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Abstract

This paper attempts to provide an explanation of why reductionist approaches are not adequate for urban sustainability policy-

making. Concepts derived from ecology such as urban environmental carrying capacity and ecological footprint, and concepts

coming from economics such as cost benefit and cost-effectiveness analysis are discussed. Social multi-criteria evaluation (SMCE) is

proposed as a general multi-dimensional framework for urban sustainability policies.

r 2004 Elsevier Ltd. All rights reserved.
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(footnote continued)

CO2, emissions of SO2 and Nox, emissions of VOC, emissions of PM10,

emissions of lead, water consumption per capita, COD/BOD through

(non-treated) waste water, non-treated waste water, non-treated waste
Urban sustainability and land use policies

By understanding, sustainable development has a
global dimension. However, the existence of mutual
interaction between local and global processes is also
increasingly recognised. In particular, cities are open
systems impacting on all other areas and on the earth as
a whole. There is quite a lot of work on this issue
available (under Agenda 21), extending experiences
made in some cities under the UNESCO MAB
programme.

In the European context, for example, the reinforced
focus on the city seems warranted as the European
countries are facing a stage of dramatic restructuring
and transition (Cocossis and Nijkamp, 1995; Nijkamp
and Perrels, 1994).

The aim to make Europe more competitive economic-
ally has to come to terms with the issue of environ-
mental and cultural sustainability. At the institutional
level EUROSTAT, for instance, proposes a set of urban
pressure indicators to deal with the urban sustainability
issue (European Commission, 1996).1
e front matter r 2004 Elsevier Ltd. All rights reserved.
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tors are: population density per area, land consump-

parking areas, monofunctional areas, derelict areas,

green area, accessibility of green areas, emissions of
It might be asked, for which reason so many different
indicators are introduced, while there could be a unique
physical index of whether human impact on the
environment is excessive simply by using the concept
of carrying capacity. Carrying capacity, as defined in
ecology, defines the maximum population of a given
species (e.g. frogs in a lake) that can be supported
indefinitely in that given territory without spoiling its
resource base. Begon et al. (1996) clearly state that even
for animals, carrying capacity is ‘‘an idealised concept
not to be taken literally in practice’’.

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

However, for several reasons the definition of carrying
capacity is irrelevant for humans. First, the human
ability to establish large differences in the exosomatic
use of energy and materials points at one question: at
what 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 in
order to determine the number of people who 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. In
this competition the concept of territory is socially and
politically constructed. There is still another reason why
the notion of carrying capacity is not directly applicable
to humans in any particular territory: trade may be
indeed interpreted as the appropriation of the carrying
capacity of other territories.

Urban growth rests on a trade-off between agglom-
eration economies (notably economies of scale and
scope including higher wages) and diseconomies (e.g.
population density and environmental decay). It is likely
that environmental quality 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 for 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 diffi-
culties of traditional carrying capacity simply by
inverting the usual carrying capacity ratio. In
short, the ecological footprint measures land area
required per person (or population), rather than
population per unit area (Folke et al., 1996;
Wackernagel and Rees, 1995). The ecological footprint
is based on the assumption that every category of
energy, material consumption and waste discharge
requires the productive or absorptive capacity of a finite
area of land or water. If we sum up the land
requirements for all categories of consumption and
waste discharge by a defined population, the total area
represents the ecological footprint of that population
whether or not this area coincides with the home region
of the population.

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 base:
�
 to provide all the energy/material resources con-
sumed,

�
 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 calculation 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, degraded or built-over as urban land,

4.
 land needed to absorb CO

2
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 ha per person. One should note that
only CO2 is translated into a land requirement, and not
other wastes, such as domestic waste, 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 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 a 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 2000 kcal (in a poor society) or
35,000 kcal (in a rich society) according to the char-
acteristics of the society. A rich society can be defined by
the average need to produce food using only 5% of the
available work force in agriculture (to produce grain at a
throughput of 700 kg 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. 10 kg 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 emphasise 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 ecological 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
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intensive agricultural production systems. These systems
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 fertilisers and
pesticides and the introduction of exotic species. It is
true that to a certain extent these consequences will
provoke an increase of the land needed to absorb CO2.

2

But what is the rate of compensability implied by these

transformations? Are we sure that the decrease of the
ecological footprint implied by a more energy intensive
agriculture will correspond to an equal increase for the
land needed to absorb CO2?

