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Abstract: This paper presents a brief overview of multicriteria decision making (MCDM) as applied to
the evaluation of adaptive reuse projects for cultural heritage assets and proposes a strategy to plan
interventions to increase their value. The value of an object can be defined from its fitness to fulfil specified
objectives, its significance to the people who own or use it, its potential to produce revenues, and a host
of other criteria depending on its nature. These criteria are often subjective, relying on judgements issued
by several experts, stakeholders and decision makers. This is why the MCDM methods need to formalize
the problem so as to make it suitable to be treated quantitatively. Moreover, its sensitivity to variable
opinions must be studied to check the stability of the result. We propose to leverage sensitivity analysis
to identify the lines of intervention that promise to be the most effective to increase the value of the asset.
A simulated example illustrates this strategy. This approach promises to be useful when assessing the
sustainability of a reuse or redevelopment project in the cases where the final destination of the asset is
still under examination.

Keywords: multicriteria decision making; sensitivity analysis; value of cultural heritage assets

1. Introduction

Maintenance, exploitation, reuse and redevelopment of heritage assets are becoming more and more
popular in our days, as the concept of cultural heritage is being extended from the original meaning
of a collection of individual artworks to all the material and non-material assets that mark the history,
the traditions and the identity of a population, as well as everything having an aesthetic, artistic or
environmental value [1,2]. Managing this boundless heritage would be too expensive if only based on
conservation [3]. Many assets, especially the ones related to real estate, can lose their significance if they
do not have their specific use and, despite their cultural value, are not maintained for the unsustainable
costs implied and their inability to generate adequate incomes.

The two needs of safeguarding everything has a cultural importance and finding the resources
to do so are thus often addressed by seeking ways to exploit an asset economically without making
it lose or diminish its value as a part of cultural heritage [3–7]. Planning such a kind of actions is
complex for the multiple consequences to be foreseen, and may also be constrained by specific regulations
put in force by the cultural heritage authorities. This means that many, possibly conflicting criteria
must be taken into account when making a decision. Furthermore, not all these criteria are related
to objective and measurable quantities, as some of them could rely on personal opinions of experts,
authorities, users and other stakeholders. Methods of multicriteria decision making (MCDM) have been
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developed mainly in economics and industry to allow the decision maker to systematize, structure and
solve quantitatively a decision problem involving multiple criteria that can be both quantitative-objective
and qualitative-subjective. These methods first build a hierarchy of criteria, sub-criteria and further
components whose function is to specify with increasing detail the meaning and the rationale of the criteria
and the target decision. Following diverse strategies, the alternative decisions are then ranked in order of
relevance. The top-ranking alternative is the action to be performed. Similar approaches have also been
adopted to decide, rather than the possible actions to be undertaken, the “value” of an asset, that is, its
suitability to be used or managed in some particular way. In those cases, the alternatives are not actions but
value levels [8,9]. For this reason, here we often refer to multicriteria evaluation rather than multicriteria
decision making. Possible actions to be undertaken, however, can be devised on the basis of the final
value level assigned [8]. As generally acknowledged [10–17], it is also important to validate the MCDM
results through a sensitivity analysis. This is conducted by studying the stability of the result as a function
of the internal consistency of the individual opinions gathered, the level of conflict between different
opinions and the influence of small variations in the derived parameters [11,15–20]. In other words, it
is important to see whether a little change in the judges’ opinions would reverse the final priorities of
the alternatives considered. Condon et al. [21] suggest a method to cluster the different opinions and
reveal possible outliers, thus discouraging the judges from trying to bias the final solution towards their
personal preferences. Goepel [22] proposes a consensus indicator to check the overall conflict among the
different judgements. On the other hand, a conflict in opinions is perfectly natural in human judgements,
and is not always motivated by fraudulent intents. By pointing at the amount of variation that would be
necessary to alter the final priorities, the robustness indices determined through sensitivity analysis can
help the decision makers to assess how likely would be a rank reversal as the effect of outliers or internally
inconsistent data. It is intuitively apparent that the more judges are involved in the decision problem,
the less sensitive is the result to the inclusion or exclusion of possible outliers in the opinion pool.

