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Abstract: Urban sustainability has been revealed as one of the key elements in achieving global
sustainability. There is a wide range of indicators in this field; however, sustainability indicators have
not been exempt from criticism, in both their formal aspects and practical usefulness. If measuring
sustainability is “measuring the immeasurable”, then the objective of this article is to propose a
composite indicator that evaluates only the deficits of sustainability or, which is the same thing, the
unsustainability of cities. This focus has the advantage of showing up the particular deficiencies and
thus the priorities that each city must attend to. For this purpose, only unsustainability, defined as the
distance to a sustainability target, was considered. Aggregation was carried out through generalized
means, which lead to a proper balance between compensatory and non-compensatory aggregation.
The results emerging from the application of our methodology to a sample of fifty different cities
suggest that all cities should attend to some aspect concerning sustainability, and that no city is
sustainable, but only less unsustainable, showing both significant differences between cities in terms
of the degree of unsustainability and a common underlying structure of unsustainability in which
the environmental dimension contributes the most.

Keywords: sustainability indicators; non-compensatory aggregation; distance to target; generalized
means; urban policy; environmental sustainability; sustainability deficits

1. Introduction

Concern for sustainability has been growing in social sciences [1] and particularly in
urban economics. Since the Bruntland report [2], the concept of sustainable development
as one that “meets the needs of the present without compromising the ability of future
generations to meet their own needs” has been generally accepted, and there is widespread
acceptance that sustainability encompasses three major dimensions: economic, social and
environmental [3,4].

Sustainability is fundamentally decided in very specific territorial spaces: the cities.
Cities have a remarkable impact on global sustainability; thus, since 2009, most of the
world’s population has been concentrated in cities. It is estimated that by 2030—the
reference year of the Sustainable Development Goals—in developing countries, population
growth will double, and the constructed area will do so by 200% [5]. More than 80% of the
world’s economic activity takes place in cities—60% in the 600 most productive cities [6].
Cities are also responsible for 85% of the GDP of high-income countries and up to 80% of
the global energy consumption—75% of the consumption of natural resources and 75% of
the global carbon emissions [7].

We could place the origin of urban sustainability in the article “The importance of
ecological studies as a basis for land use planning” [8], which highlights the importance
of the ecological vision in urban planning. The first global and institutional document
addressing urban sustainability was the “Action Plan for the Human Environment” pre-
sented at the United Nations Conference on the Human Environment in Stockholm in 1972.
This document with an environmental perspective was the origin of Habitat I (1976), which
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in turn gave rise to Agenda 21, the Rio Summit of 1992 and the later Habitat II (1996) and
Habitat III (2016).

The concept of sustainable urbanization integrating economic, social and environmen-
tal aspects was proposed at the beginning of this century [9]. Hence, cities are recognized as
the key element on the road to global sustainability by the European Commission and the
United Nations [10,11], which states that urban sustainability is defined as the challenge
to solve the problems experienced within cities and by cities, assuming that they are a
fundamental part of the path to global sustainability.

In 2015, the United Nations approved the Sustainable Development Goals (SDG),
establishing a global framework for the world that it hopes to achieve by 2030. Thus, in its
2016 review of urban agglomerations, the United Nations points out that these objectives
of global sustainability must be adapted in urban terms because “waiting for the results of
spontaneous processes is a luxury, which the world and its population can ill afford” [11].
For this purpose, Guiding Principles for a New Urban Agenda were established as follows:

• Ensuring that the new organization model contains mechanisms and procedures that
protect and promote human rights and the rule of law;

• Ensuring equitable urban development and inclusive growth;
• Empowering civil society, expanding democratic participation and reinforcing collaboration;
• Promoting environmental sustainability;
• Promoting innovations that facilitate learning and the sharing of knowledge.

The introduction of indicators to assess the performance of cities in their economic,
social and environmental aspects is completely necessary [12]. This has already been
highlighted regarding the general concept of sustainability [13]. Thus, in the urban field,
many indicators have been developed [14,15] to deal with the problem of constructing
composite indicators and compensation [16], as well as the summing of its dimensions [17].

Despite the enormous production [14,18] and the general acceptance of the advantages
of composite indicators [19,20], sustainability indicators have been criticized for such formal
aspects as their lack of transparency or their construction deficiencies, as well as their scarce
practical application [18,21].

Thus, the Sustainable Development Goals index (SDGs) developed for monitoring the
2030 Agenda has been considered unsuitable for such an objective [22]. Likewise, SDGs
have been described as “incompatible” with each other [23].

Furthermore, the existing urban sustainability indicators may not provide an overall
picture of urban sustainability in both developed and developing countries, which is mainly
due to the scarcity of data at the local level [24]. Thus, they limit their focus to a specific
issue [25,26] or to a very small sample of cities [12].

If measuring sustainability is considered to be “measuring the immeasurable” [16]
due to its “aspirational nature” [27] and because the ranking of urban sustainability can
encourage policymakers to focus on the aspects that can be successful in their cities [28], an
alternative way of studying urban sustainability problems may be necessary.

Given the problems identified in the study of urban sustainability, which have been
referred to in the previous paragraphs, this article proposes an innovative and alternative
focus in this field, with the aim of developing a synthetic or composite indicator, the Urban
Non-Sustainability Index (UNSI).

This composite indicator or index (UNSI) will allow the deficits of urban sustainability
to be identified and quantified based upon the consideration and measurement of solely
those aspects in which each city is not sustainable, defining sustainability deficits, unsus-
tainability or “non-sustainability” in each individual indicator as the distance between its
value and a “sustainability threshold” value.

This focus, adopted from the multidimensional measurement of poverty [29], provides
very interesting novelties. Firstly, it encourages cities not to fall into the trap of complacency
upon finding certain aspects concerning sustainability in which they need to improve—
even though they may be well-placed in the urban sustainability ranking. Secondly,
this focus uses an aggregation technique that avoids compensation between indicators
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with good results and those that present unsustainability in such a way that the relevant
information is not “diluted” and lost among the good results. Thirdly, it identifies not
only where a city’s problems lie, but also how important they are, given that it scores the
importance of each sustainability problem between 0 and 1; the closer the score is to 1,
the worse the problem. Fourthly, the composite indicator also has the possibility of being
deconstructed in order to know which dimension—economic, social or environmental—
most contributes to the unsustainability.

On the basis of such advantages, the indicator can be a useful tool [20] for prioritizing
policies in order to achieve a city oriented towards a desirable state of sustainability. Every
strategic plan needs an adequate diagnosis [30], and this indicator can play the key role in
the evaluation of cities [31].