Technically speaking, this will depend on the assump-
tions about the elasticity of substitution assumed
between the different environmental pressures.3 Unfor-
tunately, in the computations of the ecological footprint
index no specification of this elasticity 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 at which age?

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

When dealing with complex systems operating on
several hierarchical levels, the simultaneous existence of
contrasting but ‘‘correct’’ scientific assessments has to be
accepted (Giampietro, 1994). Connotations of 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 ‘‘Com-
mune’’, or of the ‘‘metropolitan area’’ is likely to give
completely different and contrasting views and policy
suggestions. And so, if we take the example of the
hierarchical level of the ‘‘Commune of Barcelona’’, the
statement that 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
2This point has been raised to me by Joan Martinez-Alier.
3This is the same issue connected to the use of economic production

function measured in monetary terms, In this case, the elasticities of

substitution between different production factors are always clearly

specified, e.g. a Cobb–Douglas type.
metropolitan area, the same statement appears less
likely, referring only to 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 intensively by Van den Bergh
and Verbruggen (1999). A discussion of this index is also
available at the ‘‘Forum on the ecological footprint’’ in
Ecological Economics (2000).

In conclusion, I would like to emphasise that
computing the inverse of the concept of carrying
capacity will not help to eliminate its shortcomings.
Indeed, by definition an inverse keeps all the properties
and limitations of the original concept, as this has
become evident in the discussion mentioned above.

It is impossible to find scientifically sound conversion
factors that can transform all ecological, economic and
social dimensions on land as well as in energy, money
and alike. 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. to trans-
form the ‘‘Colosseo’’ in a wooded area would improve
the ecological footprint of Rome!).

There have been various attempts to develop multi-
dimensional systems of urban sustainability indicators
(e.g., CEROI; ICLEI, 1995, and many others). There is
no unanimous consensus on pros and cons of any
specific system. However, I 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 could such indicators be aggregated? As
shown in the following illustrative example, multi-
criteria evaluation is clearly relevant here.4

Let’s take into consideration four cities, two belong-
ing to highly industrialised countries (Amsterdam and
New York) and two belonging to transitional economies
(Budapest and Moscow). The indicator scores used are
taken from the global urban indicators database (Urban
Indicator Programme). The profiles (i.e. the score of
each city according to each indicator) of these cities are
the ones described in Fig. 1.

By applying the so-called NAIADE method (Munda,
1995) to this impact matrix, the ranking of the four cities
shown in Fig. 2 is obtained.

The final ranking presents Amsterdam in the bottom
position (worse than all other considered cities),
Moscow is in a top position (better than Budapest and
Amsterdam and noncomparable with New York),
4See Munda and Nardo (2003) for a more formal analysis.
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Fig. 1. Impact matrix for the chosen cities according to the selected

indicators.

Fig. 2. Multicriteria ranking of the four cities.

G. Munda / Land Use Policy 23 (2006) 86–94 89
New York is noncomparable with all the other cities
except Amsterdam, which is considered in a worse
position than New York. (NonIncomparability is a
technical preference relation, meaning that according to
the information contained in the impact matrix, no
preference or indifference relation can be deduced.)

At this point a question arises: Where are these

(somewhat surprising) results coming from and what do

they mean?

The results obtained depend on:
1.
 information available (in our case the global urban
indicators database, where for example the data on
the use of private car in Amsterdam are suspiciously
high),
2.
 indicators chosen (i.e. which representation of reality
we are using, e.g. whose interests we are taking into
account),
3.
 direction of each indicator (i.e. the bigger the better or
vice versa, e.g. in our example, the principle has been
used that house owners should be maximised, but this
could be quite disputable and culturally dependent),
4.
 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),
5.
5Some people try to conceptualise the idea of ‘‘tourist carrying

capacity’’. My opinion is that this concept presents all the irreducible

uncertainties we have already seen for the concept of carrying capacity

in general.
multi-criteria method used (here the NAIADE method
was chosen, but since the information of the impact
matrix is all quantitative other multi-criteria methods
could have been applied).