Any quantitative strategy to assess a decision-making problem must put it in a mathematically
tractable form. Brugha [10] lists a number of desirable properties for these forms. Following the so-called
hierarchical decision model (HDM) and starting from the target decision, one can group together subsets
of requirements to obtain a few top-level judgement criteria, further specified by increasingly detailed
elements, each equipped with a specific weight. Thus, a multilayered hierarchical tree is formed, whose
leaves represent the alternative decisions to be made. These are ranked by assigning their relevances to
the lowest-level components and propagating them up the hierarchy using the criteria weights. Finally,
the alternatives are scored and sorted to form a global ranking. Figure 1 shows a graphical representation
of a generic hierarchy with five layers. Note that not all the branches of the tree must have the same depth.
In the case depicted, for example, the subtree descending from Criterion M has three layers, whereas
the ones descending from Criteria 1 and 2 have two layers. Following [11], the nodes called “criteria”,
“sub-criteria” and “indicators” in the figure are generically denoted here as “contributions”.



Sustainability 2020, 12, 9238 3 of 13

Figure 1. A generic hierarchy for a problem structured by a hierarchical decision model (HDM). There are
five hierarchical layers: the top layer (pink) includes the target decision; immediately below, there is the
criterion layer (light blue), then the sub-criterion layer (purple) and the indicator layer (light green). At the
bottom of the hierarchy, there are the alternative decisions, marked with different colors, which must be
assigned relative scores with respect to all the elements of the lowest hierarchical layers.

The MCDM methods differentiate in the strategies adopted to assign relative importances to all
the contributions and to rank the alternatives for the target decision. Dozens of methods have been
developed and proposed [23]. Several problems related to cultural heritage (especially regarding the
reuse of buildings) have been addressed through MCDM methods. Even though the related papers are
still a small part of the literature, their number has been steadily increasing in the last few years [24].
Della Spina [25], dealing with sustainable cultural heritage reuse in urban development, mentions 16
different methods, highlighting the most popular: the analytic hierarchy process (AHP [26]), the step-wise
weight assessment ratio analysis (SWARA [27]), the best worst method (BWM [28]) and the full consistency
Method (FUCOM [29]). The choice of the best suited methods depends upon the specific problem.
Choosing an optimal method is not easy, whereas a number of criteria have been established to highlight
the relative advantages offered by the different approaches. The most common proposals in cultural
heritage studies favor hybrid methods, where different strategies are applied in the different phases
of the ranking process. Liu et al. [8] propose an evaluation method for industrial heritage using an
AHP framework, but assigning the basic relevances through the Dempster–Shafer mass-composition
rule [30]. Claver et al. [31] address a similar problem, and propose AHP for the evaluation of industrial
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heritage, followed by another AHP application, adapted to the specific features of each asset, to choose
among the possible uses. Giove et al. [32], dealing with a problem of reuse of historical buildings, rely on
measuring the consensus within a group of experts to analyze the sustainability of the possible reuse
scenarios. Zhu et al. [12] propose a new version of AHP for scoring the criteria to evaluate a design concept
and an improved VIKOR method [33] to evaluate the related alternatives. Pinto et al. [34] propose to
integrate AHP and EVAMIX [35] for the assessment of building reuse projects. The approach proposed
by Giuliani et al. [36] to decide the best reuse of historical industrial buildings is similar to AHP in
the composition of weights and scores, but the individual values are established directly by the expert
evaluators. Xue et al. [9] deal with the communication of intangible cultural heritage, and apply AHP after
consulting a selected group of experts through the Delphi method [37]. In the mentioned work by Della
Spina [25], AHP is used to compute the weights and EVAMIX to rank the alternatives.

