the various
conflicting points of view); for this reason the corresponding ranking procedure is
often known as the Kemeny median order.

Condorcet made three basic assumptions:

1. Voters’” opinions do not influence each other.

2. Voters all have the same competence, i.e. each voter chooses his/her best candi-
date with a fixed probability p, where 2<p<1 and p is the same for all voters.

3. Each voter’s judgement on any pair of candidates is independent of his/her
judgement on any other pair.

As discussed earlier, the first assumption always applies in a multi-criterion
framework. The second might be a serious limitation in our case, since it implies
equal criterion weights, while we assume that criterion weights may be different. In
social choice terms the anonymity property (i.e. equal treatment of all criteria) is
thus broken. Fortunately this is not problematic, since what is interesting of the C—
K-Y-L ranking procedure in a multi-criterion framework, is not its empirical
probabilistic interpretation but its possibility of being characterized as a reasonable
ranking method on some theoretical grounds, in the framework of SMCE.

Indeed, given that full decisiveness tends to dictatorship, Arrow’s impossibility
theorem forces us to make a trade-off between decisiveness (an alternative has to
be chosen or a ranking has to be made) and anonymity. As a consequence, the loss
of anonymity in favour of decisiveness in our case may even be a positive property.’
In general, it is essential that no criterion weight is more than 50% of the total

7One should note that in general the opportunity cost for decisiveness is the loss of one of the basic
requirements of a social choice rule, i.e. anonymity, neutrality or monotonicity. Saari’s (2006)
defense of the Borda rule is based on the fact that it is less dangerous, or even sometimes desirable,
to eliminate neutrality, and if one eliminates neutrality, then only a Borda rule can be adopted. But
if one wishes to maintain neutrality and eliminate anonymity (as is desirable in an SMCE frame-
work), then a Condorcet voting rule is appropriate.
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weights; otherwise the aggregation procedure would become lexicographic in
nature, and this criterion would become a dictator in Arrow’s terminology. Of
course, when criterion weights are derived from different dimensions, the require-
ment is that no dimension should weigh more than 50% of the total weights.

The third assumption refers to the axiom of independence of irrelevant alterna-
tives. Of course the C—K-Y-L ranking procedure does not respect this axiom.
However, two considerations have to be made on this subject:

1. A Condorcet consistent rule always presents smaller probabilities of the occur-
rence of a rank reversal in comparison with any Borda consistent rule (Moulin,
1988; Young, 1995). This is again a strong argument in favour of a Condorcet
approach in a multi-criteria framework.

2. Young (1988, p. 1241) claims that the C—-K—Y-L ranking procedure is the “only
plausible ranking procedure that is locally stable”, where local stability means
that the ranking of alternatives does not change if only an interval of the full
ranking is considered. It is interesting to note that this property was also studied
by Jacquet-Lagreze (1969), one of the first researchers in multi-criteria analysis,
who called it the median procedure.

Personally, I think it is desirable that the final ranking is dependent on the alter-
natives considered, provided of course, that the ranking procedure is neutral.
However, I share Young’s opinion that if the ranking depends on the alternatives
considered, this may cause manipulation of results by introducing extraneous,
strange, extreme alternatives into the evaluation process.® In this sense, his advice
to consider closely-related alternatives looks wise and should be considered during
the evolution of the decision process when alternatives are generated. For instance,
in choosing a car, nobody will realistically compare a Ferrari and a Ford Focus
(some multi-criteria methods will probably supply an incomparability relation for
a pair like this). It is much more plausible that a decision-maker will compare
therefore a Ford Focus with a Volkswagen Golf, or a Ferrari with a Porsche. The
fact of considering homogeneous alternatives for evaluation has thus another con-
sequence: incomparability relations are no longer very important.

Saari and Merlin (2000) explicitly state that the C-K-Y-L ranking procedure
(cited by them as the Kemeny’s rule) enjoys “remarkable properties”; one of
these being “consistency in societal rankings when candidates are dropped . ...

8 Arrow and Raynaud, on the grounds that the C-K-Y-L ranking procedure does not respect the
independence of irrelevant alternatives axiom, arrive at the conclusion that this method should be
discarded since it is not “prudent” (Arrow and Raynaud, 1986, p. 96). However, the whole class
of ranking procedure they propose needs to be free of any intransitivity and cyclical information
(Arrow and Raynaud, pp. 83—110). Thus from an operational point of view, I think that the
C-K-Y-L method has more general applicability. In any case, Arrow and Raynaud’s argument is
even stronger against the adoption of a Borda rule, since preference reversal phenomena are very
probable in a Borda framework.
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To underscore this Kemeny’s rule property, recall how dropping candidates can
cause the Borda count societal ranking to radically change ... The unexpected,
troubling fact is that Kemeny’s rule achieves its consistency by weakening the
crucial assumption about the individual rationality of the voters” (Saari and
Merlin, 2000, p. 404). Thus they conclude that “The Kemeny’s rule structure and
the consistency of the Kemeny’s rule words are impressive; the reasons why they
occur are worrisome” (Saari and Merlin, 2000, p. 431).

Indeed the argument made by Saari and Merlin against the C—-K—Y-L ranking
procedure is a serious one. First of all, let us understand what is meant by individual
rationality. In Saari’s words (Saari, 2000, p. 35) “Transitivity is a sequencing condi-
tion which requires the pair-wise rankings to mimic the ordering properties of points
on the line. For instance, if a voter prefers X to Y and Y to Z, then the voter must
prefer X to Z. A voter with transitive preferences is called rational; a voter with
non-transitive preferences is called irrational”.

As we saw in Chap. 5, the underlying assumption of this definition is the identifica-
tion of human rationality with consistency, and this can be criticized from many points
of view’. In particular, in Chap. 4 we noted that a down-to-earth preference modelling
should imply the use of indifference and preference thresholds; this implies exactly the
loss of the transitivity property of indifference and preference relations. Surprisingly,
we could conclude from this that an appropriate preference modelling should be based
on the “weakening the crucial assumption about the individual rationality” and that
this should be desirable!

Moreover, one should have a clear idea of why a C—K—Y-L ranking procedure
is needed; it answers to a precise problem of the original Condorcet proposal, i.e.
the issue of cycles. It is then clear that we have to evaluate this procedure in the
light of the cycle issue. As we know, cycles originate precisely in the transitivity of
the preference relations, thus it is clear that any attempt to solve cycles has to
weaken this property. The point is to do this with as little arbitrariness as possible,
and this is exactly what the C—-K—Y-L ranking procedure does.

Concluding, we can state that if

1. One accepts high probabilities of the occurrence of rank reversals
2. Transitivity of preference and indifference relations is considered essential
3. Neutrality can be abandoned

Then to use a Borda rule is simply the only option left. Otherwise, if one wishes
to adopt a Condorcet based approach (and then to maintain neutrality and to suffer
fewer rank reversal phenomena), the only acceptable rule to break cycles is the
C-K-Y-L ranking procedure. The price to pay is, of course, the loss of the “rationality

°In Chap. 5, we referred in particular to Herbert Simon’s criticism of the individual rationality
assumption. A corroboration of this criticism in the framework of social choice can be found in
Kelsey (1986), where it is stated that because of social choice problems, an individual with
multiple objectives may find it impossible to construct a transitive ordering.