In order to consider and measure only those aspects in which cities are not sustainable,
we dedicate the second section of the Materials and Methods to the selection of 40 indicators
that represent the greatest aspects of the economic, social and environmental dimensions
of sustainability, and which are also part of other indicators (see Appendix A).

Following that, we define unsustainability for each of the said indicators as the values
that are not above a certain threshold and then proceed to standardizing these values
between 0 and 1 according to the existing distance with respect to the said threshold for
each value of each indicator [29,32,33].

Therefore, the further each value is from the sustainability threshold established for
that indicator, the closer its normalized value will be to 1. The closer each value is to the
sustainability threshold established for that indicator, the closer its normalized value will
be to 0. The values that are above the said threshold and thus considered to be “sustainable”
are then normalized with the value of 0.

The aggregation is carried out by generalized means, which is an aggregation tech-
nique that has important advantages in terms of the balance between compensatory and
non-compensatory aggregation or, which is really the same thing, between weak and strong
sustainability [34]. Finally, in Section 3, we present the results of the indicator, taking a
sample of fifty cities chosen using criteria that allow us to obtain an ample typology of
cities for which there are also existing data.

Using this methodology, we reach our main conclusion which is that even those
cities that are considered to be more sustainable [35] have problems they should resolve,
and which should be prioritized in their public agenda. Similarly, the unsustainability
measurement between 0 and 1 allows us to conclude that there are very different degrees of
unsustainability, but that they all depend to a large degree on the environmental dimension.

2. Materials and Methods

As pointed out in the previous section, urban sustainability is a multidimensional phe-
nomenon that cannot be captured by a single indicator, so a composite indicator focused on
sustainability deficits may be needed. However, to avoid controversy, before constructing
and using composite indicators, methodological issues must be considered [36,37]. For this
reason, it is important to clarify and justify all the decisions adopted while being aware
that each one is open to public debate.

Thus, we propose to construct a composite indicator that relies on the sustainability
deficits instead of the achievements. In this way, some results from the measurement of
multidimensional poverty can be transferred to this framework [29,33]. Furthermore, we
consider the influential work of Nardo et al. [19], guidance about the steps that should be
followed, including the selection of indicators and their sustainability threshold values,
normalization and aggregation.

Since it has been considered that one of the weaknesses of the concept of sustainability
is that it has a loosely defined conceptual base [38], it would seem convenient to offer a clear
framework of our concept of sustainability and its deficits. We define urban sustainability
as the quantifiable development process through which the transformation of a city takes
place towards economic, social and environmental targets. The values of the indicators that
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do not achieve these objectives are considered “non-sustainable”. What do we understand
by the economic, social and environmental dimensions?

Economic dimension: This refers to those facts that influence the sustainability of
the economic development in the medium to long term, including four subdimensions.
The first is the level of income and its distribution; the second is the labor conditions; the
third can be referred to as smart development and the fourth is that which is related to the
financial sustainability of the city.

Social dimension: This features all the aspects that allow the conditions of equal
opportunities, access to basic services and quality of life of the city to be evaluated.

According to the World Bank [39], the social sphere of development focuses on
“putting people first” in the development process.

Poverty is more than low income; it is also vulnerability, exclusion, unreliable insti-
tutions and exposure to violence. We therefore assess access to and permanence in the
education system, as well as quality health care, as they are the most basic mechanisms
of personal development and social inclusion and the main elements working against
marginalization. Likewise, the degree of social cohesion is measured on the basis of indica-
tors that show to what extent there is availability in the access to quality urban services, as
well as a sufficient degree of institutional reliability to facilitate an environment of security
and stability for a city’s inhabitants.

Environmental dimension: This considers those aspects that evaluate efficiency in
the use of resources in relation to three major subdimensions, namely energy, water and en-
vironmental pollution, which occurs not only in the city, but in the nonurban environment
closest to it.

In order to have access to “intra-dimensional” information, we define as “sub-dimensions”
each of the elements that make up the dimensions of sustainability and which will also
serve as the basis for selecting individual indicators.

2.1. The Selection of Urban Indicators and Sustainability Thresholds

There were no lists of standardized indicators with a database that could be applied
interchangeably to a diverse set of cities until 2014. Hiremath et al. [40] and Bell and
Morse [21] carried out reviews of some of the indicators recently used and what should be
next in the literature.

To avoid arbitrariness in the process of selecting indicators, they must also meet the
following requirements [33]:

• Evaluate impacts that the city has beyond its own territory (such as waste generation
or air pollution);

• Belong to one of the three dimensions in a way that allows us to encompass the
multidimensional vision of sustainability;

• Be applicable to cities with different levels of development or income;
• Adequately describe urban environments.

The World Council on City Data (WCCD) implemented a standardized set of urban
sustainability indicators in 2014 (ISO 37120:2014) [41], updated in 2018, which meets the
requirements described above. We selected a total of forty indicators from more than
one hundred proposed in ISO 37120:2014 with the aim of describing in the most precise
way each of the subdimensions that make up the concept of sustainability proposed in
this article.

Thus, the 40 individual indicators selected (Appendix A features a set of other com-
posite indicators to compare the suitability of proposed individual indicators) for each of
the subdimensions and the aspirational sustainability target or sustainability threshold for
each of them are presented in Table 1.
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Table 1. Individual indicators, subdimensions, dimensions and sustainability targets.

Dimension Subdimension Individual Indicator Sustainability Threshold

Economic

Income distribution

City’s GDP per capita 9489.00 USD/hab.

Percentage of city’s population living
in poverty 8.50%

Gini coefficient 0.4

Labor conditions

City’s unemployment rate 6.17%

Youth unemployment rate 11.86%

Percentage of persons in
full-time employment 37.80%

Smart development

Number of higher education degrees per
100,000 people 26,800

Number of new patents per 100,000 people
per year 5.33

Number of businesses per
100,000 population 3000

City’s financial sustainability

Debt service ratio 60%

Capital spending as a percentage of
total expenditures 14.57%

Tax collected as a percentage of tax billed 80%

Social

Healthcare profile

Average life expectancy 80.7

Suicide rate per 100,000 people 4.8

Under age five mortality per 1000 live births 3.5

Number of in-patient hospital beds per
100,000 people 470

Number of physicians per 100,000 people 350

Access to and survival in the
education system

Percentage of school-aged girls enrolled
in schools 99%

Percentage of students completing primary
education: survival rate 98%

Percentage of students completing secondary
education: survival rate 97%

Percentage of school-aged children enrolled
in schools 99%

Access to the basic
urban services

Percentage of city population with
authorized electrical service 99%

Percentage of city population with regular
solid waste collection 98%

Percentage of city population with
wastewater collection service 99%

Percentage of city population with potable
water supply service 99%

Institutional reliability

Number of firefighters per 100,000 people 100

Number of homicides per 100,000 people 1.3

Crimes against property per 100,000 people 682

Violent crime rate per 100,000 people 252

Transportation fatalities per 100,000 people 1.6
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Table 1. Cont.