As far as sensitivity analysis is concerned, Triantaphyllou and Sánchez [16] and Chen and
Kocaoglu [11] propose methods to compute indices of sensitivity for different MCDM strategies.
Triantaphyllou and Sánchez propose a method suitable for AHP as well as for the weighted sum model
(WSM [38]) and the weighted product model (WPM [39]). Addressing the problem parameters one by one,
they define the “most critical criterion” and the “most critical performance index” (see Section 2), in terms
of the minimum absolute or percent variations necessary to produce a rank reversal. A small minimum
variation in a contribution denotes a high sensitivity of the final ranking to that contribution. Chen and
Kocaoglu evaluate the sensitivity of an HDM strategy towards variations of multiple contributions, at any
layer of the hierarchy. The result is a multidimensional “allowed region”, where the parameters can range
without altering the final ranking. This region is independent of the comparison scale used, the judgement
quantification and the group opinion combination.

This paper addresses a methodological issue: rather than seeking robustness, we propose to use
the sensitivity analysis results to identify the components in the hierarchy on which we can most easily
act to increase the value of the asset. Indeed, sensitivity analysis can help planning actions to increase
the value of the asset under study, by either reconsidering the importance of the evaluation criteria or
making the asset more fit to a fixed destination. In the first case, reconsidering the relevance of the criteria
entails the choice of the asset’s best use; in the second case, the relevance of the criteria remains fixed and
the possible actions should affect those local contributions to which the global value is most sensitive.
Hereafter, we take AHP [26] as an example MCDM method, since it is the most popular in decisions
related to cultural-heritage buildings, alone or in combination with others [24]. Whereas the concept of
value depends on the use for which an object is intended, our results show that this strategy promises
to be a viable and simple tool for assessing an evaluation problem based on many criteria, in view of
possibly unidentified alternative uses, or specific interventions intended to increase the value for an
already specified use. The theoretical background of this method is presented in Section 2, based on the
stability analysis proposed in [16], as applied to AHP. In Section 3, an example is used to demonstrate how
this method works. Some final remarks are reported in Section 4.

2. Methods

First of all, we report a brief description of AHP. For the sake of simplicity, we only refer to a three-level
hierarchy, where the top level is in our case the value of a cultural heritage object. Many aspects and criteria
concur to form the concept of value for cultural heritage (see for example [40]). The most relevant criteria,
as chosen by the decision makers, constitute the second layer of the hierarchy. At the third and lowest
level, there are the alternatives, here represented by a set of N value levels. The related hierarchical tree
can be derived by just removing the purple and green layers from Figure 1. More complicated structures,
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including sub-criteria, sub-sub-criteria and further contributions and hierarchical layers, do not differ
conceptually from the one described here.

As proposed in [14,26], each member of a group of expert “judges” is asked to compare all the
possible pairs of criteria and all the possible pairs of alternatives per criterion, using a comparison scale
with 9 integer values, ranging from 1, denoting equal importance, to 9, meaning that the contribution
being examined (Contribution A) is extremely more important than the contribution being compared to
it (Contribution B). The reciprocal of the appropriate value is used to characterize the comparison when
Contribution A is less important than Contribution B; for example, the value 1/9 means that Contribution
A is much less important than Contribution B. The result of each group of comparisons is a positive
reciprocal square matrix [41], called judgement matrix, whose general form is

C
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C
on

tr
.2

... C
on

tr
.n

R =

Contribution 1
Contribution 2

...
Contribution n


1 r12 ... r1n

r21 1 ... r2n
... ... ... ...

rn1 rn2 ... 1

 , (1)

with rji = 1/rij. Each entry in R represents the comparison between the contribution denoting the row,
considered as Contribution A, and the contribution denoting the column, considered as Contribution B.
Thus, each rij results from the pairwise comparison between contribution i and contribution j, and assumes
one of the integer values mentioned above or their reciprocals. Of course, the entries in the main diagonal
are all equal to 1, each resulting from the comparison of a contribution with itself. With N alternatives and
M criteria, each judge produces M judgement matrices Ai, of order N, containing the mutual importances
of the alternatives with respect to the criteria, and a judgement matrix W, of order M, containing the
mutual importances of the criteria with respect to the target. A final set of judgement matrices is obtained
through an element-by-element geometric mean of the corresponding matrices produced by all the judges.
In the original AHP formulation by Saaty [26], the dominant eigenvector of one such matrix, scaled so as to
make its elements sum up to 1, contains the scores attained by the contributions to be ranked. In a perfectly
consistent positive reciprocal matrix of order N, that is, one that does not contain any contradictory
judgement, the maximum eigenvalue is equal to N. Kułakowski [19] gives the definition of such a matrix,
and provides a number of criteria to assess the consistency of a generic reciprocal matrix. Saaty uses the
maximum eigenvalue (which is always ≥ N) to compute a consistency ratio depending on N, whose value
should not exceed a threshold of 0.1.