All these uncertainties have to be taken into account
when we state that a given city is ‘‘better’’ than another
one. At this stage, it also seems clear why in multi-
criteria evaluation it is claimed that what is really
important is the ‘‘decision process’’ and not the final
solution, since this solution has a value only as a
construction of the decision process and is not an
ultimate truth (in Herbert Simon’s (1976) words we
could say that we should move from ‘‘substantive to
procedural rationality’’).
Economic instruments for urban policies

Urban development implies the creation of new assets
in terms of physical, social and economic structures. At
the same time, traditional physical, social and cultural
assets derived from our common heritage may disap-
pear. A process of ‘‘creative destruction’’ takes place.

Monuments represent part of the historical, architec-
tural, and cultural heritage of a country or city. They do
not offer a direct productive contribution to the
economy. Tourist revenues, based on the user value
shown on the market, may reflect part of the interest of
society in monument conservation and/or restoration.
However, in various places one may observe a situation
in which large-scale tourism affects the quality of a
cultural heritage instead of contributing to its preserva-
tion (e.g. Venice).

It is impossible to talk about the concept of
‘‘economic value’’ as an objective, value free category.
Indeed, the key question here is: Value for what? For
example, if the objective is to reduce the tourist pressure
on Venice, one may think of limiting the number of
visitors by imposing the payment of an entry ticket and
to use the money collected to maintain the city’s cultural
heritage. However, one could argue that due to the
‘‘relative scarcity’’ of a peculiar economic good as
Venice, people will be willing to pay the price of the
ticket anyway. 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. However one should note that a quota of
visitors can be established on heuristic grounds only.5

Let’s now go to a more fundamental question: Do
people not visiting Venice have an interest in its
preservation? If the answer is yes, the concept of ‘‘total
economic value’’ becomes immediately relevant. To
attribute monetary values to the historical heritage
implies to capture use (actual, option and bequest) and
non-use (existential, symbolic, etc.) values. Of course, to
compute total economic values has nothing to do with
the ‘‘true’’ or ‘‘correct’’ value. All monetary valuation
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attempts will suffer deep uncertainties such as: Which
monetary valuation technique has to be used? Which
time horizon has to be considered? Which social
discount rate?

In addition to these questions, another one is of vital
importance: Can we use money values as a social decision

tool for cultural heritage policies?

If the answer is positive, cost-benefit analysis (CBA) is
the appropriate policy instrument to use. The measure-
ment of social costs and benefits is based on the so called
‘‘compensation principle’’—usually associated with the
names of Hicks and Kaldor. According to this principle,
the social cost of a given output is defined as the sum of
money compensating all those who lose, as a result of
production of the output in question so that they re-
attain their previous level of utility (Munda, 1996).

When dealing with cultural heritage, in my opinion,
talking about substitutability and compensability loses
its meaning. Who would be willing to accept compensa-
tion for the destruction of the ‘‘Statue of Liberty’’ or the
‘‘Colosseo’’? We could argue that, similarly to environ-
mental policy, the presence of irreversibility and
uncertainty urges us to transform the compensation
principle into the precautionary principle6 (it is more
prudent a social conservationist attitude). Of course, this
principle implies that the majority of society (mainly the
non-experts) outside the economic system (i.e. outside
the market mechanisms such as in the case of establish-
ing the maximum number of visitors for Venice), would
decide the ‘‘amount’’ of cultural capital desired.7 As a
matter of fact, in human history economic efficiency was
not a major criterion, when creating ‘‘a monument’’ (e.g.
a cathedral).

This becomes evident when we direct our attention at
the ‘‘Sagrada Familia’’, a church projected by Gaudı́ in
the 19th century. 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 the wide perception as a
symbol for Catalan identification.

In this context, from an economic point of view the
only instrument left is ‘‘cost-effectiveness’’, which
denotes, in the case of a certain ‘‘physical’’ target given
(e.g. the amount of cultural heritage to be preserved or
the amount of contamination to be accepted), if it is
rational to try to reach it by means of the lowest possible
use of resources (i.e. at the minimum social cost).
6The 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’’.
7Fusco Girard claims that the socio-economic and historical artistic

value of a cultural good is a multidimensional indicator or ‘‘complex

social value’’ (Fusco Girard, 1986). This probably could be considered

the foundation of the precautionary principle in the framework of

cultural heritage policies.
Obviously there are several targets possible. This is
explicitly acknowledged in many instances of environ-
mental management, such as water quality standards
negotiated among stakeholders (Funtowicz et al., 1999).