Dimension Subdimension Individual Indicator Sustainability Threshold

Environmental

Energy

Percentage of total energy derived from
renewable sources as a share of the city’s

total energy consumption
27%

Total electrical energy use per capita
(kWh/year) 3523 (kWh/year)

Kilometers of high-capacity public transport
system per 100,000 people 1.54

Water

Percentage of the city’s wastewater receiving
no treatment 0

Percentage of the city’s wastewater receiving
tertiary treatment 90%

Total domestic water consumption per capita 100 L/person/day

Environmental pollution

Percentage of the city’s solid waste that
is recycled 50%

Total collected municipal solid waste
per capita 0.16

Fine particulate matter (PM2.5) concentration 25 µg/m3 (24 h average)

Greenhouse gas emissions measured in
tonnes per capita 2.87

2.2. Normalization

Before addressing the latter issues, let us introduce some notation. Let Kj denote the
set of all subdimensions in dimension j, with j = 1, 2 and 3, and let Ljk denote the set of all
indicators in subdimension k of dimension j. For any city i, with i = 1, . . . ,50; dimension j,
with j = 1, 2 and 3; subdimension k ∈ Kj and any indicator l ∈ Ljk, we write xijkl for city i’s
outcome in indicator l of subdimension k of dimension j.

Generally, individual indicators have different scales of measurement, so some trans-
formation is needed to make indicators comparable. A great variety of normalization
techniques have been proposed; among the most commonly used are statistical standard-
ization and min–max transformation (see Freudenberg [42] and Nardo et al. [43] for a
general discussion and Pollesch and Dalle [44] for a review of the normalization used in
sustainability indicators).

In our case, we first make directional adjustments when it is necessary, so that higher
indicator scores correspond to better performance in terms of sustainability. Then, a
normalization method is employed that resembles the one used in poverty analysis and
focuses on the shortfall. We fix a sustainability threshold for each individual indicator
below which a city is identified as non-sustainable and above which the city is sustainable.
We write zjkl for the cutoff of individual indicator l ∈ Ljk of subdimension k ∈ Kj in
dimension j and xijkl for the value of individual indicator l ∈ Ljk of subdimension k ∈ Kj
in dimension j at city i. If xijkl < zjkl , city i is said to be non-sustainable in that indicator
with a standardized value gijkl ; if xijkl ≥ zjkl , city i is sustainable in that indicator and the
standardized value assigned is 0. Sustainability targets are shown in Table 1 and the criteria
selected for each one can be seen in Appendix B.

Therefore, if city i is non-sustainable in indicator l ∈ Ljk, gijkl is a gap between its
standardized value and the standardized cutoff computed as follows:

gijkl =

(
1−

xijkl

zjkl

)
(1)
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Thus, standardized indicators take values between 0 and 1, where 0 corresponds to
the best possible value of the indicator (i.e., sustainable) and 1 to the worst.

In doing this, the censured standardized gap ratios are assumed to be comparable
across indicators. It is important to remark that this normalization method allows us to
focus only on unsustainability. In fact, a value above the cutoff in one basic indicator, such
as increasing the GDP per capita above the cutoff, cannot compensate for unsustainability
in another basic indicator, such as greenhouse gas emissions.

Furthermore, unlike one of the more common normalization methods, the z-score
normalization variance is not common to all censured standardized gap ratios, with
features of the original indicators somehow prevailing. On the other hand, this kind of
normalization could be interpreted more clearly as a distance from an assigned target or
sustainability threshold [44] and can be of great help if what matters is solving the problems
that hinder the sustainable development of cities and is consistent with the sustainability
concept raised in this article.

2.3. Aggregation and Weighting

One issue that determines the aggregation rule is compensation between dimensions,
i.e., the possibility of compensating for any deficit in one dimension with a suitable surplus
in another [19,45]. At this point, it is important to remark, as we did above, that only basic
indicators with a deficit are considered for aggregation, and it is not permissible to compen-
sate with good performance in one indicator above the target poor performance in another
indicator below the target. Therefore, regardless of the aggregation rule, compensation is
only possible as long as basic indicators are below the target.

Different aggregation rules could be found to build a composite indicator (see Nardo
et al. [43] and Gan et al. [46] for a review of the aggregation rules in sustainability). Com-
monly applied aggregation options include arithmetic or geometric means. In brief, aggre-
gation comes down to two options [47]: compensatory and non-compensatory. The first
implies acceptance of a “trade-off” among its variables, as happens with the arithmetic
mean, while the second does not, as happens with the maximum or multicriteria approach
developed by Munda and Nardo [48]. However, there are mixed strategies that can use a
combination of the two [49]. In the field of sustainability, total non-compensation would
involve a “strong sustainability” approach [33,34,50].

In this article, we use a step-by-step approach with different types of generalized
means (the generalized mean is an aggregation function that has been used in different
fields related to well-being (see, for example, Annad and Sen [51] and Lasso de la Vega
et al. [52])) that range from total compensation, using arithmetic means in the aggregation
of individual indicators and subdimensions, to a partially compensatory aggregation
used in the final aggregation between dimensions. This unbalance-adjusted function, as
Tarabusi and Guarini [45] called it, produces very consistent results, as we shall discuss
later. Aggregation using generalized means offers an intermediate solution between both
extremes and allows for different degrees of compensation [53].

The aggregation happens in three stages that correspond to the three levels of urban
sustainability previously established. In the first stage, indicators are aggregated up to the
subdimension level. This is done by averaging across indicators to obtain subdimension
indices. Then, in the second stage, the subdimensions are averaged to obtain dimension
indices. Finally, to obtain the global index, an average is taken across the three dimension-
specific indices. In each stage, a generalized mean is used. Specifically, we proceed in a
sequential process as follows. In the first step, for city i, dimension j and subdimension k,
the standardized indicators are aggregated in a subdimension index, Iijk, i.e.,

Iijk = ∑
l∈Ljk

wjkl gijkl (2)
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where wjkl > 0 is the weight associated with indicator l ∈ Ljk with ∑
l∈Ljk

wjkl = 1. In other

words, Iijk is the average value of the standardized gap among all the instances of a given
subdimension in which any city is non-sustainable. Thus, Iijk provides information about
the depth of non-sustainability in a specific subdimension.