Denoting by aj the dominant eigenvector of the judgement matrix Aj, its i-th element, aji, is called the
local priority of Alternative i with respect to Criterion j. Analogously, if w is the dominant eigenvector of
the judgement matrix W, its j-th element, wj, is called the weight of Criterion j. All these values form the
decision matrix, shown in Table 1. In AHP [26,42], the elements li of the vector l of the global priorities are
computed from the elements of the decision matrix through the following formula:

li =
M

∑
j=1

ajiwj, i = 1, ..., N. (2)

li is the final score assigned to the i-th alternative. The final ranking is made by sorting the li’s in descending
order. If there exists an index i∗ such that li∗ > lk for all k 6= i∗, then the i∗-th alternative is the preferred one.



Sustainability 2020, 12, 9238 6 of 13

Table 1. Decision matrix.

Criteria Criterion 1 Criterion 2 Criterion 3 ... Criterion M

Weights w1 w2 w3 ... wM

Alternatives Local priorities

Alternative 1 a11 a21 a31 ... aM1

Alternative 2 a12 a22 a32 ... aM2

. . . . ... .

. . . . ... .

. . . . ... .

Alternative N a1N a2N a3N ... aMN

In their sensitivity analysis, Triantaphyllou and Sánchez [16] determine which is the most critical
criterion and the most critical local priority for the rank reversal of any two alternatives. For criterion k
and for the pair of local priorities aki and akj, the threshold variation in wk such that the global priorities li
and lj are reversed in the final ranking is

δk,i,j =
lj − li

akj − aki
, i, j = 1, ..., N; k = 1, ..., M. (3)

In relative terms, this threshold becomes

σk,i,j =
δk,i,j

wk
. (4)

The most critical criterion in absolute or relative terms, respectively, is the one corresponding to
the minimum of |δk,i,j| or |σk,i,j| for all k, i and j. If we replace wk at least with wk − δk,i,j, or wk(1− σk,i,j),
the global priorities lj and li will be reversed. A criterion is said to be robust if δk,i,j > wk or, alternatively,
if σk,i,j > 1, for all i and j, since the negative variation that should be applied to wk for rank reversal is
larger than wk itself. This means that the priority between the alternatives i and j cannot be reversed
by any variation in wk. In this case, the absolute or relative threshold computed through the above
equation is said to be non-feasible. A second problem is to establish which is the most critical local priority
(or “performance index”, in [16]) with respect to a criterion, that is, which is the aji that must be changed
less among all the local priorities ajk with respect to Criterion j so that the global priorities li and lk are
inverted. To this end, another threshold is established, again, in absolute terms:

τi,j,k =
li − lk

[li − lk + wj(ajk − aji + 1)]
, i, k = 1, ..., N; j = 1, ..., M, (5)

or in relative terms:
χi,j,k =

τi,j,k

aji
. (6)

Computing these thresholds is useful to assess the stability of our result against possible variations
of the criterion weights or the local priorities caused by possible outliers in the judgement pool. Once a
threshold has been computed, and depending on the number of judges, the analyst can decide the trust
to entitle to a criterion or a local priority and, eventually, whether the structure assigned to the decision
problem is effective or not.
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Our proposal here is to use sensitivity analysis to foresee the effects of possible actions undertaken to
increase the value of a cultural heritage asset. Indeed, rather than requiring low sensitivity, we can locate
the most sensitive contributions able to increase the value of an asset by acting on either its present status
or its context, that is, the ones that are most likely to rank-reverse the current value level and some higher
level in the set of alternatives.