In general two rankings are possible:
1.
 According to the lowest cost.

2.
 According to the physical target (the more monu-

ments preserved, the better).

Perhaps a discussion would lead to the judgement that
the improvement of a physical target is worth the extra
economic cost, or perhaps the opposite judgement will
be reached. In both the cases, we would have an ordinal
ranking of alternatives—and ‘‘cost-effectiveness’’ would
‘‘fall down’’ into ‘‘weak comparability’’ (Martinez-Alier
et al., 1998) operationalised by multi-criteria evaluation.

From the above discussion the following conclusion
can be drawn: to attach prices to cultural heritage assets,
undervalued or not valued at all on the market, gives a
positive signal to society and may contribute to their
more rational use increasing the chances for a better
conservation. When one wishes to preserve a monument
or a simply ancient building, a fundamental question is:
Is there any resource which society is willing to assign to

this object? To answer this question the use of techniques
such as hedonic prices, travel costs or contingent
valuation is desirable and useful. However, one should
remember that the market alone may be successful in
efficient allocation of resources, but does not give any
guarantee for preservation of the cultural or natural
heritage at all. Once something is on the market, it can
be bought or sold—the willingness to accept this and the
compensation principle may easily cause the destruction
of any asset. For this reason, when uncertainty and
irreversibility are evident, there is a need to change the
compensation principle for the precautionary one. This
implies the use of evaluation tools such as cost-
effectiveness and multi-criteria analysis (see, e.g. Beinat
and Nijkamp (1998) for a collection of empirical
examples in land use planning).

Urban sustainability depends on at least five types of
capitals: man-made, natural, human, cultural and social

capitals, and on the way in which these are combined,
i.e., on their mutual relationship. The challenge of urban
sustainable development is the challenge of matching
these different dynamics in a co-evolutionary perspec-
tive. Ecological indicators completely neglect socio-
economic issues. Economic policy instruments put the
whole emphasis on efficiency issues, thus forgetting
environmental, distributional and cultural dimensions.
Therefore, a multi-dimensional framework is of para-
mount importance for a correct framing of urban
sustainability (Archibugi and Nijkamp, 1990; Archibu-
gi, 1997; Fusco-Girard and Nijkamp, 1997; Gowdy,
1994; Norgaard, 1994).
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Social multi-criteria evaluation (SMCE) as an integrative

framework for dealing with a complex world

The world is characterised by deep complexity. This
obvious observation has important implications on the
manner in which policy problems are represented and
decision-making is framed. Each representation of a
complex system is reflecting only a sub-set of the
possible representations of it. A system is complex, if
the relevant aspects of a particular problem cannot be
captured by using a single perspective (Funtowicz et al.,
1999; O’Connor et al., 1996).

To make things more difficult, systems including
humans are reflexively complex. Reflexive systems
present two peculiar aspects: ‘‘awareness’’ and ‘‘pur-

pose’’, both requiring an additional ‘‘jump’’ in describ-
ing complexity. The presence of self-consciousness and
purposes (reflexivity) means that these systems can
continuously add new relevant qualities/attributes that
should be considered when explaining, describing or
forecasting their behaviour (i.e. human systems are
learning systems). Moreover, the existence of different

levels and scales at which a hierarchical system can be
analysed implies the unavoidable existence of non-
equivalent descriptions of it (Giampietro, 1994). There-
fore, the problem of multiple identities in complex
systems cannot only be interpreted in terms of episte-
mological plurality (non-equivalent observers), but also
in terms of ontological characteristics of the observed
system (non-equivalent observations).

A consequence of these deep subjectivities is that in
any land use policy 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 have different definitions of ‘‘value’’ (O’Neill,
1993). That is, to reach a ranking of policy options,
there is a previous need for deciding about what is

important for different social actors as well as what is

relevant for the representation of the real-world entity
described in the model. One should note that the
representation 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 municipality
or the whole metropolitan area and (3) the set of
dimensions, objectives and criteria used for the evalua-
tion process. A reductionist approach for building a
descriptive model can 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
maximisation of economic efficiency) and one time