124 6 The Issue of Consistency

assumption”. Whether this is an acceptable price or not, depends on the framework
of application. In voting theory, it may be a high price to pay, but in the framework
of multi-criteria decision analysis, it is definitely an acceptable price or even, under
certain conditions, desirable.

Other properties of the C-K-Y-L ranking procedure are the following (Young
and Levenglick, 1978):

e Neutrality: it does not depend on the name of any alternative, all alternatives are
equally treated.

e Unanimity (sometimes called pareto optimality): if all criteria prefer alternative
a to alternative b then b should not be chosen.

e Monotonicity: if alternative a is chosen in any pair-wise comparison and only the
criterion scores of a are improved, then a should still be the winning alternative.
Monotonicity is an essential property when dominated alternatives are not
advised to be deleted from the analysis.

e Reinforcement: if the set A of alternatives is ranked by two subsets G, and G, of
the criteria set G, such that the ranking is the same for both G, and G,, then
G,V G,=G should still produce the same ranking. This general consistency
requirement is very important in a multi-criteria framework where one may wish
to apply the criteria belonging to each dimension first and then to pool them in
the general model (see Munda, 1997b, for an example).

Although one can see that, the theoretical characterization of the C—-K-Y-L
ranking procedure is not easy, the algorithm per se is very simple. The maximum
likelihood ranking of alternatives, in a multi-criteria framework, is that ranking
supported by the maximum number of criteria for each pair-wise comparison,
summed over all pairs of alternatives (for more details see the next chapter). By
applying the C—K-Y-L ranking procedure to the numerical example of Table
6.4, the following six possible rankings with the corresponding scores are
obtained.

a b c 100
b c a 104
c a 86
b a c 94
c b a 80
a c b 76

The ranking b — ¢ — a is the final result. The original Condorcet problem has
been solved satisfactorily.

To conclude let us examine the example of Table 6.10, with three alternatives
and three criteria (this is the textbook example of the Condorcet paradox).

By applying the Borda rule, all alternatives receive a score equal to 3; no selec-
tion is possible. By applying the Condorcet rule, the majority being equal to 2/3,
the cycle aPb, bPc and cPa is obtained. By applying both Simpson and Copeland
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Table 6.10 Example of an insoluble
ranking problem

—_

Number of Criteria

® o o

1
a
b
c

[ o]

rules, all alternatives receive a score equal to 1; no selection is possible. By
applying the C—-K-Y-L ranking procedure, three rankings have the greatest sup-
port. These are: a - b — ¢, b = ¢ = a, ¢ > a — b the cycle remains unsolved'.

This example is a perfect materialization of Arrow’s theorem; no decisiveness is
possible. To eliminate ties, a larger number of criteria or some criterion weights are
necessary. This is why I defend, when meaningful, the use of criterion weights,
anonymity is lost but decisiveness improves enormously.

6.4 Arrow-Raynaud’s Ranking Procedure

Arrow and Raynaud (1986) developed an original procedure explicitly designed to
solve the discrete multi-criterion problem. Such a procedure is based on a set of
axioms mainly built on previous research done by Kohler (1978). These axioms can
be summarized as follows:

1. Alternatives are ranked through a step-by-step process.

2. At each step the information used refers only to alternatives not yet ranked.

3. The axiom of independence of irrelevant alternatives must apply. No preference
reversal is possible. This is called the“prudence” axiom by Arrow and Raynaud
(1986, p. 95).

The prudence axiom clearly discards both scoring methods and Condorcet con-
sistent rules; Arrow and Raynaud thus proposed a new ranking algorithm. If no
cycles exist, the ranking algorithm is the following. Given an outranking matrix,
“Step r: Identify the maximum a; along each row of the current matrix. One at least
from among these maxima is smaller than the others. If there are ties, one from
among them is chosen arbitrarily. The row of this minimum corresponds to an
alternative that will be ranked at the (n — r + 1)th rank in the multicriterion ranking.

19Tt is important to note that the so-called ranking wheel, discussed by Saari (2006, p. 116-117),
is simply this classical voting paradox as obtained when considering four alternatives and four
criteria (voters). Of course Saari’s criticism that a Condorcet approach is not adequate in this case,
since it produces a cycle instead of a tie is perfectly correct. However, this criticism is not valid
for the C—-K-Y-L ranking procedure since in this case, the four rankingsa > b —>c—>d, b - ¢
—d—a c—d—a—>b d— a— b— call receive the maximum score of 14, thus producing
a tie correctly.
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If r<n, delete the corresponding row and column of the outranking matrix, in order
to obtain the current outranking matrix for the (r+ 1)th step. The algorithm stops
when the outranking matrix becomes void.” (Arrow and Raynaud, 1986, p. 105).

Let us develop a numerical example starting with the outranking matrix pre-
sented in Table 6.11.

For each row (starting from the first to the fifth) the maxima are: 2.5, 4, 2.5, 4,
4. Since there is a tie, the first row can be chosen arbitrarily and alternative a is put
into the lowest position in the ranking. The next is obviously alternative ¢. At this
stage the new outranking matrix is as shown in Table 6.12.

Now the corresponding maxima are 1.5, 3.5 and 3.5. The best alternative is
unambiguously b. After having eliminated b, the only remaining comparison to be
made is between d and e. Obviously d is in first position and e in second. Finally,
by applying Arrow and Raynaud’s algorithm two rankings are produced:

d—>e—>b—>c—>aand d—>e—>b—>a—c.

The reader could at this point practice applying Arrow-Raynaud’s algorithm to
the outranking matrix of Table 6.6, which is derived from the original Condorcet
approach. One may easily see that the ranking obtained is b — ¢ — a, which is the
same as that obtained through the application of the C—K—Y-L procedure but with
a much shorter computation time. Now the question arises as to why not to use the
Arrow—Raynaud procedure if even cycles can sometimes be solved so efficiently?
To answer this question let us look at another numerical example.

Table 6.11 Outranking matrix for the
Arrow—Raynaud algorithm

[ a b ¢ d e
0 15 25 1 1
35 0 4 15 15
25 1 0 1 1
4 35 4 0 3

4 35 4 2 0

X QU o o

Table 6.12 Outranking matrix
after deleting alternatives a and ¢

b d e
b 0 1.5 1.5
d 35 0 3
e 35 2 0
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Table 6.13 Outranking matrix for a prob-
lem with three criteria and four alternatives

b d
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Table 6.13 presents a numerical example of an outranking matrix with four
alternatives and three criteria.

By considering the 4/ possible rankings, the C—K—Y-L procedure gives an
unambiguous solution: the final ranking is @ — ¢ — b — d. One should note how-
ever, that this clear-cut solution comes at an analytical cost, i.e. the loss of a feasible
ranking. In fact, as noted by Arrow and Raynaud (1986, p. 110): “Rows 1 and 3 on
one hand and 2 and 4 on the other hand are identical up to a permutation of their
coefficients. Hence, in both cases, there should be a tie in the choice of a first ele-
ment, and Kemeny’s method should have given at least two solutions”.

On the other hand, Arrow and Raynaud do not mention that, in this case, their
procedure cannot produce any robust ranking at all given the presence of so many
ties. Unfortunately, ties are very common when cycles are present. This diminishes
the applicability of Arrow—Raynaud’s algorithm significantly.