In the second step, dimension index Iij is obtained as the weighted mean of the
subdimension indices of a given dimension; in other words, for each city i and dimension j,
the dimensional index is assessed as follows:

Iij = ∑
k∈Kj

wjk Iijk (3)

where wjk > 0 is the weight associated with subdimension k ∈ Kj with ∑
k∈Kj

wjk = 1. In this

case, Iij gives information about the depth of non-sustainability in a specific dimension.
Finally, in the third step, a global index, i.e., the Urban Non-Sustainability Index

(UNSI), is obtained by aggregating across the three-dimensional indices with the general-
ized mean. Thus, the UNSI of city i is obtained as follows:

UNSIi =

(
3

∑
j=1

wj I
γ
ij

)1/γ

, γ ≥ 1 (4)

where wj is the weight associated with the dimension with j = 1, . . . , 3 , with
3
∑

j=1
wj = 1; γ

is a parameter to obtain different profiles of compensation in the aggregation as we shall
explain later. This function yields the arithmetic mean if γ = 1, the geometric mean if
γ = 0 and the maximum of Iij if γ→ +∞ .

Another decision to take when a composite indicator is built refers to the choice
of weights attributed to each criterion in a composite index [47]. This is a controversial
issue because it has a great influence on the values and interpretation of the indices. In the
literature, there are different approaches to weighting [16,19,43]. In many cases, the weights
are chosen to neutralize the problem of double counting, as there may be collinearity in
the basic indicators [19,42]. On the other hand, another approach is to choose the weights
according to the importance of the different criteria.

In our case, given the hierarchy structure of our framework, equal weights are applied
to dimensions, to subdimensions in a particular dimension and to basic indicators in a given
subdimension. Thus, wj =

1
3 ; wjk =

1
#Kj

, with #Kj being the number of subdimensions in

dimension Kj, and wjkl =
1

#Ljk
, where #Ljk is the number of indicators in subdimension Ljk.

In the end, as we can see, both subdimensions and basic indicators are not weighted
equally. This is due to the different number of subdimensions in each dimension and the
different number of basic indicators in each subdimension.

Apart from the simplicity of this hierarchy weighting structure, it also emerges from
the theoretical framework discussed in Section 2. Furthermore, although the associations
between criteria are inevitable, given that all of them aim to capture the same phenomena
since the discussion of the theoretical framework, each basic indicator, subdimension and
dimension index somehow provide unique information about specific aspects of urban
sustainability. In fact, the association of criteria simply means a concentration of the
strengths or weaknesses in the cities.

Next, some properties of the composite index that we propose are pointed out (other
properties of generalized means were described by Anand and Sen [51], Ruíz [53], Lasso
de Vega and Urrutia [54] and Chakravarty [55]). First, the UNSI is bounded between 0 and
1, with 0 indicating a city with no deficits in each individual indicator and 1 indicating a
city with no achievements in each individual indicator. As the deficits and the number of
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deficits increase in a city, the UNSI increases, capturing not only the incidence, but also the
intensity of non-sustainability.

Another interesting property is that the UNSI is non-decreasing in the γ parameter.
Therefore, when γ > 1, given two cities with the same sum of dimensional indices, the
greater the difference between the respective dimensional indices, the higher the UNSI level.

Perhaps the most interesting property of the UNSI is that it enables different profiles of
compensation between unbalanced dimensions to be controlled. This control over the levels
of compensation is carried out using parameter γ. Thus, for specific and different values of
γ, it is possible to consider different profiles of compensation among the dimensions.

The use of generalized means with an appropriate γ value leads to a reasonable
middle ground to solve the problem of non-compensation between dimensions. This
is so because if there are values very close to the sustainability target in one dimension
but very far away in another, this aggregation method avoids the problems of a purely
non-compensatory approach (which would only take the worst value and omit the fact that
the city is not so deficient in other dimensions). In addition, those values resulting from a
purely compensatory aggregation (an arithmetic mean would hide the main problem of
the city) would also be avoided.

An explanation of the performance of γ is suitable here. To do this, we take the
theorical cities shown in Table 2 as an example. All of them have the same arithmetic mean
value. However, the generalized mean with different γ > 1 penalizes the city that has a
more extreme value in any dimension index with respect to the others and the ranking
between the cities does not vary regardless of the value chosen.

Table 2. Effect of different γ on cities with same aggregated value.

Dimensions Arithmetic
Mean Generalized Mean

Economic Social Environmental γ = 1 γ = 2 γ = 3 γ = 4 γ = 5 γ = 10 γ = 30 γ = ∞

City A 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

City B 0.12 0.05 0.23 0.13 0.1508 0.1645 0.1747 0.1823 0.2017 0.2169 0.23

City C 0.02 0.01 0.37 0.13 0.2147 0.2574 0.2821 0.2980 0.3327 0.3579 0.37

City D 0 0 0.40 0.13 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Thus, these four cities have different balances in the values of each dimension. The
city that offers the greatest imbalance between values is City D. If we choose to aggregate
according to the arithmetic mean, we would obtain a value of 0.13, which shows the
effect of opting for total compensation in the aggregation (arithmetic mean), omitting
the serious environmental problem. However, a totally non-compensatory aggregation
choosing maximum γ would result in 0.40, which reflects the problem of environmental
sustainability of City D but hides the fact that it is sustainable in the economic (0) and social
(0) dimensions.

Therefore, an intermediate point between total compensation and total non-compensation
given by choosing an appropriate value for γ is highly desirable. Similarly, in the other
three cities, with a different balance between their values, it can be observed how the aggre-
gation with generalized means offers a final value of the UNSI that is more in line with the
balance shown between the economic, social and environmental values. Thus, the more bal-
anced the three values are, the closer the aggregated value is using the arithmetic mean and
the generalized mean. This would suggest that the technique of the generalized mean offers
an appropriate equilibrium between the effect of compensatory and non-compensatory
aggregation or, in other words, between strong and weak sustainability [34].