horizon.
An outcome of this discussion is that the political and

social framework must find a place in multi-criteria
decision aid. In general, these concerns have not been
considered very relevant by scientific research in the past
(where the basic implicit assumption was that time was
an infinite resource). On the other hand, the new nature
of the policy problems faced in this third millennium
(e.g., the mad cow, genetic modified organisms,y),
implies that very often, when using science for policy-
making, long-term consequences may exist and scientists
and policy-makers are confronting issues where ‘‘facts

are uncertain, values in dispute, stakes high and decisions

urgent’’ (Funtowicz and Ravetz, 1994). In this case,
scientists cannot provide any useful input without
interacting with the rest of society and the rest of the
society cannot perform any sound decision-making
without interacting with the scientists. That is, the
question on ‘‘how to improve the quality of a policy
process’’ must be put, quite quickly, on the agenda of
‘‘scientists’’, ‘‘decision makers’’ and indeed the whole
society.

This discussion can be synthesised by using
the philosophical concept of weak comparability

(Martinez-Alier et al., 1998; O’Neill, 1993). Weak
comparability implies incommensurability, i.e., there is
an irreducible value conflict when deciding which
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 epistemological plurality and in terms of
ontological characteristics of the observed system, I
argue that it is possible to further distinguish the
concepts of social incommensurability and technical
incommensurability (Munda, 2004). Social incommen-

surability can be derived from the concepts of reflexive
complexity and refers to the existence of a multiplicity of
legitimate values in society. Technical incommensurabil-

ity comes from the multidimensional nature of complex-
ity and refers to the issue of representation of multiple
identities in descriptive models.

If one wants to implement technical incommensur-
ability, there is a clear need to take into account
incommensurable dimensions using different scientific
languages coming from different legitimate representa-
tions of the same system. This is what Neurath called the
need for an ‘‘orchestration of sciences’’. From the
experience I have in different real-world case studies, I
learnt that a multi-criteria framework is a very efficient
tool to operationalise Neurath’s idea. Here, I refer to the
idea of orchestration of sciences as a combination of
multi/inter-disciplinarity. In this context, multi-discipli-
narity means that each expert works on her/his part;
while inter-disciplinarity refers to methodological
choices that are discussed across the disciplines). In
terms of inter-disciplinarity, the task is to find an
agreement on the set of criteria to be used; in terms of
multi-disciplinarity, the issue is to propose and compute
an appropriate criterion score. A real world case study
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involving the water supply system of the city of Palermo
in western Sicily (South Italy) might clarify this point.
Water resource management is characterised by the
presence of a strong competition among different
categories of consumptive water uses and, as a
consequence, among various interest groups. Such a
competition also exists between consumptive uses as a
whole and ‘‘ecological uses’’ which aim at limiting water
diversion for off-stream uses in order to preserve the
ecological equilibrium of ecosystems. This permanent
condition of competition may become a real conflict
under drought conditions, i.e. when there is a temporary
reduction of available water resources due to a long and
severe decrease of rainfall (compared to mean or median
natural values)—a problem particularly relevant in
Southern Europe.

Water shortages not only depend on hydrological
drought which in turn follows from meteorological
drought, but also on water supply system characteristics
and demand levels, which are both affected by different
drought mitigation measures. As a consequence, the
pure technical hydrological solutions cannot be sepa-
rated from their consequences on the socio-economic
system. Therefore, alternative management options
under drought conditions can be divided into two main
groups:
�
 alternatives that try to satisfy 100% of the water
demands,

�
 alternatives that do not satisfy completely the water

demands.

To specify the alternatives, it was necessary to
understand the structure of the Palermo water supply
system and, given the technicalities involved, it was
immediately clear that this was the job for experts in
hydrology. However, these alternatives had to be
evaluated for the longest historic drought experienced
(four years) according to a set of criteria including the
economic dimension (e.g., connected financial costs and
benefits of 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 was evident. Each expert suddenly knew
her /his comparative advantage. The experts involved
had various backgrounds (mainly in engineering,
economics and mathematics). While in the beginning,
the communication process was very difficult, when it
was decided to structure the problem in a multi-criterion
fashion, it was astonishing to realise that immediately a
common language was created.
In the Palermo case study, it was also experienced that
explicitly taking distribution issues into account in-
creases the transparency of the study and makes possible
a process of interaction with various social actors (e.g.,
city inhabitants, farmers, industrialists, energy produ-
cers, water distribution company and environmentalists)
in an effective way. This idea of combining technical and
social issues by means of multi-criteria evaluation is the
main idea of SMCE.