6.5 Discussion

Summarizing the results presented thus far, we can draw the following conclusions.
Scoring methods present the advantage of always selecting one final solution (but
not a final ranking), thus their degree of decisiveness is very high. However, one
has to accept that a scoring method always implies transforming (arbitrarily) an
original ordinal scale of measurement into a quantitative one, and this implies
always having a compensatory aggregation rule. Compensability, which is based on
the concept of intensity of preference, causes a high probability of preference
reversal phenomena. Weights should always be in the form of trade-offs, such as in
MAUT (see Chap. 5). Monotonicity is sometimes lost and neutrality can be relaxed.
A strong argument in favour of a Borda scoring rule is that transitivity of the prefer-
ence relation is never weakened, thus the assumption of individual rationality
always applies.

All concordance-based methods should implement Condorcet consistent rules.
These rules are adequate for finding rankings of alternatives. They present a lower
probability of rank reversal than any scoring method. They are not compensatory,
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therefore weights can be treated as importance coefficients. A weak point is the
high probability of the presence of cycles; their solution normally implies ad hoc
rules of thumb. By means of the C—-K—Y-L approach cycles can be tackled in a
general way with no arbitrariness. Reinforcement is always respected by this rank-
ing procedure. The axiom of independence of irrelevant alternatives is not fulfilled
by the C-K-Y-L rule. In any case, this rule is much more stable than any Borda
count; however the cost of this stability is the weakening of the individual rational-
ity assumption. Moreover feasible rankings are sometimes lost. Neutrality cannot
be relaxed, but anonymity can; this increases decisiveness greatly. The criticism
that “... by concentrating on a particular pair, the pair-wise decision rule adopts a
highly myopic perspective making it incapable of recognizing, or reacting to, the
profile information manifesting the ranking wheel symmetry” (Saari, 2006, p. 117),
is correct if referring to the original Condorcet approach (since it gives a cycle
instead of an indifference relation), but is not valid at all if the C-K-Y-L rule is
used. In fact, this rule correctly produces an indifference relation among the rank-
ings with the maximum likelihood.

Arrow—Raynaud’s method is the only ranking procedure fully respecting the
axiom of independence of irrelevant alternatives; no preference reversal can occur.
It is useful for the ranking decision problem formulation. It is not compensatory.
However, it does not respect reinforcement, which as noted by Arrow and Raynaud
themselves, is a very important characteristic when social decisions have to be
made.'" As a consequence the Arrow—Raynaud method can be considered more
useful in the framework of private business decisions, while the C—-K—Y-L ranking
procedure is more appropriate in a social multi-criteria framework. Moreover, when
cycles are present, the Arrow—Raynaud approach often cannot offer any clear-cut
solution.

In the framework of social multi-criteria evaluation, we know that compensabil-
ity should be limited and that a ranking should be produced; furthermore, the
transitivity of preference relation can be weakened and neutrality should in princi-
ple always be maintained. Scoring methods are then, in the framework of SMCE,
less appropriate than Condorcet based approaches to ranking feasible alternatives.
Since reinforcement is very important in a social context and since cycles are very
likely to occur, Arrow—Raynaud’s method looks slightly less useful than the
C-K-Y-L ranking procedure.

At this point, we have found a consistent ranking procedure to use in a SMCE
framework. However, a serious problem is the computation of the C—K-Y-L
ranking scores when many alternatives exist. One should note that the number of

""Arrow and Raynaud (1986, pp. 95-96) took into consideration the paper by Young and
Levenglick (1978), but they arrive at the conclusion that reinforcement “... has definite ethical
content and is therefore relevant to welfare economics and political science. But here our aim is
operations research, of use to businessmen. We are unable to see why the “consistency” criterion
has any compelling justification when efficiency is the prime consideration.” (Arrow and Raynaud,
1986, p. 96).
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permutations can easily become unmanageable; for example when ten alternatives
exist, the number of permutations is 10! = 3,628,800. Moulin (1988, p. 312) clearly
states that the Kemeny method (that I call the C—K—Y-L approach) is “the correct
method” for ranking alternatives, and that the “only drawback of this aggregation
method is the difficulty in computing it when the number of candidates grows”.
Indeed this computational drawback is very serious, since the Kemeny median
order is NP-hard to compute.'?

This NP-hardness has discouraged the development of algorithms to search for
exact solutions; thus the majority of algorithms which have been proposed in the
literature; are heuristics based on artificial intelligence, branch and bound
approaches and multi-stage techniques (see e.g. Barthelemy et al., 1989; Charon
etal., 1997; Truchon, 1998a; Cohen et al., 1999; Dwork et al., 2001; Davenport and
Kalagnam, 2004). Thanks to all these efficient approaches, the computational
problem can easily be dealt with in a multi-criteria framework.

Issues such as how to deal with mixed criterion scores or how to introduce
weights that are definitively importance coefficients remain to be discussed and
will thus be taken into consideration in Chap. 7. An attempt to combine the
C-K-Y-L ranking procedure with a Borda count will also be illustrated in Chap. 7.
This will be done by using the C—K-Y-L approach to obtain a ranking of
alternatives and the Borda rule to implement the minority principle.

12The complexity class of decision problems that are intrinsically harder than those that can be
solved by a non-deterministic Turing machine in polynomial time. When a decision version of a
combinatorial optimization problem is proved to belong to the class of NP-complete problems,
then the optimization version is NP-hard (definition given by the National Institute of Standards
and Technology, http://www.nist.gov/dads/HTML/nphard.html).



Part C

Mathematical Procedures

to Search for Technical and Social
Compromise Solutions

“Salomon saith: There is no new thing upon the earth. So that
as Plato had an imagination, that all knowledge was but
remembrance; so Salomon giveth his sentence, that all novelty
is but oblivion.”

Francis Bacon — Essays, LVIII, cited by Jorge Luis Borges —
El Aleph, Alianza Editorial, Madrid, 1971, p. 7.

“El final de la historia solo es referible en metdforas, ya que
pasa en el reino de los cielos, donde no hay tiempo.....

... Mas correcto es decir que en el paraiso, Aureliano supo
que para la insondable divinidad, el y Juan de Panonia (el
ortodoxo y el hereje, el aborrecedor y el aborrecido, el acusa-
dory la victima) formaban una sola persona.”

Jorge Luis Borges — Los tedlogos in El Aleph, Alianza
Editorial, Madrid, 1971, p. 48.



Chapter 7
Searching for the “Technical Compromise

Solution”: Solving the Discrete Multi-Criterion
Problem in an SMCE Framework

7.1 Pair-Wise Comparison of Alternatives

Given a set of evaluation criteria G = {gm}, m=1,2,..., M, and a finite set A= {an},
n=1, 2,..., N of potential alternatives (actions), let us start with the simple assump-
tion that the performance (i.e. the criterion score) of an alternative a, with respect
to a judgement criterion g, is based on an interval or ratio scale of measurement.
For simplicity’s sake, it is assumed that a higher value of a criterion is preferred to
a lower one (i.e. the higher, the better). The pair-wise comparison of alternatives
proposed here is a preference modelling structure based on the so-called threshold
model and fuzzy preference relations.