Sustainability 2021, 13, 12395 10 of 25

2.4. Deconstruction of the Urban Non-Sustainability Index (UNSI)

Following Chakravarty and Majumder [56], a transformation of the UNSI ordinal
equivalent is

UNSIt
i =

3

∑
j=1

wj I
γ
ij , γ ≥ 1 (5)

The new version is the weighted sum of dimensional indices, each raised to the power
of γ, and it enables us to analyze the contribution of each dimension in the index. Therefore,
the contribution of dimension j to the unsustainability of city i could be assessed as follows:

Cij =
wj I

γ
ij

∑3
j=1 wj I

γ
ij

, γ ≥ 1 (6)

The deconstruction of UNSIt
i by dimensions is a very appealing property since a high

contribution dimension should deserve priority attention.
A sample of fifty cities was chosen to check the functioning of the indicator.
The cities were selected using the following criteria:

• Belonging to different geographical areas throughout the globe;
• Having different levels of human development and income (cities belonging to coun-

tries with different income levels, according to the World Bank’s classification);
• Population corresponding to the scale described by Shen et al. (2017): small city (fewer

than 500,000 inhabitants); medium-sized city (between 500,000 and 1,000,000 inhab-
itants); large city (between 1,000,000 and 3,000,000 inhabitants); supercity (between
3,000,000 and 10,000,000 inhabitants) and megacity (more than 10,000,000 inhabitants);

• Data availability.

In order to complete the geographical scale, requests for information on the selected
indicators were sent to other numerous cities, obtaining results from Moscow (Russia) and
Medellin (Colombia).

Table 3 shows the selected cities as well as the countries to which they belong.

Table 3. Cities selected.

No. City Country No. City Country

1. Oslo Norway 26. Riyadh Saudi Arabia

2. Amsterdam Netherlands 27. Doral United States of America

3. The Hague Netherlands 28. Los Angeles United States of America

4. Rotterdam Netherlands 29. Boston United States of America

5. Zwolle Netherlands 30. San Diego United States of America

6. Kielce Poland 31. Portland United States of America

7. Barcelona Spain 32. Vaughan Canada

8. Valencia Spain 33. Saint Agustin de Desmaures Canada

9. Sintra Portugal 34. Toronto Canada

10 Porto Portugal 35. Surrey Canada

11. London United Kingdom 36. Oakville Canada

12. Zagreb Croatia 37. Leon Mexico

13. Tbilisi Georgia 38. Ciudad Juarez Mexico

14. Surat India 39. Piedras Negras Mexico

15. Ahmedabad India 40. Guadalajara Mexico

16. Pune India 41. Torreon Mexico
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Table 3. Cont.

No. City Country No. City Country

17. Taipei Taiwan 42. Buenos Aires Argentina

18. Tainan Taiwan 43. Medellín Colombia

19. Makati Philippines 44. Bogotá Colombia

20. Moscow Russian Federation 45. Brisbane Australia

21. Dubai United Arab Emirates 46. Greater Melbourne Australia

22. Shanghai China 47. Minna Nigeria

23. Hai Phong Vietnam 48. Johannesburg South Africa

24. Amman Jordan 49. Cape Town South Africa

25. Makkah Saudi Arabia 50. Tshwane South Africa

3. Results and Discussion

Table 4 shows the results from the lowest to the highest Urban Non-Sustainability
Index (UNSI) using γ = 3, as well as the contribution of each dimension to the final value.

We shall now discuss the results, dividing the theoretical and the practical aspects that
can be deduced from the indicator.

As for the theoretical implications, the results suggest the most adequate value of γ
for carrying out the aggregation shown in Table 4.

Two tests were carried out to select the most adequate value of γ. On the one hand,
different values of γ were taken (2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 100, maximum) to check where
the greatest aggregation variation occurs. Evidently, as a result of one of the properties of
the UNSI, it grows if γ grows. However, it stabilizes from a certain value of γ. Figure 1
and Table 5 show that this occurs with γ = 3.
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Table 4. UNSI ranking and dimensions’ contributions.

Economic Social Environmental UNSI Economic Dimension
Contribution

Social Dimension
Contribution

Environmental
Dimension Contribution Ranking

Oslo 0.00 0.10 0.12 0.10 0.00% 39.31% 60.69% 1

Toronto 0.03 0.05 0.15 0.10 0.57% 2.97% 96.46% 2

Porto 0.08 0.03 0.20 0.14 5.30% 0.27% 94.42% 3

Oakville 0.03 0.06 0.21 0.14 0.23% 2.27% 97.50% 4

Kielce 0.05 0.01 0.22 0.15 1.23% 0.01% 98.75% 5

Zwolle 0.07 0.04 0.22 0.15 2.60% 0.73% 96.66% 6

Los Angeles 0.09 0.09 0.22 0.16 5.19% 6.30% 88.51% 7

Barcelona 0.06 0.05 0.23 0.16 1.58% 0.84% 97.57% 8

Rotterdam 0.09 0.09 0.23 0.16 5.65% 5.92% 88.42% 9

Boston 0.08 0.02 0.23 0.16 3.41% 0.04% 96.55% 10

Valencia 0.12 0.05 0.23 0.16 13.64% 1.01% 85.35% 11

Greater Melbourne 0.02 0.07 0.24 0.17 0.04% 2.61% 97.36% 12

Makati 0.01 0.14 0.25 0.18 0.01% 15.60% 84.39% 13

London 0.06 0.06 0.27 0.19 1.06% 0.94% 98.00% 14

The Hague 0.06 0.06 0.27 0.19 1.19% 1.03% 97.78% 15

Surrey 0.01 0.06 0.28 0.19 0.01% 0.94% 99.05% 16

Sintra 0.15 0.11 0.26 0.20 14.45% 6.21% 79.34% 17

Brisbane 0.01 0.03 0.29 0.20 0.00% 0.15% 99.85% 18

Vaughan 0.03 0.09 0.29 0.20 0.13% 2.51% 97.36% 19

Taipei 0.00 0.04 0.32 0.22 0.00% 0.15% 99.85% 20

Amsterdam 0.07 0.04 0.33 0.23 0.80% 0.13% 99.07% 21

Cape City 0.23 0.22 0.24 0.23 31.42% 30.94% 37.64% 22

Portland 0.04 0.05 0.34 0.24 0.22% 0.24% 99.54% 23

Shanghai 0.00 0.09 0.37 0.26 0.00% 1.52% 98.48% 24

Moscow 0.02 0.01 0.37 0.26 0.01% 0.00% 99.98% 25
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Table 4. Cont.