Historically, the first stage of the development of
multi-criteria decision theory was characterised by the
so-called methodological principle of multi-criteria

decision-making (MCDM) whose main goal is to elicit
clear subjective preferences from a mythical decision-
maker (DM) and then try to solve a well-structured
mathematical decision problem thanks to a more or less
sophisticated algorithm. In this way a multi-criterion
problem can still be presented in the form of a classical
optimisation problem (Keeney and Raiffa, 1976). The
limitations of the classical concept of an optimum
solution and the consequential importance of the
decision process has recently been emphasised in the
context of the decision sciences by authors such as
Simon and 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 substantive 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 decision-making process itself). ‘‘A body
of theory for procedural rationality is consistent with a
world in which human beings continue to think and
continue to invent: a theory of substantive rationality is
not’’ (Simon 1976).

Roy (1985) states that in general it is impossible to say
that a decision is a good one or a bad one by referring
only to a mathematical model: all aspects of the whole
decision process which lead to a given decision also
contribute to its quality and success. Thus, it becomes
impossible to find 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) the principal aim is not to
discover a solution, but to construct or create something
which is liable to help ‘‘an actor taking part in a decision
process either to shape, and/or to argue, and/or to
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transform his preferences, or to make a decision in
conformity with his goals’’ (Roy, 1985). This has
become known as the constructive or creative approach.

The need for public participation has been more and
more recognised in an MCDA framework. Two recent
proposals have been participatory multi-criteria evalua-

tion (Banville et al., 1998) and social multi-criteria

evaluation (Munda, 2004). Social multi-criteria evalua-
tion agrees on the need of extending MCDA by
incorporating the notion of the stakeholder; therefore,
social multi-criteria processes must be as participative

and transparent as possible—although it is further
argued that participation is a necessary condition but
not a sufficient one. This is the main reason why the
concept of SMCE is proposed in substitution of
participative multi-criteria evaluation (PMCE) or sta-
keholder multi-criteria decision aid (SMCDA).

We should not forget that even a participatory policy
process can always be conditioned by heavy value
judgements. Do all 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 conceded to the
minorities? Are income distribution effects important?

The main principles of SMCE can be summarised as
follows:
(1)
 The classical schematised relationship decision-
maker-analyst is indeed embedded in a social
framework, which is of a crucial importance in the
case of public choice problems such as land-use
policies.
(2)
 The combination of various participatory methods,
which has proven powerful in sociological research,
becomes even more forceful when integrated with a
multi-criterion framework (De Marchi et al., 2000).
(3)
 Using a cyclic evaluation process allows to incorpo-
rate the concept of learning of the scientific team on
the case study tackled. It is extraordinarily impor-
tant that different participatory and interaction tools
are used in different stages throughout the process.
This allows for a continuous testing of the assump-
tions made.
(4)
 According to the geographical scale chosen, the
social actors with interests at stake can be found by
institutional analysis. Institutional analysis is an
essential tool to identify possible ‘‘stakeholders’’ for
a participative process. However, apart from the
unavoidable mistakes that may occur in carrying out
an appropriate institutional analysis, there are even
stronger reasons why a pure participatory study is
not desirable:
(a) In a focus group, powerful stakeholders may

influence deeply all the others.
(b) Focus groups are never meant to be a represen-

tative sample of population. Consequently, they
can be a useful instrument to improve the
knowledge of the scientific team on the
institutional and social dimensions of the
problem at hand, but they are not a way for
deriving consistent conclusions on social
preferences.

(c) The notion of stakeholder only recognises
relevant organised groups and not any possible
social actor.

(d) Since decision-makers search for legitimacy of
the decisions taken, it is extremely important
that public participation or scientific studies do
not become instruments of political ‘‘de-respon-
sibilisation’’. Social participation does not imply
that scientists and policy-makers have no re-

sponsibility of policy actions defended and
eventually undertaken. As a consequence, ethics

matters.
(5)
 Within this framework, mathematical algorithms
still play an important role (i.e. to assure that the
policy rankings obtained are consistent with the
information and the assumptions used). For this
reason, multi-criteria algorithms used in a social
context should be as simple as possible (i.e. with a
minimum number of exogenous parameters) and
that their axiomatisation should be complete and
clear.
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