As shown in Chap. 4, by introducing a positive indifference threshold ¢ the
resulting preference model is the threshold model:

aPa;, © g,(a)>g,(a)+q (7.1)
ala, < |gm(aj)—gm(ak)|561

where a, and a, belong to the set A of alternatives and g, to the set G of evaluation
criteria.

The double threshold model is a preference relation where indifference and
preference thresholds have been introduced, i.e.:

aPa, © gm(aj) > gm(ak) + p(gm(ak))

aQar & g.(a) + p(g.(a)) 2 g.(a) >g,(a)+q(g,(a) (7.2)

, g.a) + q(g,(a)) 2 g,(a)
ajtag
ga) + q(g,(ap) = g,(a)

for any m =1, 2,..., M, p being a positive preference threshold.

G. Munda, Social Multi-Criteria Evaluation for a Sustainable Economy. 133
© Springer-Verlag Berlin Heidelberg 2008
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A pseudo-order structure is a double threshold model upon which the following
consistency condition is imposed

gay) + qlg.an) > g.la) + a(g,(ad)

@) + plea) > ga) + plea) 7Y

g.a) > g,la) & {

A problem is that the modelling procedure based on the notion of a pseudo-
criterion may display a serious lack of stability. Such undesirable discontinuities
make a sensitivity analysis (or robustness analysis) necessary; however, this impor-
tant analysis step is very complex in its execution because of the combinatorial
nature of the various sets of data (Saltelli et al., 2004). One should combine varia-
tions of two thresholds (indifference and preference) and & possible scores of the M
criteria. A solution to this problem may be found in the concept of valued preference
relations, that is a preference relation in which it is necessary to assign to each
ordered pair of alternatives (aj,, a,) a value v(aj, a,) representing the “strength” or
the “degree of preference” (Fishburn, 1970, 1973a; Roubens and Vincke, 1985;
Ozturk et al., 2005).

In this framework, an interesting concept is the one of a fuzzy preference rela-
tion (Kacprzyk and Roubens, 1988). If A is assumed to be a finite set of N alterna-
tives, a fuzzy preference relation is an element of the NxN matrix R = ( rjk), ie.

re=Hg(a,a,) with j,k=1,2,...,Nand0<r, <1 (74)

= 1 indicates the maximum credibility degree of the preference of a,overa; each
value of Ty in the open interval (0.5, 1) indicates a definite preference of atoa, (a
higher value means a stronger credibility); Ty = 0.5 indicates the indifference
between a, and a,. This definition implies that fuzzy preference relations can be
used as mathematical models of intensity of preference.

Usually, fuzzy preference relations are assumed to satisfy two properties:

(1) Reciprocity, i.e. ratr = 1
(2) Max—min transitivity, i.e. if a, is preferred to a, and a, is preferred to a, then q,
should be preferred to a, with at least the same credibility degree, i.e.:

ri20.5, 1 20.5= > min (7 rp) (1.5)

Since small variations of input data (scores and thresholds) are modelled by
means of a continuous membership function, by using fuzzy preference modelling
as developed in (7.6), the combinatorial drawbacks of the pseudo-criterion model
can be avoided.

Let us now consider any criterion g belonging to the set G and any pair of
alternatives a, and a, belonging to the set A. The criterion scores gm(a/.) and g (a,)
are measured on an interval or ratio scale. Let p, be a constant preference threshold
and ¢, a constant indifference threshold for the criterion g . Then the credibility
degree p of preference (P) and indifference (/) relations between g, and a, can be
computed as follows:
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,u(ajPak)= [1 + Ccom (gm(aj) - gm(ak))iz]_]

Ha,la) = ¢ 80T 810 (7.6)
e e = [+ e (8@ = 8,00) 7|
where ‘u(aj la) ‘v’gm(aj) and g (a,) and
pla; Pay) if g,(a)-g,(a)>0 (1.7)
wa, Paj) if g.a)—g,(a)<0 (7.8)

In (7.6) the parameters (cpm) and (cqm) are derived in function of the cross-over
point, i.e. the value of the difference between two criterion scores where the
credibility degree of the corresponding indifference/preference relation is equal to
0.5; see Figs. 7.1 and 7.2 for an example' (in these figures in the y-axis the credibil-
ity degrees and in the x-axis the thresholds are represented respectively). The rela-
tions p(ap a)and p(a,p a) are derived from values satisfying the condition of
additive transitivity, thus it is trivial to prove that all these relations are max-min
transitive (Kacprzyk and Roubens, 1988); however the property of reciprocity does
not hold, thus these are not fuzzy preference relations in a strict sense. The relation
M(al a) is a resemblance relation, which is reflexive and symmetrical but no tran-
sitivity is implied (thus the Luce paradox cannot occur).

It has to be admitted that the shape of the function representing the credibility
degrees of the preference and indifference relations is arbitrary. However, there do
exist some consistency requirements e.g. that the functions be continuous and
monotonic and that p > ¢  thereby reducing considerably the degree of
arbitrariness.

! Algebraically the parameters are the solution of this equation

05 = [1 + (pm)’z]

05 ¢ ol

05 = [1 + o (p,,,)fz]_l

-1

where p and g, are the preference and indifference thresholds respectively.
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Plot of Fuzzy Relation
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Fig. 7.1 Example of credibility degrees of a fuzzy indifference relation

Plot of Fuzzy Relation
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Fig. 7.2 Example of credibility degrees of a fuzzy preference relation

7.2 Extensions: The Case of Mixed Information
on Criterion Scores

Ideally the information available for a policy problem should be precise, certain,
exhaustive and unequivocal. But in real-world situations, it is often necessary to use
information which lacks these characteristics and thus to deal with uncertainty of a
stochastic and/or fuzzy nature in the data. Let us then introduce a more realistic
assumption, i.e. that the set of evaluation criteria G = {g }, m =1, 2,..., M, on the
set A ={a}, n=1,2,... Nof potential alternatives may include either crisp (i.e.
impacts measured on interval or ratio scales), stochastic and fuzzy criterion
scores.
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The treatment of mixed information on criterion scores proposed here is
mainly based on the semantic distance I developed some years ago (Munda, 1995,
Chap. 6). This because this semantic distance allows us to deal consistently with
an impact (or evaluation) matrix which may include crisp, stochastic or fuzzy
measurements of the performance of an alternative with respect to an evaluation
criterion. As a consequence the multi-criterion problem is considered in its more
general form (the next section will show that ordinal criterion scores can also be
considered). The only restriction is in the case of fuzzy information, when con-
tinuous, convex membership functions allowing for a definite integration are
required.

Let us start with the case of fuzzy criterion scores (to complete the axiomatic
system in Appendix 7.1 it is proved that this distance satisfies the property of trian-
gle inequality):

if i, (x) and W (x) are two fuzzy numbers, one can write (see Ragade and Gupta,
1977 for a formal proof):

fix)=k, u,(x) and g(y)=k, u,(x) (7.10)

where f{x) and g(y) are two functions obtained by rescaling the ordinates of i (x)
and
L(x) through &, and k,, such that

[ reode= " g(ndy=1 (7.11)

The distance between all points of the membership functions is computed as
follows:

If f{x) is defined on X = [x,, x, ] and g(y) is defined on ¥ = [y, ,y |
where sets X and Y can be non-bounded from one or either sides, then

Su(£G0. g)= [[lx=slf g()dyds (7.12)

If the intersection between the two membership functions is empty, it is x>y Vx
€ X and Vy € Y, it follows that a continuous function in two variables is defined
over a rectangle. Therefore the double integral can be calculated as iterated single
integrals; the result is

S.(f). )= [Ex) - E)| (7.13)

where E(x) and E(y) are the expected values of the two membership functions.