Economic Social Environmental UNSI Economic Dimension
Contribution

Social Dimension
Contribution

Environmental
Dimension Contribution Ranking

San Diego 0.04 0.12 0.37 0.26 0.13% 3.67% 96.20% 26

Zagreb 0.12 0.04 0.37 0.26 3.13% 0.11% 96.77% 27

Medellin 0.07 0.12 0.38 0.26 0.59% 3.16% 96.25% 28

Tbilisi 0.06 0.05 0.39 0.27 0.32% 0.23% 99.45% 29

Tainan 0.00 0.08 0.39 0.27 0.00% 0.82% 99.18% 30

Tshwane 0.23 0.25 0.36 0.29 15.73% 21.32% 62.95% 31

Ahmedabad 0.13 0.15 0.42 0.30 3.15% 4.18% 92.67% 32

Dubai 0.10 0.07 0.43 0.30 1.37% 0.48% 98.15% 33

Johannesburg 0.24 0.25 0.37 0.30 16.95% 19.12% 63.93% 34

Leon 0.31 0.15 0.37 0.30 35.11% 3.65% 61.24% 35

Buenos Aires 0.02 0.13 0.46 0.32 0.01% 2.38% 97.61% 36

Saint Agustin de Desmaures 0.08 0.08 0.47 0.32 0.59% 0.42% 98.99% 37

Surat 0.21 0.25 0.44 0.33 7.78% 14.15% 78.07% 38

Piedras Negras 0.17 0.15 0.47 0.34 4.61% 2.66% 92.73% 39

Guadalajara 0.25 0.12 0.48 0.35 12.46% 1.28% 86.27% 40

Bogota 0.02 0.15 0.51 0.36 0.01% 2.32% 97.67% 41

Pune 0.14 0.20 0.50 0.36 1.99% 5.44% 92.57% 42

Makka 0.32 0.19 0.48 0.37 22.26% 4.60% 73.14% 43

Torreon 0.19 0.09 0.53 0.37 4.56% 0.47% 94.97% 44

Haiphong 0.20 0.16 0.58 0.41 3.71% 2.02% 94.27% 45

Ciudad Juarez 0.15 0.13 0.60 0.42 1.43% 0.95% 97.62% 46

Amman 0.23 0.12 0.60 0.42 5.69% 0.83% 93.48% 47

Doral 0.01 0.07 0.64 0.44 0.00% 0.11% 99.89% 48

Riyad 0.28 0.11 0.70 0.49 6.14% 0.42% 93.44% 49

Minna 0.22 0.38 0.68 0.50 2.69% 13.92% 83.39% 50
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Table 5. Evolution of some statistics with different γ.

γ 2 3 4 5 6 7 8 9 10 20 30 100 ∞

Max 0.47 0.50 0.53 0.56 0.58 0.60 0.61 0.62 0.62 0.66 0.67 0.69 0.70

Min 0.09 0.10 0.10 0.10 0.11 0.11 0.11 0.11 0.11 0.11 0.12 0.12 0.12

Mean 0.23 0.26 0.28 0.30 0.31 0.31 0.32 0.33 0.33 0.35 0.35 0.36 0.37

Median 0.23 0.26 0.28 0.30 0.31 0.32 0.32 0.33 0.33 0.35 0.35 0.36 0.37

Standard
deviation 0.09 0.10 0.11 0.11 0.12 0.12 0.12 0.12 0.12 0.13 0.13 0.14 0.14

Table 5 shows the maximum, minimum, mean and median values, as well as the
standard deviation, when verifying the UNSI for different γ values. As can be seen, all
values experience their greatest growth when they shift from γ = 2 to γ = 3, stabilizing
from this point on.

It is important to point out that this work takes the data gathered in order to prove
which value of γ is the most adequate and the selection of γ = 3 is the same as that of Anand
and Senn in the Human Poverty Index (1997) and to build the United Nations’ Human
Poverty Index (HPI). In this particular case, there is a positive adjustment for imbalances
because of the convexity of the function [57].

The second test carried out consists of performing correlation tests to study how
different gamma values affect the ranking of cities. The results of the correlation tests are
shown in Table 6.

Table 6. Correlation test with different γ.

Correlation γ = 2 γ = 3 γ = 4 γ = 5 γ = ∞

γ = 2 1 0.9927 0.9861 0.9806 0.9627
γ = 3 0.9927 1 0.9975 0.9952 0.9837
γ = 4 0.9861 0.9975 1 0.9987 0.99
γ = 5 0.9806 0.9952 0.9987 1 0.9943
γ = ∞ 0.9627 0.9837 0.99 0.9943 1

Table 6 shows the high degree of correlation between UNSI using different γ. This
information must be interpreted carefully, because it is not that the value of γ is irrelevant.
It means that having established γ = 3 because it represents an appropriate balance between
compensatory and non-compensatory aggregation, this choice does not alter the final rank-
ing significantly. In other words, any other gamma would give a very similar ranking result
but would not offer the necessary balance between compensation and non-compensation.

Thus, the main theoretical implication of the UNSI indicator is that it eliminates the
subjectivity in choosing the degree of compensation in the aggregation as a consequence
of the use of generalized means. In other words, it is the values offered in the different
dimensions that determine the degree of importance or relative weight that each one of
them should have in the final value of the indicator.

As for the practical implications of our proposal, as pointed out in Section 1, this tech-
nique of measuring sustainability deficits or, in other words, of measuring unsustainability
or non-sustainability shows that cities with very good practices in terms of sustainabil-
ity policies [58] still have aspects that need to be improved. The following aspects are
particularly worth mentioning.

Firstly, it should be noted that all the cities in the sample are unsustainable. The
best-ranked city (Oslo) is not the most sustainable but the one with the least sustainability
problems. This alternative approach avoids the interpretation of the rankings of “more
sustainable cities in the world”, which are usually presented and interpreted as if these
cities do not have any problems. Our proposed indicator (UNSI) detects problems to solve
even in cities usually shown as examples of sustainability.
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Secondly, we can observe that the greatest sustainability problems arise in the envi-
ronmental dimension in all the cities in the sample. In fact, except for nine cities—Sintra,
Cape Town, Johannesburg, Tshwane, Leon, Surat, Pune, Makkah and Minna—the ranking
follows the correlative order with respect to environmental unsustainability, suggesting
that the proposed aggregation, without being totally non-compensatory, clearly reflects the
priority of the problems that each city must face.

One of the advantages that the indicator provides is deconstruction; thus, using a
simple mathematical operation (see Equation (6)), we can determine the contribution of
each dimension to the total aggregation.