Once a specific use has been chosen for the asset under study, the value of the related project can be
assessed through an MCDM procedure. The criteria weights do not change if the status of the asset is
(planned to be) changed: they only depend on its expected use, and the expert group is not likely to change
their judgements on criteria as a result of any action performed on the asset. Thus, trying to increase
the value by acting on the criteria weights means evaluating the asset in view of a different use. If a low
threshold is found for a criterion, the decision makers would be encouraged to explore the possibility of
providing a different destination for the asset under study, so that the importance of that criterion can
increase the final value when assessed against the new destination. In the presence of robust criteria, no
alternative use can increase the asset value. Choosing the most appropriate destination is an important
issue, widely considered in both the literature and the current cultural heritage regulations. The definition
of the highest and best use (HBU) clarifies the criteria to be followed. Whereas dedicated MCDM methods
have been developed to make this choice [3,7,8,36], the method proposed here evaluates the suitability of
the asset to a specific use and helps to identify possibly more suitable destinations, even if these are not
part of a pre-defined set. In this sense, the method proposed can be particularly useful in a preliminary
assessment, when neither a specific destination nor a detailed plan have been defined.

Conversely, if a low threshold (5) or (6) is found for a local priority that can increase the final value,
all the actions to change favorably the judges’ opinion on that contribution are likely to increase the value
for the expected use. Acting on contributions with higher thresholds would be less likely to reach the
desired result. These considerations can help the decision makers to identify a class of actions able to
positively affect the selected local priorities, and then plan a set of specific interventions and submit again
the evaluation problem to the experts to check their effect on the final result.

3. An Explanatory Example

To better describe the strategy outlined above, we rely on a simple example, with a decision matrix
produced by an AHP evaluation of an architectural asset in view of a proposed adaptive reuse project (see
also [43,44]). The value with the highest priority, li∗ , can be considered as a measure of desirability of the
project to be implemented. Here, we use the judgement criteria and the related weights adopted in part
of the case study considered in [25]: six abandoned defensive buildings near the Italian cities of Reggio
Calabria and Messina were to be evaluated against a set of possible reuses in order to choose the best site
for each different scenario. In our case, we assume that the reuse destination has been fixed and we want
to increase the value of a single asset (Fort Beleno) in this context. All the criteria and indicators used,
along with their weights, are reported in Table 2, but the sensitivity analysis in this example is made on
the three top-layer criteria and the related local priorities. To build the AHP matrices, we adopt five value
levels: Very high, High, Medium, Poor and Very poor. As explained, for each indicator, a 5× 5 matrix of the
type (1) is constructed, based on the actual information provided in [25] for the asset chosen. Such matrices
are not shown here for simplicity. Then, the dominant eigenvectors of these matrices, grouped by criterion,
are composed through their weights wij by a formula of the type (2) to form the local priorities of the value
levels against the criteria. In turn, these local priorities are composed through their weights wi by formula
(2) to obtain the global priorities. Table 3 reports the resulting decision matrix for the Criterion layer and
the derived global priorities.
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Table 2. Criteria and indicators used in the example in Section 3 (After [25]).

Criteria (Weights) Indicators Weight

Urban Sustainability
(w1 = 0.30)

Presence of historical-cultural places within 1 km w11 = 0.25
Quality of the urban landscape w12 = 0.30
Accessibility by private car w13 = 0.15
Presence of commercial activities nearby w14 = h0.10
Presence of accommodation and hospitality services w15 = 0.20

Project Sustainability
(w2 = 0.40)

Total property availability w21 = 0.20
Flexibility of spaces to new functions w22 = 0.40
Degradation level w23 = 0.40

Economic Sustainability
(w3 = 0.30)

Investment costs w31 = 0.25
Payback period w32 = 0.25
Financial appeal for private investors w33 = 0.50

Table 3. Decision matrix and global priorities for the example in Section 3.