When the intersection between two fuzzy sets is not empty, their distance is
greater than the difference between the respective expected values, since |x — y| is
always greater than (x — y). In this case one finds:

+oo

S.(f), g(y>)=_£ j (y— ) f(x)g(y)dydx + 14

+T j.(x_y)f(x)g()’)dydx

—0  —oo
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This is the case of a double integral over a general region; since this is not
vertically or horizontally simple, its computation is not possible by means of iter-
ated integration; it is necessary to take the limit of the Rieman sum. This problem
can easily be overcome by means of numerical analysis (in Munda, 1995 a Monte
Carlo type numerical algorithm for the computation of this distance was developed.
This is presented in Appendix 7.2).

As an example, we will compute the semantic distance between a symmetrical
and a LR fuzzy number. Let us assume:

1 —0.077(x—143)?
A=e (x-143) and

~1500 (x—140)2
l1-e 140 if 140< x<147
B=!1 if x=147
70 (x—147]2
e 1 if 147 <x < oo
Then we have
2

x—147

e-47o( 5 )

o TT o 007703143 )
S,AB)=| ||x—)] . dydx +
. 7.965 6.349

147 +oo 1 —1500("1’:30] -0.077( y-143)’
+”|x_y| —¢ o dydx =5
7.965 6.349

while the difference between their expected values is about 4.368.
From a theoretical point of view, the following main conclusions can be
drawn:

(1) The absolute value metric is a particular case of the semantic distance

(2) The comparison between a fuzzy number and a crisp number is equal to the dif-
ference between the expected value of the fuzzy number and the value of the
crisp number

(3) Stochastic information can also be taken into account

In sum the semantic distance allows us to deal with fuzzy numbers, probability
distributions and crisp numbers with the theoretical guarantee that all these sources
of information are tackled equivalently, thus solving an open problem for multi-
criteria methods dealing with mixed information. Of course, this search for an equiva-
lent treatment of available information implies a trade-off with precision. For
example, if stochastic information only is available, a stochastic dominance approach
is more effective (see e.g. Markowitz, 1989; Martel and Zaras, 1995), or if fuzzy
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numbers only have to be compared, Matarazzo and Munda (2001) present a more
sophisticated approach based on area comparison. However, in the case of mixed
information in a multi-criteria framework, the semantic distance illustrated here is
probably the best available compromise solution between generality and precision.
Moreover, the use of this semantic distance allows a homogeneous preference model-
ling on all the criteria, otherwise impossible; this can be illustrated as follows.

Going back to the pair-wise comparison of alternatives, let us assume f{x) =
gm(aj) and g(y) = g (a), where g _is any criterion belonging to the set G and a, and
a, any pair of alternatives belonging to the set A. The criterion scores gm(aj) and
g, (a,) are fuzzy or stochastic in nature. Let p,be a preference threshold and g, an
indifference threshold for the criterion g . Then we have:

-1

-2
M, Pa)=[1+ ¢, (H (x = ) F0) dydx)

J.J. =yl f(x)g(y)dyde

el
,u(ajlak) =e (7.15)
,2 -1
wa,Pa) =1+ ¢, (Ij 0 - D Fg) dydx)
where
u(a;la,) YV o xy and
pa, Pay) if  [[ (x=y)f(0)g(y)dydx>0 (7.16)
X,y
waPay) if  Jf (x=y)f(x)g(y)dydx <0 (7.17)

One should note that the comparison between the criterion scores of each pair of
actions is carried out by means of the semantic distance. Since the absolute value
metric is a particular case of this distance, fuzzy, stochastic and crisp criterion
scores are dealt with equivalently.

7.3 Extensions: Introducing Weights as Importance Coefficients

At this point, a very delicate step has still to be tackled, i.e. the exploitation of the
inter-criteria information in the form of weights. Let us then assume the existence
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M
of a set of criterion weights W= {w }, m=1,2,..., M, with zwm =1 derived as

importance coefficients. The problem is the theoretical guararﬁge that weights are
really treated as importance coefficients and not as trade-offs. The point is that no
connection can be made between criterion weights and the corresponding criterion
intensity of preference. Our objectives are then:

(1) To find a way to combine weights with credibility degrees without a direct
interpretation of the latter as intensity of preference

(2) To divide each criterion weight into two parts proportionally to the credibility
degrees of the indifference and preference fuzzy relations. In doing so, the

M
requirement that 2 wm, = 1 should not be lost.

Let us define H, as 1the fuzzy preference relation between a pair of alternatives
and y, as the fuzzy indifference relation between the same pair. Let us put g
=min(Q, p) and p, = max(, ).

Clearly, itis g =, . on the left of the intersection point between the indiffer-
ence and the preference fuzzy relations and vice versa on the right. I propose that a
criterion weight wbe divided proportionally to H, and y, according to (7.18).

W — W umin
ml m
umax + Aumin
(7.18)
W — W umax
m2 m
‘umax+ umin
(7.18) presents the following properties:
Wm t W, 0= Wn (719)
f 1, =0 = wa=wn (7.20)
l"f:umin:lumax:() = Wm:O (721)
. 1
F ln™ B = W =Wz =W (7.22)

As a consequence (7.18) meets our objective of keeping the sum of weights per-
fectly equal to one. Moreover, in (7.18) no direct use of the concept of intensity of
preference is made; as a result we can be sure that criterion weights are being used
consistently with their nature as importance coefficients. Finally if a criterion score
is ordinal in nature, it can be considered a particular case where g . = 0. Again
the treatment of crisp, fuzzy, stochastic and ordinal criterion scores is perfectly
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equivalent. Moreover, when indifference and preference thresholds are not used,
the corresponding criteria can be dealt with as ordinal criteria®, where

a;Pa, < g, (a;)>g,(a,) (7.23)

a;la, < gm(aj) >g (a,)

Now an N x N matrix E can be built, where any generic element e, with j # k is
the result of the pair-wise comparison between alternatives j and k according to all the
M criteria. Such a global pair-wise comparison is obtained by means of (7.24):

u 1
Cjx = Z(Wm(ij) + Ewm(ljk )) (724)
m=1
where w_(p jk) andw, (I jk) are derived from u, and g, through (7.18). It is
e, te,= 1 (7.25)

Property 7.25 is very important since it allows us to consider matrix E as a voting
matrix i.e. a matrix where instead of using criteria, alternatives are compared by
means of voters’ preferences (on the principle of one agent, one vote). This analogy
between the multi-criterion and the social choice problem, as noted by Arrow and
Raynaud (1986), is very useful for tackling the step of ranking the N alternatives in
a consistent axiomatic framework: a Condorcet consistent rule can now be used to
exploit the pair-wise comparisons to order alternatives.