Table 4 also shows that out of a total of 50 cities, more than 90% of the non-sustainability
is due to the environmental dimension in 35 of them; in 26 of these, this value is more than
95%. This deconstruction demonstrates the seriousness of environmental non-sustainability
in the global problem of lack of sustainability.

The economic and social dimensions are the second most important problem in half of
the cities in the sample each. However, slightly higher levels of contribution are observed
in the economic dimension than in the social dimension. This phenomenon increases as
cities become more unsustainable according to the total aggregation.

Figures 2 and 3 illustrate how, in spite of remarkable differences in their economic
and social dimension profiles, the three cities that achieve the best and worst positions by
dimension share the fact that their largest sustainability problems lie in the environmen-
tal dimension.
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Taipei is the city that presents the lowest sustainability deficit in the economic dimen-
sion (0.00), Moscow—in the social dimension (0.01), Oslo—in the environmental dimension
(0.12). The interpretation of the subdimensions should be done in the same way as in the
UNSI itself, i.e., the closer to 0, the lower the sustainability deficit, while the closer to 1, the
more unsustainable it is in that particular dimension. As can be seen in Figure 2, those
three cities have similar profiles, yet the dimension with the greatest sustainability deficit
in all three is the environmental one.

The same thing occurs with those cities that have the worst results in each dimension;
thus, Makka, presents the worst result in the economic dimension (0.32), Minna—in the
social (0.38), Riyadh—in the environmental (0.7). The unsustainability profiles are a little
more varied, but as with the cities that have the best results, all three worst cities have the
most serious problems in the environmental dimension.

This type of analysis has the advantage that it can point to where the main problems
are, and it can descend to the level of subdimension and even of the individual indicator or
indicators that are the cause of the results.

The graphical analysis shown in Figures 2 and 3 allows different kinds of approaches.
For instance, we can compare cities with populations of fewer than 500,000 inhabitants
with cities with populations of over 5,000,000 in developed and developing countries.

Figure 4 illustrates the comparison between two cities with fewer than 500,000 inhabi-
tants (Sintra and Zwolle) with two cities with more than 5,000,000 inhabitants (Melbourne
and London). All of them belong to developed countries.
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Figure 4 shows how the four cities have their main problem in the environmental
dimension. However, the cities with a smaller population (Sintra and Zwolle) have a
greater tendency towards economic problems than larger cities.

Figure 5 illustrates the comparison between two cities with fewer than 500,000 inhab-
itants (Piedras Negras and Minna) with two cities with more than 5,000,000 inhabitants
(Surat and Buenos Aires) belonging to developing countries.

In cities belonging to developing countries, the most important issue is also the
environmental problems. However, in these cities, there is no common pattern according
to population similarities. For cities in developing countries, their second most important
problems are in the social dimension.

Figure 6 summarizes the main findings of this work.
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4. Conclusions

This article sets out a means to evaluate urban sustainability from the perspective
opposite to the usual one. Seeking the shortcomings and measuring the gap with respect
to objective targets allows us not only to make homogeneous comparisons between cities,
but also to quickly identify where each city should direct its budget in efforts to face
sustainability problems. In other words, the Urban Non-Sustainability Index (UNSI) is a
useful tool for planning, applying and prioritizing public urban policies.

This is so because the selected indicators describe, to a great extent and in their
different dimensions, the problems of sustainability that cities face and which are common
all over the world. In addition, although it is true that the methodology applied is not
novel, as it has been adapted from the measurement of poverty, it is the first time that the
said methodology is used to analyze the problems of urban sustainability and with very
promising results.

Furthermore, having found the adequate value of the penalization parameter γ to
be 3 confirms the selection carried out by other researchers who opted for generalized
means as an aggregation methodology to construct composite indicators. This is one
of the principal contributions to the field, not only of urban sustainability, but also any
field that uses indicators whose aggregation requires a medium term between totally
non-compensatory and compensatory aggregation.

Thus, this balance is not defined in advance, but occurs spontaneously depending
on whether there are extreme values in some dimension or not. The more similar the
values of each dimension are, the closer the final aggregation will be to the arithmetic mean
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(compensatory aggregation). On the other hand, the more extreme a dimension value is,
the more the final aggregation will approach that value (non-compensatory aggregation).

Regarding the practical implications, the fundamental one is its usefulness in the
diagnosis of the main problems that each city must solve on the road to urban sustainability.
In this way, the UNSI can be a fundamental element in the urban policy agenda and in the
quantitative diagnostic processes for the strategic planning of cities. In other words, this
approach demonstrates—unlike the usual rankings of sustainable cities—that all the cities
are, to a greater or lesser extent, unsustainable. It is therefore necessary to evolve from an
“ideal approach” to a “practical approach” that will allow us to identify the priorities so
that each individual city would know exactly where to focus their economic efforts and
their governing actions in the interests of sustainability.

What is more, the chosen sample of cities points to the fact that every city should
prioritize the environmental aspects of sustainability.

Nevertheless, some limitations have been found to this approach. First, the lack of
recent data in many cities and the need for more indicators that can allow more cities to be
compared homogeneously, which does not allow a more accurate framework to be built
with greater applicability throughout the world.

Another limitation has been the impossibility of studying the evolution of UNSI over
time. Although some cities (Medellin) provided data that allowed this study to be carried
out, a study of the evolution of UNSI in the sample as a whole was not possible.

However, UNSI, as an evaluation and diagnostic technique for the sustainability of
cities, currently provides sufficient advantages to be considered a substantial novelty and a
breakthrough in the field of sustainability and public urban policies.

The means of measuring unsustainability proposed in this article is a useful tool for
cities to encourage them to monitor these indicators, which will allow them to objectively
evaluate the state of the city’s situation in its sustainability problems. In short, if sustain-
ability is a process towards standards and can be achieved by implementing public policies
with limited financial resources, this proposal is useful for setting those priorities on the
public agenda because it allows us to determine not only which problems the city has, but
also their severity.
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Appendix A

Table A1. Economic dimension: individual indicators.