Value Global Priorities

1 Very high l1 = 0.131
2 High l2 = 0.252
3 Medium l3 = 0.236
4 Poor l4 = 0.210
5 Very poor l5 = 0.172

Criteria 1 Urban Sust. 2 Project Sust. 3 Economic Sust.
Weights w1 = 0.30 w2 = 0.40 w3 = 0.30

Value Local Priorities

1 Very high a11 = 0.046 a21 = 0.168 a31 = 0.165
2 High a12 = 0.111 a22 = 0.402 a32 = 0.193
3 Medium a13 = 0.207 a23 = 0.243 a33 = 0.254
4 Poor a14 = 0.317 a24 = 0.115 a34 = 0.229
5 Very poor a15 = 0.318 a25 = 0.071 a35 = 0.160

As the maximum global priority is l2 = 0.252, the value of the asset is considered High. Note that the
score obtained by the level Medium is significantly higher than the one obtained by Very High. To increase
the value of the asset, we thus should try to reverse the rankings of Very High and High or Very High
and Medium.

The sensitivity analysis with respect to the criteria has been carried out using the absolute thresholds
in Equation (3). The values related to the two mentioned priority inversions are shown in Table 4, where
N/F means non-feasible (see Section 2).

Table 4. Minimum absolute variations δk,i,j in criteria weights to reverse the rankings of the alternative pairs.

Criteria

1 Urban Sust. 2 Project Sust. 3 Economic Sust.

Pairs of alternatives

1-2: Very high–High δ1,1,2 = N/F δ2,1,2 = N/F δ3,1,2 = N/F
1-3: Very high–Medium δ1,1,3 = N/F δ2,1,3 = N/F δ3,1,3 = N/F
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As can be seen, no variation in the criterion weights would be capable of increasing the priority of
Very High so as to prevail on the priorities of High or Medium. This means that, with fixed criteria, changing
the expected reuse can change the final ranking among the value levels, but cannot move the top-ranking
alternative from its current position. Having found all non-feasible thresholds, computing the relative
thresholds by Equation (4) would bring us to the same conclusion.

Looking at the threshold variations in local priorities can allow for devising value-increasing
interventions within the current reuse hypothesis. To do this, we use the relative thresholds of Equation (6),
whose values are shown in Table 5, again, limited to the rows relevant to the rank inversions we are
looking for. The ordering of the pairs is significant: the value reported in each cell represents the percent
amount by which the local priority for the left-hand alternative must be changed to reverse its ranking
with respect to the right-hand alternative. Reversing the ranking, however, does not mean that one of
the two alternatives becomes dominant: this must be checked a posteriori, by explicitly computing the
new ranking.

Table 5. Minimum percent variations (χi,j,k × 100) in local priorities to reverse the rankings of the
alternative pairs.

Criteria

1 Urban Sust. 2 Project Sust. 3 Economic Sust.

Pairs of alternatives

1-2: Very high–High χ1,1,2 = −1325.1 χ1,2,2 = −194.30 χ1,3,2 = −395.14
1-3: Very high–Medium χ1,1,3 = −930.82 χ1,2,3 = −192.33 χ1,3,3 = −287.92
2-1: High–Very high χ2,1,1 = N/F χ2,2,1 = 70.603 χ2,3,1 = N/F
3-1: Medium–Very high χ3,1,1 = N/F χ3,2,1 = 90.986 χ3,3,1 = N/F

From rows “1-2” and “1-3” in the table, under Criterion 2, we see that increasing the value of a21

of more than a 194% would bring the priority of Very High above the ones of High and Medium, thus
reaching our goal. Looking at Criterion 3 instead, we see that increasing a31 by more than 395% can make
the score of Very High higher than the one of High, whereas increasing it by more than 288% makes the
score of Very High higher than the one of Medium. Similar considerations could also be made for Criterion
1, probably requiring more challenging actions. Apparently, planning meliorative interventions under
Project Sustainability could seem less demanding than under the other criteria, but the feasibility and the
costs of the conceivable actions should also be taken into account. Here, we restrict ourselves to show
the alterations in the final rankings as effects of the mentioned changes. After renormalization (see [16]),
the second column of Table 3 obtained by increasing a21 by 200% becomes

a2 = [a21 = 0.377, a22 = 0.301, a23 = 0.182, a24 = 0.086, a25 = 0.053]T (7)

leading to the new final scores

l = [l1 = 0.214, l2 = 0.212, l3 = 0.211, l4 = 0.198, l5 = 0.165]T (8)

that is, being l1 the maximum score, establishing the new value to Very High. Acting on economic
sustainability so as to increase a31 by 400%, the new third column of Tab. 3 becomes