7.4 Ranking of Alternatives in a Complete Pre-Order

The issue here is whether it is possible to find a ranking algorithm consistent with the
desirable properties of social multi-criteria evaluation. And conversely, given the
results of Arrow’s impossibility theorem (Arrow, 1963), whether it is possible to
ensure that no essential property is lost. Both social choice literature and multi-
criteria decision theory agree that whenever the majority rule can be operationalized,

2If criterion scores are used with an ordinal meaning only, as we saw in Chap. 6, the following
axiomatic conditions must be added (adapted from Arrow and Raynaud, 1986, p. 81-82).

Axiom 1: Diversity. Each criterion is a total order on the finite set A of alternatives to be ranked,
and there is no restriction on criteria; they can be any total order on A.

Axiom 2: Symmetry. Since criteria have incommensurable scales, the only preference information
they provide is the ordinal pair-wise preferences they contain.

Axiom 3: Positive Responsiveness. The degree of preference between two alternatives a and b is a
strictly increasing function of the number and weights of criteria that rank a before b.
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it should be applied. However, majority rule often produces undesirable intransitivi-
ties, thus “more limited ambitions are compulsory. The next highest ambition for an
aggregation algorithm is to be Condorcet” (Arrow and Raynaud, 1986, p. 77). As we
have discussed in Chap. 6, in the framework of SMCE the C—-K-Y-L ranking proce-
dure seems the most appropriate.

According to this ranking procedure, the maximum likelihood ranking of alter-
natives, in a social multi-criterion framework, is that ranking supported by the
maximum number of criteria for each pair-wise comparison, summed over all pairs
of alternatives. More formally, the C—-K—Y-L ranking procedure can be adapted to
a multi-criteria framework as follows.

All the N(N — 1) pair-wise comparisons compose the matrix E, in which we remem-
ber that e, te,= 1, with j # k. Let us call R the set of all the N! possible complete
rankings of alternatives: R = {r}, s = 1, 2,..., N!. For each r, let us compute the

corresponding score ¢, as the sum of e, over all the N pairs jk of alternatives, i.e.
2

Q.= (7.26)

where j#k, s=1,2,...N! and e, €T
The final ranking (") is that> which maximizes (7.26), which is:

<@, =maxzejk where ¢, €R (7.27)

A final issue to be discussed is the matter of ties, i.e. the case that in some
individual profiles alternatives can be ranked in the same position. This does not
constitute a problem since such an event can easily be taken into account in the
concordance index used for the construction of an outranking matrix (see (7.24)).

However, if some ties occur in the outranking matrix E, this might sometimes
create a problem for the interpretation of the final results. In this case, one has to
choose a tie-breaking rule, thus neutrality is necessarily lost. The question is then:
which is the probability of finding ties in the outranking matrix E? Proposition 7.1
states that this probability is approximately zero; as a consequence ties in the out-
ranking matrix are not a serious problem. The proof of this proposition can be
found in Appendix 7.1.

Proposition 7.1 In the outranking matrix E the event of obtaining ties, that is,

M
e, =e,= EX is possible but its probability is approximately zero.

31t is important to remember that sometimes the final ranking is not unique. This is a desirable
property since it can be considered a measure of the robustness of the results provided.
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7.5 Introducing the Minority Principle: A Borda Approach

At this point, we refer to the normative tradition in political philosophy, which also
has an influence in modern social choice (Moulin, 1981) and public policy (Mueller,
1978). The fundamental idea is that any coalition controlling more than 50% of the
votes may be converted into an actual dictator. As a consequence, the “remedy to
the tyranny of the majority is the minority principle, requiring that all coalitions,
however small, should be given some fraction of the decision power. One measure
of this power is the ability to veto certain subsets of outcomes.... “(Moulin, 1988,
p. 272). The introduction of a veto power in a multi-criteria framework can be
further justified in the light of the so-called “prudence” axiom (Arrow and Raynaud,
1986, p. 95), whose principle is that it is not prudent to accept alternatives whose
degree of conflictuality is too high (and thus might make the final decision very
vulnerable*). The point is then how to implement this idea of veto power in a multi-
criteria framework.

Historically, the first attempt was made by Roy (1985, 1996) in the so-called
ELECTRE methods. Basically, Roy proposed that for any pair of alternatives one
should look at the majority principle expressed as a concordance index and to the
minority principle in the form of the discordance index. The discordance index is
calculated according to the intensity of preference any single criterion has against
the concordance coalition. This means that for each single criterion a veto threshold
must be defined.

In my opinion, the implementation of veto power in an SMCE framework
presupposes three desirable characteristics:

1. To be independent of arbitrary ad hoc thresholds.

2. To consider the global opposition to the final ranking and not to a pair of alterna-
tives (Roy’s approach), or any specific possible ranking (Paelinck, 1978).

3. No specific intensity of preference should be considered (if a weight is com-
bined with a veto threshold for each criterion, the resulting concept of criterion
importance also depends on the intensity of preference; this means that weights
probably can no longer be considered importance coefficients).

It is interesting to note that an approach meeting these requirements can again
be found in classical social choice theory, in particular, in the Borda approach. The
Borda rule is normally used to find a Borda winner, where the winner is the alterna-
tive which receives the highest score in favour (an alternative receives N — 1 points
if it ranks first, and so on until 0 score if it ranks last on a given criterion). In the
same way, a Borda loser can be defined as the alternative which receives the highest
score against (where N — 1 points are assigned to the last alternative in the ranking
and so on until O points are given to the option which ranks first).

*It should be noted that mitigating the vulnerability of the C—-K—Y-L ranking procedure is very
important since this is one of the main criticisms of the method.
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Formally, the procedure I am proposing can be described as follows by taking
inspiration from the concept of frequency matrices (Hinloopen et al., 1983;
Matarazzo, 1988). Let us call F the matrix where any element f,y means that a given
criterion g scores alternative a, in the i-th ordinal position. Now it is possible to
define the N x N matrix ® where any element ¢, represents the summation of the
weights of criteria which score alternative j at the i-th position; that is

0;= 2 Wwa (7.28)
meGi
where Gi:{gm 1g,(a)= f,,} with G, cG (7.29)
i= 1’ 27 ~--,Nandj= 1, 2, ...,N
It is obviously:
N
Y¢,=1 VaeA and (7.30)
i=1 Y
N
o =1 with j=12,..N (7.31)

Jj=1 v
Now for any alternative a, let us apply the Borda rule in search for the Borda
loser, i.e.

Ba) = Y9, X b) (7.32)
i=l

where p; = N—-1, N-2,... ,0 withi=N, N—1,...,1

The vetoed alternative c_zj is the Borda loser, i.e. the a, for which B(aj) = max.

One should note that by means of this procedure weights are never combined
with intensities of preference and no ad hoc parameter is needed. Consistently with
the Borda approach, only one alternative, considered the one with the greatest
opposition, is selected to be vetoed. It must be remembered that the Borda proce-
dure respects all the properties of the C—K—Y-L, except local stability. This is the
main reason why Borda consistent rules are more appropriate for the selection of
one alternative only and not for the generation of rankings.