Economic Dimension

Individual Indicator IUSIL [10] Smart City
Ranking [15]

Technology
Achievment

Index [59]

Environmental
Sustainability

Index [60]

Composite Index of
Sustainable

Development at
Local Scale [61]

Urban Sustainable
Framework for

India [62]

City Prosperity
Index [63]

FEEM
Sustainability

Index [17]

City’s GDP per capita X X X

Percentage of city population
living in poverty X X X X

Gini coefficient X X X

City’s unemployment rate X X X X X

Youth unemployment rate X X

Percentage of persons in
full-time employment X

Number of higher education
degrees per 100,000 people X X X

Number of new patents per
100,000 people per year X X

Number of businesses per
100,000 people X

Debt service ratio X X X

Capital spending as a
percentage of total

expenditures
X X

Tax collected as a percentage
of tax billed X
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Table A2. Social dimension: individual indicators.

Social Dimension

Individual Indicator IUSIL [10] Smart City
Ranking [15]

Technology
Achievment

Index [59]

Environmental
Sustainability

Index [60]

Composite Index of
Sustainable

Development at
Local Scale [61]

Urban Sustainable
Framework for

India [62]

City Prosperity
Index [63]

FEEM
Sustainability

Index [17]

Average life expectancy X X X

Suicidie rate per 100,000 people X

Under age five mortality per 1000 live births X X X

Number of in-patient hospital beds per
100,000 people X X

Number of physicians per 100,000 people X X

Percentage of school-aged girls enrolled in
schools X X

Percentage of students completing primary
education: survival rate X X

Percentage of students completing
secondary education: survival rate X X

Percentage of school-aged children enrolled
in schools X

Percentage of city population with
authorized electrical service X X X X

Percentage of city population with regular
solid waste collection X X

Percentage of city population with
wastewater collection service X X X X

Percentage of city population with potable
water supply service X X X

Number of firefighters per 100,000 people X X

Number of homicides per 100,000 people X X X

Crimes against property per 100,000 people X

Violent crime rate per 100,000 people X X X X

Transportation fatalities per 100,000 people X X
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Table A3. Environmental dimension: individual indicators.

Environmental Dimension

Individual Indicator IUSIL [10] Smart City
Ranking [15]

Technology
Achievment

Index [59]

Environmental
Sustainability

Index [60]

Composite Index of
Sustainable

Development at
Local Scale [61]

Urban Sustainable
Framework for

India [62]

City Prosperity
Index [63]

FEEM
Sustainability

Index [17]

Percentage of the total energy
derived from renewable sources

as a share of the city’s total
energy consumption

X X

Total electrical energy use per
capita (kWh/year) X X X

Kilometers of high-capacity
public transport system per

100,000 people
X X

Percentage of the city’s
wastewater receiving no treatment X X

Percentage of the city’s wastewater
receiving tertiary treatment X

Total domestic water
consumption per capita X X X X X X

Percentage of the city’s solid
waste that is recycled X X

Total collected municipal solid
waste per capita X X

Fine particulate matter
(PM2.5) concentration X X X

Greenhouse gas emissions
measured in tonnes per capita X X X X
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Appendix B

All references done to the median are referred to the sample of cities shown in Table 3.

Table A4. Criteria for establishing sustainability thresholds: economic dimension.

Indicator Sustainability Threshold Source

City’s GDP per capita 9489.00 USD/hab
60% of the median incomee of

thcountries classified as “upper middle
income” by the World Bank

Percentage of city’s population living in poverty 8.5% 60% of the median

Gini coefficient 0.4 Based on the United Nations Standard
[64]

City’s unemployment rate 6.17 Median

Youth unemployment rate 11.86 Median

Percentage of persons in full-time employment 37.8% 60% of the median

Number of higher education degrees per
100,000 people 26.8 Median

Number of new patents per 100,000 people
per year 5.33 60% of the median

Number of businesses per 100,000 people 3.000 60% of the median

Debt service ratio 60% Based on the criteria adopted for
monetary union convergence

Capital spending as a percentage of
total expenditures 14.57% Median

Tax collected as a percentage of tax billed 80% Based on local goverment uses in Spain.

Table A5. Criteria for establishing sustainability thresholds: social dimension.

Indicator Sustainability Threshold Source

Average life expectancy 80.7 OECD average (2017)

Suicidie rate per 100,000 people 4.8 60% of the median

Under age five mortality per 1000 live births 3.5 OECD average (2017)

Number of in-patient hospital beds per
100,000 people 470 OECD average (2017)

Number of physicians per 100,000 people 350 OECD average (2017)

Percentage of school-aged girls enrolled in schools 99%
SDG 4: all school-aged population have

to complete primary and secondary
education levels in 2030

Percentage of students completing primary
education: survival rate 98%

SDG 4: all school-aged population have
to complete primary and secondary

education levels in 2030

Percentage of students completing secondary
education: survival rate 97%

SDG 4: all school-aged population have
to complete primary and secondary

education levels in 2030

Percentage of school-aged children enrolled in schools 99%
SDG 4: all school-aged population have

to complete primary and secondary
education levels in 2030

Percentage of city population with authorized
electric service 99% SDG 7: universal access in 2030

Percentage of city population with regular solid
waste collection 98% SDG 11: universal access in 2030
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Table A5. Cont.

Indicator Sustainability Threshold Source

Percentage of city population with wastewater
collection service 99% SDG 6: total population served in 2030

Percentage of city population with potable water
supply service 99% SDG 6: total population served in 2030

100 International Standard

Number of homicides per 100,000 people 1.3 60% of the median

Crimes against property per 100,000 people 682 60% of the median

Violent crime rate per 100,000 people 252 60% of the median

Transportation fatalities per 100,000 people 1.6 50% of the median (based on SDG 3.6)

Table A6. Criteria for establishing sustainability thresholds: environmental dimension.

Indicator Sustainability Threshold Source

Percentage of the total energy derived from
renewable sources, as a share of the city’s total

energy consumption
27% Median decreased by 27%. Based on the

European Comission Standard.

Total electrical energy use per capita (kWh/year) 3523 (kWh/year) Median decreased by 27%. Based on the
European Comission Standard.

Kilometres of high-capacity public transport
system per 100,000 people 1.54 50% of the median

Percentage of the city’s wastewater receiving
no treatment 0 Authors’ criterion

Percentage of the city’s wastewater receiving
tertiary treatment 90% Authors’ criterion

Total domestic water consumption per capita 100 l/person/day International Standard [x]

Percentage of the city’s solid waste that is recycled 50% Based on the European Union standard

Total collected municipal solid waste per capita 0.16 Median reduced by 55%. Based on the
European Union standard

Fine particulate matter (PM2.5) concentration 25 µg/m3 (24 h average) World Health Organization Standard

Greenhouse gas emissions measured in tonnes
per capita 2.87 Based on the European Union standard
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