a3 = [a31 = 0.496, a32 = 0.116, a33 = 0.153, a34 = 0.138, a35 = 0.096]T , (9)
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leading to
l = [l1 = 0.230, l2 = 0.229, l3 = 0.205, l4 = 0.183, l5 = 0.153]T , (10)

which shows that, also in this case, the final value level is increased. Would a31 have only been increased
by a 300%, the result would be

a3 = [a31 = 0.441, a32 = 0.129, a33 = 0.170, a34 = 0.153, a35 = 0.107]T , (11)

and
l = [l1 = 0.213, l2 = 0.232, l3 = 0.210, l4 = 0.187, l5 = 0.156]T , (12)

that is, the value level is still High, but in this case the score obtained by Very High is higher than that of
Medium, and the cumulative score of the levels from Very High to Medium is 0.655, whereas, from Table 3,
a cumulative score of 0.698 is obtained for the levels from High to Poor.

4. Discussion

We propose to use the sensitivity analysis of an HDM procedure to help planning actions to increase
the value of an asset in the collective opinion of a pool of expert judges. In evaluating a cultural heritage
asset in view of its reuse, acting on the most sensitive criteria and local priorities has the effect of
maximizing the result (with minimum effort) in terms of the final value. The procedure outlined in
Sections 2 and 3 can be a useful tool to explore a multi-criteria evaluation result to find the contributions
whose variations are most likely to increase the value of the asset of interest. In Section 3, we have shown
how easily the most sensitive contributions able to increase the final value can be found. Identifying these
contributions can help devising possible meliorative actions on the asset or its context. Following the
sensitivity analysis proposed in [16], this can be done by considering one contribution at a time. Note that,
once the local priority to act on is determined, the presence of further layers in the hierarchical model can
be used to better devise the actions to be undertaken, by just adopting recursively the same procedure
followed here. The indicators provided in Table 2, for example, can be the contributions whose values
could be targeted to influence positively the values of the subtending criteria. Adopting the analysis
proposed in [11], a more comprehensive vision could be achieved considering the allowable perturbation
regions in the space spanned by all the contributions and identifying the groups of weights or local
priorities that can most easily and advantageously go out of those regions. This option should be studied
in the future, possibly examining its potential advantages when addressing an HBU or value-increase
problem for a specific project.

Two further considerations are in order. First, from the viewpoint of a ruling/sponsoring authority,
any possible meliorative action could not only be a direct intervention on the asset [45]: referring to
Table 2, urban sustainability, for example, can be improved by modifying the general conditions of
the neighborhood, such as “Quality of the urban landscape” or “Accessibility by private car”, whereas
economic sustainability could be improved by acting on the “Financial appeal for private investors”, e.g.,
by introducing advantageous taxation conditions. The method proposed here could thus enable a public
authority to allocate a budget and select suitable actions (see also [4]) to encourage private investors to
undertake a redevelopment and reuse of a historical-architectural asset, which could not be possible with
the available public funds. See, for example, [5,46,47] for the different combinations of public and private
interventions and the different kinds of possible private stakeholders. To date, this is a popular topic
of research and debate in architecture and urban development, as testified by the number of relevant
papers published per year in the international literature [24]. Secondarily, as any planned intervention
on an urban neighborhood normally raises diverse reactions and objections [48], exposing the results
of this method to publicly motivate the project and the possible improvements sponsored by the public
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authority on the urban environment could be useful to alleviate the conflicts between decision makers,
local inhabitants and other stakeholders.
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Abbreviations

The following abbreviations are used in this manuscript:

AHP Analysis of the Hierarchical Process
BWM Best Worst Method
EVAMIX Evaluation of Mixed Data
FUCOM Full Consistency Method
HBU Highest and Best Use
HDM Hierarchical Decision Model
MCDM Multicriteria Decision Making
SWARA Step-Wise Weight Assessment Ratio Analysis
VIKOR Multicriteria Optimization and Compromise Solution

(Serbian, Visekriterijumska Optimizacija I Kompromisno Resenje)
WPM Weighted Product Model
WSM Weighted Sum Model
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