Finally a question to be answered is: do Borda and Condorcet rules normally lead
to different solutions? One might in fact believe that the divergence of solutions is a
very special case and thus the value added of introducing the Borda loser is very lim-
ited. As we have seen in Chap. 6, this question can be answered very easily. Fishburn
(1973b) proves the following theorem: there are profiles where the Condorcet winner
exists and it is never selected by any scoring method. Moulin (1988, p. 249) proves
that “a Condorcet winner (loser) cannot be a Borda loser (winner)”. In other words,
Condorcet consistent rules and scoring voting rules are deeply different in nature.
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7.6 Numerical Examples

Let us consider an evaluation problem concerning three types of publicly provided
goods (A, B, C). Let us assume that it has been agreed that these goods have to be
evaluated by taking into account three dimensions, i.e. economic, social and envi-
ronmental, and that each dimension has the same weight.

These dimensions are operationalized by means of the following evaluation
criteria:

1. Financial cost (economic dimension), weight = 0.167; its criterion scores are in
millions of Euro measured in crisp terms, indifference threshold = €250,000,
preference threshold = €500,000 (see Fig. 7.3).

2. Employment (economic dimension), weight = 0.167; its criterion scores are in
number of persons/year, measured by means of symmetric fuzzy numbers, indif-
ference threshold = 30 persons/year, preference threshold = 50 persons/year (see
Fig. 7.4).

3. Avoidance of social exclusion (social dimension), weight = 0.333; its criterion
scores are qualitative, measured by means of an ordinal scale of measurement
(good better than moderate).

Piot of Fuzzy Relation

0.75 —

0.50

025 —

U.m- = l
0 o0 3

Fig. 7.3 Indifference and preference fuzzy relations on the criterion “financial cost”
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Fig. 7.4 Indifference and preference fuzzy relations on the criterion “employment”

Table 7.1 Evaluation matrix of a hypothetical public policy problem

Alternatives A B C

Criteria

financial cost 13.2 13.5 15
employment approx. 100  approx. 135  approx. 200
avoidance of social exclusion Very Good = Moderate Good
environmental impact 2-nd 1-st 3-rd

Table 7.2 Values of the semantic dis-
tance for the criterion “financial cost”

Semantic distance

(A,B) 0.30
(AQ) 1.80
(B,C) 1.50

4. Environmental impact (environmental dimension), weight = 0.333; its criterion
scores are qualitative, measured by means of an ordinal scale of measurement
(1° better than 2°).

This policy problem can be summarized in the evaluation matrix described in
Table 7.1.

Let us now compare each pair of alternatives according to each criterion. For the
ordinal criterion scores the comparison is obvious. For the other criteria, let us
apply the semantic distance. The results are presented in Tables 7.2 and 7.3.

Now it is possible to compute the fuzzy preference and indifference relations.
Values are given in Tables 7.4 and 7.5.
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Table 7.3 Values of the semantic
the criterion “employment”
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distance for

Expected Semantic
value difference distance
(A,B) -35.0081 56.2391
(A,O) -99.9977 107.9972
(B,O) -64.9896 87.8337

Table 7.4 Values of the fuzzy relations for

the criterion “financial cost”

Hp H
(A,B) 0.2647 0.5946
(A,C) 0.9284 0.0442
(B.,0) 0.9000 0.0743

Table 7.5 Values of the fuzzy relations

for the criterion “employment”

Hp Ly
(B,A) 0.3290 0.3827
(C,A) 0.8000 0.1570
(C,B) 0.6282 0.2224

Through (7.18), let’s now compute the relative weights on each criterion for any

pair of alternatives.
Criterion 1: “Financial Cost”.

W, (P), 5=
w, (1), 5=
W, (P) o=
W, (Dip o=
W, (P)y o=

w, (I)(B, o=

0.2647 x 0.167 = 0.051
0.2647 + 0.5946

0.5946 x 0.167 = 0.116
0.2647 + 0.5946

0.9284 x 0.167 = 0.159
0.9284 + 0.0442

0.0442 x 0.167 = 0.0075
0.9284 + 0.0442

0.9000 x 0.167 = 0.154
0.9000 + 0.0743

0.0743 x 0.167 = 0.013

0.9000 + 0.0743

Criterion 2: “Employment”.
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W, (P)yy 4= 0.0762
w,(I),, = 0.08872
W, (P)e. = 0.1379
W, (I o= 0.0270

W, (P = 0.1218
W, (I ¢, = 0.04319

Criterion 3: “Avoidance of Social Exclusion”.

Wy (P),, 5= 0.333
Wy (P),, = 0.333
W, (P)e. = 0.333

Criterion 4: “Environmental Impact”.

W, (P, =0.333
Ww,(P), ¢, =0.333
W, (P)y e, =0.333

By applying (7.24) the following results are obtained (see Table 7.6):
By applying the C—-K—Y-L rule to the 3/ possible rankings it is:

ABC@,=0.485+0.513 + 0.841 = 1.83¢
BCA¢@,=0.513 +0.159 +0.515=1.18
CAB ¢,=0.159 + 0.485 + 0.487 = 1.13
ACB@,=0.841 + 0.487 + 0.485 = 1.81.
BAC¢,=0.515+0.841 + 0.513 = 1.86'
CBA@,=0.487+0.515+0.159=1.16

The final ranking r* is then BAC
Let us now look for the Borda loser. Matrix F' is presented in Table 7.7:
Computing the elements ¢, of matrix ®, we obtain:

Table 7.6 Matrix E of a hypothetical
public policy problem

A B C
A 0 0485 0.841
B 0515 0 0513
C 0.159 0487 O
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Table 7.7 Matrix F of a hypothetical public policy problem

Alternatives A B C
Criteria

financial cost 1-st 2-nd 3-rd
employment 3-rd 2-nd 1-st
avoidance of social exclusion 1-st 3-rd 2-nd
environmental impact 2-nd 1-st 3-rd

¢,,=0.167+0.333=0.5

¢, =0333
¢, =0.167
¢, =0.333
¢ ,, =0.167 +0.167 = 0.33333
¢, =0.333
¢, =0.167
¢, =0333

¢,.=0333+0.167=0.5

0.5 0333 0.167
Then matrix @ is the following @ = |0.333 0.333 0.333
0.167 0.333 0.5

By applying(7.32), we have:

B(A)=0.333 x 1+ 0.167 x 2 =0.666

BB)=0333x1+0333x2=1

B(C)=0.333x1+0.5%x2=1.333

The Borda loser is alternative C which, in this case, is also the C-K-Y-L
loser.

Let us now look at a completely ordinal example. As discussed in Box 4.1, with
composite indicators it is essential to use weights as importance coefficients.
Moreover, indifference and preference thresholds would increase the degree of
arbitrariness too much, thus a proper ranking procedure for composite indicators
should be ordinal in nature (Munda and Nardo, 2003). Let us then apply the C—K—
Y-L ranking procedure to the urban sustainability assessment example with the
criterion weights illustrated in Sect. 4.5. The corresponding outranking matrix is
presented in Table 7.8.

The 24 possible rankings and the corresponding scores @ are the following
(where A is Budapest, B is Moscow, C is Amsterdam and D is New York):
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Table 7.8 Weighted outranking matrix

Budapest Moscow  Amsterdam New York

Budapest 0 0.3 0.4 0.4

Moscow 0.7 0 0.5 0.6

Amsterdam 0.6 0.5 0 0.3

New York 0.6 0.4 0.7 0
B D C A 3,6 B C A D 2,9
D B C A 3,5 C B A D 2,9
D C B A 35 A B D C 2,9
B D A C 35 B A C D 2,8
D B A C 34 A D B C 2,8
B A D C 33 A D C B 2,8
B C D A 32 C D A B 2,7
C B D A 32 C A B D 2,6
D C A B 32 C A D B 2,5
C D B A 3,1 A B C D 2,5
D A B C 3,1 A C B D 2,5
D A C B 3,1 A C D B 2,4

In comparison with the results obtained by applying the linear aggregation rule,
without any criterion weights as described in Chap. 1, Moscow is still in top posi-
tion, but this time Budapest is at the bottom. New York again scores better than
Amsterdam.

Note that the use of weights and the improvement of the mathematical aggrega-
tion procedure (in comparison with the simple linear aggregation rule) do not
change the results spectacularly. The structuring process, and in this case above all,
the input information used for the indicator scores clearly determine the final ranking.
“Garbage in, garbage out” phenomena are almost impossible to avoid (Funtowicz
and Ravetz, 1990). This is a fundamental lesson to bear in mind in real-world appli-
cations of SMCE. Good mathematical algorithms guarantee consistency with the
problem structuring and nothing else. Of course, ceteris paribus, the mathematical
properties of a ranking algorithm may make an important difference.

Let us conclude by examining thereafter examples from the field of composite
indicators (Munda and Nardo, 2003). Let us take into consideration a simple hypo-
thetical example with three countries (A, B, C) to be ranked according to a composite
sustainability indicator. Let us assume that three dimensions have to be considered,
i.e. economic, social and environmental, and that each dimension should have the
same weight, i.e. 0.3333.

The following individual indicators are used:

Economic dimension

Indicator: GDP per capita. Weight: 0.167. Objective: maximization of economic
growth. Variable: US dollar per year.

Indicator: Unemployment rate. Weight: 0.167. Objective: minimization of
unemployed people. Variable: percentage of population.
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Environmental dimension

Indicator: Solid waste generated per capita. Weight: 0.333. Objective: minimiza-
tion of environmental impact. Variable: tons per year.

Social dimension

Indicator: Income disparity. Weight: 0.167. Objective: minimization of distribu-
tional inequity. Variable: Q5/Q]1.

Indicator: Crime rate. Weight: 0.167. Objective: minimization of criminality.
Variable: robberies per 1000 inhabitants.

The impact matrix described in Table 7.9 can then be constructed.
The pair-wise comparison results can be summarized in the following outrank-
ing matrix:
A B C
A 0 0666 0.333
B 0333 0 0.333
C 0.666 0.666 O

By applying the C-K—Y-L rule to the 3! possible rankings we obtain:

ABCe, =0.666 + 0.333 + 0.333 = 1.333
BCA ¢, =0.333 + 0.333 + 0.666 = 1.333
CAB ¢, =0.666 + 0.666 + 0.666 = 2
ACBg, =0.333 + 0.666 + 0.666 = 1.666
BAC¢, =0.333+0.333+0.333 =1
CBA ¢, =0.666 + 0.666 + 0.333 = 1.666

The final ranking r* is then CAB.

Note that using one of the standard ways to produce a composite indicator would
produce a different result. If the composite indicator for each country is calculated
in terms of the difference from the group leader (which assigns 100 to the leading
country and ranks the others in percentage points away from the leader), the impact
matrix becomes as shown in Table 7.10.

The index will be calculated by averaging each indicator (with the same weights
as in the multi-criterion matrix), obtaining I, = 69.8,1,=79.7, and I .= 81.9. The rank-
ing would be CBA, different from the ranking obtained with the other algorithm.

Table 7.9 Impact matrix of the illustrative numerical example

Indicators GDP  Unemp. rate Solid waste Inc. dispar. Crime rate
Countries

A 22,000 0.17 0.4 10.5 40

B 45,000 0.09 0.45 11.0 45

C 20,000 0.08 0.35 5.3 80
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Table 7.10 Impact matrix: distance from the leader

Indicators GDP Unemp. rate  Solid waste  Inc. dispar.  Crime rate
Countries

A 48.9 47.05 87.5 50.5 100

B 100 88.9 77.8 48.2 88.9

C 44 4 100 100 100 50

Table 7.11 Performance in the knowledge-based economy: a tentative indicator

Indicators BERD Researchers Patents HT
Countries

Australia 23.1 22.0 8.3 64.5
Austria 38.7 27.5 24.4 76.3
Belgium 46.5 40.2 32.0 22.3

Consider another example, the composite indicator of Industrial innovation
(OECD, 2003). This composite indicator is based on four sub-indicators: Business
enterprise R&D as percentage of GDP (BERD), the number of business researchers
per 10,000 labour force (Researchers), the number of patents per million population
(Patents), and the share of firms having introduced at least one new or improved
product or process on the market (HT). For sake of simplicity let us take the first
three countries of OECD classification (see Table 7.11) (see OECD, 2003, p. 19)°:

The composite index is the simple average of indicators (thus we have a case of
equal weights): 41.7 for Austria, 35.2 for Belgium, and 29.5 for Australia.

However, the outranking matrix with weight equal to % for each index is as
follows:

AU A B
AU O 0 025
A 1 0 025
B 075 075 0

E =

From the comparison of 3! possible combinations it turns out that the one with
the highest score is (B, A, AU) with 2.25° Again the ranking produced with the
standard methods of summing up normalized variables is different from that pro-
duced with the C—K-Y-L ranking procedure.

3The indicators in the matrix shown in Table 7.11 have been normalized with the min-max method
which ranks each country with respect to the global maximum (the leader = 100) and the global
minimum (the laggard = 0). The index is calculated as: (actual value — minimum value)/(maximum
value — minimum value)*100. Note that none of the countries chosen is either a maximum or a
minimum.

®The outranking matrix is the same for the original data and for the normalized indicators.
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Let us conclude with a real-world example which shows the importance of a
computational algorithm: the “Environmental Sustainability Index” (ESI). The
index for 2005 was produced by a team of environmental researchers from Yale and
Columbia Universities, in co-operation with the World Economic Forum and the
Joint Research Centre of the European Commission.

The aim of the ESI is to benchmark the ability of 146 nations to protect the
environment over the next decades, by integrating 76 data sets into 21 indicators of
environmental sustainability (see Esty et al., 2005). The database used to construct
the ESI covers a wide range of aspects of environmental sustainability ranging from
the physical state and stress of the environmental systems (like natural resource
depletion, pollution, ecosystem destruction) to the more general social and institu-
tional capacity to respond to environmental challenges. Poverty, short-term thinking
and lack of investment in capacity and infrastructure committed to pollution control
and ecosystem protection thus compete to determine the measure of a country’s
sustainability.

Although the official ESI ranking is based upon the linear aggregation of 21
equally weighted indicators, an attempt has been made, in the methodological
appendix, to apply the non-compensatory approach presented in this chapter, in
order to tackle the issues of weights as “importance measure” and the compensability
of different and crucial dimension of environmental sustainability (see the
Methodological Appendix in Esty et al., 2005).

Figure 7.5 compares the ranking obtained by means of the non-compensatory
aggregation rule with that of the ESI2005. In both cases all 21 indicators are equally
weighted. From this figure it is clear that